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group. Group Il: 1SO injected subcutaneously to rats (100 mg/kg) at an interval of 24 h for 2

Kewvo rds days. Group Il1: rats were pretreated with ghrelin (150 pg/kg, s.c.) for 15 days and at the 14th and

15th days received 1SO as in group Il. Levels of serum cardiac enzymes (CK, CK-MB fraction

Isoproterenol and LDH), lipid profiles and plasma TNF-o and IL-6 were evaluated. Specimens from heart were

Myocardial infarction obtained to measure the levels of TNF-a, IL-6, lipid peroxidation products (MDA,GSH)and

Creatine kinase-MB endogenous antioxidants enzymes activities (CAT,SOD,PON1). Results: I1SO- treated rats

Paraoxonase showed significant increase in the activities of serum cardiac enzymes, plasma and cardiac tissues
TNF-a and IL-6, as well as in heart tissues level of MDA and GSH and in serum cholesterol,
triglycerides, LDL-cholesterol, VLDL .On the other hand there are significant decrease in tissues
SOD and PON1 enzyme activities and serum HDL-cholesterol when these results were compared
to control rats. Pretreatment with ghrelin significantly attenuated these changes as compared to
ISO treated rats (group ). Conclusions: This finding demonstrated that ghrelin may be

considered as promising new therapies for Ml
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INTORDUCTION

Myocardial infarction (MI) is one of
major public health problem in the world.
MI is a condition of acute myocardial
necrosis due to imbalance between coronary
blood flow and myocardial needs, and it is
followed by antioxidant deficit as well as
increased myocardial oxidative  stress.!
Experimental and clinical studies have
shown that infarct size of myocardial
necrosis can be limited by development of
endogenous antioxidant enzymes and
suppression of free radical generation. 2
Isoproterenol (ISO) a synthetic non-selective
B-adrenoceptor agonist, has been reported to
produce MI in large doses; upon auto-
oxidation (ISO) generates highly cytotoxic
free radicals known to stimulate the
peroxidation of membrane phospholipids
causing severe damage to the myocardial
membrane. Hence, it is used as a model to
produce MI in rats’. Myocardial infarction
of isoproterenol-treated rats has been found
to be similar to human MI in
pathophysiological and  morphological
changes.?

Ghrelin produced primarily by the X/A-like
enteroendocrine cells of the stomach is
synthesized as a preprohormone and then
proteolytically processed to yield a 28-
amino acid peptide. Ghrelin is an

endogenous ligand for the growth hormone

secretagogue receptor. This peptide was
originally reported to induce growth
hormone release; large evidence, however,
has indicated many other physiological
activities of ghrelin, including regulation of
food intake and energy balance, as well as of
lipid and glucose metabolism.* Within
cardiovascular  system, two GHS-R
subtypes, GHS-Rla and GHS-R1b, are
present in the heart and in the blood vessels.
Stimulation of GHSR prevents cardiac
damage after ischemia/reperfusion in
hypophysectomized rats.” However, the
mechanisms of influence of ghrelin on the
cardiovascular  system is not fully
understood.® Therefore, the aim of this study
was to evaluate the effect of ghrelin on 1SO-

induced myocardial damage in Wistar rats.

MATERIALS AND METHODS

This study was carried out on 30 white
Male adult albino rats (Wistar strain, their
weight ranged between 150-200 g, during
the study the animals were kept in wire
mesh cages the animals were fed standard
pellet diet with ad libitum access to water.
The room temperature was about 22-24°C
and the animals were exposed to 12:12 hours
light dark cycles. Standard pellet diet was
purchased from EI-Gomhoria Company,
Cairo, Egypt. Our work was carried out in
accordance with the guidelines of the Ethical
Committee of Medical Research of Faculty

of Medicine Tanta University.



Abozeid et al.

45

The animals were randomly divided into
three equal groups (each was 10 rats):
Group I; control group was given 0.9 %
NaCl.
Group |1 ;isoproterenol-treated group (ISO)
was dissolved in normal saline and injected
subcutaneously to rats (100 mg/kg) at an
interval of 24 h for 2 days to induce
experimental myocardial infarction.’
Animals were sacrificed 24 h after the
second dose of ISO.
Group I11; rats were pretreated with ghrelin
(150 pg/kg, s.c.) for 15 days and at the 14
and 15 days received isoproterenol
100mg/kg s.c. as in group 2.
collection of blood samples

Twenty four hours after the second dose
of 1SO, rats of all the groups were
anesthetized and sacrificed by cervical
decapitation and blood was collected in two
tubes, one with anticoagulant (ethylene
diamine tetra acetic acid) for plasma
separation, and another without
anticoagulant for serum separation. Both the
plasma and serum were separated from each
sample and used for the biochemical
analysis.
Biochemical assay in blood

The activities of creatine kinase (CK)®
creatine kinase-MB fraction (CK-MB)® and
serum lactate dehydrogenase (LDH)™ were
estimated in the serum. Also, lipid profile

Ill

including; total cholesterol™, triglycerides®,

LDL-cholesterol, VLDL®, and HDL-

|14

cholesterol.™ The plasma levels of TNF-a

and IL-6 were determined  with
commercially available  enzyme-linked
immunosorbent assay (ELISA) kits (R&D
Systems).
Biochemical assay in cardiac tissues
Thorax was opened and heart was
harvested, washed in ice-cold saline stored
at- 18°C for biochemical estimations of
cardiac lipid peroxides (MDA), reduced
glutathione (GSH), superoxide dismutase
(SOD), catalase (CAT) and tissues PON1
enzyme activity. The levels of TNF-a and
IL-6 in the myocardial tissue homogenates
were determined with  commercially
available enzyme-linked immunosorbent
assay (ELISA) kits (R&D Systems). Protein
content in tissue homogenate was measured
according to the method of Lowry et al.
Determination of tissues catalase (CAT)
enzyme activity was assayed by the method
of Sinha.®® MDA, an end product of lipid
peroxidation was estimated by the method of
Okhawaet al.'” Tissue GSH levels was
estimated by the method of Sedlack and

Lindsay *®

and the activity of tissue
superoxide dismutase was assayed by the
method of Kakkar et al *° and tissues PON1

enzyme activity.?

Statistical analysis
Statistical analysis was done using the
SPSS software package version 18.0.

Statistical analysis was done to obtain the
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mean, the standard deviation and Student (t)
test which was used to compare between two
groups, where the probability “p” value was
significant if < 0.05.
RESULTS

The activities of serum CK, CK-MB, and
LDH in normal and experimental rats were
expressed in figure (1). ISO- treated rats
showed significant (P<0.05) increase in the
activities of CK, CK-MB, and LDH in the
serum when compared to control rats.
Pretreatment with ghrelin reduced the levels
of these enzymes in the serum when
compared to [ISO-induced myocardial

infracted rats.
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Fig. (1): Effect of ghrelin on cardiac enzymes
serum. * denotes significant differences group 11
vs. group I, ** denotes significant differences
group 111 vs. group 1l

Levels of plasma and cardiac tissues TNF-a
and IL-6 in normal and experimental rats
were studied in figures (2a,b and 3a,b). 1SO-
treated rats showed significant (P<0.05)
increase in the levels of plasma and cardiac

tissues TNF-o and IL-6 when compared to

control rats. Pretreatment with ghrelin
reduced the levels of these inflammatory
markers in the plasma, and cardiac tissues

when compared to ISO alone treated rats.
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Fig. (2a): Effect of ghrelin on levels of TNFa in
plasma.* denotes significant differences group Il
vs. group |, ** denotes significant differences
group I11 vs. group 11
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Fig. (2b): Effect of ghrelin on levels of IL-6 in
plasma.* denotes significant differences group Il
vs group I, ** denotes significant differences
group 111 vs group 1l
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Fig.(3a): Effect of ghrelin on cardiac tissue TNF
(pg/mg protein) , * denotes significant
differences group Il vs. group I, ** denotes
significant differences group 111 vs. Groupll
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Fig. (3b): Effect of ghrelin on cardiac tissue IL-6
(pg/mg protein), * denotes significant differences
group Il vs. group I, ** denotes significant
differences group 111 vs. group Il

Levels of antioxidant enzymes (SOD, PON1
and lipid peroxidation products (MDA and
GSH) in cardiac tissue unite in normal and
experimental rats were expressed in figure 4
(a,b) and figure 5 (a,b). ISO-treated rats
showed significant (P<0.05) decrease in the
activities of tissues SOD and PON1 enzyme
activity and significant (P<0.05) increase in
heart tissues level of MDA and GSH when
compared to control rats. Pretreatment with

ghrelin significantly increased the activities

of tissues SOD and PONL1 and significantly
decreased the heart tissues level of MDA
and GSH when compared to ISO-treated
rats.

WGroup| OGroupll @Group lll

8 *%

Mean
w

SOD

Fig. (4a): Effect of ghrelin on antioxidants
enzymes (SOD) unite/mg protein in cardiac
tissues.* denotes significant differences group Il
vs. group I, ** denotes significant differences
Grouplll vs. group 1l
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Fig. (4b): Effect of ghrelin on antioxidants
enzymes (PON1) unite/mg protein in cardiac
tissues.* denotes significant differences group Il
vs. group |,** denotes significant differences
Grouplll vs. group 11
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Fig. (5a): Effect of ghrelin onlipid peroxidation
products (MDA) nmol/g in cardiac tissue unit. *
significant differences group Il vs. group I, **
significant differences group 111 vs. group Il
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Fig. (5b): Effect of ghrelin on reduced
glutathione (GSH) (mg/g) in cardiac tissue unit.
* significant differences group Il vs. group |

** significant differences group Il vs. group Il

Levels of lipid profile in serum of normal
and experimental rats were expressed in
figure (6). ISO-treated rats
significant (P<0.05) increase in the levels of
LDL-

showed

serum cholesterol, triglycerides,
and VLDL,
(P<0.05) decrease in

compared to control rats. Pretreatment with

cholesterol and significant

HDL-cholesterol

ghrelin significantly decrease the levels of
LDL-

cholesterol, VLDL and significantly increase

serum cholesterol, triglycerides,
the levels of HDL-cholesterol compared to

ISO-treated rats.
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Fig. (6): Effect of ghrelin on levels of lipid
profile in serum. * denotes significant
differences group Il vs. group I, ** denotes
significant differences group Il vs. group 11

DISCUSSION

Myocardial infarction is a complex
pathological process affecting all properties
of cardiac muscle and it occurs when the
blood supply to a part of the heart is
interrupted, causing the death of heart
tissue.”  1SO in large doses result in
structural and functional changes in the heart
leading to myocardial necrosis. This is
evident from our study as high doses (>85
mg/kg) of Isoproterenol, a [-adrenergic
agonist, has been found to cause severe
stress in the myocardium resulting in infarct
like necrosis of the heart muscle as
evidenced by significant increase in cardiac
enzymes markers (LDH, CK, and CK-MB) .

These results are in line with previous
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reported results . *® These cardio specific
marker enzymes are released from the heart
into the blood during acute myocardial
necrosis due to deficiency of oxygen supply
or glucose, and this result in disturbance of
cell membrane integrity and results in the
leakage of enzymes in the serum .**

Also, excessive generation of ROS due to
isoproterenol-induced  oxidative  stress
directly injure the cell membrane result in
leakage of cardiac enzymes in serum.”
Pre-treatment with ghrelin in isoproterenol
treated animals reduce cardiac enzymes
markers (LDH, CK, and CK-MB). The
mechanisms by which ghrelin improved
myocardial ~ function and metabolism
following 1SO-damage could be mediated
through the ability of ghrelin in interfering
with ET-1 synthesis in 1SO-induced
myocardial injury. The peptide ET-1 was a
potent and long-lasting vasoconstrictor and
mitogen®, and is considered as an important
pathogenic  factor  of ISO-induced
myocardial injury.?” Another mechanism by
which ghrelin attenuated the myocardial
injury was by inhibiting cardiomyocyte
apoptosis in vitro by  modulating
extracellular signal-regulated kinase-1/2 and
Akt serine kinases.”® Another mechanism
explain the cardioprotective mechanism of
ghrelin on isoproterenol-induced cardiac
toxicity is the ability of ghrelin to attenuate
endothelial dysfunction induced by ISO

toxicity by increasing nitric  oxide

production using a signaling pathway that
involves GHSR-1a, Pl 3-kinase, Akt, and
eNOS.% Also, the cardiovascular protective
effects of ghrelin may be mediated possibly
through a direct effect on the cardiovascular
cells, it prevents the increase in cardiac
sympathetic nerve activity after MI, with
improvement in energy balance.> Moreover,
it has been proved that ghrelin
administration improved cardiac function
and reduced myocardial injury induced by
ischemia and reperfusion in the isolated rat
heart, this effects were independent of
growth hormone secretion.®
The role of oxidative stress in
isoproterenol induced myocardial infarction
in rats has been recognized. Isoproterenol
induce myocardial infarction as a result of
imbalance between formation of free
radicals and anti-oxidant defense system.?**
On the other meaning isoproterenol results
in acute myocardial necrosis due to
increased lipid peroxidation and decreased
antioxidant enzymes, this is evidenced from
our results by significant decrease in
antioxidants enzymes (SOD and PON1) and
significant increase in the level of lipid
peroxidation products (MDA and GSH) in
cardiac  tissue  which  suggests the
involvement of oxidative stress in 1SO
toxicity and these results are in line with the
earlier reported studies.*
The mechanism by which ISO

produce elevation in lipid peroxides with
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reduction in the activity of SOD and PON1
in cardiac tissues could be attributed to the
accumulation of lipids in the heart causing
damage to myocardial membranes® or may
be due to the increased generation of highly
cytotoxic free radicals due to auto oxidation
of catecholamine.®® ROS directly injure the
cell membrane and cause cell death.*
However, ROS, also, stimulate signal
transduction to elaborate inflammatory
cytokines, for example, TNF-q, interleukin
(IL)-1p, and -6 in the ischemic region and
surrounding  myocardium and  these
inflammatory cytokines, also, regulate cell
survival and cell death in the chain reaction
with ROS.® Also, ROS can directly inhibit
myocardial function in vivo and result in
injury in cardiac myocytes and vascular
cells.®®

Our results are in agree with the
previous studies *"*® that reported that
myocardial infarction is proven to be
associated with inflammation with elevation
of pro-inflammatory cytokines (such as
TNF-a and IL-6). Pretreatment with ghrelin
could exert anti-inflammatory effect in
cardiac muscle as evidenced by significant
decrease in level of inflammatory markers in
the plasma, and cardiac tissues of ghrelin
treated rats when compared to ISO alone
treated rats. The mechanisms by which
ghrelin exerts its anti-inflammatory effect
and inhibits the expression of pro-

inflammatory cytokines such as TNF-o and

IL-6 are variants. Ghrelin inhibits the
production of proinflammatory cytokine,
mononuclear cell binding, and nuclear
factor-kappa B activation in  human
endothelial cells in vitro and endotoxin-
induced cytokine production in vivo.* Dixi
et al. reported that ghrelin suppresses pro-
inflammatory factors, including TNF-a, and
reactive oxygen species generation human
monocytes and T cells.® The anti-
inflammatory effect of ghrelin which also
include enhancing thymopoiesis and
modulating phagocytosis may be direct or
through GH production.”* Also, ghrelin
exerts anti-oxidant effect this is evident from
our results by significant increase in the
levels of antioxidant enzymes (SOD and
PONL1) and significant decrease in the level
of (GSH and MDA) in cardiac tissues of
ghrelin treated rats when compared to I1SO
alone treated rats; these result are in agree
with other studies which reported the
antioxidant role of ghrelin in gastric tissues*
and in hepatic tissues.”® It has been proved
that ghrelin enhanced mitochondrial enzyme
activities in muscle, and increase  muscle
oxidative capacity.*

Dyslipidemia was considered as risk
factor for cardiovascular diseases.”® An
altered lipid metabolism can alter the cardiac
function by changing the properties of
cardiac cell membrane and these changes
may contribute to the cell death.”® We

observed the increased levels of total
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cholesterol, LDL and VLDL and decreased
level of HDL in the serum of ISO-induced
rats. These changes in lipid levels might be
due to enhanced lipid biosynthesis by
cardiac cyclic adenosine monophosphate.*’
Also, our study proved increase in cardiac
tissues lipid peroxidation products levels in
isopretrenol-treated group as evidenced by
significant increase in cardiac tissues MDA
which is the end product of lipid
peroxidation products (thiobarbituric acid
reactive substances) and significant decrease
in PON1 which is antioxidant enzyme
closely associated with  high-density
lipoproteins. It is a calcium-dependent
esterase, which detoxifies lipid peroxides,
and is widely distributed in many tissues,
including the heart.”® Previous study
demonstrates that isopretrenol intoxication
in cardiac muscles tissue result in increased
lipid peroxidation products with
concomitant decrease in activities of
lipoprotein lipase an enzyme concerned with
triglycerides uptake from circulation.*® Also,
it induces free radicals accumulation, which
may cause cellular cholesterol accumulation,
by increasing cholesterol biosynthesis and
its esterification, decreasing cholesterol ester
hydrolysis, and reducing cholesterol efflux
and this may explain the dyslipidemic effect
of 1SO.*

Previous study demonstrates the
effect of ghrelin on isoproterenol-induced

lipoytic effect on adipocytes in vitro, where

ghrelin significantly reduced the release of
glycerol in rat adipocytes which were
stimulated by isoproterenol.” Also, it has
been demonstrated that ghrelin plays a
significant role in the regulation of lipid
profiles and body composition and a positive
correlation between ghrelin and high-density
lipoprotein (HDL) cholesterol concentration
has also been observed.***® The antilipolytic
effect of ghrelin is very similar to that of
insulin, which inhibits lipolytic activity in
fat cells™; it decreases intracellular cCAMP
via activation of adipocyte CcAMP
phosphodiesterase; this reduction leads to
the inactivation of not only the cAMP-
dependent  protein  kinase but also
dephosphorylation of hormone-sensitive
lipase.”

Ghrelin is associated with changes
in energy homeostasis favoring
lipogenesis in vivo due to increase the
expression of PPAR-y2 gene that is
important for adipogenesis.”® In addition,
evidence has demonstrated that central
administration of ghrelin stimulate  the
lipogenic program in the white adipose
tissue, via the sympathetic nervous system.*’

CONCLUSIONS
The present study demonstrates that
ghrelin may be considered as promising new
therapy for MI through its antioxidant, ant-
inflammatory  and  antihyperlipidaemic
effects which exert cardioprotective effect

against acute myocardial infarction.
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