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Abstract

AIM: To investigate the cardiac effects of ghrelin in rats with myocardial injury induced
by isoprenaline (1SO).

METHODS: Forty healthy adult male albino rats weighting 180 — 200 gm were included
in this study. The rats were randomly classified into 4 equal experimental groups; Group
I (Control group): Received no medication and given free access to food and water.
Group Il (ghrelin group): Received Ghrelin (Gh) only in a dose of 10nmol/kg
subcutaneous (S.C) for 2 days. GrouplIl (isoprenaline group): Received single dose of
isoprenaline (1ISO) 75mg/kg intraperitoneal (i.p.) for induction of myocardial infarction
(M.1).Group 1V(ghrelin treated group): Received ghrelin in adose of 10 nmol/kg/day
SC for 2 days before induction of myocardial infarction with ISO (as in 1SO
group).Thirty minutes after induction of M.I., a blood sample was collected from the
right ventricle for estimation of plasma CK-MB, ghrelin and endothelin-1 levels and
heart was excised for measurement of infarction size as percentage of left ventricle.
RESULTS: About 20 % of rats after treatment with 1SO alone died during experimental

periods. However, no rats died after administration with ghrelin 10 nmol/Kg/d.



Endothelin-1 and CK-MB level in plasma was decreased by ghrelin (10 nmol/kg) with
significant reduction of the infarction size. Plasma ghrelin level was increased in the rats
after 1SO. The plasma ghrelin level was further increased after ghrelin administration.
CONCLUSION: Ghrelin has a protective effect against ISO-induced myocardial injury.

Introduction

Ghrelin, a peptide of 28 amino acids, was first reported by Kojima in rats' and
human stomachs in 1999 [1]. Two thirds of the circulating ghrelin originates in the X/A-
like cells in the oxyntic mucosa of the stomach and the rest is produced by cells of the
small intestine [2]. In addition, a smaller amount of ghrelin is also produced by other
organs such as heart, lung, kidney, pancreas, placenta, lymphatic tissue, gonads, thyroid,
adrenal, pituitary, hypothalamus and some neoplastic tissues and cancer-cell lines [3, 4,
5, 6]. Ghrelin is also detected in cerebrospinal fluid but at much lower concentration
(about 1/30 — 1/40 of that of circulating ghrelin) [7]. Ghrelin was initially identified to be
a strong stimulant for the release of GH that has been identified as an endogenous ligand
for the GH secretagogues receptor (GHS-R), GHSR-1a, a G protein-coupled receptor
mainly expressed in the pituitary and the hypothalamus [6, 8]. In subsequent research,
ghrelin and its various receptors were found everywhere in many organs and tissues.
Moreover, they participate in the regulation of appetite, energy, bodyweight, metabolism
of glucose and fat, as well as modulation of gastrointestinal, cardiovascular, pulmonary,
immune functions, cell proliferation/apoptosis, antiinfla mmtory, reproductive and bone
formation [9, 10]. Cardiovascular tissue is rich in ghrelin receptors[11]. The best
investigated ghrelin receptor, GHS-R1a, GHS-R1b are highly expressed in human
myocardium and aorta [6]. An unknown subtype of ghrelin receptor, distinct from GHS-
Rla and GHS-R1b, is found in cardiomyocytes and endothelial cells. In addition, CD36
is expressed in rat and human cardiovascular tissues [12]. Recent studies showed that
ghrelin possessed a variety of cardiovascular effects independent of GH secretion,
including increased myocardial contractility and vasodilatation, protection from heart
failure induced by myocardial infarction or septic shock , decrease cardiac injury induced

by ischemia/reperfusion (I/R) or isoprenaline and reduce infarction size [13, 14]. Based



on these observations, we raised the hypothesis that ghrelin might have a protective effect

on heart injured by ischemia.

Materials and Methods:

I-Chemicals used:

1. Synthetic rat ghrelin and ghrelin RIA assay kit were produced by Phoenix
Pharmaceuticals (CA, USA).

2. 1SO was provided as white powder from (Sigma Company, USA) and dissolved in
distilled water.

3. Urethane: provided as white powder (Sigma, U.S.A.). It was dissolved in saline
before use.

4. Creatine Kinase - MB Kits: (Spinreact, Spain).

5. Triphenyltetrazolium chloride: provided as white powder (MP biomedical, France).

I1- Animals used:

Experimental protocol for the study was approved by the ethics committee on animal
experiments in Benha University. Forty healthy adult male albino rats weighting 180 —
200 gm. averaging 16 weeks old were brought from Experimental Animal Breeding
Farm, Helwan —Cairo to be utilized in this study. Rats were grown on normal diet and
water. At the time of experiment, the rats were randomly classified into 4 equal
experimental groups. Group | (Control group): Received no medication and given free
access to food and water. Group Il (Ghrelin group): Received Ghrelin only in adose of
10nmol/kg SC for 2 days [15]. Group Il (ISO group): Received single dose of
isoprenaline 75mg/kgm injected intraperitoneal for induction of M.l. [16]. Group IV
(Ghrelin treated group): Received ghrelin in adose of 10 nmol /kg SC for 2 days before
induction of myocardial infarction with 1ISO (as in 1SO group). The rats were anesthetized
by urethane in a dose 1.25g/kg body weight dissolved in saline, half the dose was injected

i.p. for a rapid action and the other half was injected S.C for a slow sustained action [17]

¢ET-1 and ghrelin level in plasma: Were assayed using radioimmunoassay methods
[18].



e CK-MB estimation: After separation of sera, CK- MB was determined using CK- MB
reagent provided by Spinreact Company, Spain [19].

e Measurement of infarction size: At the end of the experiment, intracardiac blood
sample withdrawaled then the heart was excised and the excised beating heart was
submerged in cold (8°C) 30 mmol KCI to achieve diastolic arrest. The right ventricle
and both atria were excised to isolate the left ventricle (the septum and free wall). The
left ventricle was then sectioned by a sharp surgical scissor into transverse slices, each
of about 1.5mm thick. The slices were then stained in a 1.5% triphenyltetrazolium
chloride (TTC) in phosphate buffer, PH 7.4, for 10-15 minutes at 37°C. The TTC stain
form red color precipitates in the presence of intact dehydrogenase enzyme system.
Areas of necrosis lost dehydrogenase activity and therefore fail to stain [20, 21]. The
slices were washed with saline and then clear glass plates were placed over both sides of
each slice. Epicardial and endocardial outlines as well as the TTC stained and non-
stained areas were traced on clear plastic sheets. The plastic sheet was then fixed on an
E.C.G paper and the small squares occupying the stained and non-stained areas were
counted giving each in mm2. The sum of the stained and the non-stained areas give the
surface area of the whole heart slices. The surface area of the whole left ventricle was
calculated by adding the surface areas of all cardiac section measured on E.C.G paper.
The surface area of infract tissue in the whole heart was obtained by adding the surface
area of infract tissue in all cardiac slices and the infraction size was calculated as

percentage of the sum of infract areas to the sum of surface areas of all the slices [22].

RESULTS

Ghrelin reduced the mortality rate in the 1SO treated rats. All rats in the control and
the Gh group remained alive. During the experimental period, about 20 % rats in the ISO
group died, whereas the mortality rate was 0 % in Gh+1SOgroup (P < 0.05) as compared

with ISO group.



(Tab- 1): Shows the values as mean + standard deviation. Then P values were

calculated using Student t- test.

Control group Gh group ISO group Ghtreatedgroup
(Gh + 1S0)
CK-MB 234.38 £33.53 | 246.25%£29.12 | 1497.5+111.45 597.5+£138.95
(U/L)
ET-1 (ng/L) 143.75£27.87 | 131.88+27.64 239.38+£19.54 146.0£15.03
Gh (mmol/L) | 197.75+17.98 | 458.75+23.72 266.25+£24.16 485.0+£23.75
Infarction 0.0 0.0 34.88+473 17.384+3.11
size (% LV)

**Effect of Ghrelin on plasma CK-MB level (Table 1 &Fig. a): In this study; the
plasma CK-MB level was significantly increased in rats of 1ISO group compared with that
of control group (Control group234.38 + 33.43, in ISO group 1497.5+111.45; P < 0.001).
Ghrelin alone did not affect the plasma CK-MB level, in comparison to those of control
group (P > 0.05). Interestingly, administration of ghrelin before ISO significantly
attenuated myocardial injury, that CK-MB level in plasma decreased from 1497.5 +
111.45in ISO group to 597.5 + 138 in ISO + Gh group (P < 0.001).

**Effect of Ghrelin on plasma ET-1 level (Table 1& Fig. b): The plasma ET-1 level
was significantly increased in ISO group compared to control group (Control group
143.75 £ 27.87, 1SO group 239 + 19.54; P < 0.001). Exogenous administration of ghrelin
before 1SO induced myocardial injury significantly reduced plasma ET-1 level (ISO
group 239 + 19.54, Gh+ISO group 146.0 + 15.03; P < 0.001), while ghrelin alone did not
affect the plasma ET-1 level in comparison to those of control group (P > 0.05).
**Effects of 1SO on plasma ghrelin level (Tablel& Fig.c): Exogenous administration
with ghrelin alone significantly increased plasma ghrelin level from 197+17.48 in control
group to 458.75 + 23.72 in Gh group (P< 0.001). Treatment with 1SO significantly
increased the plasma ghrelin level when compared with control group (P <

0.001).Administration of ghrelin before ISO significantly increased the plasma ghrelin




level when compared with ISO group (ISO group 266.25 + 24.16, Gh + ISO 485 + 23.75
P <0.001).

**Effects of Ghrelin on infarction size (Table 1& Fig. d): Administration of ghrelin
before ISO induced myocardial injury significantly decreased infarction size from 34.88
+4.75in ISO group to 17.38 + 3.11in Gh + 1SO group (P < 0.001).
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DISCUSSION

Ghrelin, is synthesized as a preprohormone and then proteolytically processed to
yield a 28-amino-acid peptide. This peptide predominantly produced by the stomach,
strongly stimulates growth hormone release when they activates ghrelin receptor known
as a G-protein coupled receptor mainly expressed in the pituitary and hypothalamus. The
ghrelin receptor was widely distributed in the body. In addition to pituitary and
hypothalamus, cardiovascular tissues such as myocardium, aorta, coronary artery and
vein were rich in ghrelin receptors [7, 23] suggesting that ghrelin could directly exert
cardiovascular effects by growth hormone independent mechanisms and likely involve
binding to cardiovascular receptors, a process that is up regulated during myocardial
injury [24].

In the present study, intraperitoneal injection of ISO resulted in a significant
myocardial Injury. 1SO group showed increase CK-MB level and infarction size.
Overdose of 1ISO was a commonly used agent to induce myocardial injury through
increase intracellular Ca™, cAMP, increase heart rate, myocardial contractility and
oxidative stress [5, 25]. Plasma ghrelin level was increased in rats after 1SO-induced
myocardial injury, perhaps due to a compensatory, self-protective mechanism. Moreover
administration of exogenous ghrelin can protect against ISO induced myocardial injury

[15] that administration of ghrelin resulted in obviously improved myocardial damage



induced by ISO by reducing CK-MB level and infarction size and decreased mortality
[15, 26]. These findings suggest that ghrelin could be an endogenous protective factor
against myocardium damage.

There are several mechanisms by which ghrelin improved myocardial function and
metabolism following to myocardial damage. Ghrelin has been found to improve cardiac
contractility to reduce the infarct size and to attenuate the reduction in left ventricular
function induced by ischemia-reperfusion [23] Also Ghrelin exerted its cardioprotective
effects by prevent cardiaomyocyte apoptosis, through GHSR-1a [12] that activates of
extracellular signal regulated kinase (ERK) and Akt serine kinases in cardiomyocytes and
endothelial cells [23, 27, 28, 29], in addition to its anti-inflammatory effect, that decrease
inerleukin- 6 (IL6) and tumour necrosis factor-& (TNF- @) through activation of GHSR-
la and AKT dependant pathway [29, 30] and antioxidative effect, through attenuation in
vascular superoxide production and NADPH oxidase activity [31] and decrease the
content of lipid peroxidation product malondialdehyde in myocardium of rat hearts [24,
32].

The results in this study showed that the plasma ET-1 level was significantly
increased in the ISO-treated rats, peptide ET-1 was a potent and long-lasting
vasoconstrictor and mytogen [33] and evidenced as an important pathogenic factor of
cardiovascular diseases, including 1SO-induced myocardial injury [34]. interestingly,
exogenous supplement with ghrelin significantly reduced plasma ET-1 level , indicating
that the protective effects of ghrelin was at least in part mediated through interfering ET-
1 synthesis and release [15, 23]. It was found that ghrelin might act on the cardiac vagal
afferent nerve, which sends projection to the nucleus of the solitary tract, resulting in a
suppression of cardiac sympathetic activity and heart rate in rats with Ml leading to
improved left ventricular (LV) dysfunction and early cardiac remodeling, which is a
major cause of subsequent heart failure and death following myocardial infarction (MlI)
[35, 36, 37]. Also it was found that ghrelin can markedly increase blood flow in mice
with ischemia and reperfusion injury, that ghrelin improved endothelial function by
increasing the nitric oxide production using a signaling pathway involving GHS-R 1a,
phosphatidylinositol-3-kinase (P1 3 kinase) , AKT, and eNOS [38, 39] .



Conclusion: Ghrelin had potent cardiovascular protective effects. Considering that there
are amount of ghrelin receptor in cardiovascular system, ghrelin may has cardioprotective
significance in physiological and pathophysiological conditions. Exogenous
administration with ghrelin may serve as a novel therapeutic strategy for ischemic

cardiovascular diseases.

References:

1. Kojima, M.; Hosoda, H.; Date, Y. et al. (1999): Ghrelin is a growth-hormone
releasing acylated peptide from stomach. Nature; 402: 656 — 60.

2. Date, Y.; Kojima, M.; Hosoda, H. 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 — 61.

3. Kojima, M. and Kangawa, K. (2005): Ghrelin: structure and function. Physiol. Rev.;
85: 495 — 522.

4. Van der Lely, AJ.; Tschop, M.; Heiman, M.L. and Ghigo, E. (2004): Biological,
physiological, pathophysiological and pharmacological aspects of ghrelin. Endocr.
Rev.; 25: 426 — 57.

5. Gnanapavan, S.; Kola, B.; Bustin, S.A.et al. (2002): The tissue distribution of the
mRNA of ghrelin and subtypes of its receptor, GHS-R, in humans. J. Clin.
Endocrinol. Metab.; 87: 2988.

6. Riley, L.G. (2013): Different form of ghrelin exhibit distinct biological roles in
tilapia. Front.Endocrinol. 4:118

7. Popovic, V.; Svetel, M.; Djurovic, M. et al. (2004): Circulating and cerebrospinal
fluid ghrelin and leptin: potential role in altered body weight in Huntington's disease.
Eur. J. Endocrinol.; 151: 451 — 5.

8. Kamegai, J.; Tamura, H.; Shimizu, T. et al. (2004): The role of pituitary ghrelin in
growth hormone (GH) secretion: GH- releasing hormone dependent regulation of
pituitary ghrelin gene expression and peptide content. Endocrinology; 145: 3731 — 8.

9. Leite-Moreira, A.F. and Soares, J.B. (2007): Physiological, pathological and
potential therapeutic roles of ghrelin. Drug Discov. Today; 12: 276 — 88.



10. Delport, C. (2013): Structure and physiological actions of ghrelin. Scientifica : vol
2013 ;1 - 25.

11. Aliparasti, M.R. ; Alipour, M.R.; Almasi ,S and Feizi, H. (2012): Effect of Ghrelin
on Aldolase gene Expression in the heart of chronic hypoxic rat ;Int J Endocrinol
Metab.: 10 (3); 553 — 557.

12. Zhang, G.; Yin, X.; Qi, Y.; Pendyala, L.; Chen, J.; Hou, D. and Tang, C. (2010):
Ghrelin and cardiovascular diseases. Current Cardiology Reviews; 6, 62 — 70.

13. Nagaya, N.; Uematsu, M.; Kojima, M.; Ikeda, Y.; Yoshihara, F.; Shmizu, W. et
al. (2001): Chronic administration of ghrelin improves left ventricular dysfunction
and attenuates development of cardiac cachexia in rats with heart failure. Circulation;
104: 1430 - 5.

14. Chang, L.; Zhao, J.; Yang, J.; Zhang, Z.K.; Du, J.B. and Tang, C.S. (2003):
Therapeutic effects of ghrelin on endotoxic shock in rats. Eur. J. Pharmacol.; 473:
171 - 6.

15. Chang, L.; Zhao, J.; Li, G.Z.; Geng, B.; Pan, C.S.; Qi, Y.F. and Tang, C.H.
(2004): Ghrelin protect myocardium from isoproterenol- Induced injury in rats. Acta
.Pharmacol. Sin.; 25 (9): 1131 — 1137.

16. Pazin, H.; Kovacsovn, B. and Cshakova, L. (1994): Effect of antioxidant on
experimental myocardial necrosis in rats. Cesko. Slov. Farm.; 43: 110 — 113.

17. lwamoto, K.; Chein, C. and Kato L. (1987): Effect of urethane anesthesia and age
on organ blood flow in rats
measured by hydrogen gas clearance method. J. Pharmacobiodyn.; 10(6): 280 — 4.

18. Gualillo, O.; Caminos, J.E.; Blanco, M. et al. (2001): Ghrelin, a novel placental
derived hormone. Endocrinology; 142: 788 — 94.

19. Abbot, B.; Young, D.S. and Burtis, A. (1984): Creatine kinase in Kaplan, A.
Clinical chemistry. The C.V. Mosby Co. St Louis, Toronto, Princeton; 1112 — 1116.

20. Vivaldi, M.T.; Kloner, R.A. and Frederick, J.S. (1985): Triphenyltertezolium
staining of irreversible ischemic injury following coronary artery occlusion in rats.
Am. J. Pathol.; 121: 522 — 30.



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Sharma, A. and Singh, M. (2000): Effect of isoproterenol amiloride, a Na+-H+
exchange inhibitor, on cardioprotective effect of ischemic and angiotensin
preconditioning. Mol. Cell Biochem.; 214: 31 —8.

Evans, R.C.; Mejios, J.E.; Kulevish, J.; Fischer, V.W. and Muller, H.S. (1985):
Evaluation of a rat model for assessing intervention to salvage ischemic
myocardium. Cardiovasc. Res.; 19: 123.

Tesauro,M.; Schinzari, F.; Caramanti, M.; Lauro, R. and Cardillo, C. (2010):
Metabolic and cardiovascular effects of Ghrelin . International Journal of Peptides;
2010 : Article ID 864342, 1 7.

Chang, L.; Ren, Y.; Liu, X. et al. (2004): Protective effects of ghrelin on
ischemia/reperfusion injury in the isolated rat heart. J. Cardiovasc. Pharmacol.; 43:
165 — 70.

Shi, Y.R.; Bu, D.F.; Qi, Y.F.; Gao, L.; Jiang, H.F.; Pang, Y.Z. et al. (2002):
Dysfunction of myocardial taurinetransportand effect of taurine supplement in rats
with isoproterenol-induced myocardial injury. Acta. Pharmacol. Sin.; 910 — 8.

Zaafan, M.A.; Zaki, H.F.; El-Brairy, A.l and Kenawy, S.A. (2013): Protective
effects of atorvastatin and quercetin on isoprenaline-induced myocardial infarction in
rats. Bulletin of Faculty of Pharmacy, Cairo University; 51 (1): 35 — 41,

Bodart, V.; Febbraio, M.; Demers, A.; McNicoll, N.; Pohankova, P.; Perreault,
A. et al. (2002): CD36 mediates the cardiovascular action of growth hormone-
releasing peptides in the heart. Circ. Res.; 90: 844 — 9.

Bedendi, 1.; Alloatti, G.; Marcantoni, A. et al. (2003): Cardiac effects of ghrelin
and its endogenous derivativesdes-octanoyl ghrelin and des-GlInl4-ghrelin. Eur. J.
Pharmacol.; 476: 87 — 95.

Cao Y, Tang J, Yang T, Ma H, Yi D, et al. (2013): Cardioprotective Effect of
Ghrelin in Cardiopulmonary Bypass Involves a Reduction in Inflammatory
Response. PLOS ONE; 8(1): e55021

Li,W.G.; Gavrila, D.; Liu, X. et al.(2004); Ghrelin inhibits proinflammatory
responses and nuclear factor-kappa B activation in human endothelial cells.
Circulation; 109: 2221-6.



31.

32.

33.

34.

35.

36.

37.

38.

39.

Kawczynska-Drozdz, A.; Olszanecki, R.; Jawien, J.et al. (2006): Ghrelin inhibits
vascular superoxide production in spontaneously hypertensive rats. Am J Hypertens;
19: 764-7.

Xu, J.T.; Tang, C.S.; Hu, D.Y.; Pang, Y.Z. (2002): Effect of endothelin receptor on
thrombin-induced vascular Smooth muscle cell proliferation. Chin. J. Microcirc.; 12:
38-0.

Li, L.; Zhang,L.K. ; Pang,Y.Z. ; Pan,C.S. ; Qi, Y. F.; Wang, X. ; Tang, C.S . and
Zhang, J. (2006): Cardioprotective effects of Ghrelin and des-octanoyl Ghrelin on
myocardials injury induced by isoprotrenol in rats. Acta pharmacological sinica;
27(5) : 527

Li, B.Y.; Jin, Y. and Wang, J.H. (1999): Relationship between the endothelin nitric
oxide system and collagen metabolism in ischemia myocardium. Chin. J. Clin. Exp.
Pathol.; 15: 57 - 9.

Nagaya, N.; Uematsu, M.; Kojima, M. et al. (2001): Chronic administration of
ghrelin improves left ventricular dysfunction and attenuates development of cardiac
cachexia in rats with heart failure. Circulation; 104: 1430 — 5.

Henriques-Coelho, T.; Correia-Pinto, J.; Roncon-Albuquerque, R.; Jr.et al.
(2004): Endogenous production of ghrelin and beneficial effects of its exogenous
administration in monocrotaline-induced pulmonary hypertension. Am. J. Physiol.
Heart Circ. Physiol.; 287: H2885 — 90.

Soeki, T.; Kishimoto, I.; Schwenke, D.O.; Tokudome, T.; Horio, T. et al. (2008):
Ghrelin suppresses cardiac sympathetic activity and prevents early left ventricular
remodeling in rats with myocardial infarction. Am. J. Physiol. Heart Circ. Physiol.;
294: H426 — H432

Zhang, M.; Yuan, F.; Chen, H.; Qiu, X. and Fang, W. (2007): Effect of exogenous
ghrelin on cell differentiation antigen 40 expression in endothelial cell. Acta
Biochim. Biophys. Sin., 39: 974 — 981.

lantorno,M.; Chen,H.; Kim, J.A.; et al. (2007): Ghrelin has novel vascular actions
that mimic P1 3-kinase- dependent actions of insulin to stimulate production of NO
from endothelial cells,”American Journal of Physiology. 292, 3: E756 — E764.



	23. Tesauro,M.; Schinzari, F.; Caramanti, M.; Lauro, R. and Cardillo, C. (2010): Metabolic and cardiovascular effects of Ghrelin . International Journal of Peptides; 2010 : Article ID 864342, 1 – 7.

