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INTRODUCTION 

The natriuretic peptide BNP was initially discovered in 

the porcine brain, but the largest concentrations of BNP 

are found in the heart. It is a peptide with 32 amino 

acids, synthesised in the ventricles as a response to 

stretching of the myocytes and/or pressure overload. It is 

released as an active hormone and as an inactive N-

terminal fragment (NT-pro-BNP).
[1]

 Upon its release in 

the blood flow, BNP has numerous physiological actions, 

their net effect being to reduce pre- and post-load. 

Specifically, BNP produces a decreased vascular tone by 

relaxing the smooth muscles, leading to a decrease in 

post-load. In addition, it induces a movement of fluid 

into the interstitial space, thus leading to a decrease in 

pre-load.
[2]

 BNP reduces the proliferation of fibroblasts 

and smooth muscle cells, sympathetic nervous activity, 

water and salt retention, release of the antidiuresis 

hormone, and synthesis of aldosterone and its release 

from the adrenal glands. There is accumulating evidence 

of the role of BNP in hepatic lipid metabolism.
[3]

 There 

is growing importance of the LPAs which exhibit a broad 

range of biological activities that are initiated by LPA 

selective G-protein coupled cell-surface receptors. Some 

LPA responses may also be mediated by the nuclear 

peroxisome proliferator gamma receptor and the receptor 

for advanced glycan end products.
[4,5]

 LPA is present in 

blood plasma and accumulates in human atheromas and 

experimentally induced atherosclerotic lesions in mice. 

Studies using LPA receptor deficient mice and LPA-

directed small molecule therapeutics identify roles for 

LPA signaling in athero-thrombosis and vascular injury 

responses. LPA is actively accumulated in the liver. 

Studies conducted using an isolated liver perfusion 

system indicated that ~90% of LPA accumulates in the 

liver during the first pass. The majority of liver-

associated LPA, at least at early times following 

intravenous administration, is found in association with 

non-parenchymal cells of the liver which include 

sinusoidal epithelial cells, Kupffer cells and stellate 

cells.
[6]

 A role for the liver in elimination and metabolism 

of circulating LPA is supported by observations that 

plasma LPA levels are increased in patients with chronic 

hepatitis C and correlated strongly with the severity of 

liver dysfunction and fibrosis. LPA also plays a causative 

role in cholestatic pruritis characteristic of liver diseases 

that include biliary cirrhosis, primary sclerosing 

cholangitis, and intra-hepatic cholestasis of pregnancy in 

which post-hepatic biliary elimination is impaired. While 

in one case these pathologies may be linked to increases 

in circulating ATX levels  it is plausible that impairment 

of the role of the liver in elimination of circulating LPA 

could also contribute to increases in plasma LPA 

levels.
[7]

 

 

B-type natriuretic peptide and liver fat metabolism 

Recent studies report that higher natriuretic peptide 

levels are characterized by decreased visceral and liver 

fat and increased lower body fat irrespective of age, 

gender, race, and the status of obesity. This suggested 

that there might be a link between the heart and adipose 
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tissue distribution that is mediated through the natriuretic 

peptides. A study of 608 Japanese patients with type 2 

diabetes indicated that there was an inverse relationship 

between BNP and body mass index (BMI), with a more 

robust inverse association between BNP and visceral fat 

compared with other measures of adiposity.
[8]

 Treatments 

of cells with BNP led to enhanced proliferation and 

differentiation of cells and glycerine concentration, and 

mRNA expression of its receptor natriuretic peptide 

receptor 1 (NPR1) was upregulated significantly. In cells 

exposed to the BNP, 480 differentially expressed genes 

were identified compared with controls without BNP 

treatment. At least four different genes known to be 

related to lipid metabolism (diacylglycerol kinase;  

endothelial lipase; 1-acylglycerol-3-phosphate O-

acyltransferase 1; and 1-acylglycerol-3-phosphate O-

acyltransferase 2) were enriched in the glycerolipid 

metabolism pathway and expressed differentially. It was 

concluded from this study that, BNP stimulates the 

proliferation, differentiation, and lipolysis of 

preadipocytes through upregulation of the levels of 

expression of its receptor NPR1 and key genes enriched 

in the glycerolipid metabolic pathway. Brain-specific 

NPR-B deletion prevented body weight gain induced by 

a high-fat diet (HFD), and the mesenteric fat and liver 

weights were significantly decreased in BND mice fed 

an HFD. The decreased liver weight in BND mice was 

attributed to decreased lipid accumulation in the liver, 

which was confirmed by histologic findings and lipid 

content. Gene expression analysis revealed a significant 

decrease in the mRNA expression levels of CD36, 

Fsp27, and Mogat1 in the liver of BND mice, and 

uncoupling protein 2 mRNA expression was 

significantly lower in the mesenteric fat of BND mice 

fed an HFD than in that of control mice.
[9]

 This 

difference was not observed in the epididymal or 

subcutaneous fat. Furthermore, natriuretic peptides 

induce lipid oxidation and energy expenditure in mice 

and men. Increased hepatic lipid oxidation generates 

beta-hydroxybutyrate, which also affects food intake. 

Recently, it has been demonstrated that higher BNP 

levels correlate with favorable adiposity profiles, 

including reduced deposition of visceral and liver fat. 

The pattern of body fat distribution is an independent 

factor associated with metabolic syndrome in the elderly 

population, including dyslipidemia.
[10,11

 Therefore, BNP 

might affect the lipid metabolism. 

 

General procedure of Lipid extraction: Lipids can be 

extracted from 50-100 μl of sample (plasma or tissue 

homogenate) which is added to a 5 x 100 borosilicate 

tube containing 2 ml methanol, 1 ml chloroform, 0.45 ml 

0.1M HCl. Tubes were vortexed for 5 minutes. 1 ml 

chloroform and 1.3 ml of 0.1M HCl were added and 

tubes are vortexed again for 5 min at 2500 rpm. After 

centrifugation the organic phase is transferred to a 4ml 

glass vial and evaporated under N2. Samples were 

resuspended in 100ul methanol, vortexed, and stored in 

autosamplers at -20°C for HPLC/ESI/MS/MS analysis. 

 

Autotaxin and liver disease 
The lysophospholipase D stimulator autotaxin represents 

the secreted form of ectonucleotide pyrophosphatase 

(ENPP2) and plays a critical role in diverse physiological 

conditions, such as vascular and neuronal development, 

during pregnancy or lymphocyte migration.
[12] 

Autotaxin 

distinctly exhibits a lysophospholipase D (LPD) activity 

through which it hydrolyzes lysophosphatidylcholine 

(LPC) into lysophosphatidic acid (LPA)
[13]

 as shown in 

Fig.1. Autotaxin is widely expressed in tissues such as 

brain, placenta or high endothelial venules.
[14,15]

 In 

heterozygous autotaxin-null mice, both the lysoPLD 

activity and the LPA concentrations were about 50 % of 

those observed in wild-type mice, whereas complete 

knock-out of autotaxin is embryonic lethal due to blood 

vessel abnormalities, showing that autotaxin is 

responsible for the bulk of LPA production in blood.
[16]

 

As ATX levels are also increased in serum of patients 

with other cholestatic disorders, particularly in those 

suffering from pruritus
[17,18]

, It is hypothesized that a 

factor capable of increasing ATX expression or reducing 

its clearance accumulates in cholestatic patients. Further 

studies are warranted to identify this factor and the 

source of circulating ATX levels. In a recent study by 

Wanvisa Udomsinprasert et al
[19] 

it was found that 

autotoxin levels were almost double than that of controls 

in Jaundice patients thus highlighting their importance in 

liver disorders.
 

 

LPA and liver disease 

It is possible that the rate of elimination of intravenously 

administered LPA does  not characterize the behaviour 

of the bulk of LPA in plasma some observations raise the 

possibility that at least a fraction of plasma LPA is 

rapidly being accumulated and metabolized in the liver. 

This may simply reflect a mechanism for scavenging 

albumin-bound lysophospholipids from the plasma for 

re-entry into hepatic pathways of lipid metabolism or it 

could impact on systemic or localized LPA signalling.
[20]

 

Recent results also suggest an explanation for 

observations linking LPA to pathologies linked with liver 

dysfunction. A role for the liver in elimination and 

metabolism of circulating LPA is supported by 

observations that plasma LPA levels are increased in 

patients with chronic hepatitis C and correlated strongly 

with the severity of liver dysfunction and fibrosis. LPA 

also plays a causative role in cholestatic pruritis 

characteristics of liver diseases that include biliary 

cirrhosis, primary sclerosing cholangitis, and intrahepatic 

cholestasis of pregnancy in which post-hepatic biliary 

elimination is impaired. While in one case these 

pathologies may be linked to increases in circulating 

ATX levels it is plausible that impairment of the role of 

the liver in elimination of circulating LPA could also 

contribute to increases in plasma LPA levels.
[21,22]

  

 

Natriuretic peptides and lipid metabolism  

Natriuretic peptides (NPs) act through natriuretic peptide 

receptor type A, B and C (NPRA, NPRB, NPRC) to 

increase protein kinase G (PKG) activity. Stimulation of 
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intracellular lipolysis is dependent upon PKA and PKG-

mediated phosphorylation of LD-associated protein.
[23]

 

Atrial natriuretic and B-type natriuretic peptides bind to 

NPR-A receptors on adipose tissue and stimulate 

lipolysis, promote browning of adipocytes, regulate body 

fat distribution by activation of peroxisome proliferator-

activated receptor gamma (PPAR γ) gene expression, 

and enhance adiponectin secretion from adipocytes.
[24-26]

 

As a result, mice that overexpress or are treated with 

exogenous infusions of natriuretic peptide exhibit 

reduced fat mass, improved glucose tolerance, and 

enhanced energy expenditure, suggesting that the lipid 

mobilizing effects of natriuretic peptides may have 

salutary consequences of body fat metabolism and 

distribution.
[27]

 

 

 
Fig.1 Courtesy: D N. Brindley, M G.K. Benesch and M M. Murph. “Melanoma - Current Clinical Management 

and Future Therapeutics", book edited by Mandi Murph, ISBN 978-953-51-2036-0,chapter 12, 2015 

 

CONCLUSIONS 

It is now clear that the Autotaxin contributes effectively 

in liver disorders and is a possible biological marker. It is 

also possibly interacting with the natriuretic peptides. It 

appears from recent findings that the association between 

natriuretic peptides and adiposity due to visceral lipid 

metabolism could be bidirectional. Experimental and 

observational results suggest that increased body mass 

leads to decreased natriuretic peptide levels and, 

conversely, that weight loss increases natriuretic peptide 

levels. The development of abdominal obesity may result 

in a vicious cycle, with inhibition of natriuretic peptide– 

mediated lipolysis and perpetuation of visceral and liver 

fat accumulation, ultimately causing an adverse adiposity 

profile and metabolic disease. An interaction of the 

autotoxin-LPA cascade with the natriuretic peptides is 

suggested in both the hepatic dysfunction and obesity 

related manifestations. 
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