1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Biomed Pharmacother. Author manuscript; available in PMC 2017 December 20.

-, HHS Public Access
«

Published in final edited form as:
Biomed Pharmacother. 2017 August ; 92: 826-835. doi:10.1016/j.biopha.2017.05.136.

The multifaceted role of natriuretic peptides in metabolic
syndrome

Prasanna K. Santhekadur2P.¢* Divya P. KumarP, Mulugeta Seneshaw®, Faridoddin
MirshahiP, and Arun J. Sanyal2b.c"
aMcGuire Research Institute, McGuire Veterans Affairs Medical Center, Richmond, VA, USA

bDivision of Gastroenterology, Hepatology and Nutrition, Virginia Commonwealth University,
Richmond, VA, 23298, USA

®Massey Cancer Center, Virginia Commonwealth University, Richmond, VA, 23298, USA

Abstract

Due to globalization and sophisticated western and sedentary lifestyle, metabolic syndrome has
emerged as a serious public health challenge. Obesity is significantly increasing worldwide
because of increased high calorie food intake and decreased physical activity leading to
hypertension, dyslipidemia, atherosclerosis, and insulin resistance. Thus, metabolic syndrome
constitutes cardiovascular disease, type 2 diabetes, obesity, and nonalcoholic fatty liver disease
(NAFLD) and recently some cancers are also considered to be associated with this syndrome.
There is increasing evidence of the involvement of natriuretic peptides (NP) in the
pathophysiology of metabolic diseases. The natriuretic peptides are cardiac hormones, which are
produced in the cardiac atrium, ventricles of the heart and the endothelium. These peptides are
involved in the homeostatic control of body water, sodium intake, potassium transport, lipolysis in
adipocytes and regulates blood pressure. The three known natriuretic peptide hormones present in
the natriuretic system are atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP) and c-
type natriuretic peptide (CNP). These three peptides primarily function as endogenous ligands and
mainly act via their membrane receptors such as natriuretic peptide receptor A (NPR-A),
natriuretic peptide receptor B (NPR-B) and natriuretic peptide receptor C (NPR-C) and regulate
various physiological and metabolic functions. This review will shed light on the structure and
function of natriuretic peptides and their receptors and their role in the metabolic syndrome.
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1. Introduction

The term metabolic syndrome is frequently heard in recent years with the rapidly developing
changes in global economic scenarios and technologically advanced life styles. Since the
past three decades, the population of advanced and developing countries has become more
susceptible to metabolic syndrome due to their sedentary life style. The metabolic syndrome
is a cluster of disease conditions that increases the risk of type 2 diabetes mellitus and
cardiovascular diseases [1]. Previously, Dr. Reaven based on his clinical observations coined
the term “Syndrome X” to define and denote these complex clusters of pathological
maladies [2]. The main physiological and clinical symptoms and hallmarks of metabolic
syndrome are reduced HDL-cholesterol, raised triglycerides, high blood pressure and
increased fasting plasma glucose, all of which are directly related to increased adipogenesis
and weight gain, specifically intra-abdominal or ectopic fat accumulation and a large waist
size and circumference [3]. The main causes for metabolic syndrome are high calorie food
intake or over nutrition and lack of exercise or physical inactivity along with some genetic,
epigenetic, and environmental factors [4—6]. It has been also shown that metabolic syndrome
is associated with less abundance of cardiac hormones such as natriuretic peptides (ANP,
BNP and CNP) and altered expression in their receptors [5]. These cardiac natriuretic
peptide hormones are a group of structurally and functionally similar but genetically distinct
peptides with common cellular membrane receptors [4, 5]. The production and secretion of
ANP and BNP takes place in the atrium and the ventricles of the heart and they act as
cardiac peptide hormones, whereas CNP is mainly produced and secreted from the
endothelium of vasculature and male genital glands and acts as a relaxing peptide [7]. These
peptides have three membrane receptors namely NPR-A, NPR-B, and NPR-C via which
they regulate various metabolic and physiological functions. The NPR-A and NPR-B receive
messages from their ligand hormones and activate downstream signaling pathways, whereas
NPR-C is mainly a clearance receptor which is primarily involved in clearance or
degradation of these hormones [8].

Unlike, NPR-A (Guanylyl cyclase A or GC-A) and NPR-B (Guanylyl cyclase B or GC-B)
which are guanylyl cyclase receptors, NPR-C (NPR3) is a hon-guanylyl cyclase receptor and
is coupled to inhibitory guanine nucleotide regulatory protein (Gi) which leads to inhibition
of adenylyl cyclase or activation of PLC and regulates various cellular functions (Fig. 1).
This receptor C helps in the maintenance and physiological balance of these natriuretic
peptides and any alteration in this balance will lead to pathological conditions in various
organs and tissues [5, 8, 9]. There are many epidemiological and clinical studies showing
that patients with obesity, insulin resistance and diabetes have reduced levels of plasma or
serum ANP and BNP and the deficiency of these peptides may contribute to enhancing their
susceptibility to the risk of cardiovascular diseases [10-12, 5]. Thus, studies have clearly
shown the importance of natriuretic peptides in homeostatic maintenance of blood pressure,
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blood glucose, HDL-cholesterol and triglycerides. In this review, we will discuss the major
and recent advances that depict the role of natriuretic peptides in metabolic syndrome.

2. Chemistry, structure and regulation of gene expression and secretion of
natriuretic peptides
2.1. Atrial natriuretic peptide (ANP)

ANP is a very well-known and well-studied cardiac natriuretic peptide and has 28 amino
acids with a ringed structure formed by intramolecular cysteine disulfide linkages [13]. It
was first reported in the early 1980s by De Bold and colleagues from Kingston, Ontario,
Canada, wherein they found that rat atrial extracts contained a substance that behaved like a
hormone and also increased salt and urine output in the kidney [13, 14]. Later, it was
isolated and purified by several other groups and named as atrial natriuretic factor (ANF) or
ANP [15-20]. The human ANPgene is located on the short arm of chromosome 1 but its
counterpart orthologue mouse ANP gene is located on chromosome 4 [21]. Once ANP gene
is expressed, it is known to be produced as 151 amino acid pre-prohormone or pre-pro ANP,
which is further processed to a pro hormone of 126 amino acids in the atrial myocytes of the
heart [22, 23]. After its release from the cardiac myocytes, ANP circulates in the blood
stream and acts on various organs. The secreted pro ANP further undergoes cleavage and
suitable post-translational modification by the enzyme corin yielding N-ANP and c-terminal
hormone (ANP), the biologically active form in an almost equal ratio [23, 24-28]. The
plasma half-life of ANP is very short (2-5 min) and the expression of ANP gene and
secretion of mature ANP is regulated by various physiological factors [29-34]. The
promoter region of ANP gene contains various transcription factors binding sites such as
PPAR<y, PPARa, retinoid-X-receptor (RXR), vitamin D receptor (VDR), hypoxia-inducible
factor 1-alpha (HIF-1a), activator protein 1 (AP1), serum response factor (SRF), Nkx2-5,
GATA binding protein 4 (GATA4), myocyte enhancer factor 2C (Mef2c) and T-Box factors
[31-34]. Also, the neuropeptide, calcitonin gene-related peptide (CGRP) increases ANP
mMRNA in hypertrophying neonatal cardiomyocytes [35]. Glucagon-like peptide-1 (GLP-1),
an incretin hormone derived from the transcription product of the proglucagon gene, which
is produced from the gut and from pancreatic alpha cells induces ANP expression in cardiac
atrium and regulates various physiological functions [36-38]. The stimulus of atrial stretch
also induces and increases the ANP release from cardiomyocytes [36]. It is noteworthy that
daily exercise and physical activity increases ANP expression and secretion in parallel to the
downregulation of NPR-C [5]. Few other known factors modulating ANP gene expression
and secretion include a-adrenergic agonists, endothelin, prostaglandin F2a, growth factors,
vitamin D, retinoids, glucocorticoids and mechanical strain [39].

2.2. Brain natriuretic peptide (BNP)

BNP is a 32 amino acid peptide having structural similarity with ANP and has 17 common
amino acid sequence with that of ANP [23]. It was first isolated and reported from Japan by
Sudoh et al., in 1988 from porcine brain extracts [40]. Another group from Japan also
isolated mouse BN/P gene and generated transgenic mice, which produced high amounts of
BNP in cardiac ventricle with chronically elevated plasma BNP concentrations [10, 41, 42].
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The human BN/Pgene is located on chromosome 1 and is a single copy gene consisting of 3
exons and 2 introns whereas mouse BNP gene is located on chromosome 4 [42]. The BNP
synthesized by cardiomyocytes (ventricles) as a pre-pro BNP is 134 amino acids in length
and undergoes cleavage and modification by enzymes [43]. The enzymes, corin and furin are
involved in the conversion of pro-BNP to BNP. Pre-pro BNP modification results in the
formation of a signal peptide and a propeptide (pro BNP, 108 amino acids), that is stored as
a mature hormone in the human heart [23, 43]. Finally, during secretion from the
cardiomyocytes, pro BNP undergoes post-translational modification and is split at a ratio of
1:1 into the physiologically active form of BNP (32 amino acids) which forms C-terminal
fragment, and another fragment of biologically inactive N-terminal fragment (NT pro BNP;
76 amino acids) [23, 43]. The plasma half-life of BNP is also very short (12-23 min) and the
expression and secretion of BNP are regulated by various physiological factors [44]. The
promoter region of BA/P gene contains various transcription factors binding sites which
include Yin Yang 1 (YY1), GATA-4, GATA-5, GATA-6, MEF-2, dHAND, SRF and Nkx2.5.
The bacterial endotoxin lipopolysaccharides (LPS) are also known to induce BA/P gene
expression in neonatal rat cardiac myocytes via GATA transcription factors [39, 44-53].
Exercise or physical activity has also been shown to have beneficial effects on humans,
leading to the up regulation of BNP expression and secretion [30].

2.3. C-type natriuretic peptide (CNP)

CNP was first isolated in 1990 from porcine brain by Sudoh et al., and is known to consist of
22 amino acids [54]. CNP also has ring structure and is highly homologous to both ANP and
BNP but lacks the carboxy-terminal extension [55]. The CNP is a highly conserved
natriuretic peptide among various species [56]. In humans, CNP gene (Nppc) is located on
chromosome 2 and it consists of 2 exons whereas the mouse CNP gene is located on
chromosome 1 and it is composed of two exons and one intron [10, 41]. It is also produced
as pre-pro CNP from the endothelium, comprising of 126 amino acids, which after cleavage
of first 23 amino acids gets converted into pro CNP and is further processed to NCP-53 and
CNP by the enzyme furin [57, 58, 23]. In comparison to ANP and BNP, the plasma half-life
of CNP is much shorter and is about 2-3 min in humans [59]. The expression and secretion
of CNP are also regulated by various cytokines and growth factors such as tumor necrosis
factor (TNF), lipopolysaccharide (LPS), basic fibroblast growth factor (b0FGF), interleukin-1
(IL-1), transforming growth factor beta (TGF-B) and thrombin which are involved in
vascular remodeling and inflammation [60-64]. During endothelial damage, sepsis, hypoxia
and chronic renal failure, the levels of CNP are elevated in blood [63]. Shear stress also
induces the expression of CA/P gene in human endothelial cells [64]. The promoter region of
CNP gene has binding sites for the transcription factor TSC-22 [65]. We performed
bioinformatics analysis and found that, CA/P gene promoter also has binding sites for
transcription factors such as NF-xB, STAT1, ATF6 and E2F1.

3. Natriuretic peptide receptors

In the endocrine, paracrine and autocrine system, all the hormones or ligands depend mainly
on their receptors for their specific mechanism of action. These receptors may be either
membrane bound receptors or nuclear receptors. The peptide hormones ANP, BNP and CNP
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regulate a variety of physiological and pathological parameters by interacting with their
common receptors present on the plasma membrane [39]. The three known receptors for
these natriuretic peptides are natriuretic peptide receptor A (NPR-A or NPR1), natriuretic
peptide receptor B (NPR-B or NPR2) and natriuretic peptide receptor C (NPR-C or NPR3).
The receptors, NPR-A and NPR-B belong to the members of the cellsurface family of
guanylyl cyclase receptors, the enzymes that catalyze the synthesis of the intracellular
second messenger, cGMP. Hence, NPR-A and NPR-B are sometimes referred by other
(previous) names such as guanylyl cyclase-A (GC-A) and guanylyl cyclase-B (GC-B). In
contrast, NPR-C is non-guanylyl cyclase receptor, which is mainly involved in clearance of
these peptides and it is also coupled to adenylyl cyclase inhibition or phospholipase C
activation via inhibitory guanine nucleotide regulatory protein (Gi) [9]. The NPR-A is
activated by physiological concentrations of ANP and BNP, but not by CNP. Conversely
NPR-B is specifically activated by CNP. Whereas, all the three natriuretic peptides bind to
NPR-C (which lacks guanylyl cyclase activity) and undergoes clearance and degradation
[66-68].

3.1. NPR-A (NPR1)

Natriuretic peptide receptor A or guanylate cyclase A (atrial natriuretic peptide receptor A or
GC-A) is also known as atrial natriuretic peptide receptor 1 (NPR1) [69]. In humans, it is
encoded by PRI gene located on chromosome 1 and in mouse on chromosome 3. This
gene was first cloned by three different groups in three different models such as mouse, rat,
and pig [69-71]. The promoter region of NPR-A gene has binding sites for specificity
protein 1 (Spl), Sp3, cGMP response element-binding protein (CREBP), vitamin D receptor
(VDR) and these transcription factors regulates NPR-A expression. Angiotensin II,
endothelin, osmotic stimuli, endothelial NOS and p38 MAPK also regulate NPR-A
expression and secretion [39, 72]. The NPR-A or GC-A is a membrane-bound guanylate
cyclase receptor and it functionally serves as the receptor for both the peptides ANP and
BNP and further mediates their response by activating downstream signaling pathways [66].
The expression of NPR-A is reported in various organs including heart, kidney, lungs, liver
and adipocytes and in some cancers [67]. The expression of NPR-A in various organs shows
the possible involvement of this receptor in various physiological and pathological
responses.

3.2. NPR-B (NPR2)

This receptor (Natriuretic peptide receptor B) is also known by other names such as
guanylate cyclase B (GC-B) or B-type natriuretic peptide receptor 2 (NPR2). In humans, it is
encoded by NPR2 gene, which is located on chromosome 9 and in mouse on chromosome 4
[73]. The rat NPR-2 gene was first cloned by Dr. Schulz and colleagues in 1989 [74]. The
promoter region of this gene is known to be regulated by various responses including BNP
and it has binding sites for Sp1 and Sp3 transcription factors [75]. The expression of NPR-B
is reported in various organs such as heart, brain, uterus, ovary, kidney, lungs, liver and
adipocytes and in some cancers [74, 76, 77]. The ubiquitous expression of NPR-B signifies
its role in many physiological functions.
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3.3. NPR-C (NPR3)

Natriuretic peptide receptor C is a clearance receptor encoded by NPR3gene located on
chromosome 5 and chromosome 15 in humans and mouse respectively, and is also known as
natriuretic peptide receptor-3 (NPR3) or guanylate cyclase C (atrial natriuretic peptide
receptor C) [9, 74]. This gene was first cloned by Yanaka et al., both in human and mouse
[78, 79]. The expression of NPR-C is also ubiquitous and is known to be expressed in heart,
lung, adrenal gland, heart, cerebral cortex, cerebellum, liver and adipocytes and in some
cancers [80, 81]. The expression of NPR-C is influenced by various physiological factors
and is reported to be very high in hypertensive, diabetic and obese patients [80]. It is also
known that physical inactivity increases the expression of NPR-C, whereas regular physical
exercise or activity suppresses its expression. Based on previously reported studies and the
bioinformatics analysis performed, the NPR-C gene promoter reveals that it has binding
sites for Sp1, AP-2, YY-1, E2F1 and CREB transcription factors [78, 79].

4. Roles of natriuretic peptides in metabolic syndrome

4.1. Natriuretic peptides and cardiovascular disease

The role of Natriuretic peptides, ANP and BNP in cardiovascular diseases are well-studied
and well established. These circulating hormones of cardiac origin possess relevant
hemodynamic and anti-remodeling actions and play an important role in the regulation of
intravascular blood volume and vascular tone [82, 83]. It is reported that there is an elevation
in the plasma levels of ANP and BNP during heart failure and these hormones are
considered to compensate for heart failure. ANP and BNP have actions of diuresis,
natriuresis, vasodilation, inhibition of aldosterone synthesis and renin secretion and hence
play an important role as cardio protective hormones under conditions of cardiovascular
diseases such as heart failure (HF), coronary artery disease, very high blood pressure
(hypertension) and left ventricular hypertrophy and cerebrovascular accidents or stroke [82,
84]. In a recent study, it is shown that high rise in B-type natriuretic peptide acts as a
determining factor in cardiovascular diseases [82—86]. Also, there is a report in which
disruption of GC-A (NPR-A) gene results in chronic elevations of blood pressure in mice
which are fed with normal salt diet [87]. Furthermore, studies have also revealed that acute
administration of ANP or BNP can improve left ventricular function in patients with chronic
heart failure by its prominent natriuretic, diuretic and vasorelaxant activities, suggesting the
potential usefulness of these natriuretic peptides as short-term therapeutic agents [23, 88]. In
addition, atrial natriuretic peptide induces mitogen-activated protein kinase phosphatase-1
(MAPK) in human umbilical cord vein vascular endothelial cells (HUVECS) via Racl and
NAD(P)H oxidase/Nox2-activation [89]. Also, there is a study which shows that ANP
inhibits TNF-a-induced endothelial morphology and function [90].

4.2. Natriuretic peptides and type 2 diabetes

The role of these cardiac peptides in diabetes has beneficial effects and any decrease in these
peptides has direct link with insulin resistance and decreased glucose tolerance [91, 92]. It is
reported that low plasma levels of atrial natriuretic peptide predict the development of
diabetes [93]. Also, there is a study which shows that in patients with chronic renal failure
and diabetes, there is increased levels of plasma BNP [94]. ANP is known to increase
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circulating insulin and inhibit glucagon secretion in isolated rat pancreatic islets [91, 95]. It
has also been shown that patients with mitral valve disease have increased glucose
intolerance and insulin resistance which are associated with higher levels of ANP and free
fatty acids, while mitral valve replacement/repair surgery improves these metabolic
alterations [94]. The nuclear receptor, LXRa improves myocardial glucose tolerance and
reduces cardiac hypertrophy in a mouse model of obesity-induced type 2 diabetes by
inducing ANP and BNP [91].

4.3. Natriuretic peptides and obesity

There are many reports which show low circulating natriuretic peptide levels in obese
individuals, which may indirectly contribute to their susceptibility to hypertension and
hypertension-related cardiovascular disorders [96]. A Recent study shows that C-type
natriuretic peptide is closely associated with obesity in Caucasian adolescents [97]. It has
been shown that physical exercise has huge impact and acutely increases ANP release in
obese patients. Normal diet (low calorie food) and regular physical activity results in
increased ANP and BNP levels due to reduced NPR-C expression. Whereas, increased NPR-
C expression in conditions of obesity (western diet with reduced physical activity) results in
reduced levels of ANP and BNP (Fig. 2). In adipocytes of obese subjects, there is increased
expression of NPR-C (clearance of all three natriuretic peptides) resulting in obesity,
diabetes, hypertension, and nonalcoholic fatty liver disease [98, 99, 5]. Increased NPR-C
expression is also known to result in the suppression of ANP mediated lipolysis [5, 100].

4.4. Natriuretic peptides and renal disease

There is a balance between vasoconstrictor/sodium-retaining and vasodilator/natriuretic
systems and this balance is very essential for maintaining proper nephro-cardiac functions,
body fluid and electrolyte homeostasis [101]. Natriuretic peptides belong to the vasodilator
family and are involved in natriuresis (excretion of sodium in the urine) [8]. It is also known
that the action of ANP and its role is to contribute in the increased renal excretion of sodium
rich urine, i.e. natriuresis [102]. Another study shows that BNP as an appropriate biomarker
in screening for cardiac dysfunctions in chronic kidney disease [103]. It is also shown that in
patients with type 2 diabetes, there is reduced basal plasma ANP concentration which are
inversely correlated to kidney function. In contrast to normal (non-diabetic) controls, ANP
in type 2 diabetes does not rise in response to feeding, clearly showing the significance of
natriuretic peptide signaling cascades in renal pathophysiology [104]. BNP and pro-BNP
play an important role in the renal function, which affects the plasmatic levels of these
natriuretic peptides and this may limit their utility as hemodynamic biomarkers in renal
failure [105]. Hence, all these studies prove the significance of natriuretic peptides and
shows that there exists a direct connection in the function between cardiac and renal system.

4.5. Natriuretic peptides and liver disease

There are studies which show the possible involvement of natriuretic peptides in liver
diseases such as nonalcoholic fatty liver disease and cirrhosis [106]. There was a study
published in 2013 showing that higher natriuretic peptide levels were independently
associated with a favorable adiposity profile (that is, more lipolysis in adipocytes), which is
characterized by decreased visceral and liver fat and increased lower body fat, suggesting a
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link between the cardio-hepatic regulation with adipose tissue as a connecting link for
natriuretic peptides function [107]. There are many indirect studies which predict the
involvement of natriuretic peptides in liver disease [108, 109]. A study using BNP as a
biomarker shows that the plasma BNP level is correlated significantly with the severity of
liver disease in cirrhotic patients and thus high plasma BNP seems to be a good prognostic
marker of liver cirrhosis related deaths [109, 110]. There exists a link between cardiac
dysfunction and nonalcoholic liver disease wherein advanced cardiac dysfunctions lead to
increased BNP levels and also liver cirrhosis [111]. In addition, it is also seen that plasma
BNP level increases in post hepatitis C cirrhotic patients but tends to decrease in fatty liver
disease patients [112]. This may be due to the direct link with obesity and fatty liver disease
where adipocytes in obese patients have high NPR-C expression that results in the clearance
of ANP and BNP (low ANP and BNP levels). This is supported by the expression of all the
three natriuretic peptide receptors in the normal liver [113]. Suitable and elegant studies are
in need to better understand the complete role of natriuretic peptides and their receptors,
which may provide new avenues for the treatment of various types of liver diseases.

4.6. Natriuretic peptides and cancer

There are many reports that have been published regarding anti-inflammatory and anticancer
activity of natriuretic peptides [114-116]. The NPR-A has been reported to be expressed in
various types of cancer, such as lung cancer, ovarian cancer, gastric cancer and prostate
cancer [117-119]. Another study shows the involvement of NPR-A in lung cancer-induced
vascular endothelial growth factor (VEGF) expression and angiogenesis [118]. In addition,
NPR-A is also known to be involved in stem cell recruitment, angiogenesis, and
inflammation along with the regulation of self-renewal and pluripotency of embryonic stem
cells [120]. Studies have shown that appropriate BNP expression and its abundance are
essential for the maintenance of embryonic stem cells propagation establishing the role of
BNP as a novel endogenous regulator of embryonic stem cell proliferation and it may also
activate NPR-A which helps in self renewal and pluripotency of embryonic stem cells [121,
122]. Also, ANP is known for its antitumor activity by inhibiting DNA synthesis [123].
Recently, its antitumor activity was tested on cells derived from patients with various types
of cancers such as pancreas, prostate, lung and kidney cancer [124-130]. There is a strong
potential interaction between ANP and its specific receptors such as NPR-A, NPR-B and
NPR-C, which are tissue and organ specific (Fig. 3) and are expressed at different levels in
various tumor cells [4, 8, 9, 117-120]. Also, in recent years there is a strong association
between metabolic syndrome and various types of cancers [131-133]. Therefore, proper
scientific knowledge and better understanding of the molecular mechanisms underlying
cardiac hormone function and their interaction with specific receptors in various organs and
tissue will aid in targeting cancers which are mediated by metabolic syndrome (Table. 1).

5. Therapeutic and clinical applications of natriuretic peptides

Based on their major role in obesity, diabetes, cardiovascular diseases and cancer, natriuretic
peptides have several therapeutic and clinical applications. As we know that natriuretic
peptides are hormones acting via autocrine, paracrine or endocrine mechanism, they regulate
various physiological functions and play an important role in glucose homeostasis, energy
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expenditure, fat metabolism, intravascular volume, blood pressure, natriuresis, diuresis,
inflammation and cancer [114-123]. There are many elegant studies signifying the important
clinical and therapeutic uses of natriuretic peptides [134-136]. Recent studies show that
supra physiological infusion of ANP raises plasma insulin levels in human volunteers and
has a very beneficial effect on diabetic patients [137]. Due to their cardiac origin, studies
have examined the useful effects of these peptides as potential therapeutic agents for the
treatment of congestive heart failure, hypertension and later in kidney diseases [134-136].
Many clinical studies have also revealed that the infusion of synthetic ANP (also known as
anaritide or ANF 1 V or carperitide, a peptide of 25 amino acids in length, lacking the first
three amino terminal residues of the 28 amino acids of mature or active form of ANP) into
patients with cardiac diseases such as hypertension or chronic heart failure has lots of
beneficial effects and have resulted in elevated sodium and water excretion and decreased
blood pressure [23, 80, 138-140]. ANP infusion is known to improve cardiac function by
altering loading conditions for the left ventricle and significantly decreasing pulmonary
capillary wedge pressure and systemic vascular resistance [141]. The long term (48 h)
infusions of anaritide to patients with acute heart failure have shown strong beneficial
hemodynamic responses without tolerance, suggesting that ANP injections may be clinically
useful for the treatment of heart failure [142]. The government of Japan has approved
anaritide or carperitide for the commercial and clinical use for the treatment of acute
decompensated heart failure in 1995 [142, 143]. Furthermore, ANP treatment has also been
shown to act as an effective adjunctive therapy in patients with acute myocardial infarction
and continuous infusion of low-dose ANP from the start of cardiopulmonary bypass
effectively maintained post-operative kidney function and prevents early post-operative
acute kidney failure and helps to achieve safer cardiac surgery [143, 144]. Also, the ANP
infusion has been shown to increase lipolysis in obese women with a low calorie diet [144].
The natriuretic peptides also have beneficial effects on kidney function. It has been shown
that anaritide may improve dialysis-free survival in patients with oliguria (the production of
abnormally small amounts of urine) and may worsen it in patients without oliguria who have
acute tubular necrosis [145, 146]. Studies have also been performed to investigate the ability
of anaritide to prevent radio-contrast-induced nephropathy [147].

The BNP hormone is also known to be clinically useful as of ANP and the human
recombinant BNP, clinically also known as nesiritide (trade name Natrecor) mimics and has
same actions as that of endogenous BNP [148-150]. It has been shown to cause a potential
decrease in vascular pressure and a reduction in tension in the walls of blood vessels, which
are the main hallmarks of vasorelaxation [149]. Furthermore, natrecor treatment is also
accompanied with an increase in natriuresis and diuresis, as well as decrease in plasma
aldosterone and endothelin levels in patients with acute heart failure [150]. The intravenous
BNP infusion is shown to reduce total and plasma acylated ghrelin concentrations in healthy
volunteers [151]. Another interesting study shows that low dose continuous ANP treatment
maintains and prevents renal deterioration in patients with renal dysfunctions before cardiac
surgery [152]. Thus, based on the beneficial effects of BNP, it has emerged as an important
diagnostic, prognostic, and therapeutic agents in patients with heart failure [153-155]. Also,
in 2001 the U.S. Food and Drug Administration (FDA) approved the use of BNP (nesiritide)
for the treatment of acutely decompensated heart failure [156]. Due to its significantly
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longer half-life in comparison to anaritide (ANP), it was found to be more clinically useful
[138]. The N-terminal region of BNP has proline, lysine, glycine, methionine, valine and
glutamine and these amino acids add more stability to BNP and is less susceptible to NPR-C
mediated degradation. Thus, the stable nature of BNP makes it to be more beneficial and can
be used as a suitable therapeutic drug in the treatment of metabolic syndrome. But
unfortunately, due to the increased risk of renal dysfunction and other side effects and high
mortality rates in patients, BNP treatment has dampened the interest of widespread use of
this drug and recently it has been under scrutiny for this deleterious side effect [157, 80].
More and stronger additional studies and clinical trials are necessary to evaluate the efficacy
of this drug during this type of situation and more importantly to define the beneficial
effects, major risks, and other parameters required for optimal usage of this drug [158].

The endothelium derived peptide CNP is also a useful biomarker for the cardiovascular
diseases [159]. It is used as a urine biomarker for acute decompensated heart failure and
elevated levels predict adverse outcomes [159, 160]. The beneficial action of this peptide is
also used in coronary artery bypass surgery patients requiring auto-transplantation [161].
New strategies exploiting desirable and beneficial metabolic effects of these natriuretic
peptides for the prevention and treatment of metabolic syndrome are the primary concerns in
ongoing basic, preclinical, and clinical research. Thus, in the future, researchers should
focus on the ideal way to clinically manipulate the natriuretic peptide system and exploit it
for clinical and pharmacological applications [4, 162].

6. Conclusion

The altered balance of natriuretic peptides expression and secretion have been associated
with various maladies [80, 138]. These peptides have both direct and indirect effects on
metabolic syndrome. Also, there is a direct link that exists between the gut and heart in
cardio metabolic regulation through which GLP-1 induces ANP secretion and regulates
blood pressure [37]. This secreted ANP also acts on various other organs and cells including
endothelial cells and vascular smooth muscle cells of blood vessels, inner medullary
collecting duct cells in the kidney and adipocytes in fat pads and cardiomyocytes in heart
and beta cells of islets of Langerhans of pancreas [4]. All these complex interconnecting
molecular networks reveal the importance of natriuretic peptides in health and diseases.
Therefore, better understanding of these natriuretic peptides and their receptors have
potential clinical applications in the treatment of metabolic syndrome.
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Fig. 1.
The three main types of natriuretic peptides and their receptors.
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Fig. 2.

The role of natriuretic peptides in association with the diet and physical activity.
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Fig. 3.
Action of natriuretic peptides on different target organs in the human body.
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Table 1

Organ and tissue specific function of natriuretic peptides in human body

Brain
Heart
Skeletal muscle

Adipose tissue

Pancreas
Kidney
Small Intestine

Liver

Sympathetic nervous system regulation of food intake?
Water and sodium balance, cardiovascular homeostasis and prevention of cardiac fibrosis
Increase in mitochondrial respiration and fatty acid oxidation

Increase in HSL-mediated lipolysis, mitochondrial biogenesis, fatty acid oxidation WAT “browning”, adiponectin release and
decrease in leptin release

Increase in glucose stimulated insulin secretion
Increase in natriuresis and diuresis and decrease in RAAS activation
Relaxation of smooth muscle cells and GLP-1 release?

Unknown function
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