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ABSTRACT 
ANP is a cardiac hormone, secreted in response to increased stretch within the cardiac atrium and ventricle, involved in the 

physiological maintenance of blood volume and arterial blood pressure, inhibition of aldosterone via the guanylate-cyclase receptor, 

progesterone secretion, renin release, and vasopressin release. ANP is thought to exert many of their actions through the Atrium 

natriuretic peptide-C receptor (ANP- C) which generates cyclic GMP (cGMP) to produce vasodilatation and natriuresis. Increased 

plasma level of ANP play an important homeostatic role in the early stages of congestive heart failure to maintain adequate renal 

sodium excretion and sodium balance. ANP secretion is reduced in newly onset diabetes mellitus as well as degree of fasting glucose 

progression over time. Therefore ANP level in circulation may be a very important diagnostic marker for early onset insulin 

resistance or type two diabetes. So it will provide a new concept in the field of laboratory medicine to early diagnosis of diabetes. 
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INTRODUCTION 
 

Atrial natriuretic peptide (ANP) or atrial natriuretic factor (ANF) or atrial  natriuretic hormone (ANH) or 
atriopeptin; is a circulatory peptide hormone; belongs to the family of endogenous polypeptide mediators of 
cardiac origin, natruretic peptide having another important members as brain natriuretic peptide (BNP), and C-
type natriuretic peptide (CNP) (Levin et al., 1998). Out of these three hormones, CNP is least secreted with low 
circulating levels however ANP is dominant in circulation (Magnusson et al., 2012). The term natriuresis means 
discharge of sodium through urine and is known to have vasodilatory effects. ANP was discovered by de Bold et 
al., 1981 (Atlas et al., 1984; Currie et al., 1984). It is secreted in plasma with half-life of around 1 minute and 30 
seconds (Julic et al., 2014). Increase in sodium loads, extracellular volumes, and distension of auricles and 
ventricles increase the secretion of ANP (Stevens et al., 1995; John et al., 1995). 
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Structure of ANP: 
ANP has a characteristic 17 amino acids residue ring structure formed by an intramolecular disulfide bridge 

between two cysteine residues. The amino- and carboxyl terminal tails vary between the different natriuretic 
peptides, leading to polypeptides of 28 amino acids (ANP), 32 amino acids (BNP), and 53 amino acids (CNP) 
(Levin et al., 1998). It also exist as a pro-hormone with a relatively high molecular weight that is cleaved before 
release into the circulation (Magnusson et al., 2012).  It functions through a natriuretic receptor, which generates 
cyclic-GMP (Guanosine mono-phosphate) to produce vasodilation and natriuresis (Das et al., 2005). 
 
Biosynthesis of ANP: 

ANP is synthesized as pre-pro-hormone that is processed to smaller mature forms containing an obligate C-
terminal 17-residue disulfide ring structure (Lopez et al., 1995). It is encoded by the NPPA gene having 3 exons 
and 2 introns on the short arm of chromosome 1, which is predominantly expressed in cardiac myocytes (Ellis et 
al., 2011). Lower levels of NPPA expression are also found in other tissues such as the brain, uterus, kidney, 
lung and placenta (Cannone et al., 2011). 

 

           
 
Cardiac ischemia or Hypoxia is one of the most potent stimuli for ANP secretion. Its release can produce 

cardiac vasodilatation to increase blood flow and oxygen delivery to the heart as well as peripheral 
vasodilatation to reduce arterial pressure (Cannone et al., 2011; Gruden et al., 2014).  ANP secretion is also 
modulated by paracrine factors such as endothelin (Endothelial cell derived peptide), hormones as Angiotensin 
II, prostaglandins (PGF2α and PGE2 but not PGI2 stimulated ANP synthesis) and Vasopressin; Neurohumoral 
factors like Opiods, Corticotropin releasing factor, but Calcitonin gene-related peptide (CGRP) has inhibitory 
effect of ANP secretion (Levin et al., 1998; Lyssenko et al., 2008; Julic et al., 2013). Similarly, Nitric oxide 
(NO) is a potent vasodilator which is produced from L-argenine and increases the production of cGMP in both 
cardiac muscle and vascular smooth muscle (Julic et al., 2014).  

In the same way,  certain cellular mechanisms has been found to have important role in ANP secretion. 
Recent evidence suggests that G proteins may act as important transducers of stretch activated ANP secretion 
(Beaumont and Tan, 1990). Calcium depletion has been also shown to decrease the stimulation of ANP 
secretion by Phenylephrine and Endothelin. Actually calcium can potentially be involved at several points in the 
secretory process including transduction of the stretch signal, integration of multiple stimuli, granule formation, 
translocation, docking or release, pro-hormone processing and finally extracellular translocation of the hormone 
(Moro et al., 2008; Julic et al., 2014). It has been clearly seen that Arachidonic acid metabolites and several 
protein kinases play a key role in stimulus secretion coupling for ANP secretion (Moro et al., 2008). 
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Storage of ANP and Release into the Circulation: 
Atrial natriuretic peptide is primarily stored as a pro-peptide in Atrial granules, and is secreted and cleaved 

to a 28-residue mature peptide as it enters the circulation in response to Atrial stretch (Lopez et al., 1995; Prasad 
et al., 1998). A version of ANP called Urodilatin, containing four additional N-terminal residues, is primarily 
found in the kidney (Nannipieri et al., 2002). Plasma concentrations of ANP are several-fold higher than those 
of BNP in healthy humans. Ahmed et al., 2012 showed that several peptides derived from the pro-hormone are 
secreted by isolated rat atria including ANP (proANP 99–126), proANP 1–30 and proANP 31–37. Therefore it 
is clear that the major storage form of ANP is proANP 1–126 (Dietz, 2005). And conversion of pro-ANP to 
ANP takes place during the secretion process and not at some peripheral site (Faye et al., 2002).  
 
Metabolic action of ANP: 

Atrial natriuretic peptide is a group II hormone that transports the signal inside the cell through Atrial 
natriuretic peptide (ANP)-C receptors which are disulfide-linked homodimers of 64 to 66 kDa having a single 
transmembrane domain (Lowe et al., 1989),  an extracellular domain of ∼440-amino acids, and a short 37-
amino acids cytoplasmic domain or tail. Molecular cloning techniques has revealed that there are three subtypes 
of natriuretic peptide receptor (NPR): NPR-A (Lowe et al., 1989), NPR-B (Schulz et al., 1990) and NPR-C 
(clearance receptor) (Beaumont et al., 1990). NPR-A and NPR-B are membrane Guanylyl cyclases, whereas 
NPR-C (or ANP-C receptor) lacks Guanylyl cyclase activity. NPR-A catalyzes the production of cGMP in 
response to ANP and BNP, whereas NPR-B is the target for CNP (Lowe et al., 1989). The stimulation of cGMP 
by NPR-A or NPR-B receptor activation has also been reported to inhibit Phospholipase C (PLC) signaling 
(Abdel-Latif, 2001).  

 

 
 
ANP-C receptor activation has been shown to inhibit Adenylyl cyclase (AC) activity as well as to stimulate 

Phospholipase C (PLC) signaling pathways. Nearly all isoforms of ANP interact specifically with ANP-C 
receptor and stimulated Inositol 1,4,5-tris-phosphate (IP3) production (PLC activity) in a concentration- and 
time-dependent manner via guanine nucleotide-regulatory proteins (Srivastava and Cantin, 1986).  
 
Role of ANP in blood volume and blood pressure regulation: 
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ANP is a cardiac hormone involved in the physiological maintenance of blood volume and arterial blood 
pressure (Dietz, 2005). It is a powerful vasodilator, involved in the homeostatic control of body water, sodium, 
potassium and fat (Widmaier et al., 2008).  Under normal hemodynamic conditions, it is predominantly 
synthesized, stored, and secreted in a regulated fashion by modified myocytes of the cardiac atria (Muir et al., 
1993). However, in patho-physiological conditions of hemodynamic overload (in congestive heart failure,  
ventricular  synthesis of the peptide) (Gruden et al., 2014). it is reactivated and contributes significantly to the 
circulating pool of the peptide. In lesser amounts, it is synthesized in some peripheral tissues, in the vasculature, 
and in central nervous structures (Potter et al., 2009). ANP concentration is elevated in patients with severe 
heart failure, and, in some cases, BNP levels exceed ANP levels (Magnusson et al., 2012).  
 
Biological role of ANP in type 2 Diabetes Mellitus: 

ANP is secreted by the heart in response to increased volume and pressure load whereas the physiological 
actions of ANP related to glucose metabolism have recently been accounted (Villar et al., 2012). Jujic et al., 
2014 found that reduced levels of circulating midregional atrial natriuretic peptide (MR-ANP) predicted new 
onset diabetes mellitus as well as degree of fasting glucose progression over time independently of diabetes risk 
factors and renal function. This information and various other experimental data suggest that low ANP is related 
to insulin resistance through an activation of the Renin-Angiotensin system leading to diabetes development 
(Magnusson et al., 2012). Similarly, Chattington et al., 1998 found in their study that plasma ANP concentration 
measured before and for 4h following the ingestion of a physiological mixed meal in 8 newly diagnosed, 
normotensive, normoalbuminuric patients had not significantly changed following ingestion of the meal with 
peak levels of 4.9 +/- 2.8 pmol l(-1) while Non-diabetic controls had higher basal plasma ANP concentrations, 
8.7 +/- 3.4 pmol 1(-1) (p < 0.05), significantly increasing to a peak of 11.9 +/- 6.3 pmol l(-1) at 30min. post 
meal. We can take a notion that patients with type 2 Diabetes demonstrate resisted basal plasma ANP 
concentration in contrast to non-diabetic controls.  

In the same way, Nannipieri et al. (2002) revealed that plasma ANP levels was increased with impaired 
ANP action in the patients with type 2 diabetes after treatment of Insulin, however plasma ANP has been found 
to be decreased in controls. So from this finding, we can say that ANP release is related to Insulin activity in 
type 2 diabetic patients but why ANP is released in response of Insulin treatment has not exact clear mechanism. 
A clinical study by Magnusson et al. (2012) concluded that low levels of mid-regional ANP and N-terminal pro-
BNP only predicted the development of type 2 diabetes. Decreased levels of natriuretic peptides are the sign of 
Insulin resistance such as in obesity (Moro et al., 2008; Khan et al., 2011). And low natriuretic peptide level 
lead to faster blood glucose progression over time and predict the development of diabetes in healthy subjects 
(Magnusson, et al., 2012; Viller, et al., 2012).  Jujic, et al., (2013) found in their Cox regression analysis 
adjusted for age, sex and BMI that the minor allele of rs5068 was inversely associated with incident diabetes 
(HR=0.88, 95% CI 0.78-0.99).  
 
Conclusions: 

From a physiological standpoint of ANP secretion from the atria by mechanical stretch clearly reveals an 
idea that it is released when extracellular fluid volume or blood volume is increased to control blood volume and  
blood pressure. ANP release, which are most likely linked to a Go regulatory protein, appears to be mediated in 
part by endothelin-1, other hormones and metabolites. cGMP and cAMP appear to have inhibitory effects on 
ANP release. The role of cell calcium on ANP secretion is less straightforward but basal ANP secretion appears 
to be inversely coupled to intracellular calcium release. ANP in reduced level is also related to Insulin resistance 
through an activation of the Renin-Angiotensin system leading to diabetes development. So it is clear that 
patients with Type 2 DM shows low basal plasma ANP concentrations in contrast to normal people. And we can 
find out this fact at the start when people is going to be resistant towards Insulin. 

Therefore in diagnostic point of view,  decrease in ANP release in the physiological stage of insulin 
resistance can be taken as a very important diagnostic serum marker for early identification of type 2 diabetes.  
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