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prolactin and ACTH and may inhibit LH/FSH. In ad-
dition to its orexigenic and pituitary activity, ghrelin 
acts on various systems, such as the gastrointestinal, 
cardiovascular, pulmonary, reproductive, and central 
nervous systems. The muscle effects of ghrelin involve 
stimulatory action on the cardiac muscle, vascular 
smooth muscle, ocular smooth muscle, gastrointestinal 
smooth muscle, and skeletal muscle and via the GH 
effect also on bone.1,2 Ghrelin and its receptors are 
found in the reproductive organs and in the placenta, 
and during pregnancy and lactation ghrelin regulates 
maternal energy intake.3 Furthermore, ghrelin could 
also act as a regulator of the gonadotropic axis.4 It 
has recently been shown that ghrelin plays a role in 
the regulation of sodium reabsorption in the cortical 
collecting ducts of kidneys.5 Ghrelin levels have been 
found to be altered in various conditions, examples 
of which are summarised in Table 1. In this paper we 

focus on the role of ghrelin in obesity, Prader-Willi 
syndrome, anorexia and other eating disorders, and 
cachexia, as well as on the implications of ghrelin as a 
pharmacological target in relation to these disorders.

GHRELIN

Structure, receptor, and signalling pathway

Ghrelin is a 28-amino-acid peptide that is mainly 
produced by the neuroendocrine cells (named “X/A 
like” in rat and “P/D1” in humans) in the oxyntic mu-
cosa of the gastric fundus.19 Ghrelin is also produced 
in areas of the gastrointestinal tract and other periph-
eral organs but in lesser amounts. The 117-amino-
acid preproghrelin protein is encoded by the human 
ghrelin gene on chromosome 3p25-26. Ghrelin is 
first cleaved from the preproghrelin polypeptide at 
the N-terminal by the prohormone convertase 1/3. 
An octanoic acid then esterifies a hydroxyl group of 
the third N-terminal amino-acid serine residue of the 
proghrelin peptide to form acyl ghrelin. Yang et al 
(2008) demonstrated that the enzyme that attaches 
octanoate to serine-3 of ghrelin is GOAT (Ghrelin 
O-Acetyltransferase); this leads to the acylation of 
ghrelin which is required in order that ghrelin can 
bind to its receptor.20 However, not all ghrelin is ac-
tive acylated ghrelin; in fact, only a minority of the 
circulating ghrelin is acylated. Initially, it was thought 
that only acyl ghrelin activates the classical growth 
hormone secretagogue receptor (GHSR) expressing 
cells, whereas the nonmodified des-n-octanyl form 
of ghrelin (desacyl ghrelin) does not.21 Meanwhile, 
although desacyl ghrelin was originally considered an 
inactive by-product of ghrelin secretion or degradation, 
recent evidence suggests that desacyl ghrelin acts in 
peripheral tissues and in the brain to regulate biologi-
cal actions. A study by Heppner et al (2013) has shown 
that both acyl ghrelin and desacyl ghrelin significantly 
increased IP3 formation in HEK-293 cells transfected 
with human GHSR.22 Intracerebroventricular (icv) 
infusion of desacyl ghrelin in mice increased fat mass 
at the highest dose tested, as well as glucose-stimulated 
insulin secretion. In contrast, icv desacyl ghrelin failed 
to regulate fat mass and induce hyperinsulinaemia in 
GHSR deficient (Ghsr-/-) mice. Desacyl ghrelin also 
failed to regulate these parameters in control mice 
when it was administered subcutaneously. Based on 

Table 1. Disorders in which ghrelin alterations have been found. 
Green upward arrows indicate increased ghrelin levels, red downward 
arrows indicate decreased ghrelin levels.6-18


