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ABSTRACT

Ghréelin is a peptide hormone secreted into circulation from the stomach. It has been postulated to act as a signal of
hunger. Ghrelin injection acutely increases energy intake in lean and obese humans and chronically induces weight
gain and adiposity in rodents. Circulating ghrelin levels are elevated by fasting and suppressed following a meal.
Inhibiting ghrelin signaling therefore appears an attractive target for anti-obesity therapies. A number of different
approaches to inhibiting the ghrelin system to treat obesity have been explored. Despite this, over a decade after its
discovery, no ghrelin based anti obesity therapies are close to reaching the market. This article discusses the role of
ghrelin in appetite control in humans, examines different approaches to inhibiting the ghrelin system and assesses
their potential as anti-obesity therapies.
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INTRODUCTION

In 1999, ghrelin was discovered in gastric extrastsa natural ligand of the orphan growth horma@wetagogue
receptor type la (GHS-R1a) [1]. Through this regepit acts as a growth hormone releasing peptite faod

intake modulator [1]. GHS-R1a is expressed in tiygothalamus and pituitary, which is consistent vifie GH-

releasing and appetite stimulating effects of ghrg2]. However, it has been demonstrated that G¥8-is also
expressed in other CNS areas and peripheral tissuemre ghrelin is also expressed; suggesting ghatlin

possesses many others affects besides the relegsewth hormone (GH) and the stimulation of foadake. In

fact, numerous studies have shown that ghrelin affects energy and glucose homeostasis, gaststimaé

cardiovascular, pulmonary and immune function, petlliferation and differentiation and bone physip [3,4].

Although the major active product of ghrelin geseai28-amino acid peptide acylated at the seripes&ion with

an octanoyl group (C8:0), called simply ghrelincenet developments have shown that ghrelin genegeaprate
various bioactive molecules besides ghrelin, maithg-acyl ghrelin and obestatin, obtained fromriadtéve

splicing or from extensive post-translational mamifions [5,6]. Although their receptors have yet been
identified, they have already proven to be acthaying intriguingly subtle but opposite physiolagi@ctions to
ghrelin [3,4].

GHS-R antagonists are expected to perform antipb&sictions by suppressing food intake and weiggin. In

fact, small-molecule GHS-R antagonists and [D-L}%sBIRP-6, which is one of the few known peptidesgainists
of GHS-R, decrease food intake and weight gairpeid@pheral injection [7]. Because a peptide carchemically
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synthesized and is unlikely to act as an antigeptige drugs are attractive candidates to replatibaties in drug
therapies targeting specific molecules. The exion of how novel peptides bind to a cell surfesgeptor from a
randomized peptide library has been achieved ysliragie display [8]. Drugs developed from peptides Hind to
thrombopoietin [9, 10] and erythropoietin receptfr$] were discovered by phage display and have hsed in
therapies [12].

DISCOVERY OF GHRELIN

GHSs are a family of small synthetic peptides and-peptide molecules that stimulate the secretiofsld in
several species, including in humans. In 1977, Bevead colleagues developed the first GHS peptiteved
from Met-enkephalin, which stimulated in vitro thedease of GH from pituitary cells, although thegmzy of these
peptides was rather weak [13, 14]. Further devebogrted to the production of several new peptidik increased
potency, including GH-releasing peptide-6 (GHRMB~D-Trp—Ala—Trp—D-Phe—Lys-NH2) and hexarelin, bof
which are active in vitro and in vivo [15, 16]. Balson the structure of GHRP-6, peptidomimetics biS&uch as
MK-0677 (a spiroindoline with marked bioavailabjliand long-lasting effects after oral administrajiovere
developed by Merck [15]. The primary action of BEISs is the stimulation of GH release from the atmtnoph
acting through a mechanism distinct from that of -f@k¢asing hormone (GHRH). GHRP-6 activates the
phospholipase C (PLC) pathway, resulting in angase the intracellular Ca2+ through inositol 1igphosphate-
(IP3)- mediated signal transduction, a pathwayirdisfrom the adenosine-3',5'-monophosphate- (cA8KEPendent
protein kinase (protein kinase A, PKA) pathwayinéitl by the GHRH receptor [17-19]. In 1996, the dkegroup
identified and cloned the GHSR by utilizing expieascloning and exploiting their compound MK-06Thanges
in intracellular calcium concentrations were indiloa of a positive response [20—-22].

The second endogenous ligand for GHSR was alsat&blfrom the rat stomach [23]. The ligand des-&inl
ghrelin, a 27-amino acid peptide with an n-octanmogdification at Ser3, is identical to ghrelin egtéor deletion
of one glutamine, and is produced through alteveasplicing of the rat ghrelin gene. Des- GInl4dinrhas the
same potency as ghrelin for inducing increasestiacellular Ca2+ concentrations in GHSR-expressgits, and
for increasing plasma GH concentrations in ratstl@nother hand, the unmodified, des-n-octanoyhfof ghrelin
(desacyl ghrelin), has no effect on the elevatiérintracellular Ca2+ and GH secretion. In structaeivity
analysis, the octanoic acid is not the only modiiian group of the Ser3 side chain that can suskeractivity of
ghrelin; some other fatty acid modifications casoainaintain activity.

The Ghrelin Molecule

The fatty acid (n-octanoyl) side chain at Serira3jiochemical feature which is essential for ghfslibioactivity,
makes this gastrointestinal peptide hormone an gemhus factor unique in mammalian biology [24]. Whi
cleaving more than 50% of its 28 amino residuesistafrom the C-terminal end of the ghrelin molkc(down to
less than 14 amino residues) hardly influencesibgndr activation of its receptor in vitro, minorogtifications of
the postranslationally added n-octanoic acid alreagbair receptor binding or activation [25]. Amigd 28 (Arg)
is naturally cleaved in an unknown percentage afsich derived circulating ghrelin molecules, rasglin a 27
AA long peptide, which is still bioactive. As reped very recently, the octanoyl side chain occuoratileast two
different sizes (C8 and C10), while the identity afputative acyl-transferase that is presumablatéxt in the
stomach and should be responsible for the “actimatof ghrelin via octanoylation, is still at larg@6]. Degradation
processes are also believed to mainly involve emtignprocesses, since the half-life of ghrelin ircuation is
estimated to be between 5 and 15 minutes. The fawtpr that has been shown to “deactivate” ghraditdigh
Density Lipoprotein (HDL), which can bind and desAate ghrelin to a significant extent, therebyrilpg it of its
ability to bind and activate the ghrelin receptdi®&R1a [27].

Control of Ghrdin Secretion

Regulation of ghrelin levels and action involvevesal mechanisms that are, at least in part, inodget. As
suggested by van der Lely and coauthors [28], thmeehanisms include: 1) regulation of transcripteomd
translation of the ghrelin gene; 2) regulation okiptranslational processes of the ghrelin mole¢ude acylation
and deacylation) and regulation of levels and/divitg of the putative enzymes involved in the ptsinslational
processing; 3) secretion rates of the bioactiveslghmmolecules; 4) possible existence of ghrelimdbig proteins
and their effects on hormone’s bioactivity; 5) assibility of target tissue (i.e. blood-brain barrteansport); 6)
clearance or degradation of ghrelin by kidney areidi passage; 7) circulating concentration of aolait
endogenous ligands or other possibly cross readtorgnones; 8) ghrelin receptor(s) levels of expoesand
activity in target tissues.
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Ghrelin and Energy Balance

Chronic Intracerebroventricular injection of ghreBtrongly stimulates feeding in rats and incredsmty weight
gain [29]. Daily subcutaneous injection of ghrelinmice induces a progressive increase in body hteigith a
significant gain in fat mass but no change in leady mass. This could result from a chronic de@ezfsfat
oxidation as indicated by an increased respiratprgtient [30]. Because ghrelin can induce adipotitgt is
sustained during ghrelin treatment, ghrelin mighttipipate in the long-term regulation of body mdsshumans,
studies suggest that weight loss increases cimglaghrelin levels [31, 32]. GH is also known to d&® important
anabolic agent, and has been used to counteractlenugasting associated with surgical stress, sgpsis
glucocorticoid administration, and AIDS [33]. Ghirebecretion counteracts further decreases in gretogage and
prevents starvation or cachexia. Therefore, evanaif the role of ghrelin in the pathogenesis amétment of
such cachectic conditions is warranted [34]. Ghrelnd GH might serve as anabolic signaling molecdigring
energy depletion.

GHRELIN AND THE CENTRAL REGULATION OF FEEDING

Ghrelin is the first identified hormone that actsaastarvation-signaling molecule from the stomareti stimulates
feeding after peripheral administration. After ghrés administered to the CNS, neurons expresiegmmediate-
early transcription factor c-Fos are observed pripnén regions implicated in the regulation of tBeg behavior,
including the paraventricular nucleus, the arcuateleus (ARC), and the dorsomedial and ventromedial
hypothalamic nuclei [29], suggesting that ghreliigimh contribute to central control of energy homesis such as
body temperature and energy expenditure. Thisiligion coincides with that of GHSR [35]. GHSR mRN#
expressed in 94% of the neurons in the ARC thatesgNPY, in 8% of cells that express pro-opionztartin
(POMC), in 30% of those that express somatostatid,in 20—25% of those that express GHRH mRNA [36].

The ARC is an important site for translating infirdm diverse hormonal signals into behavioral anetaholic
responses that powerfully influence energy bald8¢g NPY and AGRP—orexigenic molecules—are exprdsn

the same neurons in the medial ARC [38, 39], whehe®MC and the cocaine- and amphetamine-regulated
transcript (CART) — anorexigenic molecules—are esped in the lateral ARC [40], AGRP antagonizes the
actions ofa-melanocyte-stimulating hormone-fISH) at the melanocortin 4 receptor (MC4-R), andHherefore
orexigenic [41, 42] (Figure 2). Intracerebrovenitér injection of ghrelin leads to increases in éxpression of
both NPY and AGRP mRNAs, and pretreatment with N#p¥eific or AGRP specific antibodies, or with a
antagonists to NPY or AGRP receptors significainthibits ghrelin-induced feeding [29]. Because djhrajection

did not alter the expression of POMC mRNA, thesuilts indicate that ghrelin-dependent orexigenissisediated

by the output of the ARC NPY-AGRP neurons. The ARG crucial target of leptin, an anorexia medmtin
molecule produced from adipose tissue [37]. MostYNRGRP—producing, or POMC-CART—producing neurons
also express leptin receptors, and both types ofoms are regulated by leptin, albeit in an opppsiranner [43].
Leptin inhibits ghrelin-induced feeding, and ghmefiubstantially reverses the anorexic effect ofitepndicating
that ghrelin may antagonize leptin action in regntathe NPY-AGRP system (Figure 1).

Leptin stimulates the POMC anorexigenic pathway iamibits the NPY-AGRP orexigenic pathway, resigtin
reduced food intake. The effect of ghrelin in tlypdthalamus is opposite to that of leptin. The @enic effect of
ghrelin is mediated by activating on the outputhef NPY-AGRP neurons. Fasting increases ghrelind@cdeases
leptin production, leading to the activation of tbeexigenic pathway. This response might be immorfar the
adaptation to fasting.

Effect on carbohydrate metabolism

The hypothesis that ghrelin could play a role ia tegulation of glucose homeostasis and insulinetea was

based on the observation that, as shown in thequggections, several biological activities of Af@ mediated by
the cholinergic system/vagus nerve, which also playpivotal role in the regulation of the endocrpencreas.
Moreover, ghrelin (including both AG and UAG) ispegssed in pancreatic islets, where it is preseaady during

fetal development, whereas it decreases duringtazhd [44, 45]. The expression of GHS-R1a in thdoenine

pancreas has been found by several groups [46,Rrfhermore, previous reports in the literaturecdbed an
effect of synthetic GHSs on insulin and glucoseelsy although these metabolic actions were supptsdak

mediated by the neuro-endocrine activity that GldSsrt at pituitary level. In fact, the increasepiasma glucose
levels induced by sustained treatment with GHSsbiese rats was thought to be due to GHSs-indudedton of

hypothalamo-pituitary adrenal axis [48]. Similarbhronic treatment with MK-0677, a non-peptidyl GH®luced

hyperglycemia and insulin resistance in lean, lmitim obese, elderly subjects and this phenomeres supposed
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to reflect increased GH secretion [49]. Howevepoasible mediation by GH of the GHSs-induced mdaaraof
glucose homeostasis was ruled out by the observiimt GHRP-6, in fed conditions, induced a risgluncose as
well as in insulin and free fatty acid (FFA) leveisthe presence of GH receptor antagonism by gegvant.

Ghrelin Leptin
Activates .1 @ . Activates
Inhibits
E#.h’gzﬂ Arcuate POMC
RENTON nucleus euion
/ \ Paraventricular aMSH
nucleus

release

NPY AgRP

release release \e\l l
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Orexigenic Anorexigenic
pathway pathway

Fig 1: A simplified model of thefeeding regulatory signaling of ghrelin and leptin

The first report showing an effect of ghrelin om@se homeostasis was by Broglio et al., who olesktiiat AG
injection to healthy subjects induced an acute sigdificant increase in glycemia that was followsda transient
decrease in circulating insulin levels [50, 51].e88 metabolic effects were not induced by UAG [62py a
synthetic GHS, although the latter potently stinedaGH release to the same extent as AG [50]. Hhigg with
the fact that glucose and insulin changes persisted 2 hours after AG administration, in contradth a more
transient increase in GH levels, suggested thattabolic actions of AG were GH independent.

Overall, these findings suggest that the gut hoemAl may exert a significant role in the regulatiaiinsulin
secretion and glucose metabolism. AG might integtia¢ General hormonal and metabolic responsestimdgthat,
at least in humans, is accompanied by a clearfoerease in GH secretion coupled with inhibitionimgulin
secretion and activation of mechanisms devotedaimtaining glucose levels [53].

Effect on lipid metabolism

Ghrelin has been reported to increase body fa, iatdependently of changes in food intake [54].p&dfic effect

of ghrelin on lipid metabolism was suggested bydhservation that rodents treated with AG showdthaned fat
content independently of feeding behaviour, as sa&sk by magnetic resonance imaging (MRI), increased
respiratory quotient (suggesting enhanced carbaigsutilization and decreased fat utilization)aldenergy x-ray
absorptiometry (DEXA) and weight of omental andoperitoneal fat pads [55, 56]. In fat tissue AGIaBAG
promote adipogenesis and inhibit lipolysis, wherbgy also modulate lean tissue fat distributiod aretabolism.

In fact, AG as well as UAG was shown to favour adignesis when infused to rodent bone marrow [5fg T
increase in respiratory quotient following both wehand peripheral injection of AG is likely toflect reduced
whole body lipid oxidative utilization [54].

More recently, Barazzoni and colleagues [58] shothetl sustained AG injection in rats (twice-daity four days)
modulates lipid metabolism also in non adiposeutissincluding liver and skeletal muscle, incregdindy weight,
but not food intake. In the liver, AG induced ligogc and glucogenic patterns of gene expressiortragigceride
content, whereas the activity of the stimulatoF6A oxidation, AMP-activated kinase (AMPK), was uedd and
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mitochondrial oxidative enzyme activities were uaoeded [58]. In muscle, AG reduced triglyceride et
increased mitochondrial oxidative enzyme activitiasd increased mRNA encoding uncoupling protein-2,
independent of changes in expression of fat metahojenes and phosphorylation of AMPK. Thus, AGofav
triglyceride deposition in liver over skeletal mlgscsuggesting that AG could be involved in adaptthanges of
lipid distribution and metabolism in the presendecaloric restriction and loss of body fat. AG tmant also
significantly increased the mRNA levels of impottargulators of tissue fat metabolism and contenoth as
peroxisome proliferator activated receptor (PPAR): primary cultured rat differentiated adipocysesl in muscle
[58, 59].

The actions of AG on lipid metabolism are unlikedybe mediated by GHS-R1a, since epididymal adifissae or
isolated adipocytes did not express GHS-R1a mRNA showed a common high-affinity binding site reciagd

by AG and UAG and also synthetic, peptidyl and peptidyl GHSs . In keeping with this, bone marrow
adipogenesis was stimulated also by UAG, but nat pgtent GHS-R1a agonist [57].

In conclusion, both AG and UAG promote adipogenesid inhibit lipolysis, probably acting via a yetkmown
receptor, different from GHS-R1a.

Gastrointestinal function

Available data suggest that ghrelin affects mamyeets of Gl function, including exocrine secreti@pjthelial
protection and motility. Results regarding the efife of ghrelin on gastric acid secretion are equaVoas
stimulation (probably via vagal pathways stimulgtparietal cells) [60], inhibition [61], and lack effect [62] have
been reported. It was suggested that conflicting daay reflect the presence of both stimulatory sutibitory
pathways, and that experimental conditions and isaday determine how they balance out. The stirotyedction
of ghrelin on gastric secretion may be importanpiaparing the stomach to process food. Ghreligse able to
stimulate pancreatic protein secretion via cemtathways [63].

Ghrelin may also stimulate cell proliferation andfatentiation of the gastrointestinal epitheliuindeed, a
gastroprotective effect has been demonstratedriousamodels, which seems to depend mainly on vagévity,

sensory nerves and hyperaemia mediated by nitiideogynthase—nitric oxide (NOS—NO) and cyclooxygera
prostaglandin systems [64,65]. The protective éffeas also been demonstrated in experimental £¢bt6]. A

recent study showed that, both intraperitoneallg eentrally administered, ghrelin suppresses muidagsstinal

apoptosis in fasting rats [67].

Structural relationships between ghrelin and nmgtikad to evaluation of the motility effects ofrglin. Indeed, it
was demonstrated that ghrelin, like motilin, indudkee migrating motor complex (MMC) and acceleraastric
emptying, both in humans and rodents [68,69]. Agitrelin seems to accelerate colonic motility [7@okinetic
actions of ghrelin are mediated by the cholinesyistem, via central mechanisms and probably byrthenteric
plexus [71].

Des-acyl ghrelin does not seem to influence gastiretion [62]. Regarding to motility, des-acykrg/m inhibits
gastric emptying without altering small intestiti@nsit [72]. Peripheral des-acyl ghrelin may ingldis function
by direct activation of brain receptor (CRF 2) vgssing the blood-brain barrier but not by theatton of vagal
afferent pathways [72]. The effects on cell prabteon and differentiation of the gastrointestieaithelium were
not yet determined. Recently, obestatin was dematest to stimulate the secretion of pancreaticejldazymes
through a vagal pathway in anaesthetized rats [¥8)with the effects of obestatin on regulatiorfadd intake, its
effects on gastrointestinal motility are involvedgreat controversy with most studies reportingeffect [74] and
others reporting a negative effect (in gastric g@jdnal motility) under basal and ghrelin-stimel@tconditions
[75]. Further studies should clarify this issue #sceffects on gastric exocrine secretion anchepial protection.

Cardiovascular function

Numerous studies suggest that ghrelin has a widg af cardiovascular activities. Regarding the roeicculation,
the vasoactive effects of ghrelin depend on thecwlas territory. In the systemic circulation, glinehas a
vasodilatory effect that is endothelium-independ&®t77] and involves peripheral and central medras [78].
Indeed, intravenous injection of ghrelin in humaasises a significant decrease in mean arteriaspresbut does
not change heart rate [79]. By contrast, ghrelaréases coronary perfusion pressure in rat hearfsged using the
Langendorf system and significantly increases pmessiduced myogenic tone in coronary arterioled.[8n the
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microcirculation, ghrelin increases vascular flamd this action may affect other physiological tims of ghrelin
[81].

Ghrelin is also able to improve endothelial funatioy inhibiting basal and TNF-a-induced chemotactitokine
production, increasing nitric oxide bioactivity amghibiting angiotensin ll-induced migration of ham aortic
endothelial cells [82]. Salutary cardiotropic effeof ghrelin have been demonstrated in variousrxgental
models. These may result not only from an increas&H, appetite and vasodilation, and decreaseyiokine
production, but also from direct effects of ghratin cardiomyocytes. In vitro, ghrelin decreasedromsm [83]
and lusitropism [84], inhibits apoptosis of cardiywmuytes [85], improves myocardial function during
ischemia/reperfusion and isoproterenol-inducedrynj@6] and reduces infarct size [87]. In healttojunteers [88]
and patients with chronic heart failure [89], ghretlecreases systemic vascular resistance, whishltsein
increased cardiac output as shown by increasedbcaraiex and stroke-volume index.

Immunomodulation

GHSR mRNA is expressed in several lymphoid org&® fnd in various leukocyte subsets including @ &n
cells, monocytes [91], suggesting that ghrelin miglay some role in the generation and/or contfointmune
interactions. In fact, various studies demonstrateat ghrelin may modulate immune cell proliferatiand
activation and secretion of proinflamatory cytolin€hronic injection of a ghrelin mimetic to oldaeistimulated
growth, differentiation and cellularity of the thuys, in addition to increasing T-cell production [[92his resulted
in an enhanced resistance to the initiation of fessps and subsequent metastasis in animals inedulaith
lymphoma cells and an improved thymic engraftmanbdone marrow transplant recipients [92]. In vistodies
showed that ghrelin inhibited ROS generation by &nnPMN in a dose-dependent manner [93]. Interdgting
ghrelin ameliorates pancreatic obiliary inflammatiand associated remote organ injury induced bycreatic
obiliary obstruction, by inhibiting neutrophil aoti [94]. Ghrelin also modulates the production fipflammatory
cytokines. Recently, it has been shown that ghratid the GHS-R are found in human T cells and mygtesc
where ghrelin specifically inhibited chronic, LP8&nd leptin-induced synthesis of proinflammatory ractc
cytokines such as leptin, interleukin 1b (IL-1H);8 and tumor necrosis factor a (TNF-a) [95,91je3e data have
established a novel role for ghrelin in immune dealhiction as a negative regulator of inflammatoggokine
expression induced by cell activation by antigeiitogens, or leptin, Onthe contrary, des-acylghreloes not
influence immune function [96], while effects ofadbatin on immune system were not yet determined.

Bone physiology

Recent studies indicate that ghrelin is also inedlin the regulation of bone growth and metabolksmone of its
peripheral effects. It has been demonstrated thatapy osteoblasts, as well as osteoblastic cedidiof various
species, express GHS-R1la [97]. Evidence was algadad that ghrelin treatment directly stimulatesaf rat
calvarial osteoblastic cells proliferation and éiffntiation, alkaline phosphatase activity andigaicaccumulation
in the matrix primary [97]. In addition, ghrelindreased bone mineral density of both normal anddétitient rats
[98]. These observations show that ghrelin direstiynulates bone formation. Data regarding effedtsles-acyl
ghrelin and obestatin on bone physiology are vienjtéd. A recent study demonstrated des-acyl ghr&iimulates
human osteoblasts proliferation in the absence ld5®1a [99]. Unlike ghrelin, obestatin does not rexany
relevant activity in chondrocytes [100].

APPROACHES TARGETING THE INHIBITION OF THE GHRELIN SYSTEM
Several different approaches have been used togtite target the ghrelin system to ameliorate ityzes

Antagonizing the ghrelin receptor (GHS-R1a)

The ghrelin receptor, GHS-R1a, was first identifeithe receptor through which growth hormone sagogues
(GHSs) act [101]. This discovery was made sevesaly prior to the discovery of ghrelin. DevelopmehGHS-
Rla antagonists began with the identification of S3Rlla and efforts and investment escalated follgvihre
discovery of ghrelin and elucidation of its role é@mergy homeostasis. It was hypothesized blockimgelm

signaling through antagonizing the GHS-R1a wouldpsess pre-prandial feelings of hunger due to lghtelin

levels. A number of pharmaceutical companies hawe developed GHS-R1a antagonists. In 2007 Bayasrteg
their GHS-R1a antagonists which were though to fpateethe central nervous system (CNS) reduced baight
in diet induced obese (DIO) mice when administeicrd10 days [102,103]. Acute injection of their agbnists
improved glucose tolerance [102,103]. By contrasitlaer antagonist they had developed thought te paor CNS
penetration improved glucose tolerance but had vedfalcts on body weight. This suggests that foaganists to
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be effective in regulating body weight they needross the blood brain barrier. In addition it sesfgd effects on
glucose homeostasis may be due to the GHS-R1atoesep the pancreas. This is on accord with thggestion
that ghrelin’s effects on energy homeostasis reqgautivation of the GHS-R1a in the CNS possiblyaditthe
hypothalamus or the brain stem. Ipsen developedraagonist, BIM28163, which antagonized the GHS-Rila
vitro and blocked ghrelin’'s stimulation of GH invei. However, BIM28163 caused weight gain rathenthaight
loss in rodents [104]. This highlights the complies of the ghrelin system, but also suggests therg be potential
to develop antagonist that independently blockegitihrelin’s effects on appetite or GH. GHRR1a gotésts that
suppress appetite but not GH release may be mdiebkuas an obesity therapy. Further ghrelin aomags have
been developed by a number of other pharmaceuwtaalpanies including Abbott laboratories, Zentakiwrck,
Tranzyme, and Novo Nordisk. Few have reported ssfakin vivo results and we are not aware of dimjaal trial
where ghrelin antagonists have proved successfahasbesity treatment. This suggests even antagehish are
effective in rodent models, such as those develdpeBayer, have failed at later stages of testieggtbpment.
Despite this the search for more effective GHS-Rdtagonists is still ongoing. For example, veryergly Amgen
reported the development of a piperazinebisamided&HS-R1a antagonists. They state the compoundws
being used for in vivo proof of concept studiesH[L0rhus there still belief GHS-R1a antagonism rpagve a
successful obesity therapy.

A complicating factor is that the GHS-R1a is repdrto have high ligand independent constitutivgnaiing [106].

It has been reported GHS-R1a signaling can be lateimum levels in the absence of ghrelin [L0BJL0'he
importance of this is highlighted by the identiiom of human mutations which cause a loss of GHSR1
constitutive activity. These mutations cause shiatiure due to growth hormone deficiency [109].
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