Cardiotropic effect of GHRP-6: in vivo characterization
by echocardiography
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ABSTRACT

A pharmacological therapy aimed at the multiple targets exposed by the complex pathophysiology of heart failure
remains an unmet clinical need. One possible solution is the use of growth hormone secretagogue peptides, which
have important cardiotropic properties. The aim of this work was to conduct an experimental evaluation of the effect
of growth hormone releasing peptide six (GHRP-6) on heart function. Bi-dimensional experimental echocardiography
was used to evaluate the cardiotropic effect of GHRP-6 when 400 ug/kg were administered to Balb/c mice, measuring
the ventricular ejection fraction. Dose-dependency was studied with dosages of 100, 200 and 400 ug/kg, and the
effect of concomitant beta-blocker usage on the effect of this peptide was assessed in animals chronically treated
with metoprolol at 30 mg/kg. GHRP-6 increased the left ventricular ejection fraction without changes on heart rate.
This inotropic effect was dose-dependent, and was sustained even in animals chronically treated with metoprolol.
Keywords: GHRP-6, inotropic effect, experimental bidimensional echocardiography, heart failure,
myocardial ischemia-reperfusion, cardioprotection
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RESUMEN

Efecto cardiotrépico del GHRP-6: caracterizacion mediante ecocardiografia in vivo. Una terapia farmacolégica
que incida en multiples blancos de la fisiopatologia de la insuficiencia cardiaca es una necesidad clinica no satisfecha.
Los péptidos secretagogos de la hormona de crecimiento se caracterizan por ejercer efectos cardiotrépicos relevantes.
El objetivo de este trabajo fue evaluar, de manera experimental, el efecto del péptido 6 liberador de la hormona de
crecimiento (GHRP-6) sobre la funcién cardiaca. Mediante la ecocardiografia bidimensional experimental, se evalué
el efecto cardiotrépico del GHRP-6 al administrar una dosis de 400 ug/kg en ratones Balb/c. Se estudié la respuesta
en dependencia de la dosis: 100, 200 y 400 ug/kg, y el efecto sobre la funcién cardiaca en un grupo de animales
que recibieron betabloqueo crénico con 30 mg/kg de metoprolol. EIl GHRP-6 incrementé la fraccién de eyeccion
ventricular izquierda, sin que aumentara la frecuencia cardiaca. El efecto inotrépico del GHRP-6 depende de la dosis
y se mantiene, incluso, en los animales sometidos a betabloqueo crénico, sin que aumente la frecuencia cardiaca.

Palabras clave: GHRP-6, efecto inotrépico, ecocardiografia bidimensional experimental, insuficiencia cardiaca,
isquemia-reperfusién miocardica, cardioproteccion

Introduction

Cardiovascular disease remains the principal cause of
mortality and morbidity in both developed countries
and Cuba, reaching a toll of over 17 million new cases
per year [1, 2]. Its most severe clinical manifestations,
ischemic heart disease and myocardial infarction, are
incapacitating disorders with high mortality rates de-
spite the availability of therapeutic alternatives such
as early reperfusion [3]. Even though mortality due to
ischemic heart disease has diminished during the last
20 years, the incidence and prevalence of heart failure
arising from this condition have grown dramatically,
becoming the first cause of hospitalization and death
among persons older than 65 years [4]. Ventricular re-
modeling, an adaptive repair process that attempts to
correct myocardial damage, actually increases mortal-
ity and morbidity after myocardial infarction in high-
risk populations [5].

The physiopathology of ventricular remodeling in-
volves anintricate network of variations in gene expres-
sion together with molecular, cellular and interstitial
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modifications [6, 7] that all these produce changes in
the size, shape and functional parameters of the dam-
aged heart [5, 8]. Notwithstanding the complexity of
this phenomenon, the range of therapeutic alterna-
tives currently available is rather limited, essentially
including the combination of pharmacological thera-
py (using beta-blockers, i.e. inhibitors of the Angio-
tensin converting enzyme and aldosterone blockers)
[9-11], ventricular resynchronization therapy, regen-
erative therapy and heart transplant. To make matters
worse, some of these alternatives are available only to
a small group of patients.

Understandably, cardiologists have been looking
for a single pharmacological therapy that can simulta-
neously hit many of the druggable targets exposed by
the complex physiopathology of heart failure. From
this point of view, natural or synthetic growth hor-
mone secretagogues represent a potentially rewarding
avenue of research, taking into account their benefi-
cial effects on cardiovascular function. These include
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vasodilation and reduction of peripheral vascular
resistance, increased microvascular flow, larger left
ventricular ejection fraction, diminished diastolic dys-
function and inverse ventricular remodeling [12-14].
One of its most conspicuous examples, growth hor-
mone releasing peptide 6 (GHRP-6), is a promising
therapeutic candidate for post-infarction heart failure.

Previous results, obtained by evaluating GHRP-6
in experimental models of ischemia-reperfusion and
dilated myocardiopathy [15, 16], confirmed many of
these potential benefits. The present work intends,
therefore, to evaluate echocardiographically whether
the administration of GHRP-6 to experimental ani-
mals results in a positive inotropic response, and to
examine the effect of this peptide on cardiovascular
function when administered together with highly used
cardiovascular drugs.

Materials and methods

Animals

The study employed male Balb/c mice weighing from
23 to 26 g, 8 to 10 weeks old (supplied by the Ital-
ian branch office of Charles River Laboratories). The
animals were housed at a rodent room of the animal
experimentation facility of the Center for Molecular
Biotechnology of the University of Torino, Italy. Ani-
mal experimentation complied with all ethics and bio-
safety guidelines established by the institution. The
mice were kept under controlled temperature, humid-
ity and illumination, and received water and food ad
libitum.

Peptide

Peptide GHRP-6 was synthesized at BCN Peptides
S.A. laboratories (Barcelona, Spain). This studied em-
ployed its acetate salt, with batch number PC0601.
The molecule was stored protected from light at -20 °C
until diluted for administration to the animals, using
physiological saline solution as the solvent. The ex-
perimental animals received a maximum dose of 400
ng/kg body weight, administered through the intrap-
eritoneal route.

Anesthesia

The experiments were conducted under controlled
conditions of volatile anesthesia, consisting on a mix-
ture of isoflurane and medicinal oxygen delivered with
a facial mask for rodents. No muscle relaxants or pre-
anesthetic drugs were used. Doses used were 2.5 mL
for anesthetic induction and 1.5 or 1 mL for maintain-
ing a superficial anesthetic effect. The animals were
attached, on their backs, to a platform whose position
was controlled hydraulically, in order to guarantee a
stable body temperature during experimentation and
to ensure adequate mobility and proper placement of
the transducer on the precordial zone. The transducer
was, likewise, attached to a hydraulically controlled
mechanical support arm.

Echocardiography

Bi-dimensional M-mode ultrasound images were ob-
tained with a Vevo 770™ High-Resolution Imaging
System (Visual Sonics Inc., Toronto, Ontario, Canada)
fitted with a 40 MHz phased array linear transducer,
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acquiring data at frequencies up to 250 frames per
second with an axial resolution of up to 30 microns in
three focal zones. Data processing and analysis were
performed with the Vevo 770 software application
(version 3.0.0, Visual Sonics Inc.), on a view of the
long parasternal axis at an angle of 45° and the caudal
angulation of the platform (Figure 1).

Analytical parameters and methods

Measured bidimensional echocardiographic variables
measured were: left ventricular end diastolic dimen-
sion (LVEDD), left ventricular end systolic dimension
(LVESD), interventricular septal end diastolic dimen-
sion (IVSd), left ventricular end diastolic posterior
wall dimension (LVPWd), fractional shortening (FS)
and left ventricular ejection fraction (LVEF). This last
parameter was calculated with Teichold’s equation:

LVEF = EDV - -E3Y_
EDV

x 100
where: EDV, end-diastolic volume; ESV: end-systolic
volume

Measurements were taken according to the specific
echocardiogram: diastolic parameters were measured
at the peak of the R wave, and systolic parameters at
the peak of the T wave. They were performed across
3 to 5 consecutive cardiac cycles, following the rec-
ommendations of the American Society of Echocar-
diography [17]. The determinations were performed
at 5 min intervals, starting from minute zero before
administering the peptide and then at 5, 10 and 15
min. In the case of the effect of beta-blockers, mea-
surements continued to be performed up to 50 min
post-administration.

Experimental design

The inotropic effect of GHRP-6 was evaluated in 18
mice, randomly assigned to either of two groups of 9
individuals each, receiving GHRP-6 or excipient re-
spectively. Body weight, temperature and heart rate
were measured, monitoring the echocardiogram dur-
ing the experiment.

The dose-response relationship of the inotropic
effect of GHRP-6 was evaluated with four experi-
mental groups containing 8 individuals each. Group 1
was administered only the excipient, group 2 received
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Figure 1. Vevo 770™ High-Resolution Imaging System (Visual Sonics Inc., Toronto, Ontario, Canada),
the ultrasound system used to study the echocardiographic effect of GHRP-6 in Balb/c mice. A) Hydrau-
lically controlled support platform and transducer support arm. B) M-mode bi-dimensional image of
the left ventricle corresponding to the long parasternal axis, used for calculating the ejection fraction.

IVS: interventricular septum. LV: left ventricle. PW: posterior wall.
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100 pg of GHRP-6 per kg of body weight, group 3 re-
ceived 200 pg/kg of GHRP-6 and group 4 was admin-
istered the maximal dose of 400 pg/kg of GHRP-6.
For every group, echocardiograms were obtained
for time 0 or basal, and every 5 min afterwards until
15 min, under identical conditions of sedation, tem-
perature and monitoring.

The effect of co-administering GHRP-6 and me-
toprolol (a beta-blocker) was determined using two
groups of 8 mice, each receiving metoprolol-excipient
or metoprolol-GHRP-6, respectively. In both cases,
metoprolol (Seloken®, The Netherlands) [18] was
first delivered subcutaneously in two daily doses of
30 mg/kg for a period of two weeks. At the end of this
period, and coinciding with the last echocardiographic
determinations, both groups were administered the
corresponding metoprolol dose, and 15 min after-
wards the metoprolol plus excipient group was admin-
istered the excipient via the intraperitoneal group, and
the metoprolol plus GHRP-6 group received, in turn,
400 pg/kg of GHRP-6 using the same route. Echocar-
diographic determinations were performed before ad-
ministering the last metoprolol dose, and later, every
5 min for a total of 50 min.

Statistical analysis

The data were analyzed using the statistical software
package Prism (Graphpad Software Inc., San Diego,
CA, USA). Means, medians and standard deviations
were calculated as necessary. The dose-response effect
was analyzed by linear regression. Differences were
considered to be statistically significant for p < 0.05.

Results

GHRP-6 has a positive inotropic effect
but does not increase heart rate

The systemic administration of peptide GHRP-6 pro-
duced a significant increase in the left ventricular
ejection fraction (LVEF), which was not observed
in the group treated with excipient (Figure 2A). This
increase was most significant between 0 and 5 min
(p=0.0035), and remained statistically significant un-
til the end of the observation period. LVEF increased
on average by 15 % on the treated group. By contrast,
in the control group treated only with excipient, LVEF
increased only slightly, always under 5 % (a magni-
tude within the range of intra-assay variability). Heart
rate remained 450 to 500 beats per min in both experi-
mental groups (Figure 2B).

The inotropic effect of GHRP-6 exhibits
dose-dependency

The administration of increasing doses of GHRP-6
produced a sustained and statistically significant in-
crease of the left ventricular ejection fraction in the
groups receiving 200 and 400 pg/kg GHRP-6 when
compared to the group receiving only the excipient.
The difference was not statistically significant in
the case of the group receiving a dose of 100 ng/kg
(Figure 3A). This result was confirmed by linear re-
gression (Figure 3B).

During the first 10 min after the administration
of different doses of GHRP-6, the positive inotropic
effect of this compound exhibits a clear dose-response
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Figure 2. Inotropic effect of GHRP-6 in Balb/c mice. a) Left
ventricular ejection fraction. B) Heart rate (HR). The aster-
isks indicate the existence of statistically significant differ-
ences between datasets, as determined by linear regression
(***p = 0.00028, * p < 0.05). No statistically significant
differences were detected in B) using Mann-Whitney's test
(p = 0.58). LVEF: left ventricular ejection fraction.

behavior (Figure 3C).

Inotropic effect of GHRP-6 under chronic
beta-blocker use

The average basal ejection fraction in the animals
treated with metoprolol was similar to that of animals
in the untreated control group. After the administra-
tion of the day and before the echocardiographic de-
terminations, there was a significant, 30 % decrease in
systolic function for the left ventricle, which was sus-
tained for the following 15 min. Heart rate also dipped
below 300 beats/min. The injection of GHRP-6 pro-
duced a statistically significant increase in the ven-
tricular ejection fraction at 5 min (p = 0.02), which
progressed until LVEF returned to normal values and
remained so to the end of the observation period (ap-
proximately 40 min). This effect was not observed in
the control group that was administered only the ex-
cipient (Figure 4A). Heart rate remained well below
the lower bound of the normal range for this species
(Figure 4B) [19].

Discussion

This is the first experimental bi-dimensional echocar-
diographic study demonstrating that GHRP-6 has a
positive inotropic effect, as evidenced by the fact that its
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Figure 3. Dose-response dependence for the inotropic effect of GHRP-6 in Balb/c mice. A) Inotropic effect response curves for three different dosages of GHRP-6.
B) Fitting of the data shown in panel A) to a straight line using linear regression. C) Dose-response curve for GHRP-6 at 10 min after administration. The asterisks
indicate the presence of statistically significant differences (p < 0.05), as determined by the Kruskal-Wallis (A) and Dunn'’s (B) tests.

administration increases left ventricular ejection frac-
tion. Bi-dimensional echocardiography is well suited
to study the effect of this peptide on heart function, as
it yields accurate, reproducible results with low intra-
observer variability, affording the possibility of evalu-
ating the heart as a whole.

It was demonstrated that the acute administration
of peptide GHRP-6 to adult mice produced an early,
significant increase in cardiac function (expressed as
ejection fraction) that was sustained in time, without
a concomitant increase in heart rate. The data also
demonstrate that GHRP-6 can increase ventricular
systolic function even in animals subjected to chronic
treatment with a beta-blocker. The latter observa-
tion may hold significant value for the development
of future therapeutic approaches to heart failure and
ischemic cardiopathy in clinical settings, taking into
account that a positive inotropic effect (i.e., favoring
the contractility of heart muscle) and the absence of a
chronotropic effect (i.e., no increase in heart rate) are
desirable therapeutic outcomes. In other words, being

A -B- GHRP-6 400 pg/kg
80 1 -B- Excipient
0]
—_ i " *
S « - ahg
ko504 f’-——i
= by pEaan®d
401  B.g w7
30 - i
T T T T T T 1
0 10 20 30 40 50 60
T T Time (min)
GHRP-6
Metroprolol T
Excipient

able to increase myocardial function without a sig-
nificant increase in oxygen consumption affords an
important clinical advantage in the treatment of heart
failure. To put it into perspective, it must be noted that
all clinically available positive inotropes also increase
heart rate through the stimulation of adrenergic recep-
tors [20, 21] that, in turn, increase myocardial meta-
bolic demand.

In clinical practice, it is possible to increase left
ventricular function while simultaneously reducing
heart rate and achieving vasodilation in patients with
heart failure by using combinations of drugs such as
amines, betablockers, inhibitors of the angiotensin
converting enzyme and aldosterone [9-11]. Neverthe-
less, the finding that GHRP-6 is both a positive ino-
trope and a negative chronotrope is no doubt highly
beneficial for current cardiologic practice.

The fact that GHRP-6 increases the ejection frac-
tion in animals under chronic treatment with a beta-
blocker suggests that its cardiotropic effect does not
depend on the stimulation of cardiac beta-adrenergic
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Figure 4. Effect on cardiac function and heart rate of the co-administration of Metoprolol and GHRP-6 to Balb/c mice. A) Effect
on cardiac function (Left Ventricular Ejection Fraction, LVEF). Basal values for the assay were derived from echocardiograms at
time zero. B) Effect on heart rate (HR). The data were compared using Mann-Whitney's test. There were statistically significant
differences regarding LVEF at time = 30 minutes between the group receiving metoprolol plus GHRP-6 and the group receiving

metoprolol plus excipient (* p = 0.028).
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receptors, unlike drugs such as sympathomimetic
amines. In addition, this also indicates that the posi-
tive inotropic effect of GHRP-6 may not depend on
the stimulation of this type of receptor; a novel find-
ing that strongly supports its potential application
for the therapy of systolic heart failure and its use as
cardioprotector in myocardial ischemia-reperfusion
events. Such an inference is supported by previous
experimental evidence indicating that the cardiotropic
effects of GHRP-6 are mediated by the stimulation of
two different receptors, namely GHS-R1a and CD36
[22], as well as by recent data involving the latter, a
multifunctional type B endocytic receptor, in the car-
diotropic action of GHRP-6 [23].

Heart function in experimental models may also
improve through a reduction of peripheral vascular
resistance [24]. Since the present study was not aimed
at detecting vasodilation, and taking into account that
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GHRP-6-like molecules have been previously shown
to induce vasomimetic effects [25], we believe that fo-
cusing future research on evaluating whether GHRP-6
is in fact a vasodilator would be highly beneficial, as
such a demonstration would no doubt increase the po-
tential benefits of the application of this molecule to
the therapy of heart failure.

Conclusions

It was demonstrated, using bi-dimensional experi-
mental echocardiography, that GHRP-6 has a positive
inotropic effect in mice. This effect is dose-dependent
(100, 200 or 400 pg/kg), is detectable even under
chronic beta-blocker usage, and is not associated to a
positive chronotropic effect. Therefore, GHRP-6 can
be considered as a potential therapeutic candidate for
the treatment of severe heart failure and as a cardio-
protector for myocardial ischemia-reperfusion events.
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