
 

 

 

 

 

 

This is the peer-reviewed version of the following book-part: 

 

Sudar, E.; Soskić, S.; Zarić, B. L.; Rašić-Milutinović, Z.; Smiljanić, K.; Radak, Đ.; Mikhailidis, 

D.; Rizzo, M.; Isenović, E. Ghrelin, Obesity and Atherosclerosis. Ghrelin: Production, Action 

Mechanisms and Physiological Effects 2012, 111–126. 

 

 

 

 

 
 

This work is licensed under a Creative Commons - Attribution-Noncommercial-No Derivative 

Works 3.0 Serbia 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Cherry - Repository of the Faculty of Chemistry;  University of Belgrade

https://core.ac.uk/display/326043268?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://creativecommons.org/licenses/by-nc-nd/3.0/rs/deed.en
https://creativecommons.org/licenses/by-nc-nd/3.0/rs/deed.en


1 

 

Ghrelin, obesity and atherosclerosis 

1Emina Sudar, 1Sanja Soskic, 2Bozidarka L. Zaric, 3Zorica Rasić-Milutinović, 1Katarina 

Smiljanic, 4Djordje Radak, 5Dimitri P. Mikhailidis, 6Manfredi Rizzo and 1Esma R.Isenovic 

1Vinča Institute, University of Belgrade, Department of Radiobiology and Molecular Genetics, 
P.O. Box 522, Belgrade, Serbia 

2 ICTM - Department of Chemistry, University of Belgrade, Belgrade, Serbia 
3Department of Endocrinology, University Hospital Zemun, Belgrade, Serbia 
4Department of Vascular Surgery, Dedinje Cardiovascular Institute, Belgrade University School 

of Medicine, Belgrade, Serbia 
5Department of Clinical Biochemistry (Vascular Disease Prevention Clinics), Royal Free 

campus, University College London Medical School, University College London (UCL), Pond 
Street, London NW3 2QG, UK 

6Department of Internal Medicine and Medical Specialties, University of Palermo, Euro-          
Mediterranean Institute of Science and Technology, Italy 

 
 
ABSTRACT 

Cardiovascular disease (CVD) is the largest single cause of mortality in human population and 

its major underlying pathology is atherosclerosis. Atherosclerosis is a chronic inflammatory 

disease that predisposes to coronary artery disease (CAD), stroke and peripheral arterial disease, 

responsible for most of the cardiovascular morbidity and mortality. It is an inflammatory 

process, triggered by the presence of lipids in the vascular wall, and encompasses a complex 

interaction among inflammatory cells, vascular elements, and lipoproteins through expression of 

several adhesion molecules and cytokines. Atherosclerosis is initiated by an accumulation of 

lipids, necrotic cells and fibrous elements in the neointima of medium and large arteries. Obesity 

per se is a strong risk factor for CVD. The pathophysiological mechanisms of the association 

between obesity and atherosclerosis are not fully understood. Altered levels of obesity related 

peptides such as ghrelin may play an important role in this pathophysiology. Recent evidence 

indicates that ghrelin feature a variety of cardiovascular activities, including increase of 
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myocardial contractility, vasodilatation, and protection from myocardial infarction. Recent 

literature data demonstrate that ghrelin can influence important key events in atherogenesis and 

thus they may play a role in atherosclerosis. In this review we present the latest data from recent 

performed animal and clinical studies which have focus on a novel approach to ghrelin as 

potential therapeutic agents in the treatment of complex disease such as atherosclerosis. Future 

investigations should now focus on the mechanisms of ghrelin actions which might present new 

approaches involved in the antiatherosclerotic effects revealed in this review. Thus, ghrelin may 

become a new therapeutic target for the treatment of some cardiovascular diseases. Further 

studies are necessary to investigate the potential mechanisms for the effects of ghrelin on 

cardiovascular system (CVS).  
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1. 

Cardiovascular disease (CVD), including coronary artery disease (CAD), stroke, and 

ischemia, are the leading single cause of morbidity and mortality in western world [

Introduction 

1, 2]. The 

major underlying pathological feature of these multifactorial diseases is atherosclerosis [2]. 

Atherosclerosis is a chronic inflammatory disease, described as occlusions of lipids 

andinflammatory cells within the intimal layer of vascular wall which results in endothelial cell 

injury and tissue dysfunction, leading to thickening and hardeningof the vessel wall [3]. 

Atherosclerotic plaque formation (hard structures in the walls) in small and large arteries, 

encompasses a complex interaction among vascular elements, inflammatory cells, and 

lipoproteins through expression of several adhesion molecules and cytokines [4]. Over time, 

these plaques can block the arteries and cause symptoms and problems throughout the body. It 

has become obvious that atherosclerosis is a multifactorial disease that involves not just genetic 

predisposition, but also environmental factors. Several already established factors contribute to 

the development of atherosclerosis [3]. The major risk factors for atherosclerosis are well-known 

and include high blood pressure, abnormal blood lipid profile (high total and low density 

lipoprotein (LDL) cholesterol and triglyceride concentrations and low high density lipoprotein 

(HDL) cholesterol concentration), smoking, physical inactivity, unhealthy diet (low intake of 

fruits and vegetables) and diabetes mellitus. In addition, the non-modifiable risk factors include 

advancing age, gender and family history of premature CAD. Importantly, inflammation is now 

believed to be a novel risk factor [5].  

Beside well known risk factors for the development of atherosclerosis, obesity has an 

important role to, but also, obesity, especially abdominal obesity, per se is a strong undependent 
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risk factor for CVD and many studies have shown the link betwen increased mortality and 

morbidity of CVD and obesity [6-11]. Overweight and obesity are defined as abnormal or 

excessive fat accumulation that presents a risk to health [12]. Obesity is a chronic multifactorial 

and complex disease, resulting from a long-term positive energy balance in wich bouth genetic 

and enviromental factors are involved [13-15]. It has been recently suggested that some forms of 

obesity are associated with chronic low-grade inflammation [13, 16]. The pathophysiological 

mechanisms of the association between obesity and atherosclerosis are not fully understood.  

It is possible that inflammation induced by obesity accelerates the atherosclerosis 

development [13]. Adipose tissue is recognized as an important player in obesity mediated CVD, 

becouse adipocytes produce large number of hormons, peptides and other molecules that effects 

cardiovascular system (CVS) function not only in endocrine manner, but also by autocrine and 

paracrine mechanisms [13, 17]. All this can lead to cytokine-mediated inflammatory changes in 

the liver, systemic infflamation and atherosclerosis [13]. Altered levels of obesity related 

peptides such as ghrelin, may play an important role in this pathophysiology [18]. 

Ghrelin is a gastric peptide hormone found in 1999. which has been shown to be 

associated with obesity. Ghrelin is consisting of 28 amino acids, among which the third amino 

acid Serin-3 (Ser3) is n-octanoylated, modified by a fatty acid and this modification is essential 

for ghrelin’s activity. Ghrelin is a growth hormone (GH) secretagogue which stimulates the 

release of GH from the pituitary and acts through the GHS-receptor (GHS-R), type 1a (GHS-

R1a) which is a G protein coupled receptor. The tissue distribution of ghrelin and GHS-R1a is 

widespread, but it is mainly produced in the stomach and GHS-R1a is mainly expressed in 

hypothalamus and in the pituitary, but GHS-R1a is also present in cardiomyocytes [19-21]. 
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 Recent evidence indicates that ghrelin, features a variety of cardiovascular activities, 

including increase of myocardial contractility, vasodilatation, and protection from myocardial 

infarction. It has been shown that ghrelin may have an important role in cardiovascular function, 

including regulation of atherosclerosis [22-25]. In addition, it has been shown that ghrelin 

stimulates appetite by acting on the hypothalamic arcuate nucleus, a region known to control 

food intake. Plasma ghrelin levels are decreased in obesity and increased under negative energy 

balance [26]. Ghrelin beside regulation of appetite affects secretion of gastric acid, gastric 

movement [20, 21]. Interestingly, ghrelin has been claimed to have anti-inflammatory actions 

that may have an important role in the development of atherosclerosis [27]. 

Favorable effects of ghrelin on the CVS have been shown both in humans and on animal 

models. Taking into consideration that ghrelin stimulates GH release, which earlier proved to 

have cardioprotective effects [28-30], ghrelin could possibly show favorable effects on CVS 

mediated through GH, but it could also show effects independent of GH effects [31-33]. It has 

been shown that ghrelin may improve cardiac function partly through GH dependent 

mechanisms but also, some evidence suggests that ghrelin's cardioprotective activity is 

independent from GH secretion[31-33]. It was earlier shown that GH has a favorable effect on 

the positive outcome in patients with heart disease [30].  

Present chapter reviews, in a concise form, the latest data from recent performed animal 

and clinical studies which have focus on a novel approach to ghrelin as potential therapeutic 

agents in the treatment of complex disease such as atherosclerosis.  
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2. 

Obesity and obesity related diseases are a major public health problem all around the 

world [

Ghrelin and obesity  

34]. The fundamental cause of obesity and overweight is an energy imbalance between 

calories consumed and calories expended [35, 36]. According to World Health Organization 

(WHO), overweight and obesity are the fifth leading cause for deaths on global level and 

considering its spreading it became a serious health problem and it is one of the major risk 

factors for the development of CVD like hypertension and atherosclerosis, and also diabetes [35]. 

The presence of obesity has been long associated with the presence of endothelial and 

vascular dysfunction, which provides partial explanation of how may obesity lead to CVD [34, 

37-39]. Obesity has many negative effects on the hemodynamic and also on the structure and 

function of the CVS [40]. In addition, in many epidemiological studies on obesity, it has been 

shown that obesity predisposes to CVD [36]. Although the associations of obesity and vascular 

dysfunction and vascular disorders have been unquestionably proven in large clinical trials, the 

exact mechanisms by which obesity leads to them, and therefore prospects for therapeutic 

interventions remain poorly explained [34]. 

Recent studies have shown that adipose tissue is not a simple energy storage organ, but 

exerts important endocrine and immune functions [34]. It is possible that alterations of immune 

function can link obesity to vascular disorders and risk factors for atherosclerosis [34, 41]. 

Indeed, recent data show that adipocytes as well as other cells present within fat tissues, are 

capable of releasing numerous novel and highly active molecules which acts as vasoactive 

factors leading to cardiovascular morbidity in obese individuals [34]. These adipocyte derived 

products exert significant effects on the immune system, thus modifying inflammation. These 

factors are termed “adipocytokines” in relation to fat tissue being their source [34, 42]. 
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Adipocytokines include several molecules released abundantly by adipocytes like leptin, resistin, 

adiponectin or visfatin, as well as some more classical cytokines released possibly by 

inflammatory cells infiltrating fat, like tumor necrosis factor-alpha (TNF-α), interleukin 6 (IL-6), 

monocyte chemotactic protein-1 (MCP-1/CCL2), interleukin 1 (IL-1) [43-47]. Evidence suggests 

that all of those molecules may act on immune cells leading to local and generalized 

inflammation and may also affect vascular (endothelial) function by modulating vascular nitric 

oxide (NO) and superoxide release and mediating obesity related vascular disorders including 

atherosclerosis and insulin resistance (IR) [34, 46, 48]. Thus, adipose tissue – it is no longer 

considered just an energy storage organ, but a real endocrine organ, hormones of which have not 

yet been fully characterized [34, 42]. In addition it becomes clear that adipose tissue is also, if not 

predominantly, an immune organ, and obesity related diseases like hypertension or 

atherosclerosis are in fact – immune disorders [34]. 

Also, one has to remember about other molecules involved in obesity, which are 

important in appetite control and adipocytes metabolism, which do not per se seem to originate 

from adipose tissue. There is also growing evidence suggesting that the development of obesity-

related disturbances may be closely associated with gastrointestinal (GI)  tract-derived hormonal 

dysregulation and chronic inflammation [27, 49-52]. One of such peptide is ghrelin, linking GI 

tract and satiety regulation to vascular function [34, 53], particularly that it is released in 

response to certain immune related stimuli [34, 54]. 

Ghrelin is a hormone which plays a very important role in the development of obesity 

and IR [25]. Among all discovered orexigenic peptide, ghrelin has been found to be the most 

powerful [20]. Ghrelin is the only known circulating orexigenic hormone that promotes adiposity 

[55]. Ghrelin is closely associated to energy homeostasis, weight regulation and obesity [56-61]. 
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Ghrelin is produced primarily in GI organs in response to hunger and circulates in the blood, 

serving as a peripheral signal telling the central nervous system to stimulate feeding. Ghrelin 

plasma levels are mainly regulated by nutritional and metabolic factors; in fact they are increased 

by energy restriction and decreased by food intake and overfeeding [62, 63]. Chronic 

intracerebroventricular injection of ghrelin increases cumulative food intake and decreases 

energy expenditure, resulting in body weight gain.  

Circulating plasma ghrelin levels are reportedly inversely associated with Body mass 

index (BMI) in humans [64-67]. It has been observed in several studies that obese individuals 

have lower circulating levels of ghrelin than non-obese individuals [26, 68] of same age and sex 

[69]. Furthermore, In humans, ghrelin secretion is decreased in obesity and is normalized 

following weight loss [60, 69, 70]. All forms of human obesity have inappropriately low ghrelin 

levels [63]. 

Exogenous administration of ghrelin is known to acutely increase food intake and chronic 

treatment greatly enhances body fat in rodents [56, 62]. When ghrelin is injected into the cerebral 

ventricles of rats, but also intravenously and subcutaneously, their food intake is potently 

stimulated [20, 56, 58, 59, 71-73]. These data indicate that ghrelin secretin in obesity is inhibited 

and it has been assumed that it may reflect a physiological adaptation to the positive energy 

balance associated with obesity [20, 69]. Careful prospective clinical studies during weight loss 

or weight gain are now needed to further clarify the role of the recently discovered hormone 

ghrelin in the pathogenesis of human obesity [69]. In addition, the role of hormones involved in 

energy homeostasis in CVS is still poorly understood. 

It has been shown that low ghrelin concentrations is associated with IR [68, 74-76]. In 

addition, recent literature suggests that besides food intake and energy balance, ghrelin also 
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controls glucose metabolism [77]. Furthermore, among obese subjects, plasma ghrelin levels are 

lower in IR persons compared to insulin sensitive persons [25, 78]. There is increasing amount of 

evidence that also ghrelin may have an important role in modulating function of adipose tissue 

[25].  

Considering that obesity has a significant role in modulati on of the ghrelin expression, it 

is very important to know how ghrelin is involved in the regulation of adipocyte metabolism 

[25]. Several studies have suggested that ghrelin may play an important role in adipogenesis and 

storage of energy in adipose tissue [25, 56, 79, 80].  

Kim et al. have shown that ghrelin has a direct mitogenic effect on 3T3-L1 preadipocytes 

[80]. The minimum effective concentration of ghrelin observed in these experiments was 

comparable to the circulating concentration in humans [26, 69], suggesting that, at physiological 

concentrations, ghrelin can act as an adipocyte mitogen [80]. In addition, Choi et al. find that 

ghrelin stimulated adipocyte differentiation in primary cultured rat adipocytes [81]. In visceral 

adipose tissue, ghrelin is shown to stimulate lipid accumulation by enhancing the expression of 

adipogenic genes including peroxisome proliferator-activated receptor gamma (PPAR)-γ, sterol 

regulatory element-binding protein (SREBP)-1, acetyl-CoA carboxylase, fatty acid synthase 

lipoprotein lipase, perilipin, adipocyte determination and differentiation-dependent factor 

(ADD)1, and adipose protein 2/fatty acid binding protein (aP2) during adipocyte  differentiation 

[25, 79, 80]. It is possible that these functions are mediated via AMP-activated protein kinase 

(AMPK) pathway [25, 82]. It has been also demonstrated that infusion of ghrelin modulates 

adipocyte metabolism by inhibiting isoproterenol induced lipolysis [83], regulating adipogenesis 

[84, 85], suppressing noradrenalin release in brown adipose tissue [86], and promoting glucose 

and triglyceride uptake and antiapoptotic actions [25, 80, 85]. Ghrelin has been also shown to 
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stimulate lipogenesis and to inhibit lipid oxidation in white adipocytes, whereas in brown 

adipocytes central ghrelin infusion results in decreased expression of uncoupling proteins, 

molecules contributing to energy dissipation [25, 85]. All of these findings strongly support the 

view that ghrelin may have an “energy saving” elects on adipose tissue [25]. In addition, ghrelin 

has also been shown to directly promote bone marrow adipogenesis in vivo [25, 85, 87]. 

However, Zang et al. have recently shown that ectopic overexpression of ghrelin gene in 3T3-L1 

cells promoted adipocyte proliferation but inhibited adipogenesis by stimulating cell proliferation 

[80, 87].  

Ghrelin has been demonstrated to interact with triglyceride-rich lipoproteins, HDL, very 

high-density lipoproteins, and to some extent with LDL [88, 89]. In population studies, plasma 

ghrelin concentrations have also been found to associate positively to HDL cholesterol levels and 

LDL particle size and negatively with LDL and triglyceride concentrations [90-93].  

Genetic variations in ghrelin and ghrelin receptor gene have been demonstrated to play a role in 

the determination of plasma levels of HDL-cholesterol in some populations, but this finding has 

not been duplicated in all populations [67, 94-96]. In addition, a contradictory positive 

association between plasma ghrelin levels and plasma LDL cholesterol has been found [97]. 

Recent investigations have demonstrated that ghrelin administration in rats can induce tissue-

specific changes in the expression of genes associated with mitochondrial and lipid metabolism 

and it can cause triglyceride deposition in the liver in preference to the skeletal muscle [98]. 

These interesting findings suggest that ghrelin indeed has a role in lipid metabolism. Further 

studies investigating the direct effect of ghrelin on lipid metabolism are definitely warranted. 

Thus, that ghrelin has proatherogenic alterations should be linked to involvement of ghrelin in 

obesity and atherosclerosis. 



11 

 

 

3. 

Atherosclerosis is a chronic inflammatory disease that predisposes to CAD, stroke and 

peripheral arterial disease, responsible for most of the cardiovascular morbidity and mortality 

[

Ghrelin and atherosclerosis 

99, 100]. It is an inflammatory process, triggered by the presence of lipids in the vascular wall, 

and encompasses a complex interaction among inflammatory cells, vascular elements, and 

lipoproteins through expression of several adhesion molecules and cytokines [4, 100]. 

Inflammation plays an important role in the pathogenesis of atherosclerosis [101]. Epidemiologic 

studies have identified environmental (stress, smoking, etc.) and genetic (dyslipidemia, type 2 

diabetes mellitus (T2DM), IR, and hypertension) risk factors predisposing to atherosclerosis [99]. 

Atherosclerosis is initiated by an accumulation of lipids, necrotic cells and fibrous elements in 

the neointima of medium and large arteries [102]. The major cells that contribute to 

atherosclerotic lesion formation are the endothelial cells (EC), vascular smooth muscle cells 

(VSMC) and macrophages [103-105]. The endothelium forms a permeable barrier between the 

blood and the vascular subendothelial space [99]. Whenever mechanical or chemical effectors 

weaken this barrier, a response is initiated [99]. Such activated EC produce several molecules 

which promote monocyte transmigration and subsequent differentiation in macrophages in the 

subendothelial space [102]. These events occur at the early stages of atherosclerosis [102]. 

Subsequently, VSMC proliferate and produce extracellular matrix components [106]. The 

activation of VSMC results in the release of pro-inflammatory cytokines, which, combined with 

the secretion of matrix metalloproteinases (MMP) and expression of pro-coagulant factors, 

results in a chronic inflammation [106]. Atherosclerosis progresses to a pathologic condition 

when this clearance pathway becomes inefficient, and the presence of a large lipid core in the 
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atherosclerotic lesion correlates with the severity of the pathology [99]. Key features of rupture-

prone unstable plaques are a thinned fibrous cap overlying a large necrotic core in the setting of 

an active inflammatory infiltrate [107]. Atherosclerotic plaque rupture is caused by a 

combination of plaque biomechanical forces that are dependent on the fibrous cap thickness, 

necrotic core thickness, and the extent of positive coronary arterial remodeling [100, 108]. 

It has been shown that ghrelin may have and important role in cardiovascular function, 

including regulation of atherosclerosis [22]. One study showed that the plasma concentration of 

ghrelin had a positive correlation with development of carotid artery atherosclerosis in males, but 

not in females [22, 109]. Animal studies suggest that ghrelin receptors were significantly up-

regulated (3-4 fold) in both atherosclerotic coronary arteries and saphenous vein grafts with 

advanced intimal thickening, when compared with normal vessels [110, 111]. However, a 

research on kidney transplant patients demonstrates that lower plasma ghrelin concentration is an 

independent marker for abnormalities in glucose homeostasis, which is related to greater carotid 

intima-media thickness (cIMT) [112], a well-established surrogate marker for atherosclerosis. 

Furthermore, findings in older subjects with metabolic syndrome (MS) demonstrate that cIMT is 

significantly inversely correlated with ghrelin levels [113] and in elderly hypertensives des-acyl 

ghrelin had a significant inverse correlation with cIMT [22, 114]. The effects of ghrelin on 

increased cIMT, which is a surrogate marker to the development of atherosclerosis, remain to be 

fully elucidated [113]. The study done by Kotani et al. suggests that ghrelin might play a role in 

increased cIMT, independently with age and systolic blood pressure (BP), in older subjects with 

MS [113]. Positive associations between cIMT and both age and BP in this study are basically 

consistent with prior findings of studies on MS [113, 115, 116]. Further research with a 



13 

 

perspective design and a larger sample size is needed to clarify the causal role of ghrelin in 

carotid atherosclerosis [113]. 

On the whole, ghrelin and its receptors participate in the occurrence and development of 

the atherosclerotic process, and elevations of both levels may represent a compensatory 

mechanism to reverse the process, while, in kidney transplant patients and older people with MS 

or hypertension, this compensatory ability may be lost or damaged, of course, this deduction 

need further confirmation [22]. So far, the potential regulating mechanism of ghrelin on 

atherosclerosis is not clear [22]. 

Endothelial dysfunction is considered to be one of the earliest events of the 

atherosclerotic development. In patients with endothelial dysfunction, plasma ghrelin level 

decreases [22, 117]; conversely, the application of exogenous ghrelin can improve endothelial 

dysfunction in MS patients by increasing NO bioactivity [118]. In addition, atherosclerosis is 

linked to inflammation and immunological reaction [22]. Studies found that, ghrelin can inhibit 

proinflammatory cytokine pro-duction, mononuclear cell binding, and nuclear factor-kappa B 

(NF-κB) activation in human endothelial cells in vitro as well as endotoxin induced cytokine 

production in vivo [119], moreover, exogenous ghrelin may significantly inhibit TNF-α/ 

interferon-γ-induced CD40 expression in human umbilical vein EC (HUVEC) cells in a 

concentration-dependent manner [22, 120].  

Ghrelin inhibits proinflammatory cytokine production, mononuclear cell binding, and 

NF-κB activation in human endothelial cells in vitro and endotoxin-induced cytokine production 

in vivo [119]. These novel antiinflammatory actions of ghrelin suggest that the peptide could play 

a modulatory role in atherosclerosis, especially in obese patients, in whom ghrelin levels are 

reduced [119]. In the recent study, reported by authors examined the effects of ghrelin on 
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inflammatory responses in cultured HUVECs and in vivo after endotoxin administration [119]. 

Their findings provide the first evidence that ghrelin acts as an antiinflammatory peptide in the 

cardiovascular system [119]. Li et al. demonstrate for the first time that ghrelin has potent 

antiinflammatory effects in HUVECs, likely mediated by inhibition of NF-κB activation [119]. 

Ghrelin also inhibited endotoxin-induced systemic cytokine production in vivo [119]. Findings 

reported by the same authors may help to explain the beneficial effects of ghrelin administration 

in various pathological states associated with inflammation, including experimental models of 

heart failure and septic shock [119]. Moreover, their findings suggest that a reduction in 

endogenous ghrelin could contribute to the increased incidence of atherosclerosis in patients with 

obesity [119]. 

  Since ghrelin is an effective vasodilator [109, 121], it has been suggested that the change 

in the receptor density might reflect the beneficial role of ghrelin in human atherosclerosis [109, 

110]. On the other hand, a recent study has demonstrated nonbeneficial vasoconstrictive actions 

of ghrelin [122]. To clarify these contrasting findings, Poykko et al. characterized the association 

between ghrelin concentrations and atherosclerosis in humans [109]. The major finding of their 

study was that plasma ghrelin concentrations associated positively with the degree of subclinical 

atherosclerosis [109]. First, the beneficial haemodynamic effect and vasoactive role of ghrelin 

has been demonstrated both in vitro [121] and in vivo [123] as well as in association studies [68, 

109]. Western blot analysis demonstrated that treatment with ghrelin increased endothelial NO 

synthase (eNOS) expression in the aorta of GH-deficient rats [33]. Furthermore, it has been 

reported that administration of ghrelin improves endothelial dysfunction and increases eNOS 

expression in rats through GH-independent mechanisms [33, 124]. Administration of ghrelin may 

be a new therapeutic approach to the treatment of endothelial impairment and may contribute to 
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the prevention of atherosclerosis [33]. Low ghrelin concentrations have been associated with 

metabolic disturbances such as IR, T2DM, and MS [68, 109], which are commonly recognized as 

risk factors of atherosclerosis [109]. Data indicate that although reductions of both plasma 

desacyl ghrelin and plasma high-molecular weight (HMW) adiponectin are associated with 

obesity, only the former is a useful cardiometabolic marker for predicting atherosclerosis in 

elderly hypertensives [114]. Although therewas a significant association between the des-acyl 

ghrelin and NO levels, the association of des-acyl ghrelin with atherosclerosis appears to be 

independent of the NO level [114].  

Recent data document that ghrelin inhibits angiotensin II (Ang II) induced contraction 

and proliferation in human aortic smooth muscle cells (HASMC), and thus it is involved in 

VSMC regulation [125]. In the vascular system, binding sites are present in aorta, peripheral 

arteries and veins, and their density is increased in atherosclerosis and in the atheromasic plaque 

[111, 125]. In addition, ghrelin was reported to lower blood pressure in vivo by inducing 

vasodilatation of resistance vessels [126]. Recent data, reported by Rossi et al. show that ghrelin 

affects Ang II-induced contraction of HASMC, and that this inhibition is mediated by ghrelin 

binding to a specific receptor and subsequent activation of the cyclic adenosine monophosphate 

(cAMP)/protein kinase A (PKA) pathway [125]. Findings are consistent with the vasodilatory 

effect reported in vivo by Okumura et al. [127] and document for the first time the relaxing effect 

exerted by ghrelin on HASMC, and suggest that it is mediated by cAMP/PKA pathway 

activation [125]. In addition Rossi et al. showed that ghrelin, per se, did not affect HASMC 

proliferation, but it showed the capability to antagonize Ang II-induced HASMC proliferation, in 

a dose-dependent manner and via GHS-R1a receptor [125]. The antiproliferative effect seems to 

be mainly mediated by the cAMP pathway [125]. This is consistent with cAMP pathway 
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activation being documented to inhibit proliferation induced by Ang II and several other 

agonists, which is mediated by protein kinase C (PKC), extracellular-signal-regulated kinase 

(ERK 1/2) and protein kinase B (Akt) [128-130]. This data document that ghrelin affects several 

HASMC functions, opening the way to consider ghrelin as a possible therapeutic target in many 

pathological conditions associated with vascular damage and remodeling, and not only in those 

associated with decreased circulating ghrelin levels [125].  

 

4. 

The literature facts that we have taken into consideration, as well as our published and 

preliminary results, relating to protective effects of ghrelin on CVS, suggest that ghrelin could be 

one of the essential therapeutic molecules in the treatment of cardiac dysfunction and disease. 

Future investigations should now focus on the mechanisms of ghrelin actions which might 

present new approaches involved in the antiatherosclerotic effects revealed in this chapter. Thus, 

ghrelin may become a new therapeutic target for the treatment of some CVD. It is therefore of 

great importance to understand molecular mechanisms, which represent the foundation of ghrelin 

effects on CVS, both in physiological, and pathophysiological states. Further studies are 

necessary to investigate the potential mechanisms for the effects of ghrelin on CVS. Elucidation 

of the precise mechanism by which ghrelin regulates atherosclerosis may provide key insights 

into ghrelin’s administration in atherosclerosis therapy [

Conclusion 

22]. 

 

 

 

 



17 

 

ACKNOWLEDGMENTS  

This work is part of collaboration between University College of London, UK, University of 

Palermo Italy and Institute Vinca, Serbia and is supported by the grant No.173033 (to E.R.I) 

from the Ministry of Science, Republic of Serbia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



18 

 

 

REFERENCES 

[1] www.who.int/cardiovascular_diseases. World Health Organization. 
[2] Mazzini MJ, Schulze PC. (2006). Proatherogenic pathways leading to vascular 

calcification. Eur J Radiol, 57, 384-389. 
[3] Ross R. (1999). Atherosclerosis--an inflammatory disease. N Engl J Med, 340, 115-126. 
[4] Israelian-Konaraki Z, Reaven PD. (2005). Peroxisome proliferator-activated receptor-

alpha and atherosclerosis: from basic mechanisms to clinical implications. Cardiol Rev, 
13, 240-246. 

[5] Mackay JMG. Risk factors. In: Organisation WH, editor. The Atlas of Heart Disease and 
Stroke. Geneva2004. 

[6] Wilson PW, D'Agostino RB, Sullivan L, Parise H, Kannel WB. (2002). Overweight and 
obesity as determinants of cardiovascular risk: the Framingham experience. Arch Intern 
Med, 162, 1867-1872. 

[7] McGee DL. (2005). Body mass index and mortality: a meta-analysis based on person-
level data from twenty-six observational studies. Ann Epidemiol, 15, 87-97. 

[8] Yusuf S, Hawken S, Ounpuu S, et al. (2004). Effect of potentially modifiable risk factors 
associated with myocardial infarction in 52 countries (the INTERHEART study): case-
control study. Lancet, 364, 937-952. 

[9] Frayn KN. (2005). Obesity and metabolic disease: is adipose tissue the culprit? Proc Nutr 
Soc, 64, 7-13. 

[10] Flint AJ, Rimm EB. (2006). Commentary: Obesity and cardiovascular disease risk among 
the young and old--is BMI the wrong benchmark? Int J Epidemiol, 35, 187-189. 

[11] Valavanis IK, Mougiakakou SG, Grimaldi KA, Nikita KS. (2010). A multifactorial 
analysis of obesity as CVD risk factor: use of neural network based methods in a 
nutrigenetics context. BMC Bioinformatics, 11, 453. 

[12] www.who.int/topics/obesity. World Health Organisation. 
[13] Wang Z, Nakayama T. (2010). Inflammation, a link between obesity and cardiovascular 

disease. Mediators Inflamm, 2010, 535918. 
[14] Aoi N, Soma M, Nakayama T, et al. (2004). Variable number of tandem repeat of the 5'-

flanking region of type-C human natriuretic peptide receptor gene influences blood 
pressure levels in obesity-associated hypertension. Hypertens Res, 27, 711-716. 

[15] Kosuge K, Soma M, Nakayama T, et al. (2008). Human uncoupling protein 2 and 3 genes 
are associated with obesity in Japanese. Endocrine, 34, 87-95. 

[16] Strohacker K, McFarlin BK. (2010). Influence of obesity, physical inactivity, and weight 
cycling on chronic inflammation. Front Biosci (Elite Ed), 2, 98-104. 

[17] DeClercq V, Taylor C, Zahradka P. (2008). Adipose tissue: the link between obesity and 
cardiovascular disease. Cardiovasc Hematol Disord Drug Targets, 8, 228-237. 

[18] Skilton MR, Nakhla S, Sieveking DP, Caterson ID, Celermajer DS. (2005). 
Pathophysiological levels of the obesity related peptides resistin and ghrelin increase 
adhesion molecule expression on human vascular endothelial cells. Clin Exp Pharmacol 
Physiol, 32, 839-844. 

http://www.who.int/cardiovascular_diseases�
http://www.who.int/topics/obesity�


19 

 

[19] Kojima M, Hosoda H, Date Y, et al. (1999). Ghrelin is a growth-hormone-releasing 
acylated peptide from stomach. Nature, 402, 656-660. 

[20] Kojima M, Kangawa K. (2005). Ghrelin: structure and function. Physiol Rev, 85, 495-
522. 

[21] Korbonits M, Goldstone AP, Gueorguiev M, Grossman AB. (2004). Ghrelin--a hormone 
with multiple functions. Front Neuroendocrinol, 25, 27-68. 

[22] Zhang G, Yin X, Qi Y, et al. (2010). Ghrelin and cardiovascular diseases. Curr Cardiol 
Rev, 6, 62-70. 

[23] Granata R, Isgaard J, Alloatti G, Ghigo E. (2011). Cardiovascular actions of the ghrelin 
gene-derived peptides and growth hormone-releasing hormone. Exp Biol Med 
(Maywood), 236, 505-514. 

[24] Tritos NA, Kokkotou EG. (2006). The physiology and potential clinical applications of 
ghrelin, a novel peptide hormone. Mayo Clin Proc, 81, 653-660. 

[25] Pulkkinen L, Ukkola O, Kolehmainen M, Uusitupa M. (2010). Ghrelin in diabetes and 
metabolic syndrome. Int J Pept, 2010. 

[26] Shiiya T, Nakazato M, Mizuta M, et al. (2002). Plasma ghrelin levels in lean and obese 
humans and the effect of glucose on ghrelin secretion. J Clin Endocrinol Metab, 87, 240-
244. 

[27] Dixit VD, Taub DD. (2005). Ghrelin and immunity: a young player in an old field. Exp 
Gerontol, 40, 900-910. 

[28] Amato G, Carella C, Fazio S, et al. (1993). Body composition, bone metabolism, and 
heart structure and function in growth hormone (GH)-deficient adults before and after 
GH replacement therapy at low doses. J Clin Endocrinol Metab, 77, 1671-1676. 

[29] Baldanzi G, Filigheddu N, Cutrupi S, et al. (2002). Ghrelin and des-acyl ghrelin inhibit 
cell death in cardiomyocytes and endothelial cells through ERK1/2 and PI 3-kinase/AKT. 
J Cell Biol, 159, 1029-1037. 

[30] Fazio S, Sabatini D, Capaldo B, et al. (1996). A preliminary study of growth hormone in 
the treatment of dilated cardiomyopathy. N Engl J Med, 334, 809-814. 

[31] Nagaya N, Moriya J, Yasumura Y, et al. (2004). Effects of ghrelin administration on left 
ventricular function, exercise capacity, and muscle wasting in patients with chronic heart 
failure. Circulation, 110, 3674-3679. 

[32] Nagaya N, Uematsu M, Kojima M, et al. (2001). Chronic administration of ghrelin 
improves left ventricular dysfunction and attenuates development of cardiac cachexia in 
rats with heart failure. Circulation, 104, 1430-1435. 

[33] Shimizu Y, Nagaya N, Teranishi Y, et al. (2003). Ghrelin improves endothelial 
dysfunction through growth hormone-independent mechanisms in rats. Biochem Biophys 
Res Commun, 310, 830-835. 

[34] Guzik TJ, Mangalat D, Korbut R. (2006). Adipocytokines - novel link between 
inflammation and vascular function? J Physiol Pharmacol, 57, 505-528. 

[35] www.who.int/mediacentre/factsheets. World health Organization. 
[36] Krauss RM, Winston M, Fletcher BJ, Grundy SM. (1998). Obesity : impact on 

cardiovascular disease. Circulation, 98, 1472-1476. 
[37] Fruhbeck G. (2004). The adipose tissue as a source of vasoactive factors. Curr Med 

Chem Cardiovasc Hematol Agents, 2, 197-208. 

http://www.who.int/mediacentre/factsheets�


20 

 

[38] Ekmekci H, Ekmekci OB. (2006). The role of adiponectin in atherosclerosis and 
thrombosis. Clin Appl Thromb Hemost, 12, 163-168. 

[39] Matsuzawa Y. (2006). The metabolic syndrome and adipocytokines. FEBS Lett, 580, 
2917-2921. 

[40] Alpert MA. (2001). Obesity cardiomyopathy: pathophysiology and evolution of the 
clinical syndrome. Am J Med Sci, 321, 225-236. 

[41] Channon KM, Guzik TJ. (2002). Mechanisms of superoxide production in human blood 
vessels: relationship to endothelial dysfunction, clinical and genetic risk factors. J Physiol 
Pharmacol, 53, 515-524. 

[42] Koerner A, Kratzsch J, Kiess W. (2005). Adipocytokines: leptin--the classical, resistin--
the controversical, adiponectin--the promising, and more to come. Best Pract Res Clin 
Endocrinol Metab, 19, 525-546. 

[43] Frayn KN. (2002). Insulin resistance, impaired postprandial lipid metabolism and 
abdominal obesity. A deadly triad. Med Princ Pract, 11 Suppl 2, 31-40. 

[44] Montague CT, O'Rahilly S. (2000). The perils of portliness: causes and consequences of 
visceral adiposity. Diabetes, 49, 883-888. 

[45] Chrysohoou C, Panagiotakos DB, Pitsavos C, et al. (2007). The implication of obesity on 
total antioxidant capacity in apparently healthy men and women: the ATTICA study. 
Nutr Metab Cardiovasc Dis, 17, 590-597. 

[46] Tousoulis D, Antoniades C, Stefanadis C. (2007). Assessing inflammatory status in 
cardiovascular disease. Heart, 93, 1001-1007. 

[47] Marinou K, Tousoulis D, Antonopoulos AS, Stefanadi E, Stefanadis C. (2010). Obesity 
and cardiovascular disease: from pathophysiology to risk stratification. Int J Cardiol, 138, 
3-8. 

[48] Lyon CJ, Law RE, Hsueh WA. (2003). Minireview: adiposity, inflammation, and 
atherogenesis. Endocrinology, 144, 2195-2200. 

[49] St-Pierre DH, Bastard JP, Coderre L, et al. (2007). Association of acylated ghrelin 
profiles with chronic inflammatory markers in overweight and obese postmenopausal 
women: a MONET study. Eur J Endocrinol, 157, 419-426. 

[50] Behre CJ, Fagerberg B, Hulten LM, Hulthe J. (2005). The reciprocal association of 
adipocytokines with insulin resistance and C-reactive protein in clinically healthy men. 
Metabolism, 54, 439-444. 

[51] Corica F, Allegra A, Corsonello A, et al. (1999). Relationship between plasma leptin 
levels and the tumor necrosis factor-alpha system in obese subjects. Int J Obes Relat 
Metab Disord, 23, 355-360. 

[52] Vigouroux C, Maachi M, Nguyen TH, et al. (2003). Serum adipocytokines are related to 
lipodystrophy and metabolic disorders in HIV-infected men under antiretroviral therapy. 
AIDS, 17, 1503-1511. 

[53] Kawczynska-Drozdz A, Olszanecki R, Jawien J, et al. (2006). Ghrelin inhibits vascular 
superoxide production in spontaneously hypertensive rats. Am J Hypertens, 19, 764-767. 

[54] Czesnikiewicz-Guzik M, Bielanski W, Guzik TJ, Loster B, Konturek SJ. (2005). 
Helicobacter pylori in the oral cavity and its implications for gastric infection, 
periodontal health, immunology and dyspepsia. J Physiol Pharmacol, 56 Suppl 6, 77-89. 



21 

 

[55] Lin L, Saha PK, Ma X, et al. (2011). Ablation of ghrelin receptor reduces adiposity and 
improves insulin sensitivity during aging by regulating fat metabolism in white and 
brown adipose tissues. Aging Cell. 

[56] Tschop M, Smiley DL, Heiman ML. (2000). Ghrelin induces adiposity in rodents. 
Nature, 407, 908-913. 

[57] Tschop M, Wawarta R, Riepl RL, et al. (2001). Post-prandial decrease of circulating 
human ghrelin levels. J Endocrinol Invest, 24, RC19-21. 

[58] Nakazato M, Murakami N, Date Y, et al. (2001). A role for ghrelin in the central 
regulation of feeding. Nature, 409, 194-198. 

[59] Wren AM, Seal LJ, Cohen MA, et al. (2001). Ghrelin enhances appetite and increases 
food intake in humans. J Clin Endocrinol Metab, 86, 5992. 

[60] Cummings DE, Weigle DS, Frayo RS, et al. (2002). Plasma ghrelin levels after diet-
induced weight loss or gastric bypass surgery. N Engl J Med, 346, 1623-1630. 

[61] Gil-Campos M, Aguilera CM, Canete R, Gil A. (2006). Ghrelin: a hormone regulating 
food intake and energy homeostasis. Br J Nutr, 96, 201-226. 

[62] Hosoda H, Kojima M, Kangawa K. (2002). Ghrelin and the regulation of food intake and 
energy balance. Mol Interv, 2, 494-503. 

[63] Tesauro M, Schinzari F, Caramanti M, Lauro R, Cardillo C. (2010). Cardiovascular and 
metabolic effects of ghrelin. Curr Diabetes Rev, 6, 228-235. 

[64] Tanaka M, Naruo T, Muranaga T, et al. (2002). Increased fasting plasma ghrelin levels in 
patients with bulimia nervosa. Eur J Endocrinol, 146, R1-3. 

[65] Paik KH, Jin DK, Song SY, et al. (2004). Correlation between fasting plasma ghrelin 
levels and age, body mass index (BMI), BMI percentiles, and 24-hour plasma ghrelin 
profiles in Prader-Willi syndrome. J Clin Endocrinol Metab, 89, 3885-3889. 

[66] Cummings DE. (2006). Ghrelin and the short- and long-term regulation of appetite and 
body weight. Physiol Behav, 89, 71-84. 

[67] Lee CC, Lee RP, Subeq YM, et al. (2008). Fasting serum total ghrelin level inversely 
correlates with metabolic syndrome in hemodialysis patients. Arch Med Res, 39, 785-
790. 

[68] Poykko SM, Kellokoski E, Horkko S, et al. (2003). Low plasma ghrelin is associated 
with insulin resistance, hypertension, and the prevalence of type 2 diabetes. Diabetes, 52, 
2546-2553. 

[69] Tschop M, Weyer C, Tataranni PA, et al. (2001). Circulating ghrelin levels are decreased 
in human obesity. Diabetes, 50, 707-709. 

[70] Soriano-Guillen L, Barrios V, Campos-Barros A, Argente J. (2004). Ghrelin levels in 
obesity and anorexia nervosa: effect of weight reduction or recuperation. J Pediatr, 144, 
36-42. 

[71] Kamegai J, Tamura H, Shimizu T, et al. (2001). Chronic central infusion of ghrelin 
increases hypothalamic neuropeptide Y and Agouti-related protein mRNA levels and 
body weight in rats. Diabetes, 50, 2438-2443. 

[72] Shintani M, Ogawa Y, Ebihara K, et al. (2001). Ghrelin, an endogenous growth hormone 
secretagogue, is a novel orexigenic peptide that antagonizes leptin action through the 
activation of hypothalamic neuropeptide Y/Y1 receptor pathway. Diabetes, 50, 227-232. 

[73] Wren AM, Small CJ, Abbott CR, et al. (2001). Ghrelin causes hyperphagia and obesity in 
rats. Diabetes, 50, 2540-2547. 



22 

 

[74] Ukkola O. (2011). Ghrelin in Type 2 diabetes mellitus and metabolic syndrome. Mol Cell 
Endocrinol, 340, 26-28. 

[75] Bacha F, Arslanian SA. (2005). Ghrelin suppression in overweight children: a 
manifestation of insulin resistance? J Clin Endocrinol Metab, 90, 2725-2730. 

[76] Schofl C, Horn R, Schill T, et al. (2002). Circulating ghrelin levels in patients with 
polycystic ovary syndrome. J Clin Endocrinol Metab, 87, 4607-4610. 

[77] Ukkola O. (2009). Ghrelin and metabolic disorders. Curr Protein Pept Sci, 10, 2-7. 
[78] St-Pierre DH, Karelis AD, Coderre L, et al. (2007). Association of acylated and 

nonacylated ghrelin with insulin sensitivity in overweight and obese postmenopausal 
women. J Clin Endocrinol Metab, 92, 264-269. 

[79] Rodriguez A, Gomez-Ambrosi J, Catalan V, et al. (2009). Acylated and desacyl ghrelin 
stimulate lipid accumulation in human visceral adipocytes. Int J Obes (Lond), 33, 541-
552. 

[80] Kim MS, Yoon CY, Jang PG, et al. (2004). The mitogenic and antiapoptotic actions of 
ghrelin in 3T3-L1 adipocytes. Mol Endocrinol, 18, 2291-2301. 

[81] Choi K, Roh SG, Hong YH, et al. (2003). The role of ghrelin and growth hormone 
secretagogues receptor on rat adipogenesis. Endocrinology, 144, 754-759. 

[82] Kola B, Grossman AB, Korbonits M. (2008). The role of AMP-activated protein kinase 
in obesity. Front Horm Res, 36, 198-211. 

[83] Muccioli G, Pons N, Ghe C, et al. (2004). Ghrelin and des-acyl ghrelin both inhibit 
isoproterenol-induced lipolysis in rat adipocytes via a non-type 1a growth hormone 
secretagogue receptor. Eur J Pharmacol, 498, 27-35. 

[84] Tsubone T, Masaki T, Katsuragi I, et al. (2005). Ghrelin regulates adiposity in white 
adipose tissue and UCP1 mRNA expression in brown adipose tissue in mice. Regul Pept, 
130, 97-103. 

[85] Thompson NM, Gill DA, Davies R, et al. (2004). Ghrelin and des-octanoyl ghrelin 
promote adipogenesis directly in vivo by a mechanism independent of the type 1a growth 
hormone secretagogue receptor. Endocrinology, 145, 234-242. 

[86] Mano-Otagiri A, Ohata H, Iwasaki-Sekino A, Nemoto T, Shibasaki T. (2009). Ghrelin 
suppresses noradrenaline release in the brown adipose tissue of rats. J Endocrinol, 201, 
341-349. 

[87] Zhang W, Zhao L, Lin TR, et al. (2004). Inhibition of adipogenesis by ghrelin. Mol Biol 
Cell, 15, 2484-2491. 

[88] Beaumont NJ, Skinner VO, Tan TM, et al. (2003). Ghrelin can bind to a species of high 
density lipoprotein associated with paraoxonase. J Biol Chem, 278, 8877-8880. 

[89] De Vriese C, Hacquebard M, Gregoire F, Carpentier Y, Delporte C. (2007). Ghrelin 
interacts with human plasma lipoproteins. Endocrinology, 148, 2355-2362. 

[90] Fagerberg B, Hulten LM, Hulthe J. (2003). Plasma ghrelin, body fat, insulin resistance, 
and smoking in clinically healthy men: the atherosclerosis and insulin resistance study. 
Metabolism, 52, 1460-1463. 

[91] Lee CJ, Subeq YM, Wang CH, et al. (2008). Fasting serum ghrelin level is associated 
with metabolic syndrome in peritoneal dialysis patients. Perit Dial Int, 28 Suppl 3, S196-
200. 

[92] Purnell JQ, Weigle DS, Breen P, Cummings DE. (2003). Ghrelin levels correlate with 
insulin levels, insulin resistance, and high-density lipoprotein cholesterol, but not with 



23 

 

gender, menopausal status, or cortisol levels in humans. J Clin Endocrinol Metab, 88, 
5747-5752. 

[93] Zwirska-Korczala K, Konturek SJ, Sodowski M, et al. (2007). Basal and postprandial 
plasma levels of PYY, ghrelin, cholecystokinin, gastrin and insulin in women with 
moderate and morbid obesity and metabolic syndrome. J Physiol Pharmacol, 58 Suppl 1, 
13-35. 

[94] Hubacek JA, Bohuslavova R, Skodova Z, Adamkova V. (2007). Variants within the 
ghrelin gene--association with HDL-cholesterol, but not with body mass index. Folia Biol 
(Praha), 53, 202-206. 

[95] Martin GR, Loredo JC, Sun G. (2008). Lack of association of ghrelin precursor gene 
variants and percentage body fat or serum lipid profiles. Obesity (Silver Spring), 16, 908-
912. 

[96] Vartiainen J, Kesaniemi YA, Ukkola O. (2006). Sequencing analysis of ghrelin gene 5' 
flanking region: relations between the sequence variants, fasting plasma total ghrelin 
concentrations, and body mass index. Metabolism, 55, 1420-1425. 

[97] Karapanagiotou EM, Polyzos A, Dilana KD, et al. (2009). Increased serum levels of 
ghrelin at diagnosis mediate body weight loss in non-small cell lung cancer (NSCLC) 
patients. Lung Cancer, 66, 393-398. 

[98] Barazzoni R, Bosutti A, Stebel M, et al. (2005). Ghrelin regulates mitochondrial-lipid 
metabolism gene expression and tissue fat distribution in liver and skeletal muscle. Am J 
Physiol Endocrinol Metab, 288, E228-235. 

[99] Bouhlel MA, Chinetti-Gbaguidi G, Staels B. (2007). Glitazones in the treatment of 
cardiovascular risk factors. Fundam Clin Pharmacol, 21 Suppl 2, 7-13. 

[100] Soskic SS, Dobutovic BD, Sudar EM, et al. (2011). The Peroxisome Proliferator-
Activated Receptors and Atherosclerosis. Angiology. 

[101] Tziomalos K, Athyros VG, Karagiannis A, Mikhailidis DP. (2009). Anti-inflammatory 
effects of fibrates: an overview. Curr Med Chem, 16, 676-684. 

[102] Lusis AJ. (2000). Atherosclerosis. Nature, 407, 233-241. 
[103] Nilsson J. (1993). Cytokines and smooth muscle cells in atherosclerosis. Cardiovasc Res, 

27, 1184-1190. 
[104] Saxena U, Goldberg IJ. (1994). Endothelial cells and atherosclerosis: lipoprotein 

metabolism, matrix interactions, and monocyte recruitment. Curr Opin Lipidol, 5, 316-
322. 

[105] Linton MF, Fazio S. (2003). Macrophages, inflammation, and atherosclerosis. Int J Obes 
Relat Metab Disord, 27 Suppl 3, S35-40. 

[106] Katsuda S, Kaji T. (2003). Atherosclerosis and extracellular matrix. J Atheroscler 
Thromb, 10, 267-274. 

[107] Virmani R, Burke AP, Farb A, Kolodgie FD. (2006). Pathology of the vulnerable plaque. 
J Am Coll Cardiol, 47, C13-18. 

[108] Bui QT, Prempeh M, Wilensky RL. (2009). Atherosclerotic plaque development. Int J 
Biochem Cell Biol, 41, 2109-2113. 

[109] Poykko SM, Kellokoski E, Ukkola O, et al. (2006). Plasma ghrelin concentrations are 
positively associated with carotid artery atherosclerosis in males. J Intern Med, 260, 43-
52. 



24 

 

[110] Katugampola SD, Kuc RE, Maguire JJ, Davenport AP. (2002). G-protein-coupled 
receptors in human atherosclerosis: comparison of vasoconstrictors (endothelin and 
thromboxane) with recently de-orphanized (urotensin-II, apelin and ghrelin) receptors. 
Clin Sci (Lond), 103 Suppl 48, 171S-175S. 

[111] Katugampola SD, Pallikaros Z, Davenport AP. (2001). [125I-His(9)]-ghrelin, a novel 
radioligand for localizing GHS orphan receptors in human and rat tissue: up-regulation of 
receptors with athersclerosis. Br J Pharmacol, 134, 143-149. 

[112] Genis BB, Granada ML, Alonso N, et al. (2007). Ghrelin, glucose homeostasis, and 
carotid intima media thickness in kidney transplantation. Transplantation, 84, 1248-1254. 

[113] Kotani K, Sakane N, Saiga K, et al. (2006). Serum ghrelin and carotid atherosclerosis in 
older Japanese people with metabolic syndrome. Arch Med Res, 37, 903-906. 

[114] Yano Y, Toshinai K, Inokuchi T, et al. (2009). Plasma des-acyl ghrelin, but not plasma 
HMW adiponectin, is a useful cardiometabolic marker for predicting atherosclerosis in 
elderly hypertensive patients. Atherosclerosis, 204, 590-594. 

[115] Irace C, Cortese C, Fiaschi E, et al. (2005). Components of the metabolic syndrome and 
carotid atherosclerosis: role of elevated blood pressure. Hypertension, 45, 597-601. 

[116] Kawamoto R, Tomita H, Oka Y, Ohtsuka N, Kamitani A. (2005). Metabolic syndrome 
and carotid atherosclerosis: role of elevated blood pressure. J Atheroscler Thromb, 12, 
268-275. 

[117] Tajtakova M, Petrovicova J, Spurny P, et al. (2005). Selected hormones levels in 
individuals with endothelial dysfunction and insulin resistance. Bratisl Lek Listy, 106, 
37-40. 

[118] Tesauro M, Schinzari F, Iantorno M, et al. (2005). Ghrelin Improves Endothelial 
Function in Patients With Metabolic Syndrome. Circulation, 112, 2986-2992. 

[119] Li WG, Gavrila D, Liu X, et al. (2004). Ghrelin inhibits proinflammatory responses and 
nuclear factor-kappaB activation in human endothelial cells. Circulation, 109, 2221-2226. 

[120] Zhang M, Yuan F, Chen H, Qiu X, Fang W. (2007). Effect of exogenous ghrelin on cell 
differentiation antigen 40 expression in endothelial cells. Acta Biochim Biophys Sin 
(Shanghai), 39, 974-981. 

[121] Wiley KE, Davenport AP. (2002). Comparison of vasodilators in human internal 
mammary artery: ghrelin is a potent physiological antagonist of endothelin-1. Br J 
Pharmacol, 136, 1146-1152. 

[122] Pemberton CJ, Tokola H, Bagi Z, et al. (2004). Ghrelin induces vasoconstriction in the 
rat coronary vasculature without altering cardiac peptide secretion. Am J Physiol Heart 
Circ Physiol, 287, H1522-1529. 

[123] Nagaya N, Kojima M, Uematsu M, et al. (2001). Hemodynamic and hormonal effects of 
human ghrelin in healthy volunteers. Am J Physiol Regul Integr Comp Physiol, 280, 
R1483-1487. 

[124] Matsumura K, Tsuchihashi T, Fujii K, Abe I, Iida M. (2002). Central ghrelin modulates 
sympathetic activity in conscious rabbits. Hypertension, 40, 694-699. 

[125] Rossi F, Castelli A, Bianco MJ, et al. (2009). Ghrelin inhibits contraction and 
proliferation of human aortic smooth muscle cells by cAMP/PKA pathway activation. 
Atherosclerosis, 203, 97-104. 



25 

 

[126] Nagaya N, Miyatake K, Uematsu M, et al. (2001). Hemodynamic, renal, and hormonal 
effects of ghrelin infusion in patients with chronic heart failure. J Clin Endocrinol Metab, 
86, 5854-5859. 

[127] Okumura H, Nagaya N, Enomoto M, et al. (2002). Vasodilatory effect of ghrelin, an 
endogenous peptide from the stomach. J Cardiovasc Pharmacol, 39, 779-783. 

[128] Ginnan R, Pfleiderer PJ, Pumiglia K, Singer HA. (2004). PKC-delta and CaMKII-delta 2 
mediate ATP-dependent activation of ERK1/2 in vascular smooth muscle. Am J Physiol 
Cell Physiol, 286, C1281-1289. 

[129] Hook SS, Means AR. (2001). Ca(2+)/CaM-dependent kinases: from activation to 
function. Annu Rev Pharmacol Toxicol, 41, 471-505. 

[130] House SJ, Ginnan RG, Armstrong SE, Singer HA. (2007). Calcium/calmodulin-
dependent protein kinase II-delta isoform regulation of vascular smooth muscle cell 
proliferation. Am J Physiol Cell Physiol, 292, C2276-2287. 

 

 

 


