
Capromorelin: a ghrelin receptor agonist and novel
therapy for stimulation of appetite in dogs

Linda Rhodes*, Bill Zollers†, Jessica A. Wofford‡ and Ernst Heinen‡

*Independent consultant, Durham, New Hampshire, USA , †Norbrook, Inc, Overland Park, Kansas, USA and ‡Aratana Therapeutics, Inc, Leawood,

Kansas, USA

Abstract

Ghrelin is a hormone, secreted from cells in the stomach, which is important in the regulation of appetite and
food intake in mammals. It exerts its action by binding to a specific G-protein-coupled receptor, the growth
hormone secretagogue receptor 1a (GHS-R1a) which is found in areas of the brain associated with the regula-
tion of food intake. Ghrelin causes a release of growth hormone (GH) through binding to GHS-R1a in the
hypothalamus and pituitary gland. A class of compounds known as growth hormone secretagogues, or ghrelin
receptor agonists, were developed for therapeutic use in humans for the stimulation of GH in the frail elderly,
and have subsequently been studied for their effects on increasing appetite and food intake, increasing body
weight, building lean muscle mass, and treating cachexia. Subsequent research has shown that ghrelin has anti-
inflammatory and immunomodulatory effects. This article reviews the basic physiology of ghrelin and the ghre-
lin receptor agonists, including the available evidence of these effects in vitro and in vivo in rodent models,
humans, dogs and cats. One of these compounds, capromorelin, has been FDA-approved for the stimulation of
appetite in dogs (ENTYCE�). The data available on the safety and effectiveness of capromorelin is reviewed,
along with a discussion of the potential clinical applications for ghrelin receptor agonists in both human and
veterinary medicine.
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Introduction

Ghrelin is a hormone produced by specific cells in

the stomach. It exerts its action by binding to recep-

tors in the hypothalamus involved in the regulation

of food intake. Ghrelin causes an increase in the

pituitary secretion of growth hormone (GH). Drugs

that bind and activate the ghrelin receptor have been

explored for their effect on appetite, weight gain,

frailty, cachexia, inflammation and gut motility. This

manuscript reviews the mechanisms of action of

ghrelin and this class of drugs for use in animals, and

introduces a novel drug for the stimulation of appe-

tite in dogs: capromorelin, a small molecule ghrelin

receptor agonist.

Ghrelin

This unique hormone is a 28 amino acid peptide, in

which the serine 3 residue is n-octanoylated (Kojima

et al. 1999). Octanoylation is essential for the hor-

mone’s activity, and is achieved by the ghrelin O-

acyltransferase enzyme (Yang et al. 2008). Ghrelin is

produced in the oxyntic glands of the gastric fundus,

specifically in a distinct endocrine cell type found in

the mucosal epithelium (Kojima et al. 1999; Date

et al. 2000; Kojima & Kangawa 2002). The amino

acid sequence of ghrelin is well conserved across spe-

cies, with the 10 amino acids at the N-terminus iden-

tical in humans, pigs, cows, sheep, cats and dogs

(Tomasetto et al. 2001; Kojima & Kangawa 2002,

© 2017 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
Veterinary Medicine and Science (2018), 4, pp. 3–16
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial
purposes.

Review

DOI: 10.1002/vms3.83

3

http://orcid.org/0000-0001-6524-715X
http://orcid.org/0000-0001-6524-715X
http://orcid.org/0000-0001-6524-715X
http://creativecommons.org/licenses/by-nc/4.0/


2005; Ida et al. 2007). Ghrelin is not secreted into the

lumen of the GI tract, but rather into blood vessels

for systemic distribution.

Food intake regulates ghrelin secretion, which is

increased during fasting and decreased after food

consumption in humans and other mammalian spe-

cies (Cummings et al. 2004; Sun et al. 2004). The role

of ghrelin on the control of feeding behaviour was

shown in dogs (Bhatti et al. 2006) and cats (Ida et al.

2007).

Ghrelin receptors

Ghrelin exerts its effects through a specific G-

protein-coupled receptor called the growth hormone

secretagogue receptor 1a (GHS-R1a). Another GHS-

R cDNA is produced by alternative splicing which

produces a COOH-terminal truncated form (GHS-

R1b) that is pharmacologically inactive (Kojima &

Kangawa 2005). The GHS-R1a is expressed in several

areas of the hypothalamus associated with feeding

behaviour, including the arcuate and ventromedial

nuclei (Kojima & Kangawa 2005). GHS-R1a is also

found in the pituitary gland, and other organs such as

bone, heart, lung, liver, kidney, pancreas and immune

cells (Papotti et al. 2000; Smith et al. 2005).

Research shows that the GHS-R1a can amplify

dopamine signalling in vitro, by a mechanism consis-

tent with formation of heterodimers of the GHS-R

and dopamine receptors in neurons that co-express

these receptors. This dimerization is also detected

in vivo in rodents indicating that dopamine signalling

may be affected by these receptor interactions, par-

ticularly dopamine reward signalling (Papotti et al.

2000; Smith et al. 2005). Other research has shown

that the serotonin 2C receptor can form heterodi-

mers with GHS-R1a, and this dimerization may also

be involved in regulation of appetite and food

reward (Schellekens et al. 2013).

Ghrelin receptor agonists

In the 1980s, Bowers et al. (1984) identified a small

peptide, GHRP-6, that stimulated GH release both

in vitro and in vivo by an unknown mechanism,

which subsequently was found to act through a novel

receptor. GHRP-6 was used as a structural template

to develop small molecule compounds that could

stimulate GH, potentially to be used as a treatment

for declining GH in the frail elderly (Smith 2005).

This work led to the cloning of GHS-R1a, and devel-

opment of a class of small molecules called growth

hormone secretagogues (GHS); compounds that

when administered orally, caused the pituitary to

release GH. Subsequently, ghrelin was identified as

the endogenous ligand of the GHS-R1a, and ghre-

lin’s role in regulating food intake, as well as stimu-

lating GH, was elucidated.

A number of GH secretagogue compounds, also

known as ghrelin receptor agonists, have been identi-

fied (Table 1). Some, such as relamorelin (also

known as BIM-28131, under development for dia-

betic gastroparesis) and ulimorelin (for gastrointesti-

nal functions) are peptide compounds designed to be

given by injection, and others are small molecules

that can be administered orally such as anamorelin

(under development for cancer cachexia), macimore-

lin (for GH deficiency) and capromorelin (Muller

et al. 2015). All of these compounds act by mimick-

ing ghrelin and binding the GHS-R1a.

Capromorelin, also referred to as AT-002, RQ-5,

and CP-424,391 was developed originally for the

treatment of human frailty (Carpino et al. 2002).

Capromorelin binds the human GHS-R1a in vitro

and caused GH release both in pituitary cell cultures

and in vivo after oral dosing in rats and dogs (Car-

pino et al. 2002, 2003). GHSs, including capromore-

lin, were initially investigated for their ability to

stimulate GH and it was not until after the discovery

of ghrelin that their therapeutic potential for appe-

tite stimulation was recognized. Capromorelin is the

first ghrelin receptor agonist to achieve FDA

approval, and it is indicated for the stimulation of

appetite in dogs (ENTYCE�, capromorelin oral

solution, Aratana Therapeutics, Inc., Leawood, KS).

Biological effects of ghrelin and
ghrelin receptor agonists

As a peptide, ghrelin has a relatively short serum

half-life, while the ghrelin receptor agonists have

been optimized for therapeutic use, with better oral
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bioavailability and longer half-lives, as compared to

ghrelin (Carpino et al. 2002; Smith 2005). For exam-

ple, capromorelin has a Tmax (mean 0.83 h) and

serum half-life (mean 1.19 h) which indicate that

absorption of capromorelin occurs in the proximal

gastrointestinal tract. In vitro (human liver micro-

somes) and in vivo (rats) metabolism studies suggest

that capromorelin is metabolized by hepatic

enzymes. Following oral administration of radio-

labelled capromorelin to dogs, the radio-label was

excreted in urine (37%) and in faeces (62%) within

72 h. Based on metabolite analysis, elimination of

capromorelin occurs primarily through phase 1 hep-

atic metabolism and the metabolites are excreted pri-

marily in the faeces with the remainder in the urine

(Aratana Therapeutics, Inc., data on file).

The main actions of this class of drugs include the

stimulation of appetite, increasing food intake and

the stimulation of growth hormone, which subse-

quently increases insulin-like growth factor 1 (IGF-

1). In addition to these actions, ghrelin and ghrelin

receptor agonists have been shown to increase mus-

cle mass, stimulate bone formation, have effects on

gut motility and have anti-inflammatory activity.

These biological effects are reviewed below.

Increased appetite and food intake

Studies have demonstrated that fasting increases and

food intake suppresses systemic ghrelin levels in dogs

(Yokoyama et al. 2005; Bhatti et al. 2006) and cats

(Ida et al. 2007). This was also seen in human studies,

where administration of ghrelin stimulated appetite

and weight gain (Wren et al. 2001; Cummings et al.

2004; Klok et al. 2007). Ghrelin administration

directly activates neurons in the arcuate nucleus of

Table 1. Ghrelin receptor agonists (GH secretagogues) for human health

Compound Synonyms Company Peptide/Chemical Phase Indication

Anamorelin ONO-7643

ST-1291

RC-1291

Helsinn

Ono (JP)

(Sapphire, Rejuvenon)

Chemical Phase 3 Cancer cachexia

Capromorelin CP-424,391

RQ-00000005

Pfizer

Raqualia

Chemical Phase 2, discontinued Frailty in elderly

Examorelin Hexarelin

EP-23905

MF-6003

(Europeptides,

Mediolanum

Farmaceutici)

Peptide Phase 2, discontinued GH deficiency

Ibutamoren MK-0677 Merck Chemical Phase 2, discontinued Fibromyalgia

Alzheimer’s disease

Frailty in elderly

Ipamorelin NNC 26-0161 Helsinn

(Novo Nordisk)

Peptide Phase 2, discontinued Postoperative ileus

Macimorelin AEZS-130

EP1572

JMV-1843

Aeterna Zentaris Chemical Phase 3 Evaluation of adult

GH deficiency

Pralmorelin GHRP 2

GPA 748

KP-102

Kaken Peptide Approved in Japan Evaluation of GH

deficiency

Relamorelin BIM-28131

RM 131

Allergan

(Motus, Rhythm, Ipsen)

Peptide Phase 2 Diabetic gastroparesis

Sermorelin GRF 1-29 Serono Peptide Approved US, discontinued GH deficiency

Tabimorelin NN-703

NNC 26-0703

Novo Nordisk Chemical Phase 2, discontinued GH deficiency

Ulimorelin LP101

TZP-101

Lyric (US)

(Tranzyme)

Norgine (ex US)

Peptide Phase 2 Nutrition disorders
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the hypothalamus, and works indirectly through the

vagus nerve to trigger the sensation of hunger and

enhance feeding (Date et al. 2000).

Capromorelin has been studied to determine its

effects on food intake and weight gain in the dog. In

a 7-day study in Beagle dogs, treatment with doses of

3.0 mg/kg once or twice a day, or 4.5 mg/kg once a

day were compared to treatment with placebo.

Capromorelin treatment resulted in significant mean

increases in food intake ranging from 36 to 58%, and

significant increases in body weight ranging from a

mean of 3.8 to 4.5% over the 7 days of treatment

(Zollers et al. 2017b). Food intake and body weight

increases were also seen in a 4-day study in labora-

tory Beagles, where the commercial formulation of

capromorelin (ENTYCE�) was studied (Zollers

et al. 2017a).

Capromorelin was shown to have a similar effect

in laboratory cats where cats were dosed with pla-

cebo or capromorelin at doses ranging from 1 to

3 mg/kg for 21 days. Food intake increased in pla-

cebo-treated cats by about 11% over baseline, while

capromorelin-treated groups showed mean increases

ranging from 25 to 46% over baseline. Body weights

of capromorelin-treated cats increased between

approximately 3.9-5.4%, while the placebo group lost

weight (approximately 1.1%) (Zollers et al. 2015).

Statistically significant increases in food intake and

body weight were seen in a 91-day study of labora-

tory cats treated with 6 mg/kg capromorelin, at day

91, mean weight increases were 0.8 kg and 0.16 kg

for the capromorelin and placebo-treated groups

respectively (Wofford et al. 2017).

Stimulation of GH and IGF-1

Ghrelin and ghrelin receptor agonists have activity at

both the hypothalamic and pituitary level to stimu-

late the secretion of GH (Smith et al. 1997). Activa-

tion of GHS-R1a in the hypothalamus stimulates

GH-releasing hormone secretion from arcuate

nucleus neurons (Dickson & Luckman 1997) and in

the anterior pituitary promotes exocytosis of vesicles

containing GH (Herrington & Hille 1994; Muller

et al. 2015). In healthy humans, intravenous ghrelin

caused the release of GH in a dose-dependent

manner, with peak GH values measured at 30 min

after administration (Takaya et al. 2000). GH then

stimulated IGF-1 production in the liver. IGF-1 acts

as negative feedback to GH secretion, which serves

to avoid GH overstimulation in response to subse-

quent doses of ghrelin and ghrelin receptor agonists.

MK-0677 was shown to increase serum GH and

IGF-1 in Beagle dogs after daily oral dosing for up to

14 days. The initial GH stimulation was attenuated

on subsequent days, likely due to the negative feed-

back of IGF-1 on GH secretion, preventing hyper-

stimulation of the GH axis (Hickey et al. 1997).

A recent laboratory study in Beagle dogs evalu-

ated daily oral dosing of capromorelin for 7 days,

either once a day at 3.0 or 4.5 mg/kg body weight, or

twice a day at 3.0 mg/kg. A single dose of capro-

morelin treatment resulted in an increase in serum

GH, which returned to baseline 8 h after dosing,

likely because of the negative feedback of IGF-1.

After 7 days of treatment, capromorelin administra-

tion still stimulated serum GH but the effect was

attenuated. Serum IGF-1 concentrations increased

after capromorelin dosing, remained elevated during

the 7-day study and returned to pre-study levels

2 days after treatment finished (Zollers et al. 2017b).

In laboratory cats treated for 21 days with

1–3 mg/kg capromorelin, a sustained increase in

IGF-1 was measured (Zollers et al. 2015) and in a

91-day safety study in laboratory cats, treatment with

6 mg/kg capromorelin increased GH and IGF-1

levels as compared to placebo treatment (Wofford

et al. 2017).

Both MK-0677 (Hickey et al. 1997) and capro-

morelin (Zollers et al. 2016) have been shown to

cause an increase in serum cortisol levels after one

dose in dogs. Similar to GHS effects on GH, cortisol

returned to pre-treatment values by 6–8 h post treat-

ment and the magnitude of cortisol stimulation was

attenuated following subsequent doses. This is con-

sistent with observations wherein intravenous admin-

istration of ghrelin in humans resulted in increased

adrenocorticotropic hormone (ACTH) and, subse-

quently, increased cortisol serum levels (Arvat et al.

2001).

GH and IGF-1 and their receptors have been impli-

cated in possible promotion of tumour growth (Perry
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& Wang 2012). IGF-1 receptors have been shown to

be present on canine malignant melanoma cell cul-

tures in vitro (Thamm et al. 2010) and elevated serum

and tumour GH and IGF-1 have been associated with

the malignant phenotype of canine mammary cancer

(Queiroga et al. 2010). In a 1-year safety study in nor-

mal Beagles, there was no evidence of tumour initia-

tion from high daily doses of capromorelin (Zollers

et al. 2016a). There are no studies elucidating the

effects of ghrelin receptor agonists in tumour-bearing

animals. In humans, epidemiological studies of a pos-

sible association between serum IGF-1 levels and can-

cer risk did not establish causality (Cohen et al.

2000). Increased GH also stimulates an increase in

IGF-binding protein-3 levels, and increased IGF-

binding protein 3 has been shown to be negatively

correlated with the risk of cancer in humans (Cohen

et al. 2000). Human cancer patients in two large-scale

Phase III clinical studies of anamorelin did not show

that treatment with this ghrelin receptor agonist pro-

moted tumour growth (Temel et al. 2016).

Effect on muscle

Treatment with exogenous GH has been shown to

increase IGF-1 levels and to induce hypertrophy of

muscle fibres in laboratory dogs (Molon-Noblot et al.

1998). This suggests that treatment with a ghrelin

receptor agonist, which causes increases in GH and

IGF-1, may result in positive effects on lean muscle

mass. In a long-term laboratory study using limb

immobilization in Beagle dogs, a ghrelin receptor

agonist (an analogue of MK-0677) was studied for its

effect on muscle. GH and IGF-1 were increased in

treated dogs and the size and strength of the quadri-

ceps muscle was shown to be increased after remobi-

lization, as compared to placebo treatment (Lieber

et al. 1997).

Ghrelin may have other effects on muscle, not

mediated by GH release. Chen et al. characterized

molecular pathways involved in muscle atrophy

induced by tumour implantation and cisplatin treat-

ment in mice, and studied the effect of ghrelin treat-

ment in this model. They concluded that ghrelin

prevented muscle atrophy by down-regulating

inflammation and myostatin gene expression, and

activating genes involved in muscle fibre synthesis.

Ghrelin appeared to target muscle cells directly,

resulting in improved muscle strength and survival

(Chen et al. 2015).

Effect on bone

Using transgenic mice deficient in GHS-R1a com-

pared to wild-type mice, ghrelin was shown to have

dual effects on osteoclastogenesis, inhibiting osteo-

clast progenitors directly and stimulating osteoclasto-

genesis (van der Velde et al. 2012). In vitro, ghrelin

has been shown to stimulate human osteoblast

growth (Delhanty et al. 2006), stimulate proliferation

and differentiation and inhibit apoptosis in

osteoblastic cells (Kim et al. 2005). Treatment with

ghrelin was shown to increase bone mineral density

in rats, demonstrating that ghrelin can stimulate

bone formation (Fukushima et al. 2005).

Effect on gut motility

Ghrelin has been shown to stimulate gut motility in

rats (Masuda et al. 2000; Fukushima et al. 2005). In

human volunteers, relamorelin increased the fre-

quency of distal antral stomach motility contractions,

without significant effects on amplitude (Nelson

et al. 2016). Relamorelin is under development in

humans for treatment of diabetic gastroparesis.

In dogs, however, an intravenous injection of

canine ghrelin did not stimulate the motor activity of

the digestive tract in either the fasted or fed state,

and did not accelerate gastric emptying. The biologi-

cal activity of the canine ghrelin used in the study

was confirmed by measuring its stimulatory effect on

GH release (Ohno et al. 2006). Further, in a 12-

month safety study of capromorelin at doses up to

40 mg/kg daily in laboratory Beagle dogs, no clinical

signs associated with increased gut motility were

observed (Zollers et al. 2016a).

Anti-inflammatory and immunomodulatory

effects

There is evidence for ghrelin as an anti-inflammatory

agent, and it may play a role in immunoregulation of
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cytokines (Baatar et al. 2011). A number of investi-

gations over the past 15 years have demonstrated

ghrelin to be a potent anti-inflammatory mediator, to

promote lymphocyte development in the bone mar-

row and thymus, and to reverse age-associated thy-

mic involution.

Many in vitro studies have shown that ghrelin mod-

ulates release of a variety of cytokines. For example,

in lipopolysaccharide (LPS)-stimulated murine

macrophages treated with ghrelin, the production of

pro-inflammatory cytokines interleukin-1 b (IL-1b)

and tumour necrosis factor a (TNFa) was inhibited.

Exogenous ghrelin pre-treatment resulted in a

decrease in LPS-induced nuclear factor-kappa B

(NFjB) activation (Waseem et al. 2008). In a study of

human monocytes and T cells, ghrelin was shown to

inhibit pro-inflammatory cytokine expression, specifi-

cally IL-1b, IL-6 and TNFa, and biologically active

GHS-R was shown to be expressed in human T lym-

phocytes and monocytes. In addition, ghrelin was

shown to be produced by T lymphocytes (Dixit et al.

2004). Ghrelin and the agonist pralmorelin (also

known as GHRP-2) prevented endotoxin-induced

IL-6 release from rat peritoneal macrophages in vitro,

suggesting that this effect is mediated by GHS-R1a

directly on immune cells (Granado et al. 2005).

In mice treated with ghrelin prior to and after LPS

administration, ghrelin had a potent anti-

inflammatory effect on the induced endotoxaemia,

inhibiting the production of IL-1b, IL-6 and TNFa

expression in liver and spleen tissue (Dixit et al. 2004).

A number of studies have demonstrated positive

anti-inflammatory effects in rodents in models of

sepsis, endotoxaemia, intestinal ischaemia and car-

diovascular disease (Baatar et al. 2011). In a rat

model of chronic kidney disease, which resulted in

uraemia and decreased lean muscle mass, treatment

with ghrelin resulted in the expected increase in food

intake and body weight, but additionally, there was a

decrease in circulating inflammatory cytokines rela-

tive to saline-treated rats (DeBoer et al. 2007).

In a rat model of chronic heart failure, it was

demonstrated that ghrelin and the ghrelin receptor

agonists, BIM-28131 (relamorelin) and BIM-28125,

decreased the elevated TNFa plasma concentrations

(Lenk et al. 2013). Granado et al. (2005) reported

that a ghrelin receptor agonist peptide, GHRP-2,

given for 8 days in a rat model of acute arthritis,

decreased the arthritis score, paw volume and serum

IL-6.

Chronic administration of a ghrelin receptor ago-

nist (an analogue of MK-0677) to old mice restored

GH and IGF-1 levels, and also stimulated growth,

differentiation and cellularity of the thymus, which

normally involutes with age. Spleens from treated

mice showed that the treatment promoted lymphoid

cell division. Additionally, treated aged mice were

resistant to developing tumours when administered a

lymphoma cell line (Koo et al. 2001).

As yet, potential anti-inflammatory and

immunomodulatory effects of ghrelin and ghrelin

receptor agonists in dogs and cats have not been

studied.

Clinical applications

Ghrelin receptor agonists were developed as poten-

tial treatment for frailty in elderly humans, because

of their action to increase GH, which is known to

decline with age, and for their potent impact on

appetite, which is often reduced in the frail elderly

(Smith 2005; Landi et al. 2016). Given new under-

standing of direct effects of ghrelin on muscle, gas-

trointestinal motility, inflammation and immune

regulation, new clinical applications are being

explored (Smith et al. 2005).

Decreased food intake and loss of appetite

In dogs and cats, loss of appetite (anorexia) or

reduced appetite (hyporexia) can be caused by a

variety of clinical conditions (Delaney 2006; Agnew

& Korman 2014). Metabolic changes associated with

disease or injury can result in loss of lean body mass,

negative protein balance and other undesirable

effects such as reduced wound healing, weakness and

poorer overall prognosis (Chan 2004; Chan &

Freeman 2006; Freeman 2012). In humans, malnutri-

tion has been shown to increase morbidity and mor-

tality related to infection, with poor nutritional

status impacting immunity, and infection causing

appetite suppression, while increasing energy

© 2017 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
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expenditure when fever is present (Bresnahan &

Tanumihardjo 2014). In dogs and cats, it has been

shown that increased energy intake was correlated

with earlier hospital discharge, and animals with low

body condition scores had greater mortality (Bru-

netto et al. 2010). In a study of dogs with septic peri-

tonitis, earlier nutritional support was associated

with a shorter hospitalization (Liu et al. 2012).

Assessment of quality of life of veterinary cancer

patients concludes that better appetite, weight and

body condition scores are an important part of a bet-

ter quality of life (Hershey et al. 2016). Nutritional

assessment has been included in the global initiative

to standardize the physical examination for dogs and

cats, and evaluations of body weight, body condition

score and muscle condition scores are considered a

critical component of the physical examination

(Freeman et al. 2011). In cats, inappetence can result

in hepatic lipidosis and it has been reported that

‘prolonged inadequate nutrition may be more detri-

mental to the patient than the primary underlying

disorder’ (Agnew & Korman 2014).

These results highlight the fact that stimulation of

appetite and increasing food intake in sick animals

will have significant beneficial effects. Ghrelin recep-

tor agonists can be useful in increasing appetite and

food intake in anorexic or hyporexic dogs and cats,

regardless of the underlying cause.

A prospective, placebo controlled, masked clinical

study of capromorelin (ENTYCE�) was conducted

in client-owned dogs that presented to veterinary

clinics with at least 2 days of reduced appetite, as

reported by the owners, due to a variety of causes

(Zollers et al. 2016b).

Dogs were randomized to either placebo or capro-

morelin (3 mg/kg/day) treatment groups. Owners

were required to agree not to feed the dogs anything

different than their normal diet, and after 4 days,

owners scored their dog’s appetite, using a question-

naire. Capromorelin treatment improved appetite

compared to placebo (P = 0.008). As expected for a

subjective end point, there was a high placebo effect,

with 44.6% of placebo-treated dog’s showing an

increased appetite, compared to 68.6% of capro-

morelin-treated dogs, as reported by their owners.

Although this study included dogs of various breeds,

with underlying pathologies, and on various con-

comitant medications, capromorelin was demon-

strated to significantly stimulate appetite.

Frailty, loss of muscle and weight loss

Ghrelin receptor agonists may be useful in frail age-

ing animals that have lost lean body mass, either due

to anorexia or hyporexia, or atrophy secondary to

surgery or restraint.

In a laboratory study, Beagles that had hind legs

artificially immobilized for 10 weeks, resulting in

muscle atrophy, showed faster muscle recovery if

treated with an analogue of MK-0677 (Lieber et al.

1997). In humans, studies have shown that periopera-

tive nutritional support improves clinical outcomes

in malnourished patients (Zhong et al. 2015).

In 395 older humans with mild functional limita-

tions, capromorelin was studied for its effects on

body composition and physical performance effects.

As expected, a sustained dose-related increase in

GH and IGF-1 was seen. At 6 months, mean body

weight increased 1.4 kg in capromorelin-treated sub-

jects, while placebo-treated subjects lost a mean of

0.2 kg (P = 0.006). Lean body mass increase in

capromorelin-treated patients was statistically signifi-

cant, and various measures of physical function such

as stair climbing and tandem walk improved (White

et al. 2009). Similar long-term evaluations of the

effects of capromorelin on body weight, composition

and function in dogs have not been conducted.

In chronic kidney disease (CKD), weight loss

resulting in frailty is common. An evaluation of

weight loss in relation to diagnosis and progression

of CKD in cats showed that weight loss can be

detected in CKD prior to diagnosis, accelerated after

diagnosis and was associated with shorter survival

(Freeman et al. 2015). Ghrelin receptor agonists may

prove useful in CKD, to slow or reverse the weight

loss associated with this condition.

Cachexia

Cachexia is a wasting syndrome, which results in a

loss of lean body mass, muscle atrophy, weakness

and loss of appetite and cannot be reversed simply

© 2017 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
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by increased nutrition. It is seen in patients with a

variety of conditions – most common in veterinary

medicine are cardiac cachexia in dogs and cachexia

associated with chronic kidney disease in cats (Free-

man 2012). Cancer cachexia appears to be common

in humans, and can be seen in both dogs and cats

with various tumours. In a retrospective study of 100

dogs with cancer, cachexia was defined as a body

condition score of ≤3 on a 9-point scale. Using this

definition, 4% of patients were cachexic. However,

23% of dogs had lost more than 10% of body weight,

and another 14% had lost between 5 and 10%

(Michel et al. 2004).

In a study of feline cancer patients, muscle mass

was reduced in 91% of the 57 cats in the study, and

cats that had a body condition score of <5/9 had a

mean survival time of 3.3 months compared to

16.7 months for cats with a score of >5/9. This differ-

ence was statistically significant (Baez et al. 2007).

More research is needed to define the prevalence of

cancer cachexia in veterinary patients.

Cachexia secondary to cardiac disease has been

reported in dogs. In dogs with heart failure, survival

was greatest in dogs that gained weight, although

body condition scores were not predictive, perhaps

because they are a subjective measurement. Given

that ghrelin causes an increase in appetite, body

weight, GH and IGF-1, and has positive effects on lean

muscle and anti-inflammatory effects, it is likely that

ghrelin receptor agonists may be proven to be effective

in the treatment of cachexia in dogs and cats. As yet,

there is no direct evidence of this in these species, but

research in animal models and human clinical trials sug-

gests that administration of ghrelin receptor agonists

may be useful in the treatment of cachexia.

To study if ghrelin treatment could positively

impact cachexia related to CKD, a rat model was

used, in which rats develop uraemia and increases in

BUN and creatinine after partial nephrectomy.

Ghrelin treatment demonstrated an improvement in

the accrual of lean body mass (DeBoer et al. 2007).

In a study of human cachexia secondary to chronic

heart failure, Nagaya et al. administered synthetic

ghrelin intravenously twice a day to 10 patients with

chronic heart failure. Three weeks of ghrelin therapy

increased left ventricular ejection fraction in

association with left ventricular mass, increased peak

workload and oxygen consumption during exercise

and improved muscle wasting as indicated by

increases in muscle strength and lean body mass. In

eight control patients, these positive effects were not

observed (Nagaya et al. 2004).

Anamorelin is under development in human medi-

cine to treat cancer cachexia. In a randomized, dou-

ble-blind Phase II study, patients with non-small cell

lung cancer with cachexia characterized by more than

5% weight loss over 6 months were treated with pla-

cebo or 50 or 100 mg oral anamorelin daily for

12 weeks. Lean body mass and total body weight

increased in the anamorelin groups compared to the

placebo group (Takayama et al. 2016). Subsequently

anamorelin (100 mg/day for 12 weeks) was tested in

two randomized, double-blind Phase III trials in lung

cancer patients with cachexia; over 900 patients were

enrolled. Anamorelin significantly increased lean

body mass and body weight compared to placebo

(Temel et al. 2016).

Safety

Because ghrelin receptors are found in a variety of

tissues in the body, and the hormone has a wide

range of effects on GH, IGF-1, appetite, food intake,

immune function and inflammation, it is important

to be aware of potential adverse effects of this class

of compounds, and specifically, capromorelin.

Capromorelin has been evaluated in a 12-month

safety study in laboratory Beagles. It was adminis-

tered orally as a solution, by daily gavage, at doses of

0.0 (placebo), 0.3, 7 or 40 mg/kg, with eight dogs in

each group (four males and four females). Safety was

evaluated by physical examinations, including elec-

trocardiograms and ophthalmic examinations, serum

chemistry and haematology evaluations. At the end

of the study, dogs were humanly euthanized and full

necropsies were performed with histology completed

on multiple tissues. When corrected for differences

in formulation between that used in this study and

the marketed formulation, the 40 mg/kg dose is

equivalent to approximately 17.5 times the clinical

dose of ENTYCE� (3 mg/kg), indicating a wide

safety margin (Zollers et al. 2016a).
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Of interest are the parameters in this study related

to the cardiovascular system, as ghrelin receptors

have been shown to be expressed in the heart. Dogs

in the study described above in the 7 and 40 mg/kg

capromorelin dose groups showed a minor lengthen-

ing of the PR interval, but no evidence on physical

examination of cardiotoxicity, and no altered cardiac

histopathology. This finding is consistent with first-

degree AV block that occurs spontaneously in Bea-

gle dogs. In a study of ghrelin given intravenously

twice a day for 3 weeks in human patients with

chronic heart failure, the treatment was seen to

improve left ventricular function (Nagaya et al.

2004).

The field study (Zollers et al. 2016b) was con-

ducted in client-owned dogs (171 dogs treated with

capromorelin and 73 dogs treated with placebo in

the intention to treat population) treated for 4 days

after being presented with a variety of underlying

conditions resulting in at least 2 days of inappetence;

there was no report of any cardiovascular adverse

event potentially related to treatment.

A safety study was conducted in laboratory cats

treated with either placebo or capromorelin given at

6 mg/kg for 91 days. Cats had physical examinations,

and serum chemistry and haematology evaluations.

Other than some salivation and head shaking after

dosing, no adverse effects were seen (Wofford et al.

2017).

Independent of its effects on GH and IGF-1, ghre-

lin plays a role in energy homoeostasis (Muller et al.

2015). Ghrelin treatment results in decreased glu-

cose-stimulated insulin secretion (GSIS) with subse-

quent increased serum glucose in humans and rodents

(Broglio et al. 2001; Reimer et al. 2003), an effect

which depends on ghrelin/GHS-R1a activity in the

pancreas (Kurashina et al. 2015) and is independent

of GH signalling (Vestergaard et al. 2008). Genetic or

pharmacological blockade of ghrelin activity specifi-

cally in the pancreas results in increased GSIS

(Dezaki et al. 2004). In addition to effects on insulin,

studies have indicated a role for ghrelin/GHS-R1a in

stimulating glucagon secretion (Chuang et al. 2011)

and glucagon-like peptide 1 (GLP-1) (Gagnon et al.

2015). In healthy humans, exogenous administration

of ghrelin resulting in supraphysiological ghrelin

concentrations has been reported to result in reduced

insulin sensitivity (Tong et al. 2010). However, when

ghrelin was infused such that serum ghrelin concen-

trations were consistent with prolonged fasting, GSIS

was reduced but insulin sensitivity was not affected

(Tong et al. 2013). In two human Phase III clinical

trial of anamorelin, the most common treatment-

related adverse events were diabetes and hypergly-

caemia, but the incidence was low. Combining both

trials, diabetes was seen in 1.54% of anamorelin-trea-

ted patients and 1.24% of the placebo-treated

patients, while hyperglycaemia was seen in 4.77% and

1.24% of the capromorelin and placebo-treated

patients respectively (Temel et al. 2016). Similarly, in

a study in 395 older patients, capromorelin caused

small increases in fasting glucose and glycosylated

haemoglobin, which were considered of ‘minimal

clinical consequence’ (White et al. 2009).

Dogs treated with high-dose capromorelin (17.59

the clinical dose) for 12 months did not show

changes in serum or urinary glucose concentrations

(Zollers et al. 2016a). In a 91-day cat safety study,

serum and urinary glucose, and serum fructosamine

were measured. Capromorelin treatment was associ-

ated with an increase in serum glucose but values for

individual cats did not exceed the reference range.

The treatment effect overall was found to be statisti-

cally significant for fructosamine, but the mean fruc-

tosamine concentrations were higher in the placebo

than in the capromorelin-treated group at days 30

and 91, and no fructosamine value was outside of the

reference range (Wofford et al. 2017).

Conclusions

Ghrelin is a key mediator of appetite, food intake

and GH and IGF-1 release. Capromorelin is a ghre-

lin receptor agonist that binds GHS-R1a, thereby

stimulating appetite and causing increases in body

weight. In addition, capromorelin treatment results

in an increase in GH and IGF-1 which may be bene-

ficial in building lean muscle mass. These actions

have been shown to be beneficial in a variety of clini-

cal conditions, including inappetence and cachexia

secondary to chronic kidney disease, heart failure

and cancer.
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Ghrelin has also been shown to have specific anti-

inflammatory effects and holds promise for use in

therapeutic applications related to both acute and

chronic inflammation. Further research is needed to

fully explore the potential of ghrelin receptor ago-

nists such as capromorelin in common chronic condi-

tions leading to weight loss and wasting in cats and

dogs.

Capromorelin is the first ghrelin receptor agonist,

also known as a GH secretagogue, to be FDA-

approved for veterinary use, specifically for the stim-

ulation of appetite in dogs. It represents a new tool

for veterinarians to use in dogs with a variety of con-

ditions in which anorexia or hyporexia play a part.

Acknowledgements

We thank Dr. Roy Smith for introducing us to the

biology of ghrelin and GH secretagogues. We would

like to acknowledge Chelsey Kennedy for assistance

with editing, formatting and compiling references.

Source of funding

Aratana Therapeutics, Inc. provided financial support

for the writing and publication of this manuscript.

Conflict of interest statement

All authors are stockholders in Aratana Therapeu-

tics, Inc. Drs. Heinen and Wofford are current

employees and Drs. Rhodes and Zollers are previous

employees of Aratana Therapeutics, Inc.

Ethics statement

No ethical approval was required as this is a review

article with no original research data.

Contribution

LR led the literature review and drafted the manu-

script. EH searched available sources for the infor-

mation which resulted in Table 1. All authors

contributed information and participated in review

of the final manuscript.

References

Agnew W. & Korman R. (2014) Pharmacological appetite

stimulation: rational choices in the inappetent cat. Jour-

nal of Feline Medicine and Surgery 16, 749–756. https://

doi.org/10.1177/1098612x14545273.

Arvat E., Maccario M., Di Vito L., Broglio F., Benso A.,

Gottero C. et al. (2001) Endocrine activities of ghrelin,

a natural growth hormone secretagogue (GHS), in

humans: comparison and interactions with hexarelin, a

nonnatural peptidyl GHS, and GH-releasing hormone.

Journal of Clinical Endocrinology and Metabolism 86,

1169–1174. https://doi.org/10.1210/jcem.86.3.7314.

Baatar D., Patel K. & Taub D.D. (2011) The effects of

ghrelin on inflammation and the immune system. Molec-

ular and Cellular Endocrinology 340, 44–58. https://doi.

org/10.1016/j.mce.2011.04.019.

Baez J.L., Michel K.E., Sorenmo K. & Shofer F.S. (2007)

A prospective investigation of the prevalence and prog-

nostic significance of weight loss and changes in body

condition in feline cancer patients. Journal of Feline

Medicine and Surgery 9, 411–417. https://doi.org/10.1016/

j.jfms.2007.02.005.

Bhatti S.F., Hofland L.J., van Koetsveld P.M., Van Ham

L.M., Duchateau L., Mol J.A. et al. (2006) Effects of

food intake and food withholding on plasma ghrelin

concentrations in healthy dogs. American Journal of

Veterinary Research 67, 1557–1563. https://doi.org/10.

2460/ajvr.67.9.1557.

Bowers C.Y., Momany F.A., Reynolds G.A. & Hong A.

(1984) On the in vitro and in vivo activity of a new syn-

thetic hexapeptide that acts on the pituitary to specifi-

cally release growth hormone. Endocrinology 114,

1537–1545. https://doi.org/10.1210/endo-114-5-1537.

Bresnahan K.A. & Tanumihardjo S.A. (2014) Undernutri-

tion, the acute phase response to infection, and its

effects on micronutrient status indicators. Advances in

Nutrition 5, 702–711. https://doi.org/10.3945/an.114.

006361.

Broglio F., Arvat E., Benso A., Gottero C., Muccioli G.,

Papotti M. et al. (2001) Ghrelin, a natural GH secreta-

gogue produced by the stomach, induces hyperglycemia

and reduces insulin secretion in humans. Journal of

Clinical Endocrinology and Metabolism 86, 5083–5086.

https://doi.org/10.1210/jcem.86.10.8098.

Brunetto M.A., Gomes M.O., Andre M.R., Teshima E.,

Goncalves K.N., Pereira G.T. et al. (2010) Effects of

nutritional support on hospital outcome in dogs and

cats. Journal of Veterinary Emergency and Critical Care

(San Antonio) 20, 224–231. https://doi.org/10.1111/j.1476-

4431.2009.00507.x.

Carpino P.A., Lefker B.A., Toler S.M., Pan L.C., Hadcock

J.R., Murray M.C. et al. (2002) Discovery and biological

© 2017 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
Veterinary Medicine and Science (2018), 4, pp. 3–16

L. Rhodes et al.12

https://doi.org/10.1177/1098612x14545273
https://doi.org/10.1177/1098612x14545273
https://doi.org/10.1210/jcem.86.3.7314
https://doi.org/10.1016/j.mce.2011.04.019
https://doi.org/10.1016/j.mce.2011.04.019
https://doi.org/10.1016/j.jfms.2007.02.005
https://doi.org/10.1016/j.jfms.2007.02.005
https://doi.org/10.2460/ajvr.67.9.1557
https://doi.org/10.2460/ajvr.67.9.1557
https://doi.org/10.1210/endo-114-5-1537
https://doi.org/10.3945/an.114.006361
https://doi.org/10.3945/an.114.006361
https://doi.org/10.1210/jcem.86.10.8098
https://doi.org/10.1111/j.1476-4431.2009.00507.x
https://doi.org/10.1111/j.1476-4431.2009.00507.x


characterization of capromorelin analogues with

extended half-lives. Bioorganic & Medicinal Chemistry

Letters 12, 3279–3282.

Carpino P.A., Lefker B.A., Toler S.M., Pan L.C., Hadcock

J.R., Cook E.R. et al. (2003) Pyrazolinone-piperidine

dipeptide growth hormone secretagogues (GHSs): dis-

covery of Capromorelin. Bioorganic & Medicinal Chem-

istry 11, 581–590.

Chan D.L. (2004) Nutritional requirements of the critically

ill patient. Clinical Techniques in Small Animal Practice

19, 1–5. https://doi.org/10.1053/S1096-2867(03)00079-3.

Chan D.L., Freeman L.M.. (2006) Nutrition in critical ill-

ness. Veterinary Clinics of North America: Small Animal

Practice 36, 1225–1241, v-vi. https://doi.org/10.1016/j.c

vsm.2006.08.009

Chen J.A., Splenser A., Guillory B., Luo J., Mendiratta

M., Belinova B. et al. (2015) Ghrelin prevents tumour-

and cisplatin-induced muscle wasting: characterization

of multiple mechanisms involved. Journal of Cachexia,

Sarcopenia and Muscle 6, 132–143. https://doi.org/10.

1002/jcsm.12023.

Chuang J.C., Sakata I., Kohno D., Perello M., Osborne-

Lawrence S., Repa J.J. & Zigman J.M. (2011) Ghrelin

directly stimulates glucagon secretion from pancreatic

alpha-cells. Molecular Endocrinology 25, 1600–1611.

https://doi.org/10.1210/me.2011-1001.

Cohen P., Clemmons D.R. & Rosenfeld R.G. (2000) Does

the GH-IGF axis play a role in cancer pathogenesis?

Growth Hormone & IGF Research 10, 297–305. https://

doi.org/10.1054/ghir.2000.0171.

Cummings D.E., Frayo R.S., Marmonier C., Aubert R. &

Chapelot D. (2004) Plasma ghrelin levels and hunger

scores in humans initiating meals voluntarily without

time- and food-related cues. American Journal of Physi-

ology. Endocrinology and Metabolism 287, E297–E304.

https://doi.org/10.1152/ajpendo.00582.2003.

Date Y., Kojima M., Hosoda H., Sawaguchi A., Mondal

M.S., Suganuma T. et al. (2000) Ghrelin, a novel growth

hormone-releasing acylated peptide, is synthesized in a

distinct endocrine cell type in the gastrointestinal tracts

of rats and humans. Endocrinology 141, 4255–4261.

https://doi.org/10.1210/endo.141.11.7757.

DeBoer M.D., Zhu X., Levasseur P.R., Inui A., Hu Z.,

Han G. et al. (2007) Ghrelin Treatment of Chronic Kid-

ney Disease: improvements in Lean Body Mass and

Cytokine Profile. Endocrinology 149, 827–835. https://d

oi.org/10.1210/en.2007-1046.

Delaney S.J.. (2006) Management of anorexia in dogs and

cats. Vet Clin North Am Small Anim Pract 36, 1243–

1249, vi. https://doi.org/10.1016/j.cvsm.2006.08.001

Delhanty P.J., van der Eerden B.C., van der Velde M.,

Gauna C., Pols H.A., Jahr H. et al. (2006) Ghrelin and

unacylated ghrelin stimulate human osteoblast growth

via mitogen-activated protein kinase (MAPK)/

phosphoinositide 3-kinase (PI3K) pathways in the

absence of GHS-R1a. Journal of Endocrinology 188,

37–47. https://doi.org/10.1677/joe.1.06404.

Dezaki K., Hosoda H., Kakei M., Hashiguchi S., Watan-

abe M., Kangawa K. & Yada T. (2004) Endogenous

ghrelin in pancreatic islets restricts insulin release by

attenuating Ca2 + signaling in beta-cells: implication in

the glycemic control in rodents. Diabetes 53, 3142–3151.

Dickson S.L. & Luckman S.M. (1997) Induction of c-fos

messenger ribonucleic acid in neuropeptide Y and

growth hormone (GH)-releasing factor neurons in the

rat arcuate nucleus following systemic injection of the

GH secretagogue, GH-releasing peptide-6. Endocrinol-

ogy 138, 771–777. https://doi.org/10.1210/endo.138.2.

4907.

Dixit V.D., Schaffer E.M., Pyle R.S., Collins G.D., Sak-

thivel S.K., Palaniappan R. et al. (2004) Ghrelin inhibits

leptin- and activation-induced proinflammatory cytokine

expression by human monocytes and T cells. Journal of

Clinical Investigation 114, 57–66. https://doi.org/10.1172/

JCI21134.

Freeman L.M. (2012) Cachexia and sarcopenia: emerging

syndromes of importance in dogs and cats. Journal of

Veterinary Internal Medicine/American College of Veteri-

nary Internal Medicine 26, 3–17. https://doi.org/10.1111/

j.1939-1676.2011.00838.x.

Freeman L.M., Becvarova I., Cave N.J., MacKay C.,

Nguyen P., Rama B. et al. (2011) WSAVA nutritional

assessment guidelines. Journal of Feline Medicine and

Surgery 13, 516–525. https://doi.org/10.1016/j.jfms.2011.

05.009.

Freeman L.M., Lachaud M.P., Matthews S., Rhodes L.,

Zollers B.. (2015) Evaluation of weight loss over time in

cats with chronic kidney disease. Paper presented at the

ACVIM, Indiana.

Fukushima N., Hanada R., Teranishi H., Fukue Y., Tachi-

bana T., Ishikawa H. et al. (2005) Ghrelin directly regu-

lates bone formation. Journal of Bone and Mineral

Research 20, 790–798. https://doi.org/10.1359/JBMR.

041237.

Gagnon J., Baggio L.L., Drucker D.J. & Brubaker P.L.

(2015) Ghrelin is a novel regulator of GLP-1 secretion.

Diabetes 64, 1513–1521. https://doi.org/10.2337/db14-

1176.

Granado M., Priego T., Martin A.I., Villanua M.A. &

Lopez-Calderon A. (2005) Anti-inflammatory effect of

the ghrelin agonist growth hormone-releasing peptide-2

(GHRP-2) in arthritic rats. American Journal of Physi-

ology. Endocrinology and Metabolism 288, E486–E492.

https://doi.org/10.1152/ajpendo.00196.2004.

Herrington J. & Hille B. (1994) Growth hormone-releas-

ing hexapeptide elevates intracellular calcium in rat

somatotropes by two mechanisms. Endocrinology 135,

1100–1108. https://doi.org/10.1210/endo.135.3.8070352.

© 2017 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
Veterinary Medicine and Science (2018), 4, pp. 3–16

Capromorelin, stimulation of appetite in dogs 13

https://doi.org/10.1053/S1096-2867(03)00079-3
https://doi.org/10.1016/j.cvsm.2006.08.009
https://doi.org/10.1016/j.cvsm.2006.08.009
https://doi.org/10.1002/jcsm.12023
https://doi.org/10.1002/jcsm.12023
https://doi.org/10.1210/me.2011-1001
https://doi.org/10.1054/ghir.2000.0171
https://doi.org/10.1054/ghir.2000.0171
https://doi.org/10.1152/ajpendo.00582.2003
https://doi.org/10.1210/endo.141.11.7757
https://doi.org/10.1210/en.2007-1046
https://doi.org/10.1210/en.2007-1046
https://doi.org/10.1016/j.cvsm.2006.08.001
https://doi.org/10.1677/joe.1.06404
https://doi.org/10.1210/endo.138.2.4907
https://doi.org/10.1210/endo.138.2.4907
https://doi.org/10.1172/JCI21134
https://doi.org/10.1172/JCI21134
https://doi.org/10.1111/j.1939-1676.2011.00838.x
https://doi.org/10.1111/j.1939-1676.2011.00838.x
https://doi.org/10.1016/j.jfms.2011.05.009
https://doi.org/10.1016/j.jfms.2011.05.009
https://doi.org/10.1359/JBMR.041237
https://doi.org/10.1359/JBMR.041237
https://doi.org/10.2337/db14-1176
https://doi.org/10.2337/db14-1176
https://doi.org/10.1152/ajpendo.00196.2004
https://doi.org/10.1210/endo.135.3.8070352


Hershey A.E., Garcia A.L., Giuffrida M., Hamilton M.J.,

Kitchell B., LaDue T. et al. (2016). Veterinary Coopera-

tive Oncology Group Consensus Statement on Health

Related Quality of Life Assessment in the Veterinary

Cancer Patient. 9.

Hickey G.J., Jacks T.M., Schleim K.-D., Frazier E., Chen

H.Y., Krupa D. et al. (1997) Repeat administration of

the GH secretagogue MK-0677 increases and maintains

elevated IGF-I levels in beagles. Journal of Endocrinol-

ogy 152, 183–192. https://doi.org/10.1677/joe.0.1520183.

Ida T., Miyazato M., Naganobu K. (2007) Purification and

characterization of feline ghrelin and its possible role.

Domestic Animal Endocrinology 32, 93–105.

Kim S.W., Her S.J., Park S.J., Kim D., Park K.S., Lee

H.K. et al. (2005) Ghrelin stimulates proliferation and

differentiation and inhibits apoptosis in osteoblastic

MC3T3-E1 cells. Bone 37, 359–369. https://doi.org/10.

1016/j.bone.2005.04.020.

Klok M.D., Jakobsdottir S. & Drent M.L. (2007) The role

of leptin and ghrelin in the regulation of food intake

and body weight in humans: a review. Obesity Reviews

8, 21–34. https://doi.org/10.1111/j.1467-789X.2006.00270.

x.

Kojima M. & Kangawa K. (2002) Ghrelin, an orexigenic

signaling molecule from the gastrointestinal tract. Cur-

rent Opinion in Pharmacology 2, 665–668.

Kojima M. & Kangawa K. (2005) Ghrelin: structure and

Function. Physiological Reviews 85, 495–522. https://doi.

org/10.1152/physrev.00012.2004.

Kojima M., Hosoda H., Date Y., Nakazato M., Matsuo H.

& Kangawa K. (1999) Ghrelin is a growth-hormone-

releasing acylated peptide from stomach. Nature 402,

656–660.

Koo G.C., Huang C., Camacho R., Trainor C., Blake J.T.,

Sirotina-Meisher A. et al. (2001) Immune enhancing

effect of a growth hormone secretagogue. The Journal

of Immunology 166, 4195–4201.

Kurashina T., Dezaki K., Yoshida M., Sukma Rita R., Ito

K., Taguchi M. et al. (2015) The beta-cell GHSR and

downstream cAMP/TRPM2 signaling account for insuli-

nostatic and glycemic effects of ghrelin. Scientific

Reports 5, 14041. https://doi.org/10.1038/srep14041.

Landi F., Calvani R., Tosato M., Martone A.M., Ortolani

E., Savera G. et al. (2016) Anorexia of Aging: risk Fac-

tors, Consequences, and Potential Treatments. Nutrients

8, 69. https://doi.org/10.3390/nu8020069.

Lenk K., Palus S., Schur R., Datta R., Dong J., Culler

M.D. et al. (2013) Effect of ghrelin and its analogues,

BIM-28131 and BIM-28125, on the expression of myo-

statin in a rat heart failure model. Journal of Cachexia,

Sarcopenia and Muscle 4, 63–69. https://doi.org/10.1007/

s13539-012-0085-3.

Lieber R.L., Jacks T.M., Mohler R.L., Schleim K., Haven

M., Cuizon D. et al. (1997) Growth hormone

secretagogue increases muscle strength during remobi-

lization after canine hindlimb immobilization. Journal of

Orthopaedic Research 15, 519–527. https://doi.org/10.

1002/jor.1100150407.

Liu D.T., Brown D.C. & Silverstein D.C. (2012) Early

nutritional support is associated with decreased length

of hospitalization in dogs with septic peritonitis: a retro-

spective study of 45 cases (2000-2009). Journal of Veteri-

nary Emergency and Critical Care (San Antonio) 22,

453–459. https://doi.org/10.1111/j.1476-4431.2012.00771.x.

Masuda Y., Tanaka T., Inomata N., Ohnuma N., Tanaka

S., Itoh Z. et al. (2000) Ghrelin stimulates gastric acid

secretion and motility in rats. Biochemical and Biophysi-

cal Research Communications 276, 905–908. https://doi.

org/10.1006/bbrc.2000.3568.

Michel K.E., Sorenmo K. & Shofer F.S. (2004) Evaluation

of body condition and weight loss in dogs presented to

a veterinary oncology service. Journal of Veterinary

Internal Medicine/American College of Veterinary Inter-

nal Medicine 18, 692–695.

Molon-Noblot S., Laroque P., Prahalada S., Stabinski

L.G., Hoe C.M., Peter C.P. et al. (1998) Effect of

chronic growth hormone administration on skeletal mus-

cle in dogs. Toxicologic Pathology 26, 207–212.

Muller T.D., Nogueiras R., Andermann M.L., Andrews

Z.B., Anker S.D., Argente J. et al. (2015) Ghrelin.

Molecular Metabolism 4, 437–460. https://doi.org/10.

1016/j.molmet.2015.03.005.

Nagaya N., Moriya J., Yasumura Y., Uematsu M., Ono F.,

Shimizu W. et al. (2004) Effects of ghrelin administra-

tion on left ventricular function, exercise capacity, and

muscle wasting in patients with chronic heart failure.

Circulation 110, 3674–3679. https://doi.org/10.1161/01.

CIR.0000149746.62908.BB.

Nelson A.D., Camilleri M., Acosta A., Busciglio I., Linker

Nord S., Boldingh A. et al. (2016) Effects of ghrelin

receptor agonist, relamorelin, on gastric motor functions

and satiation in healthy volunteers. Neurogastroenterol-

ogy and Motility 28, 1705–1713. https://doi.org/10.1111/

nmo.12870.

Ohno T., Kamiyama Y., Aihara R., Nakabayashi T.,

Mochiki E., Asao T. & Kuwano H. (2006) Ghrelin does

not stimulate gastrointestinal motility and gastric empty-

ing: an experimental study of conscious dogs. Neurogas-

troenterology and Motility 18, 129–135. https://doi.org/10.

1111/j.1365-2982.2005.00747.x.

Papotti M., Ghe C., Cassoni P., Catapano F., Deghenghi

R., Ghigo E. & Muccioli G. (2000) Growth hormone

secretagogue binding sites in peripheral human tissues.

Journal of Clinical Endocrinology and Metabolism 85,

3803–3807. https://doi.org/10.1210/jcem.85.10.6846.

Perry B. & Wang Y. (2012) Appetite regulation and

weight control: the role of gut hormones. Nutrition &

Diabetes 2, e26. https://doi.org/10.1038/nutd.2011.21.

© 2017 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
Veterinary Medicine and Science (2018), 4, pp. 3–16

L. Rhodes et al.14

https://doi.org/10.1677/joe.0.1520183
https://doi.org/10.1016/j.bone.2005.04.020
https://doi.org/10.1016/j.bone.2005.04.020
https://doi.org/10.1111/j.1467-789X.2006.00270.x
https://doi.org/10.1111/j.1467-789X.2006.00270.x
https://doi.org/10.1152/physrev.00012.2004
https://doi.org/10.1152/physrev.00012.2004
https://doi.org/10.1038/srep14041
https://doi.org/10.3390/nu8020069
https://doi.org/10.1007/s13539-012-0085-3
https://doi.org/10.1007/s13539-012-0085-3
https://doi.org/10.1002/jor.1100150407
https://doi.org/10.1002/jor.1100150407
https://doi.org/10.1111/j.1476-4431.2012.00771.x
https://doi.org/10.1006/bbrc.2000.3568
https://doi.org/10.1006/bbrc.2000.3568
https://doi.org/10.1016/j.molmet.2015.03.005
https://doi.org/10.1016/j.molmet.2015.03.005
https://doi.org/10.1161/01.CIR.0000149746.62908.BB
https://doi.org/10.1161/01.CIR.0000149746.62908.BB
https://doi.org/10.1111/nmo.12870
https://doi.org/10.1111/nmo.12870
https://doi.org/10.1111/j.1365-2982.2005.00747.x
https://doi.org/10.1111/j.1365-2982.2005.00747.x
https://doi.org/10.1210/jcem.85.10.6846
https://doi.org/10.1038/nutd.2011.21


Queiroga F.L., Perez-Alenza D., Silvan G., Pena L., Lopes

C.S. & Illera J.C. (2010) Serum and intratumoural GH

and IGF-I concentrations: prognostic factors in the out-

come of canine mammary cancer. Research in Veterinary

Science 89, 396–403. https://doi.org/10.1016/j.rvsc.2010.03.

016.

Reimer M.K., Pacini G. & Ahren B. (2003) Dose-

dependent inhibition by ghrelin of insulin secretion in

the mouse. Endocrinology 144, 916–921. https://doi.org/

10.1210/en.2002-220819.

Schellekens H., van Oeffelen W.E., Dinan T.G. & Cryan

J.F. (2013) Promiscuous dimerization of the growth hor-

mone secretagogue receptor (GHS-R1a) attenuates

ghrelin-mediated signaling. Journal of Biological Chem-

istry 288(1), 181–191. https://doi.org/10.1074/jbc.M112.

382473.

Smith R.G. (2005) Development of Growth Hormone Sec-

retagogues. Endocrine Reviews 26, 346–360. https://doi.

org/10.1210/er.2004-0019.

Smith R.G., Van der Ploeg L.H.T., Howard A.D., Feigh-

ner S.D., Cheng K., Hickey G.J. et al. (1997) Pep-

tidomimetic Regulation of Growth Hormone Secretion.

Endocrine Reviews 18, 621–645. https://doi.org/10.1210/

er.18.5.621.

Smith R.G., Jiang H. & Sun Y. (2005) Developments in

ghrelin biology and potential clinical relevance. Trends

in Endocrinology and Metabolism 16, 436–442. https://

doi.org/10.1016/j.tem.2005.09.004.

Sun Y., Wang P., Zheng H. & Smith R.G. (2004) Ghrelin

stimulation of growth hormone release and appetite is

mediated through the growth hormone secretagogue

receptor. Proceedings of the National Academy of

Sciences of the United States of America 101, 4679–4684.

https://doi.org/10.1073/pnas.0305930101.

Takaya K., Ariyasu H., Kanamoto N., Iwakura H., Yoshi-

moto A., Harada M. et al. (2000) Ghrelin strongly stim-

ulates growth hormone release in humans. Journal of

Clinical Endocrinology and Metabolism 85, 4908–4911.

https://doi.org/10.1210/jcem.85.12.7167.

Takayama K., Katakami N., Yokoyama T., Atagi S.,

Yoshimori K., Kagamu H. et al. (2016) Anamorelin

(ONO-7643) in Japanese patients with non-small cell

lung cancer and cachexia: results of a randomized phase

2 trial. Supportive Care in Cancer 24, 3495–3505.

https://doi.org/10.1007/s00520-016-3144-z.

Temel J.S., Abernethy A.P., Currow D.C., Friend J., Duus

E.M., Yan Y. & Fearon K.C. (2016) Anamorelin in

patients with non-small-cell lung cancer and cachexia

(ROMANA 1 and ROMANA 2): results from two ran-

domised, double-blind, phase 3 trials. The Lancet Oncol-

ogy. https://doi.org/10.1016/S1470-2045(15)00558-6.

Thamm D.H., Huelsmeyer M.K., Mitzey A.M., Qurollo

B., Rose B.J. & Kurzman I.D. (2010) RT-PCR-based

tyrosine kinase display profiling of canine melanoma:

IGF-1 receptor as a potential therapeutic target. Mela-

noma Research 20, 35–42. https://doi.org/10.1097/CMR.

0b013e328331ca86.

Tomasetto C., Wendling C., Rio M.C. & Poitras P. (2001)

Identification of cDNA encoding motilin related pep-

tide/ghrelin precursor from dog fundus. Peptides 22,

2055–2059.

Tong J., Prigeon R.L., Davis H.W., Bidlingmaier M., Kahn

S.E., Cummings D.E. et al. (2010) Ghrelin suppresses

glucose-stimulated insulin secretion and deteriorates glu-

cose tolerance in healthy humans. Diabetes 59, 2145–

2151. https://doi.org/10.2337/db10-0504.

Tong J., Prigeon R.L., Davis H.W., Bidlingmaier M.,

Tschop M.H. & D’Alessio D. (2013) Physiologic con-

centrations of exogenously infused ghrelin reduces insu-

lin secretion without affecting insulin sensitivity in

healthy humans. Journal of Clinical Endocrinology and

Metabolism 98, 2536–2543. https://doi.org/10.1210/jc.

2012-4162.

van der Velde M., van der Eerden B.C., Sun Y., Almering

J.M., van der Lely A.J., Delhanty P.J. et al. (2012) An

age-dependent interaction with leptin unmasks ghrelin’s

bone-protective effects. Endocrinology 153, 3593–3602.

https://doi.org/10.1210/en.2012-1277.

Vestergaard E.T., Gormsen L.C., Jessen N., Lund S., Han-

sen T.K., Moller N. & Jorgensen J.O. (2008) Ghrelin

infusion in humans induces acute insulin resistance and

lipolysis independent of growth hormone signaling. Dia-

betes 57, 3205–3210. https://doi.org/10.2337/db08-0025.

Waseem T., Duxbury M., Ito H., Ashley S.W. & Robinson

M.K. (2008) Exogenous ghrelin modulates release of

pro-inflammatory and anti-inflammatory cytokines in

LPS-stimulated macrophages through distinct signaling

pathways. Surgery 143, 334–342. https://doi.org/10.1016/

j.surg.2007.09.039.

White H.K., Petrie C.D., Landschulz W., MacLean D.,

Taylor A., Lyles K. et al., Capromorelin Study, G.

(2009) Effects of an oral growth hormone secretagogue

in older adults. Journal of Clinical Endocrinology and

Metabolism, 94, 1198–1206. https://doi.org/10.1210/

jc.2008-0632

Wofford J.A., Zollers B., Rhodes L., Bell M., Heinen E.

(2017) Evaluation of the safety of daily administration

of capromorelin in cats. Journal of Veterinary Pharma-

cology and Therapeutics In press. https://doi.org/10.1111/

jvp.12459

Wren A.M., Seal L.J., Cohen M.A., Brynes A.E., Frost

G.S., Murphy K.G. et al. (2001) Ghrelin enhances appe-

tite and increases food intake in humans. Journal of

Clinical Endocrinology and Metabolism 86, 5992.

https://doi.org/10.1210/jcem.86.12.8111.

Yang J., Brown M.S., Liang G., Grishin N.V. & Goldstein

J.L. (2008) Identification of the acyltransferase that

octanoylates ghrelin, an appetite-stimulating peptide

© 2017 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
Veterinary Medicine and Science (2018), 4, pp. 3–16

Capromorelin, stimulation of appetite in dogs 15

https://doi.org/10.1016/j.rvsc.2010.03.016
https://doi.org/10.1016/j.rvsc.2010.03.016
https://doi.org/10.1210/en.2002-220819
https://doi.org/10.1210/en.2002-220819
https://doi.org/10.1074/jbc.M112.382473
https://doi.org/10.1074/jbc.M112.382473
https://doi.org/10.1210/er.2004-0019
https://doi.org/10.1210/er.2004-0019
https://doi.org/10.1210/er.18.5.621
https://doi.org/10.1210/er.18.5.621
https://doi.org/10.1016/j.tem.2005.09.004
https://doi.org/10.1016/j.tem.2005.09.004
https://doi.org/10.1073/pnas.0305930101
https://doi.org/10.1210/jcem.85.12.7167
https://doi.org/10.1007/s00520-016-3144-z
https://doi.org/10.1016/S1470-2045(15)00558-6
https://doi.org/10.1097/CMR.0b013e328331ca86
https://doi.org/10.1097/CMR.0b013e328331ca86
https://doi.org/10.2337/db10-0504
https://doi.org/10.1210/jc.2012-4162
https://doi.org/10.1210/jc.2012-4162
https://doi.org/10.1210/en.2012-1277
https://doi.org/10.2337/db08-0025
https://doi.org/10.1016/j.surg.2007.09.039
https://doi.org/10.1016/j.surg.2007.09.039
https://doi.org/10.1210/jc.2008-0632
https://doi.org/10.1210/jc.2008-0632
https://doi.org/10.1111/jvp.12459
https://doi.org/10.1111/jvp.12459
https://doi.org/10.1210/jcem.86.12.8111


hormone. Cell 132, 387–396. https://doi.org/10.1016/j.cell.

2008.01.017.

Yokoyama M., Nakahara K., Kojima M., Hosoda H.,

Kangawa K. & Murakami N. (2005) Influencing the

between-feeding and endocrine responses of plasma

ghrelin in healthy dogs. European Journal of

Endocrinology 152, 155–160.

Zhong J.X., Kang K. & Shu X.L. (2015) Effect of nutri-

tional support on clinical outcomes in perioperative mal-

nourished patients: a meta-analysis. Asia Pacific Journal

of Clinical Nutrition 24, 367–378. https://doi.org/10.6133/

apjcn.2015.24.3.20.

Zollers B., Allen J., Kennedy C. & Rhodes L. (2015)

Capromorelin, an orally active ghrelin agonist, caused

sustained increases in IGF-1, increased food intake and

body weight in cats. J Vet Intern Med, 29(4): 1122–1256.

Abstract NM09, presented at the ACVIM Forum

Research Abstracts Program, Indianapolis. Indiana 306,

2015.

Zollers B., Huebner M., Armintrout G., Rausch-Derra

L.C. & Rhodes L. (2016a) Evaluation of the safety in

dogs of long-term, daily oral administration of

capromorelin, a novel drug for stimulation of appetite.

Journal of Veterinary Pharmacology and Therapeutics

40, 248–255. https://doi.org/10.1111/jvp.12358.

Zollers B., Wofford J.A., Heinen E., Huebner M. &

Rhodes L. (2016b) A Prospective, Randomized,

Masked, Placebo-Controlled Clinical Study of Capro-

morelin in Dogs with Reduced Appetite. Journal of

Veterinary Internal Medicine 30, 1851–1857. https://doi.

org/10.1111/jvim.14607.

Zollers B., Rhodes L. & Heinen E. (2017a) Capromorelin

oral solution (ENTYCE(R)) increases food consumption

and body weight when administered for 4 consecutive

days to healthy adult Beagle dogs in a randomized,

masked, placebo controlled study. BMC Veterinary

Research 13, 10. https://doi.org/10.1186/s12917-016-0925-z.

Zollers B., Rhodes L. & Smith R.G. (2017b) Capromorelin

increases food consumption, body weight, growth hormone,

and sustained insulin-like growth factor 1 concentrations

when administered to healthy adult Beagle dogs. Journal of

Veterinary Pharmacology and Therapeutics 40, 140–147.

https://doi.org/10.1111/jvp.12344.

© 2017 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
Veterinary Medicine and Science (2018), 4, pp. 3–16

L. Rhodes et al.16

https://doi.org/10.1016/j.cell.2008.01.017
https://doi.org/10.1016/j.cell.2008.01.017
https://doi.org/10.6133/apjcn.2015.24.3.20
https://doi.org/10.6133/apjcn.2015.24.3.20
https://doi.org/10.1111/jvp.12358
https://doi.org/10.1111/jvim.14607
https://doi.org/10.1111/jvim.14607
https://doi.org/10.1186/s12917-016-0925-z
https://doi.org/10.1111/jvp.12344

