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anti-ghrelin antibodies increases energy expenditure,57
this demonstrating the complex role they play in the
adjustment of body energy balance by acting on both
components (both caloric intake and reduced energy
consumption). Ghrelin receptor GHS-R is an important regulator of thermogenesis.57 The ablation of this
receptor increases energy expenditure by increasing
thermogenesis in brown adipose tissue (by uncoupling
oxidative phosphorylation from electron transport
chain due to increased UCP1expression),52,94 which
is independent of food intake or physical activity.57
This finding has significant practical implications
since it has been proposed that GHS-R antagonists
may represent a new therapeutic class effective in
obesity94 and not requiring restrictive diets or physical activity.
In addition to decreased thermogenesis, ghrelin
also decreases energy expenditure by reducing the
activity of the sympathetic nervous system (SNS),
especially in brown adipose tissue.95
Another aspect, possibly less studied, is that of ghrelin as a potential clinical marker of catabolism.60 This
hypothesis was based on the findings that increased

circulating ghrelin levels are found in patients with
cachexia associated with chronic heart failure, liver
cirrhosis or neoplastic disease, and in patients with
chemotherapy-induced anorexia (all these conditions
being characterized by hypercatabolism).62 It had been
experimentally demonstrated that GH secretagogues
have the ability to reverse the catabolic effects and to
improve the somatotroph axis alterations and protein
catabolism in patients with severe, prolonged diseases
characterized by hypercatabolism.96 Due to its anabolic
effects, GH has already been used to prevent muscle
loss associated with surgical stress, sepsis, HIV/
AIDS and malignancies.97 In this respect, ghrelin,
or any other compound stimulating GH secretion,
would improve the therapeutic outcomes in these
patients, particularly in elderly patients in whom the
association of reduced GH secretion, reduced muscle
mass and anorexia is often present. Studies aimed at
evaluating the efficacy of ghrelin treatment in patients
with anorexia-cachexia syndrome associated with
neoplastic disease are needed, as a so-called resistance to ghrelin has been suggested.
In conclusion, circulating ghrelin level in humans
are low under conditions of positive energy balance,

Table 1. The main effects of ghrelin that can influence energy metabolism

Food intake1,35

↑ appetite/↑ food intake
↑ hedonic aspect of eating
↑ motivation to obtain food
↑ food seeking behaviours

Gastrointestinal function47-50

↑ gastric motility
↑ gastric acid secretion and digestive enzymes

Adipose tissue 26,39,53,58

↑ lipogenesis
↑ adipogenesis (↑ differentiation and proliferation of preadipocytes)
↓ lipid oxidation

Intermediary metabolisms57,62,79,82,90,92,93

↓ insulin secretion
↑ hepatic gluconeogenesis
↓ insulin sensitivity
↑ glucagon secretion
↑ hepatic lipogenesis
GLP-1 secretagogue

Energy expenditure52,57,94,95

↓ energy expenditure
↓ thermogenesis in BAT
↓ sympathetic nervous system in BAT

