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Ghrelin Improves the Fine Structure of Atrial Natriuretic
Factor (ANF) Granules and Intercalated Disc Junctions in
Experimentally-Induced Myocardial Infarction in Rats
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SUMMARY: Ghrelin is a novel growth hormone-releasing peptide administered to treat myocardial infarction (MI). However, the
underlying mechanism of its protective effects against Ml remains unclear. A total of sixty healthy Sprague Dawley mageimatadesl.
The first one is the sham-operated control group were the rats that underwent the same surgical used to induce Ml irgnttiedefit
anterior descending coronary artery (LAD) and received normal saline (0.5 ml) as vehicle; the second Ml model group \tleleAts w
ligation and received normal saline (0. 5 ml) and the third one is MI+ghrelin group were rats that were exposed to suhgesyMob but
received ghrelin (10Qukg, orally, 2x/day). At the end of the experiment after 21 days post-MI, rats were sacrificed and processed for
ultrastructural demonstration. Our experiment showed that ghrelin inhibited cardiomyocyte apoptosis. Concomitant adnongtration
with Ml treated rats of this study appeared to show a considerable protection of the atrial tissues. This study reveakattbatasm was
occupied by normal myofibrils with clear striations and others appeared with minor disruption. Normal distribution ofiateto&uctor
(ANF) granules and well preserved mitochondrial integrity (preserved cristae, normal size and shape), nucleus chromatenaaadge
striated pattern of clear bands (Z and H) compared to the MI group. Intact intercalated disc with clear identificatiofoohédlyascia
adherence and desmosomes with a reconstruction of gap junction (nexus) was also noticed. Atrial myocytes after myoctodiad infar
often associated with subsequent heart failure, which could lead to a fatal outcome. In a rat model of experimental injarciatial
peripheral ghrelin administration attenuated myocyte dysfunction, well-preserved desmosome, adherent and gap junctiercaltes in
disc and normally distributed ANF granules.
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INTRODUCTION

The search for effective methods of myocardial Myocardial infarction is the leading cause of death
cytoprotection against Ml is the most desirable and relevant developed nations. This event results from the abrupt
issue in modern cardiology and especially cardiac surgergduction of coronary flow in a segment of the myocardium.
The protection of myocardial muscle from ischemia-induce@onsequently, severe cellular changes ensue and inevitably
left ventricular dysfunction during coronary artery bypasend in cell death and necrosis (Hearse, 1998). The damage
grafting, valve surgery, or heart transplantation is an essentiat occurs in the myocardium due to ischemia is mainly
matter for further success of the cardiac procedure. Witlue to an increase in the levels of reactive oxygen species
age, this protection is reduced by altered mitochondriéROS) (Ryteket al, 2007). ROS can be produced in the cell
metabolism. In the aged heart, the mitochondria appeareygvarious enzymes including NADPH oxidase (NOX) and
defective that lead to enhanced oxidative injury and thatric oxide synthase (NOS) owing to a lack of
activation of signaling for cell death (Lesnefsgtyal, 2016). tetrahydrobiopterin cofactor (BH4) (Finkel, 1999; Sorescu
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& Griendling, 2002; Droge, 2002). Indeed, ROS induce a state Cardiac intercalated discs (IDs) incorporate numerous
of oxidation that can lead to cellular membrane injury witimolecular complexes that, besides the transmission of
the consequent alteration in metabolic processes. electrical and biochemical signals serve as a linkage between
cytoskeletons of adjacent cardiomyocytes to provide
Recently, drugs that offer cardioprotective effects havetructural support of always mechanically stressed
been studied but few have made it to clinical use, perhaps dugocardial tissue. Because of those critical functionalities,
to animal model choices for studying drug effects as well aisturbance in molecular components of IDs results in
myriad side effects and limited efficacy (Govetral, 2003; cardiomyopathy (Rampazzet al, 2014). In addition,
Bolli et al, 2004). Fumaric acid, a tricarboxylic acid cycledetailed knowledge about the physiology of ID proteins may
small molecule metabolite, may offer myocardial protectiobroaden therapeutically opportunities in clinical cardiology.
via activation of the Nrf2 which is a basic leucine zipper protein
that regulates the expression of antioxidant proteins that protect ~ Therefore, the present investigation was aimed to
against oxidative damage triggered by injury and inflammaticassess the potential of ghrelin as a cardio protective agent in
(Ashrafianet al., 2012). Thus, we speculate that similathe induced Ml of the animal model that epitomizes the ex-
compounds may also offer myocardial protection. A structurgkerimental evaluation of cardio protective agents. The current
analog of fumaric acid, L-malate, is produced during biologicaitudy also elucidates the mechanism of its therapeutic
metabolism of organic acids and serves as an importaafticacy, by substantiating the ultrastructural study on
metabolic intermediate. cardiomocytes ANF, IDs and apoptosis.

Ghrelin is a novel growth hormone-releasing peptide,
which has recently been shown to exert beneficial cardiddATERIAL AND METHOD
effects on chronic heart failure (CHF). Moreover, ghrelin
inhibited the inflammatory response, as shown by decreased
MRNA and protein levels of interleukin (IL)-1beta andAnimals: Sixty healthy Sprague-Dawley male rats (260
tumornecrosis factor-alpha (TNF-alpha). Subsequently, tf&® gm) were obtained from, housed and treated in the ani-
expression of matrix metalloproteinase (MMP)-2 and MMPmal facility of the college of medicine at King Khalid
9 were also inhibited by ghrelin injection. Ghrelin alleviate&Jniversity, Abha, Saudi Arabia. Animals were housed in their
LV dysfunction and ventricular remodeling in post-MI ratsspecific cages under 12-h light/dark cycle at28°C and
This suggests that the beneficial effects of ghrelin on CHFD-65 % humidity and fed semipurified normal control diet
may result from an inhibition of the inflammatory respons€AIN-93G diet) and had free access to drink water. All ex-
(Huanget al,, 2009). Post-Ml in rats, ghrelin accounted for itperimental procedures done in this study were approved by
anti-apoptotic effect, enhanced cardiac function, and inhibiBesearch Ethics Committee of King Khalid University,
cardiac fibrosis during cardiac remodeling (Etcal, 2018). Abha, Saudi Arabia which follow the guidelines established
by the US National Institutes of Health (National Research
Atrial natriuretic factor (ANF) was isolated from the Council, 1996).
atrium by de Bolcet al (1981) (De Bolcet al, 2001), and
since then, brain natriuretic peptide, C-type natriuretic peptidexperimental design: All treatments of the current study
dendroaspis natriuretic peptide, micrurus natriuretic peptideere administered orally and continued for 21 days on daily
and ventricular natriuretic peptide have also been found. Thesasis. Rats were randomly divided into three groups (n=20/
peptides are actually distributed all over the body, not only group) as follows: the first sham operated control group were
the heart (Lagt al, 2002; Caylet al, 2002; Zhaet al, 2003). the rats that underwent the same surgical procedure used to
ANF regulates a variety of physiological functions, includingnduced MI but without tying the left anterior descending
natriuresis, diuresis, and vasodilatation. Although ANF isoronary artery (LAD) and received normal saline (0.5 ml)
synthesized primarily in the heart as a cardiac hormone, ae vehicle; the second MI model group were rats with LAD
also expressed in numerous extracardiac tissues (e.g. luingation and received normal saline (0. 5 ml) and the third
thymus, and gastrointestinal tract tissues) suggests that ANifre was the MI+ghrelin group were rats that were exposed
may play an important role as a regional autocrine and/tr surgery to induce Ml but received ghrelin (L0, orally,
paracrine regulatory peptide in extracardiac tissues (Beng2x/day). Synthetic rat's ghrelin (C147H245N45042, Cat No.
al., 2003). By using immunohistochemistry and in sitab120231, Sigma Aldrich, UK) was used in this study and
hybridization, it has been found that ANF gene expressionasways prepai freshly every day in distilled water to the
localized in the rat gastric antrum in enterochromaffin celldesired volume, to desired groups; ghrelin was administered
(EC cells) in the lower portion of the antropyloric gland®ne day after the surgical procedures. The dose and rout of
(Gerbeset al, 1991; Goweket al, 2000, 2003). ghrelin administration were selected based on the reports of
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confirmed such dose is required to achieve minimgANF). They occurred in clusters of various sizes. These
cardioprotective and anti-apoptotic effect of ghrelin in variouaccumulations have been observed in the central parts of
cardiovascular diseases such as chronic heart failure (Nagétya cell close to the nucleus, but most often they occurred in
et al, 2004) and 2 weeks post-MI (Soekial, 2008). sarcoplasmic pockets between the plasma membrane and
the peripheral myofibrils. The granules were spherical. The
Induction of MI by LAD ligation: MI was established by content of the granules was mostly electron-dense material,
left anterior descending coronary artery (LAD) ligation. lrappearing nearly black when double-stained with uranyl
brief, animals were anesthetized with 1 % solution of sodiuatetate and lead citrate. The sarcoplasm in these parts of the
pentobarbital (50 mg/kg) and ventilated (Harvard rodemiells had a foamy appearance with no specific cellular
ventilator, model 863, Harvard Apparatus, Holliston). Tetructures visible and was always located close to the granule
prevent corneal injury, an eye lubricant ointment was appliegdjgregation (Fig. 1 A and B).
to both eyes in order to prevent dryness. A left thoracotomy
was performed and the heart was exposed and ligated using Intercalated discs, numerous in the rat atrium of the
8—0 polypropylene suture. Then, the chest was closed istzam-operated group, intersected the myocardial cells from
three-layer closure (sternum, pectoral’s muscle, and skioje intercellular space to the next (Fig. 3 A and B). The
with 6-0 sutures, after the air was completely vented outiscs were composed of longitudinal segments running
Successful Ml was confirmed by apparent ST-segmepéarallel to the myofilaments and transverse segments
elevation in electrocardiogram recorded by the Power Laibtersecting the myofibrils. The transverse segments
system (AD instrument, Australia) using 3 limbs electrodefollowed either a straight or a zigzag course across the
The entire procedure usually required 15-25 min and wasyofibril. Two structural modifications of the membranes
usually done by the same surgeon. After surgery and duringre present, the fascia adherence and the macula adherence
recovery, the rat was kept in a humidified°87incubator. (desmosome). The intercellular gap was occupied by fine
Sham-operated animals underwent the same surgiddédments which often seemed to cross the space and to have
procedure without the LAD ligature. Then, all rats received close relationship to the apposed membranes (Fig. 3A and
routine intramuscular injections of buprenorphine-HCI (0.B). Desmosomes, singly or in groups, were also observed
mg/kg) for analgesia and penicillin (1000 U) to preverdlong the longitudinal segments of the disc, often at the level
infection. of the Z-lines. The present study revealed a close relationship
between the intercalated discs and the Z-lines. Nexuses were
Transmission electron microscopy (TEM) procedures: small junctions often located adjacent to the transverse
For TEM, right atrium (RA) specimens were obtained frorsegments of the discs (Fig. 3 A and B).
the area of maximum infracts of hearts of both control and
treated rats were immediately preserved in 2.5 % In this study we noted the presence of myofibrils
gluteraldehyde, trimmed and diced into 1 cubic millimetgparallel to each other and their preserved sarcomeres with
sizes, fixed in gluteraldehyde fixative in 0.1M sodiuntlear bands (Z and H). The myofibrils alternating with the
cacodylate buffer, pH 7.4, and placed in a thermal box cooletdtochondria can also be seen, a feature common in striated
to 4 °C for 2 h. They were post-fixed in 1 % osmiumcardiac tissue. Also, the mitochondria with electron-dense
tetraoxide in a sodium cacodylate buffer and then dehydrateditrix and its external and internal membrane (cristae
in ascending series of ethanol and embedded in Spurr’s resiitochondrial) are intact. An intact nucleus with a normal
Ultrathin sections stained with uranyl acetate and lead citratestribution of chromatin is also seen (Fig. 1 A and B) (Fig.
were examined by transmission electron microscope (JEG-A and B). A normal blood capillary with an endothelium
1011, Jeol Co., Japan) at 80 KV in the Electron Microscompnsisting of a single layer of endothelial cell with a large
Unit, Pathology Department, College of Medicine, Kingrregular nucleus was also noticed (Fig. 5 A).
Khalid University (Bancroft & Gamble 2002).
Group Il (Myocardial infarction treated rats). Sections
from atria of rats after induction of Ml showed evident
RESULTS ultrastructural changes of the heart tissues. Rat's atrial
myocytes showed atrionatriuretic factor (ANF) granules,
which were few and disintegrated in most of the granules
Group | (Sham-operated control rats). Electron (Fig. 1 C and D) (Fig. 2 A and B). Intercalated discs,
microscopic examination of the sections from the rat atrrmumerous in the rat atrium of the Ml treated group showed
of the control group showed normal architecture. Thearked irregularity of its fascia adherence and desmosomes
myocardial cells of the control group contained aggregatioase observed. They were also loss of gap junction (nexus)
of small electron-dense granules, i.e. atrial (specific) granul@sg. 3 C and D) (Fig. 4 A and B). The extracellular matrix
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Fig. 1.Transmission electron micrographs of the right atrium obtained from all group of rats. (Atrionatriuretic factor (ANE}p#eand
B. Sham-operated treated rats atrial myocyte showing dense cytoplasm filled with very dense electron granules, withaspdaselpdr
homogeneous content called atrionatriuretic factor (ANF) granules (arrows). The myofibrils are parallel to each othepaeskthent
sarcomeres with clear bands (Z and H). Also, the mitochondria (m) and nucleus (N) with a normal distribution of chrosatees al
(X10000 & X20000 respectively). C and D. MI group rat's atrial myocyte showing few atrionatriuretic factor (ANF) granules @eo
also observed, degenerated cytoplasm (asterisks) of myofibrils with fragmentation of muscle bands (Z and H) and degecbratddanit
(m) with disoriented and dissoluted cristae, breaks in the outer mitochondrial membrane, disassembly of nuclear lamipa|unapleed|
chromatin randomly dispersed in the nuclei (N) with irregular of its membrane (X10000 & X20000 respectively).

between the cardiomyocytes showed disorganized and In this current work, the degenerated cytoplasm of
degenerated myocytes are noted with the fragmentationmyofibrils with the fragmentation of muscle bands and
muscle bands (Z and H). There was no default in thieegeneration, swollen mitochondria with disoriented and
alignment of cardiomyocytes myofibrils, leading to alissolution of cristae, flocculent density deposition, breaks in
structural impairment in contractile units. Another featuréhe outer mitochondrial membrane, disassembly of the nu-
often observed in the MI group myocytes was the loss olear lamina, markedly clumped chromatin randomly dispersed
mitochondrial integrity. These organelles are presentéulthe nuclei (Fig. 1 C and D) (Fig. 2 A and B). In this group,
swollen, with disrupted membranes, highlighting theats showed damaged blood capillaries with endothelium,
reduction of mitochondrial cristae and loss of electron-deeposition of collagen fibrils and damaged nerve endings were
se matrix. Besides the mentioned alterations, endothelial cellso seen in the interstitium (Fig. 5 B and C).

and myocytes were observed, displaying highly condensed

chromatin associated with the nuclear envelope. Th@roup Il (Co-treated rats with Myocardial infarction
characteristic is an indication that they may be in thand ghrelin treated rats). Concomitant administration of
apoptosis process (Fig. 1 C and D) (Fig. 2 A and B). ghrelin with Ml treated rats showed a considerable protection
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Fig. 2.Transmission electron micrographs of the right atrium obtained from all group of rats. (Atrionatriuretic factor (ANEsgra
and B. MI group rat's atrial myocyte showing atrionatriuretic factor (ANF) granules (arrows), which are few and disintegragéedfi

the granules which have different size molecules, degenerated cytoplasm (asterisks) of myofibrils with a fragmentatienbafinusiscl
(Z and H). Pleomorphic mitochondria (m) and blebs (stars) are seen in the myocardial cells. (X20000). C and D. Co-ingdudd rats
and ghrelin group showing regions of normal architecture with well-preserved integrity and striated pattern of clear band} (Z a
nucleus (N) and mitochondria (m). Atrionatriuretic factor (ANF) granules (arrows) are also seen within normal distrib @0 1
X20000 respectively).

of the atrial tissues. Ultrastructural study of the atrial tissUglSCUSSION

of this group showed that the sarcoplasm was occupied by

normal myofibrils with clear striations and others had been

with minor disruption. Normal distribution of atrionatriuretic Atrial myocytes after myocardial infarction is often
factor (ANF) granules (Fig. 2 C and D), intact intercalatedssociated with subsequent heart failure, which could lead
disc with clear identification of fully formed fascia adherencto a fatal outcome. In a rat model of experimental myocardial
and desmosomes (Fig. 4 C and D) with a reconstructioniofarction, peripheral ghrelin administration attenuated
gap junction (nexus) were also noticed. Well preservedyocyte dysfunction and remodeling was examined as
mitochondrial integrity (preserved cristae, normal size, ardescribed below.

shape), nucleus chromatin arrangement and striated pattern

of clear bands (Z and H) were noticed in comparison to the The electron micrographs of the atrial myocytes of
MI group. Normal blood capillary with intact endotheliumthe sham-operated control group of this study showed the
and clear nucleus with a normal distribution of its chromatipresence of very dense electron granules, with sparsely
content was also noticed in this group of the experimegtanular and homogeneous content, coated with a double
(Fig. 5D) (Table ). membrane. Most of their granules are located near the nu-
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Fig. 3. Transmission electron micrographs of the right atrium obtained from all group of rats. (Intercalated discs) A amd B. Sha
operated control rat's atrial myocyte showing normal intercalated disc. Intercalated discs are the membrane sites whate individ
cardiomyocytes are connected to each other. Fascia adherens- (FA), desmosomal- (D), and gap junctions (nexus) (N)rateesituated
intercalated disc. Healthy myofibrils and its striated pattern with clear bands (Z and H) and intact mitochondria (myseen.also
(X10000 & X20000 respectively). C and D. MI group rats showing damaged intercalated discs. The marked irregularity of fascia
adherens (FA) and desmosomes (D) are observed. We notice also a loss of gap junction (nexus). Degenerated myofilgiisenittiafira

of muscle bands (Z and H) with blebs (stars) in myocardial apoptotic cells, pleomorphic mitochondria (m), vacuoles (Vitiod depo

of collagen fibrils (CF) are also seen (X10000 & X20000 respectively).

clear poles, among mitochondria but there is a small number  Sections from atria of rats after induction of Ml
near the plasma membrane (Gama & Rodrigues de Sougiapwed evident ultrastructural changes of the heart tissues.
2006). Previous studies from the fifties (Kisch, 1956) ifRat's atrial myocytes showed atrionatriuretic factor (ANF)
guinea pig hearts have shown the presence of specific atgjeanules, which were few and disintegrated in most of the
granules which has been functionally considered as granules. After de Bold and co-workers identified ‘atrial
activator of sodium and water excretion and blood pressunatriuretic factor' (ANF) as a major constituent of rat atrial
reduction (De Boldet al, 1981; Forssmanat al, 1984; granules with a potent diuretic and natriuretic effects (de
Skepper & Navaratnam, 1988; Jiao etal., 1993; Yosh#taraBold et al, 1981; Cantin & Genest, 1985), ANF were soon
al., 1998). Those granules, in the myocytes of the auriclescognized as a ubiquitous hormonal system in both
and in the atria, contain a peptide hormone called atrimammalian and non-mammalian vertebrates. Therefore, they
natriuretic factor (ANF). The atrial walls are distended undémcrease the efficiency of information and ‘memory’ of the
conditions of hypervolemia or blood pressure increase wouigart by interacting with other neuropeptides and endocrines
promote an increase in the ANF percentage in the blopdoduced by other cell components (Hirageal, 1998;
(Veress & Sonnerberg, 1984). Zhanget al, 2005), improving the zonal capacity to detect
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Fig. 4. Transmission electron micrographs of the right atrium obtained from all group of rats. (Intercalated discs) A. &8p kéity

showing damaged intercalated discs. The observed irregularity of facia adherens (FA) and desmosomes (D) are observedsdVe notice
a loss of gap junction (nexus). Degenerated myofibrils with a fragmentation of muscle bands (Z and H) and pleomorphicriaitochond
(m) are also seen. (X10000 & X20000 respectively). C. & D. Co-treated rats with Ml and ghrelin group showing intact idtdizalate

Note fascia adherens (FA) and desmosomes (D). Reconstruction of gap junction (nexus) is also noticed. Healthy myoftbrils and it
striated pattern with clear bands (Z and H) and mitochondria (m) are also seen. (X10000 & X20000 respectively).

and respond to variations in the internal and extern2017). a - E- catenin is a cell adhesion protein, located within
environment. The enhancement of ANF synthesis in the cellee adherent junction, thought to be essential indirectly
to overcome cardiac overload, as in advanced heart failulieking the cadherin-based adhesion complex to the actin
led to a reduction of the granule size with subsequeaytoskeleton. Although a-E-catenin is expressed in the
decrease in the levels of atrial ANF mRNA and plasma AN&dherent junction of the IDs in dilated cardiomyopathy
in the course of the down-regulation (Mifueeal, 1991, models, its role in the myocardium remains unknown (Sheikh
1992, 1996). et al, 2006). Gap junctions form pathways for direct
intercellular communication, a function of particular
Intercalated discs, numerous in the rat atrium of thenportance for morphogenetic signaling during
MI treated group showed marked irregularity of its fascidevelopment. The confocal scanning laser microscopy is
adherence and desmosomes are observed. They were atsl to understand the structural basis of the function of
loss of gap junction (nexus). Disturbances of the proteinsgdp junctions in the normal adult, developing and diseased
IDs deteriorate cardiac function and morphology, one tfearts (Severgt al, 1993). Adherent junctions and
these is afadin, which is one of adherent junction componerissmosomes are responsible for coupling myocytes in the
that is expressed ubiquitously including IDs (Zankbal, heart and are found closely opposed to gap junction plaques
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Fig. 5. Transmission electron micrographs of the right atrium obtained from all group of rats. (Blood capillaries) (10000X). Sha
operated control rat's atrial myocyte showing a normal blood capillary (Cap) with intact endothelial cells (En), nucleieryiiraaytes

(R). Note normal myocyte structure with its striated pattern with clear bands (Z and H) and mitochondria (m). & C. Ml gvimgp sho
damaged blood capillaries (Cap) with endothelium (En), degenerated cytoplasm (stars) of myofibrils with fragmentation of muscle
fibers (F) and mitochondria (m). Deposition of collagen fibrils (CF), damaged nerve endings (NE) and monocytes (MC) ereiralso se

the interstitium. D. Co-treated rats with Ml and ghrelin group showing normal blood capillary (Cap) with intact endothgliith(En

its nucleus (N) and erythrocytes (R) in its lumen and nucleus (N).

at the intercalated discs of cardiomyocytes. It is not knowfibrils, damaged nerve endings were also seen in the
whether loss of cardiac gap junctions, such as describedriterstitium. The evidence of apoptosis, confirm the
cardiac disease states, may influence the expression pattentdecular assay findings, which the conversion of
of other intercalated disc-associated proteins (Gutgtiein procaspase-3 to cleaved caspase-3 is noted. Although the
al., 2003). electron microscopy did not reveal a constant chromatin
condensation and nuclear fragmentation (cell death), the
In the MI group of this study, a degenerated cytoplasmardiomyocyte is deteriorated (Commuegal 2002). This
of myofibrils with a fragmentation of muscle bands andould indicate that the myocytes are in a proapoptotic stage,
degeneration, swollen mitochondria with disoriented andhile the morphologic nuclear changes do not happen
dissoluted cristae, flocculent density deposition, breaks {(Narulaet al, 1999). Dogaret al (2010) also identified in
the outer mitochondrial membrane, disassembly of the niats, positive apoptotic cardiomyocytes in the heart irradiated
clear lamina, markedly clumped chromatin randomlwith a dose of 20 Gy. The endothelial cell injury appears to
dispersed in the nuclei. In this group, rats showed damadael the main event responsible for triggering late damage.
blood capillaries with endothelium, Deposition of collage®ecause of low blood perfusion, late myocardial
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Table I. Morphological features of Sham-operated, myocardial infarction (Ml), and Ml+ghrelin — treated Rats

No

MI + ghrlein -treated Rats
Normal distribution and normal

size granules

MIl-operated Rats
Few and disintegrated in most of the

Sham-operated control Rats

Aggregations of small electron dense granules

Aspects
Atrionatriuretic factor (ANF)

granules

granules with different size molecules

accumulated in the central parts of cell close to nucleus

1

Ghrelin improves the fine structure of atrial

natriuretic factor (ANF) granules and intercalated disc junctions in experimentally-induced myocardial infarctioinin Jatdorphol., 36(3)1031-1042, 2018.

and between plasma membrane and peripheral myofibrils

Longitudinal segments running parallel to the

myofilaments

Intact

Intact intercalated discs

Damaged intercalated discs

Intercalated discs

Normal
Nommal

Irregularity

Fascia adherence
Desmosomes

Irregularity

Lost

Intact

Reconstruction

Intact

gap junctions

Myocardial cells

Intact architecture

Degenerated cytoplasm of myofibrils

Damaged sarcomeres

Nomal architecture

The sarcoplasm was occupied by

normal myofibrils

Preserved sarcomeres

Myofibrils

Clear striation (Z and H) bands

Preserved mitochondria

Fragmentation of muscle bands

Clear bands (Z and H).

Intact

Z and H bands

Pleomorphic, swollen and disoriented

mitochondria
Deteriorated

Mitochond

ria

Intact

Nomal

Blood capillaries

Normal cells resting on the
basement membranes

Intact layer

Damaged and degenerated cytoplasm

Intact cells resting on the basement membranes

Endothelial cells

Detached in the interstitium

Deteriorated lumen

Intact layer

Subendothelial layer
Capillary lumen

Normal lumen

Intact lumen

degeneration has been observed by some authors and it
is associated with a progressive increase of fibrosis and
cardiomyocytes apoptosis (Waagal, 2007; Jelonek

et al, 2011). In addition, cardiac fibrosis, this is one of
the main biologic determinants of poor prognaosis in
heart failure and strongly associated with severe
arrhythmias, diastolic dysfunction, and sudden death.

Compaction of nuclear chromatin into sharply
circumscribed, uniformly dense masses that abut the nu-
clear envelope was seen in occasional cardiocytes was
clearly observed in this study. These cells also exhibit
nuclear fragmentation and chromatin condensation with
lysis of the nucleolemma whereas the sarcolemma
remains intact until the cell is engulfed by local
macrophages with avoidance of inflammation (James,
1994). Wyllie (1987) proposed four cardinal elements
involved in apoptosis. These included (Pereretet,
1988) cell volume reduction (Baandrep al, 1981),
nuclear chromatin condensation in early stages of
apoptosis (Knieriem, 1978), changes in the cell
membrane.

Concomitant administration of ghrelin with Ml
treated rats of the present study showed a considerable
protection of the atrial tissues. Ultrastructural study of
the atrial tissue of this group showed that the sarcoplasm
was occupied by normal myofibrils with clear striations
and others had been with minor disruption. Normal
distribution of atrionatriuretic factor (ANF) granules,
an intact intercalated disc with clear identification of
fully formed fascia adherence and desmosomes with a
reconstruction of gap junction (nexus) were also noticed.
Normal blood capillary with intact endothelium and
clear nucleus with a normal distribution of its chromatin
content and well preserved mitochondrial integrity
(preserved cristae, normal size, and shape), nucleus
chromatin arrangement and striated pattern of clear
bands (Z and H) in comparison to the MI group were
also noticed.

Ghrelin, a growth-hormone secretagogue,
stimulates muscle anabolism, has anti-inflammatory
effects, promotes vasodilatation and improves cardiac
performance (Rochat al, 2017). Ghrelin has been
shown to have protective effects against Ml by inhibiting
cardiomyocyte and endothelial cell apoptosis (Baldanzi
et al, 2002), and to improve left ventricular function
during ischemia-reperfusion (I/R) injury (Frascaretli
al., 2003). In rats with heart failure (HF), ghrelin
improves LV dysfunction and attenuates the
development of cardiac cachexia (Nagetyal, 2001b).
Similarly, in short-term studies, ghrelin improves cardiac
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function and decreases systemic vascular resistancecAGKNOWLEDGMENTS:

patients with chronic HF (Nagayt al, 2001c). In the

vasculature, ghrelin exerts vasodilatory effects (Nagaya

et al, 2001a) and possibly anti-inflammatory effects that The authors extend their appreciation to the Deanship
may be of potential importance for the development aff Scientific Research at King Khalid University for funding
atherosclerosis (Dix#t al, 2004). Further evidence for athis work through research groups program under grant
protective action of ghrelin against cardiac I/R wasumber (R.G.P. 1/1/38)

provided by the study by Chaegal (2004), who showed
that administration of ghrelin during reperfusion resulted
inimprovement in coronary flow, heart rate, left ventriculag|p, r. A.: ZAKI, M. S. A.: ALGHAMDI, M. A. : AL-
systolic pressure, and enhanced rates of left ventricUBHRAIM, M.; EL-KOTT, A. F.; AL-HASHEM, F. H.;
contraction and relaxation and reduced myocardial releaSeDERA, H. & ALKHATEEB, M. A. La grelina mejora las

of lactate dehydrogenase and myoglobin. These resuggiructuras finas de los granulos de factor natriurético atrial
would suggest not only functional improvement but alseANF) Yy las uniones intercaladas de disco en el infarto de

protection from tissue injury, which may be of importanggogalrgg’li”f(;‘:izdozgige“me”ta'meme en raieis.J. Morphol.,
clinical significance. (3 - , :

. ) RESUMEN: La grelina es un nuevo péptido liberador

Many drugs that offer cardioprotective effects havge hormona de crecimiento administrado para tratar el infarto de
been Studled, but feW have made Iitto C“n'cal use. V|tamfﬂ|ocard|0 (|M) Sin embargoy el mecanismo Subyacente de sus
D has anti-inflammatory and antioxidant effects and casfectos protectores contra el IM atn no se conocen. Se incluye-
be demonstrated as a promising cardioprotective agentan un total de 60 ratas macho Sprague Dawley saludables. En el
MI (EI-Gohary & Allam, 2017). The arctigenin which is agrupo control se incluyeron ratas que fueron sometidas a una
potent antioxidant that found in certain plants may inhibfirugia utilizada para inducir el IM, pero sin ligar la arteria
MI, and exhibits antioxidative and anti-inﬂammatorycoronaria descendente anterior izquierda (ACDAI) y recibieron
effects through regulation of the inducible nitric oxide&{€" fisiologico normal (0,5 ml) como vehiculo; el segundo gru-

; po modelo de IM fueron ratas con ligadura de ACDAI y recibie-
synthase (iNOS), cyclooxygenase 2 (COX'Z)ron suero fisioldgico normal (0,5 ml); el tercer grupo estuvo for-

phosphorylated-extracellular signal-regulated kinase _1(@ad0 por ratas con IM + grelina, expuestas a la cirugia para
(P-ERK1/2) and heme oxygenase 1 (HO-1) pathways in@jucir IM pero luego recibieron grelina (100 m/kg, oralmente,

rat model of AMI (Zhang & Yang, 2018). Moreover, a2x/dia). Al final del experimento, 21 dias después del infarto de
structural analogue of fumaric acid, L-malate, is producediocardio, los animales fueron sacrificados y procesados para el
during biological metabolism of organic acids and servestudio ultraestructural. Nuestro experimento mostré que la
as an important metabolic intermediate may protect agaiggglina inhibe la apoptosis de los cardiomiocitos. La administra-

myocardial ischemia/reperfusion (I/R) injury in rats viaFién cor_1,comitan_te de grelina en r_a_ltas con IM parece ipdicar una
anti-inflammatory and antioxidant activity and this ma)protecmon considerable de los tejidos atriales. Ademas, el estu-

. . L .. “djo reveld que el sarcoplasma estaba ocupado por miofibrillas
be associated with activation of the Nrf2/Keapl ammx'daﬂ rmales con estriaciones claras y otras con una alteracion me-

pathway (Dinget al, 2016). nor. Se encontré una distribucién normal de los granulos del fac-
tor natriurético atrial (FNA) e integridad mitocondrial bien con-
servada (crestas conservadas, tamafio y forma normales), dispo-

CONCLUSIONS sicion de la cromatina del nucleo y patron estriado de bandas
claras (Z y H) en comparacioén con el grupo IM. También se ob-
servo un disco intercalado intacto con una clara identificacion

The main finding of the present study is thatghreIiHe la adherencia de la fascia completamente formada y

has a cardioprotective role in MI. Animals receiving ghrelifSSmoS0mas con una reconstruccion de |a union gap (nexo). Los
had imoroved cardiac structure. The present stu miocitos atriales, después de un infarto de miocardio, a menudo

P . i P . asocian con insuficiencia cardiaca posterior, que podria con-
demonstrates that ghrelin has potential to protect against MJcir a un desenlace fatal. En un modelo de rata de infarto de

by restoring endogenous antioxidants, preservingiocardio experimental, la administracion de grelina periférica
histopathology and ultrastructure of myocytes ANF, IDs angtenué la disfuncién de miocitos, con conservacién del
apoptosis. The findings of this study are suggestive of ghretirsmosoma, adherencia y unién de la brecha del disco intercala-
as an adjunct in prophylaxis from Ml or as a beneficialo y una distribucién normal de los los granulos de FNA.
mediator in delaying the initiation, progression, and

development of MI, in patients who are at risk of developinE PALABRAS CLAVE: Greling; Infarto de miocardio;

tor natriurético atrial; Uniones intercaladas de discos;

ischemic heart disease. However, for use in humans, furt s

studies are warranted.
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