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inotropic effect in humans, which is GH independent and 
mediated by specific myocardial receptors for a GH secreta-
gogue peptide.29 A subsequent study involving hexarelin 
administration to normal adults, severe GH-deficient patients 
(N = 7), and patients with severe ischemic DCM (N = 12) con-
firmed that the acute administration of hexarelin exerts a 
GH-independent positive inotropic effect likely mediated by 
specific GHRP myocardial receptors.30 This pioneering group 
subsequently evaluated the cardiac performances of the acute 
hexarelin administration (2.0 µg/kg, i.v.) in patients undergo-
ing bypass surgery in comparison to patients given GH-releasing 
hormone, recombinant human GH, or placebo. The study con-
cluded that the acute administration of hexarelin improved 
cardiac performance without any relevant variation in systemic 
vascular resistance and induced a reduction of wedge pressure 
and, significantly, that these cardiotropic effects were not 
shown by the other concurrent interventions.31

These studies on human subjects were paralleled by con-
temporary experimental progresses in basic science, which 
demonstrated that hexarelin enhanced H9c2 cardiomyocyte 
proliferation in a dose-dependent manner. Since these were 
in vitro experiments, they completely excluded a potential 
intervention of the GH axis and clearly indicated a direct 
GHRP binding to cardiac cells membranes.32 Weekers et al33 
demonstrated that 14 days of pretreatment with GHRP-2, 
but not GH, selectively protected against the postischemic 
diastolic dysfunction and myocardial stunning of excised 
hearts submitted to ischemia/reperfusion in isolated, perfused 
rabbit hearts.

TO-2 hamster model of DCM was characterized by pro-
gressive LV dilation, LV wall thinning, LV systolic dysfunc-
tion, and reduced life span; both GHRP-2 and GHRP-6 
ameliorated all the dysfunctional ventricular parameters and 
reduced the progression of the DCM.34 We also examined the 
potential impact of GHRP-6 in a rat model of DCM/heart 
failure induced by doxorubicin (DX). The concurrent admin-
istration of GHRP-6 was undertaken with the purpose to 
study the potential prophylactic impact before the cardiac 
function demise. As part of the prolonged treatment with DX, 
the concurrent administration of GHRP-6 completely pre-
vented failure of cardiac function, which was evaluated as the 
percentage of ejection fraction by echocardiography (Figure 2, 
prevention). This effect significantly increased the survival of 
animals. Similar results were obtained in the therapeutic 
administration schedule, with functional recovery of cardiac 
muscle to physiological levels (Figure 2, regression), also 
attenuating systemic damages and, consequently, decreasing 
the mortality rates of rats. In the experimental model of 
DX-induced cardiac and systemic damage, GHRP-6 addi-
tionally attenuated various extracardiac damages observed in 
the renal tubular and bronchoalveolar epithelial structures as 
in the hepatic parenchyma.35

In more recent years, these data were further substantiated 
using again the TO-2 hamster DCM biomodel in which 

GHRP-2 reduced the progression of LV remodeling, dys-
function, and the ensued myocardial fibrosis by an antioxi-
dant mechanism.36 The abovementioned myocardial fibrotic 
process amelioration reveals an additional potential use for 
GHRP in an unmet medical need. Chronic treatment with 
hexarelin in spontaneously hypertensive rats, in addition to 
decreasing ventricular hypertrophy, diastolic dysfunction, and 
high blood pressure, significantly reduced cardiac fibrosis by 
decreasing interstitial and perivascular myocardial collagen 
deposition and myocardial hydroxyproline content. 
Mechanistically, hexarelin treatment increased matrix metal-
loproteinase (MMP)-2 and MMP-9 activities and decreased 
myocardial mRNA expression of tissue inhibitor of metallo-
proteinase (TIMP)-1.37

Our group has contributed to validate the potential antifi-
brotic abilities of GHRP-6 in animal models of liver cirrhosis38 
and hypertrophic scars,39 in which via a peroxisomal prolifera-
tor-activated receptor gamma (PPARγ)-driven cascade, 
GHRP-6 intervention reduced TGF-β1 and connective tissue 
growth factor (CTGF) expression, which translated in a dra-
matic reduction in the accumulation of collagen and other 
extracellular matrix (ECM) proteins.

A seminal report by a Merck Research Laboratories group 
dated 2003 demonstrated for the first time that chronic treat-
ment with GHRP-6 (21 days) prevented sudden death in a 
canine model of DCM and subsequently subjected to acute 
myocardial infarction (AMI). In the meantime, the mortality 
rates for the vehicle and GH-treated groups were about 50%. 
Although the authors do not precise the mechanism underly-
ing the 100% survival in the GHRP-6 group, an enhanced 
regional myocardial compensatory function of the nonischemic 
zone was assumed.40 This notion could be validated at least in 
part by the fact that the cardiotropic effects shown by GHRP-
1, GHRP-2, GHRP-6, and hexarelin in cardiomyocytes and 
isolated, denervated, perfused hearts are mediated by an eleva-
tion of Ca2+ influx through the voltage-gated calcium channel, 
triggering Ca2+ release from thapsigargin-sensitive intracellular 
stores, which translated in a positive inotropic response with-
out a chronotropic effect.41 More recent data confirm the abil-
ity of hexarelin and other secretagogue peptides that bind and 
activate the GHS-R1a, to control the cardiac action potential 
and reduce apoptosis of cardiomyocytes, derived from isolated 
hearts subjected to ischemia/reperfusion episodes.42

Consistent with these data, our group observed a transient 
inotropic effect of about 15 minutes in both healthy and 
infarcted rabbits following a single GHRP-6 intravenous bolus 
(400 µg/kg). Echocardiography recordings indicated a 15%–
20% elevation of the ejection fraction as an increase in shorten-
ing fraction ( Juan Valiente Mustelier and Jorge Berlanga 
Acosta, unpublished observations, 2007). More recent studies 
based on isolated murine hearts that underwent periods of 
ischemia and reperfusion (I/R) confirm that pre- or posttreat-
ments with hexarelin for instance prevented the intracellular 
disturbances in Ca+2 transients through recovery of p-PLB 
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after the I/R insult.43 Other studies involving adult Wistar rat 
ventricular myocytes have confirmed the positive inotropic 
response induced by hexarelin and other secretagogue peptides 
that bind the GHS-R1a, which activates protein kinase C 
signaling cascade.44

In 2005, we undertook a porcine model of AMI via left cir-
cumflex artery occlusion for 1 hour followed by a 72-hour rep-
erfusion period. GHRP-6 rescued ischemic myocardium from 
death for over 70% of the area at risk (Figure 3), and that in 
addition to enhance survival signaling pathways/gene expres-
sion of the PI-3K, AKT1, and BCL2 pathways, GHRP-6 
decreased reactive oxygen species (ROS) spillover, the inflam-
matory marker CRP, and preserved the antioxidant defenses.45 
These antioxidant and anti-inflammatory properties have also 
been attributed to GHRP-2 when its antiatherogenic potential 
was examined in ApoE(−/−) mice so that 12/15-lipoxygenase, 
interferon gamma, and macrophage migration inhibitory factor 
(MMF) gene expression were accounted. Furthermore, in cul-
tured aortic smooth muscle cells, GHRP-2 prevented the gen-
eration of peroxides, the downregulation of IGF-1 receptor, 
and the commitment of apoptosis.46

Hexarelin via CD36 occupation increases the expression of 
multiple genes involved in fatty acid mobilization in adipocytes 
toward the mitochondrial oxidative phosphorylation, and many 
of these upregulated genes are known targets of PPARγ. 
Consistent with this, electron microscopy of hexarelin-treated 
adipocytes reflects highly organized cristae formation that 
spans the entire width of mitochondria, with a concomitant 
cytochrome c oxidase activity enhancement. Although this 
signaling and activation cascade has not been described for 
myocardial cells so far, the potential existence of these 

phosphorylative and mitochondriogenic mechanisms in the 
heart, and its potential amplification by GHRP ligands, may 
eventually contribute to myocardial salvage during critical 
ischemia periods.47 In a more recent study based on a myocar-
dial infarction model, and addressed to examine whether hex-
arelin treatment can compensate for ghrelin deficiency in 
ghrelin-knockout mice, the mortality within two weeks was 
significantly lower in the hexarelin (6.7%) and ghrelin groups 
(14.3%) than in the vehicle group (50%). Furthermore, hexare-
lin was more effective than ghrelin as judged by the ejection 
fraction and other LV-dependent physiological constants as 
dP/dt max and dP/dt min, which is a measure of LV global 
contractility.48

In extracardiac models of striated muscles atrophy, GHRP-2 
exerted a potent myoprotective effect, presumably via the direct 
agonistic stimulation of the GHS-R1a since no elevation of 
IGF-1 transcript was observed.49 Thus, it is likely that GHRP 
cardioprotective effects in scenarios of DCM may be somehow 
mediated by a trophic or anabolic mechanism. Based on the 
benefits of GHRP-6 on muscle functions, a newly synthesized 
GHRP-6-biotin conjugate tested on cultured myoblasts showed 
that it induced the expression of myogenic proteins and IGF-1 
levels similar to the concentrations of energy metabolites and 
the corresponding enzymes. Practical applications of the 
GHRP-6-biotin conjugate could include amelioration of sarco-
penia and/or cardiac cachexia.50

Extracardiac cytoprotective actions of GHRP

As judged by the PubMed outcomes, the cytoprotective 
effects of synthetic peptidyl GHRP appear far less studied in 

Figure 2. Effect of GHRP-6 on the left ventricular ejection fraction in an experimental model of dilated cardiomyopathy (DCM). Echocardiography data 

were derived from our DCM model including the prevention and the regression study protocols in rats.35 The prevention protocol conceived the concurrent 

administration of GHRP-6 as part of a prolonged treatment with doxorubicin. The concomitant GHRP-6 completely prevented cardiac function failure 

evaluated as the percentage of ejection fraction by echocardiography. The regression approach examined the GHRP-6 intervention once LVEF was 

already deteriorated. As shown, the therapeutic administration schedule introduced a full functional recovery of cardiac muscle. Data corresponding to 

percentage of ejection fraction (%EF) are represented as a mean value ± standard error of the mean for each experimental group. (*), (**), and (***) 

represent the statistically significant differences between groups treated either with placebo or GHRP-6, according to Student’s t-test.
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noncardiac, parenchymal epithelial organs or multiple organ 
systems than in the cardiovascular system. However, the 
results of the reviewed studies are consistent with a broad 
cytoprotective influence for various organs by reducing 
inflammation and preventing necrosis and/or apoptosis. The 
mechanism of GHRP-mediated pharmacological actions is 
shown in Figure 4.

Years ago, our group examined the cytoprotective effects 
exerted by the GHRP-6 preventive administration in the 
hepatic tissue subjected to I/R, as in other distal organs from the 
ischemic site (ie, lungs, kidneys, and small intestine). Histological 
and biochemical results allowed us to conclude that the phar-
macological preconditioning induced by the GHRP-6 treat-
ment attenuated I/R liver damage. Besides respiratory distress 
syndrome like pulmonary changes, intestinal transmural infarct 
and acute tubular necrosis in kidneys were significantly reduced. 
These results indicated for the first time a systemic cytoprotec-
tive effect for the GHRP-6, suggesting its potential efficacy to 
control the inflammatory response associated with acute I/R 
and shock, which eventually originated multiple organs damage 
(MOD). Cytoprotection induced by GHRP-6 treatment was 
also related to the attenuation in the generation of ROS and 
preservation of the antioxidant defense reserves. Histological 
analysis as the assessment of myeloperoxidase activity evidenced 

a clear anti-inflammatory GHRP-6-induced effect in the liver 
and remote organs. Moreover, the molecular mechanism medi-
ating the action of GHRP-6 peptide was shown to involve the 
phosphatidylinositol 3-kinase/RAC-alpha serine/threonine-
protein kinase (PI-3K/AKT1) pathway, as the induction of the 
hypoxia-inducible factor-1 alpha (HIF-1α) all committed in 
cellular survival.51 Subsequently, Granado et al52 examined the 
potential anti-inflammatory impact of GHRP-2 in lipopoly-
saccharide (LPS)-challenged rats. GHRP-2 administration 
attenuated the effects of LPS on the elevation of circulating lev-
els of transaminases, nitrites/nitrates, and tumor necrosis factor-
alpha (TNF-α), via direct interaction with liver nonparenchymal 
cells. Globally, the exogenous administration of these two syn-
thetic GHRPs appeared to exert a potent hepatoprotective role 
by attenuating the inflammatory response orchestrated by liver-
resident macrophages. Another line of evidences document the 
benefits of 15-daily injections of GHRP-2 (100 µg/kg) in 
arthritic rats, so that the treatment ameliorated the external 
symptoms of arthritis and decreased the circulating levels of 
interleukin 6 (IL-6) as the nitrite/nitrate release from perito-
neal macrophages in vitro. This experiment extrapolated the 
counter-inflammatory properties of GHRP-2 to a nonepithe-
lial organ and suggested again a direct interaction with ghrelin 
receptor of immune cells.53 Similarly, effects have been 

Figure 3. Morphological evidences representative of the GHRP-6 effect in a porcine model of myocardial infarction. Effect of the GHRP-6 on AMI size 

and severity. (A, B) Macroscopic and histological images of AMI damage in animals treated with placebo. (C, D) Macroscopic and histological images 

representative of the GHRP-6 cardioprotective effect. Histological fragments were in every case collected from apparently normal zones, adjacent to the 

AMI necrotic core. Rats treated with GHRP-6 exhibited mostly preserved or marginally damaged (sarcoplasmic edema) myofibrils. No myofibrolysis was 

observed, although a number of ghost nuclei appeared. (H/E, ×20 magnification).
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attributed to ghrelin by inhibiting the inflammatory response 
via AKT1-activated pathway with a concomitant reduction of 
myeloperoxidase activity, the rate of apoptosis, and oxidative 
stress.54 All these data suggest that GHRPs exert a mutually 
inclusive beneficial effect by directly protecting parenchymal 
organs epithelial cells, and simultaneously by modulating the 
magnitude of the inflammatory response by direct interaction 
with the effector immune cells. Supporting the protective effect 
of GHRP-6 on epithelial organs, a recent study has excellently 
described and dissected the mechanistic bases on how GHRP-6 
prevented gastric mucosal damage induced by water immersion 
restraint (WRS) and other forms of stress. The data indicated 
that the protective effect of GHRP-6 on WRS-induced gastric 
mucosal injury is somehow mediated by peripherally suppress-
ing the vagal efferent effect on the stomach, including gastric 
acid secretion. Although more studies are clearly demanded, 
the present findings open the possibility to use GHRP-6 in 
preventing Curling ulcers.55

Additionally and not less relevant, GHRP-6 appears as an 
excellent partner to combine with other molecules (ie, epider-
mal growth factor [EGF]) because their exclusive actions 
seem to achieve a kind of synergism, useful to target the mul-
tiples nodes of complex pathophysiological processes, and 
thus to enhance tissue repair processes.56 Garcia del Barco 
and coworkers in our group have opened unprecedented ave-
nues, by combining GHRP-6 and EGF as a therapeutic 
approach to ameliorate the damages of multiple sclerosis,57 
peripheral axonal pathology,58 and brain ischemia in animal 
models.59,60 They have demonstrated that in all these experi-
mental substrates the combined action of GHRP-6 and EGF 
is associated with a better outcome in both clinical and path-
ological fields.

Finally, an exciting medical opportunity could be opened 
for synthetic GHRP to treat the threatening cancer-associ-
ated anorexia–cachexia syndrome in advanced-stage cancer 
patients. Although the mechanistic bases of this syndrome are 

Figure 4. GHRP mechanism of action. GHRPs are endowed with the ability to bind two different receptors that seem to mediate its cytoprotective and 

other pharmacological properties (GHS-R1a and CD36). The main biological properties/pharmacological actions of GHRP-6 as cyto- and cardioprotective 

candidates are summarized as follows: Inotropic: mediated by an elevation of Ca2+ influx via PLC/DAG/PKC, through the voltage-gated calcium channel, 

triggering Ca2+ release from thapsigargin-sensitive intracellular stores, which translated in a positive inotropic response without a chronotropic effect. 

Anti-fibrotic: via upregulation of PPARγ, which is followed by a transforming growth factor-beta (TGF-β), CTGF, and platelet-derived growth factor (PDGF) 

downregulation. Anti-inflammatory: blunts NFκB expression and activation. Cell survival: it involves the phosphatidylinositol 3-kinase/RAC-alpha serine/

threonine-protein kinase (PI-3K/AKT1) pathway, as the induction of the hypoxia-inducible factor-1 alpha (HIF-1α). Cardioprotective: as shown, it involves 

different biological actions that converge to enhance cardiomyocytes survival. Vasodilatory: it seems to involve e-NOS upregulation and endothelin 

activity reduction. Anabolic: it is mediated by the IGF-1/AKT1 and mTOR pathway activity.
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not fully understood, it represents a major impediment for the 
course of chemotherapy. In a rodent model of cancer-bearing 
chemotherapy, GHRP-2 administration increased appetite/
food intake and prolonged median survival time, which cer-
tainly suggests that GHRP-2 may improve the quality of life 
of cancer patients by correcting its nutritional and metabolic 
states.61 These data may also incite to further studies in the 
search for a potential niche for GHRP to counteract the cata-
bolic states of prolonged critical illness, invasive surgeries, 
severe burn traumas, etc.

Concluding remarks
Drug discovery is an uncertain ground in which disappoint-
ments and rewards are encountered. Most of those who have 
been involved in GHRP research have enjoyed clear-cut data, 
which in most of the cases are all in with very few outs. 
Exceptionally, a pharmacologically active agent appears to be 
endowed with such a variety of useful properties as to make it 
highly drugable. The fact that synthetic GHRPs bind at least 
two different and biologically significant receptors that seem 
not to be redundant in nature and are largely represented in 
most organs and tissues broadens their biological activities and 
increases their pharmacological potentialities. This suggests 
that GHRPs may stimulate multiple cells and simultaneously 
trigger different signaling pathways. The information gathered 
so far in terms of the molecular cytoprotective mechanism of 
GHRPs is inconclusive and fragmentary, which has become 
difficult to disclose the hidden facts behind their biological 
effects. Nevertheless, it is reasonable that these molecules share 
the ability to knock life-sensitive pathways and restore critical 
organelle physiology at very proximal levels. Beyond their abil-
ity to enhance the survival of a diversity of cells and tissues 
before adverse episodes, GHRP members exert an agonistic 
effect of the GH/IGF-1 axis, promoting anabolia and deter-
ring catabolism and sarcopenia.

Despite all these pharmacological advantages and that 
GHRPs exhibit a broad safety profile, their clinical develop-
ment has been erratic and irregular. This has been a deterrence 
factor for their definitive positioning within cardiology and 
intensive care medicine for years. In the meantime, novel drugs 
and therapeutic strategies are demanded to protect organs and 
tissues exposed to ischemia and other lethal insults in the clini-
cal practice.
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