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Abstract. Oxytocin (OT) was revisited recently as a hormone of cardiovascular system with several
new functions in cardiovascular regulation. But less is known about its role in acute myocardial injury
(MI). The aim of our study was to investigate the possible protective effect of OT on the biochemical,
histological and immunohistochemical changes of MI induced by isoprenaline (ISO) in adult male
albino rats and studying the possible role of nitric oxide (NO) in its action. Forty male albino rats
were divided into 5 groups: control rats (Group I), acute MI rats (Group II), rats pretreated with OT
prior to induction of MI (Group III), rats injected with a combination of OT and atosiban (ATO,
OT receptor antagonist) prior to induction of MI (Group IV). In Group V; a combination of OT and
nitric oxide synthase inhibitor (L-NAME) were injected to the rats prior to induction of MI. The
heart wall in all groups were taken and processed for histological, immunohistochemical, morpho-
metrical and biochemical studies. We concluded that OT has antioxidant, anti-inflammatory and
anti-apoptotic effects on MI and its effects is mediated through NO.
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Abbreviations: AMPK, AMP-activated protein kinase; ATO, atosiban; CAMKK, Ca?*/calmodulin-
dependent protein kinase kinase; CPK, creatine phosphokinase; GSH-Px, glutathione peroxidase; ISO,
isoprenaline; LDH, lactate dehydrogenase; L-NAME, nitric oxide synthase inhibitor; MDA, malondi-
aldehyde; MI, myocardial injury; MPO, myeloperoxidase activity; NF-kB, nuclear factor kappa-light-
chain-enhancer of activated B cells; NO, nitric oxide; OT, oxytocin; OTRs, oxytocin receptors; PI3K,

phosphoinositide 3-kinases; ROS, reactive oxygen species; TNF-a, tumor necrosis factor-alpha.

Introduction

The myocardial tissue, unfortunately, has a limited capac-
ity for regeneration and repair. So myocardial infarction
is a major cause of morbidity and mortality worldwide,
accounting for up to 40% of all deaths (Tawfik et al. 2010;
Upaganlawar et al. 2010). Cell death, either progressive or
acute, is a hallmark characteristic of various cardiac diseases,
including myocardial injury (MI).

The heart is susceptible to numerous stresses that can
cause MI. Once MI occurred, a vicious cascade of patho-
physiological and biochemical alterations including hy-
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perlipidemia, thrombosis and lipid peroxidation leads to
qualitative and quantitative changes of the myocardium. It
has also been suggested that oxidative stress plays a major
role in MI (Gaziano et al. 2010).

Apoptosis — the complex biological process characterized
by cell shrinkage, chromatin condensation and DNA frag-
mentation - is involved in the pathogenesis of MI. Several
protease families are implicated in apoptosis, the most promi-
nent being caspases. In rat cardiomyocytes, it was shown that
oxidative stress and the increase in concentrations of TNF-a
are causative factors for apoptosis (Bae et al. 2010).

OT, a nanopeptide released from hypothalamic nerve ter-
minals of the posterior pituitary, stimulates uterine contrac-
tions during parturition, milk ejection during lactation and
is involved in cognition, tolerance, adaptation and complex
sexual and maternal behavior. Indeed, recent studies indicate
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that equivalent concentrations of OT were found in the male
pituitary, and stimuli for OT release were determined for
both genders, suggesting other physiological functions for
the hormone (Szeto et al. 2013).

OT is produced and released by the heart and acts on its
cardiac receptors to decrease heart rate and force of contrac-
tion. Systemic administration of OT has significant effects on
blood pressure, vascular tone and cardiovascular regulation
(Szeto et al. 2008).

OT action and signaling are mediated by oxytocin recep-
tors (OTRs), which are present in both the heart and large
vessels. OTRs have been found in many other tissues as well.
The size of OTRs in rat heart appears to be identical to those in
the uterus and other organs. The presence of an OT antagonist
in heart perfusion medium decreased not only OT effects,
but also its basal release, indicating that the heart is a site of
OT synthesis and supporting the hypothesis that these effects
could be physiologically relevant (Paul-Clark et al. 2003).

OT was also shown to have transient negative inotropic
and chronotropic effects on perfused isolated dog right atria
in a mechanism mediated by NO production and acetyl-
choline release at cardiac parasympathetic postganglionic
neurons (Menaouar et al. 2014).

While different synthetic drugs — with many adverse effects
— are being used in managing heart diseases, oxytocin (OT)
was recently revisited as a hormone of cardiovascular system
with several protective and regulatory functions (Whelan et
al. 2010). But less is known about its role in MI.

Based on this background, the present study aimed to
evaluate the possible role of nitric oxide as a mediator for the
protective effect of OT on isoprenaline (ISO)-induced acute
MIin albino rats and to study the antioxidant, anti-apoptotic
and anti-inflammatory effects of OT.

Materials and Methods

Experimental animals

All of the animals were approved by the Ethical Commit-
tee of the Faculty of Medicine, Benha University, Egypt.
This study was conducted on 40, 6-8 weeks old, adult male
Sprague Dawley rats each weighing between 180 and 200 mg.
Animals were housed in the animal laboratory at the medi-
cal research center at Benha Faculty of Medicine. They were
allowed free access to water and standard diet.

Chemicals

Isoprenaline powder was supplied by Sigma Chemical (St.
Louis, MO., USA). OT (syntocinon ampoule) was from
Novartis Company and ATO (tractocile ampoule) - OT
receptor antagonist — was from Ferring (Limhamn, Swe-

den). As well as L-NAME - a nitric oxide synthase inhibitor
- supplied by Sigma (St. Louis, MO, USA) and urethane
from Sigma-Aldrich Chemie (Munich, Germany).

Groups of the experiment

The animals were randomly divided into 5 groups, each con-
sisting of 8 rats. The groups are as follow: Group I (Control
group) received only 0.5 ml saline subcutaneously (s.c.) once
a day for 2 successive days. Group II (MI group) received ISO
hydrochloride 85 mg/kg s.c. dissolved in saline once daily
for two successive days to induce MI (Rajadurai and Prince
2006). Group IIT (MI+OT group) received OT (0.5 mg/kg/
day; s.c.) (Russell et al. 2004), one day before ISO-induced MI
and continued to receive OT 20 minutes prior to s.c. injection
of ISO for two successive days. Group IV (MI+OT+ATO
group) received combination of OT as in Group IITand ATO
(1 mg/kg/days; intraperitoneally (i.p.)) (Russell et al. 2004) one
day before ISO-induced MI and continued to receive OT and
ATO 20 minutes prior to s.c. injection of ISO for two suc-
cessive days. Group V (MI+OT+L-NAME group) received
combination of OT as in Group IIT and L-NAME (20 mg/kg/
dayi.p.) (Khatua et al. 2012) one day before ISO-induced MI
and continued to receive OT and L-NAME 20 minutes prior
to s.c. injection of ISO for two successive days.

Twenty-four hours after the last treatment, the rats were
anesthetized by urethane in a dose of 1.25 g/kg body weight
dissolved in saline (Iwamoto et al. 1987). Thereafter, blood
samples were collected from the retro-orbital plexus for
estimation of creatine phosphokinase (CPK), lactate dehy-
drogenase (LDH) and nitrate levels. Rats were then sacrificed
by decapitation and the hearts were rapidly isolated, washed
with ice-cold saline and the left and right ventricles were
divided equally to the samples. The right ventricles were
homogenized in phosphate buffer (pH 7.4) to prepare ho-
mogenate that were used for the estimation of cardiac tumor
necrosis factor alpha (TNF-a), myeloperoxidase activity
(MPO), caspase-3, glutathione peroxidase (GSH-Px) and
malondialdehyde (MDA) contents, while the left ventricles
were preserved in 10% formalin for histological and immu-
nohistochemical examination.

Biochemical assay

At the end of the experimental protocol, serum CPK (Of-
ferman et al. 1972) and LDH (King 1965), were measured
by enzymatic colorimetric method (Bio-diagnostic, Egypt),
while cardiac tissue TNF-a was measured by commercial
sandwich Elisa kits for rats according to manufacturer’s in-
structions (Sigma-Aldrich Co., St Louis, MO, USA) (Francis
et al. 2004). Cardiac tissue caspase-3 activity was measured
by Colorimetric Assay Kit from Bioscience (USA) and ex-
pressed as units/mg (Cai et al. 2002). MPO was measured
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as an index of neutrophil accumulation and was assessed
using a commercial assay kit (Hycult Biotech Inc., Burling-
ton, CA) (Rajadurai and Prince 2006). Plasma nitrate, the
metabolic end-product of NO, was measured according to
the method described by Bories and Bories (1995). In addi-
tion, lipid peroxidation in cardiac tissues was estimated by
the determination of thiobarbituric acid reactive substances
content that was evaluated as MDA in heart homogenate
using a standard kit purchased from Biodiagnostic (Egypt)
(Ndiaye et al. 2008) and cardiac GSH-Px content was de-
termined using a commercial kit (Biodiagnostic, Egypt)
(Ovize et al. 2010).

Light microscopic study

Tissue specimens were fixed in 10% neutral buffered forma-
lin embedded in paraffin and cut in sequential 4-5 mm thick
sections. These sections were stained with hematoxylin and
eosin stain (H&E) (Bancroft and Layton 2013).

Immunohistochemical study

Immunohistochemistry was used to localize the Bax antigen.
Bax antibodies (Santa Cruz Biotechnology Inc.) were put at
4°C overnight. The appropriate horseradish peroxidase conju-
gated secondary antibodies were added and the samples were
incubated for 1 h at room temperature (1:6,000 dilution for
Bax) as described previously (Buytaert et al. 2006).

Morphometric study

The mean area% of Bax immunoreaction in cardiomyocytes
was quantified in 10 images of high-power magnification
%1000 for each Group using Image-Pro Plus program ver-
sion 6.0 (Media Cybernetics Inc., Bethesda, Maryland, USA)
in the Pathology Department, Faculty of Medicine, Benha
University.

Statistical analysis

All the data are presented as mean + standard deviation (SD).
Evaluation of differences between groups was performed us-
ing one-way analysis of variance (ANOVA) with SPSS 19.0
software. p < 0.05 was considered statistically significant.

Results

Mortality rate

No rats died in the control, MI+OT and in the MI+OT+ATO
groups. Only one rat died in the MI Group with a mortality
rate (12.5%) and other one died in the Group that pretreated

with OT and L-NAME (MI+OT+L-NAME group), with
a mortality rate (12.5%).

Effect of OT and its combination with ATO and L-NAME
on cardiac enzymes and nitrate levels in blood

As shown in Table 1, injection of ISO leads to significant
increase in serum CPK and LDH with significant (p < 0.001)
decrease in plasma nitrate. Pretreatment with OT resulted
in a significant (p < 0.001) decrease in serum CPK and LDH
with significant increase in plasma nitrate when compared
with Group II. The combination of OT and ATO prevents the
effect of OT significantly (p < 0.001) when compared with
Group III as well as it causes significant increase in CPK and
LDH with significant decrease in nitrate when compared with
Group II, indicating that ATO causes more deterioration in
cardiac enzymes and nitrate levels. Combination of OT and
L-NAME causes significant increase in CPK and LDH with
significant decrease in nitrate when compared with Group IIL
By comparing Group V with Group II, there was significant
decrease in serum CPK and LDH with significant decrease in
plasma nitrate activity in Group V than Group II, indicating
that although L-NAME causes significant decrease in OT
protective effect on CPK and LDH, OT still has significant
protective effect on cardiac enzymes levels.

Effect of OT and its combination with ATO and L-NAME on
levels of cardiac TNF-a, caspase-3 activity and MPO activity

As shown in Table 2, injection of ISO leads to significant
increase (p < 0.001) in cardiac TNF-a level, caspase-3 and
MPO activity. Pretreatment with OT leads to significant
(p < 0.001) decrease in TNF-a level, caspase-3 and MPO
activity when compared with Group II. Combination of
OT and ATO prevents the effect of OT significantly (p <
0.001) when compared with Group III. Combination of
OT and L-NAME causes significant (p < 0.001) increase in

Table 1. Effect of OT and its combination with ATO and L-NAME
on CPK, LDH and nitrate in ISO-induced MI rats

Parameter
CPK (U/1) LDH (U/l)  Nitrate (ng/ml)
Groupl — 2444+25 217.6+334  17.6+1.06 8
GroupIl ~ 390+297* 3384+660°  106+098° 7
GroupIIl 2984 +4.0° 2455 +283° 20+£1.07° 8
GroupIV  411+2.1% 367.9 +4.45® 9+13% 8
GroupV  352.6+87° 306+ 6.2 6.7+076° 7

4 significant difference (p < 0.001) compared with Group I (control
group); b significant difference (p < 0.001) compared with Group II
(MI group); © significant difference (p < 0.001) compared with
Group III (MI+OT group). Data are mean + SD.
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Table 2. Effect of OT and its combination with ATO and L-NAME
on TNF-q, caspase-3 and MPO in ISO-induced MI rats

Parameter

TNF-a Caspase-3 MPO n

(pg/mg) (u/mg) (u/gm)
Groupl 268+ 1.7 45+0.18  079+008 8
GroupIl 58.1+19%  124+022°  24+074 7
GroupIIl 354+ 1.6° 58+0.15°  098+0.13" 8
GroupIV 673+17% 138+01®  3.08+0.15% 38
GroupV  53.7+3.07°% 89+035P 203+03° 7

?significant difference (p < 0.001) compared with Group I (control
group); © significant difference (p < 0.001) compared with Group
I (MI group); € significant difference (p < 0.001) compared with
Group III (MI+OT group); € significant difference (p < 0.01) com-
pared with Group II (MI group). Data are mean + SD.

TNF-a level, caspase-3 and MPO activity when compared
with Group III. By comparing Group IV with Group II,
there was significant increase in TNF-a level, caspase-3
and MPO activity in Group IV than Group II, indicating
that ATO causes more deterioration in inflammation and
apoptosis. By comparing Group V with Group II, there was
significant decrease in TNF-a level and caspase-3 activity in
Group V than Group II, indicating that although L-NAME
causes significant decrease in OT protective effect on TNF-a
level, caspase-3 and MPO activity; OT still has significant
anti-inflammatory and anti-apoptotic effect.

Effect of OT and its combination with ATO and L-NAME
on levels of cardiac MDA and GSH-Px activity

As shown in Table 3, injection of ISO leads to significant
increase (p < 0.001) in cardiac MDA and significant decrease
(p <0.001) in GSH-Px activity. Pretreatment with OT leads to

Table 3. Effect of OT and its combination with ATO and L-NAME
on MDA and GSH-Px in ISO-induced MI rats

Parameter
MDA (nmol/gtis-  GSH-Px (u/mg) n
sue)
Group I 6.3+0.47 5.8 +0.36 8
Group II 11.8 +0.43% 2.8 +0.39% 7
Group 11T 8+0.220 5+0.17° 8
Group IV 15.9 + 0.79° 1.9 + 0.3 8
Group V 10.6 + 1.3 3.7 0.4 7

¥ significant difference (p < 0.001) compared with Group I (control
group); b significant difference (p < 0.001) compared with Group
IT (MI group); € significant difference (p < 0.001) compared with
Group III (MI+OT group); & significant difference (p < 0.05) com-
pared with Group II (MI group). Data are mean + SD.

significant (p < 0.001) decrease in MDA level, and significant
increase in GSH-Px activity when compared with Group II.
Combination of OT and ATO prevents the effect of OT sig-
nificantly (p < 0.001) when compared with Group III. Com-
bination of OT and L-NAME causes significant (p < 0.001)
increase in MDA and significant decrease in GSH-Px activity
when compared with Group III. By comparing Group IV
with Group II, there was significant increase in MDA and
significant decrease in GSH-Px activity in Group IV than
Group II, indicating that ATO causes more deterioration
in oxidative stress and lipid peroxidation. By comparing
Group V with Group II, there was significant decrease in
MDA level and significant increase in GSH-Px activity in
Group V than Group II, indicating that although L-NAME
causes significant decrease in OT protective effect on MDA
and GSH-Px activity, OT still has significant protective effect
on oxidative stress and lipid peroxidation.

Histological change

Myocardial sections from Group I stained with H&E showed
normal appearance of rat’s myocardium, branching and anato-
mizing of cardiac muscle fibers with acidophilic myofibrils in
sarcoplasm and central elongated vesicular nuclei and inter-
stitial tissue. The interstitial tissue contained oval fibroblasts
and few collagen fibers in-between the muscle fibers (Fig. 1A).
Myocardial sections from rats injected with ISO in Group II
showed abnormal cardiomyocytes. Most cardiomyocytes had
multiple focal areas of myocardial degeneration with deeply
acidophilic cytoplasm, vacuoles and deeply stained central
nuclei. The interstitial tissue contained wide spaces with
edema, oval fibroblasts, few collagen fibers and wide areas of
hemorrhage in-between the muscle fibers (Fig. 1B).

A marked improvement was noticed in rats pretreated
with OT in Group III. There were branching and anatomiz-
ing cardiac muscle fibers with acidophilic sarcoplasm and
central elongated vesicular nuclei and interstitial tissue. The
interstitial tissue contained oval fibroblasts and few collagen
fibers in-between the muscle fibers (Fig. 1C).

On the other hand, pretreatment with OT in combina-
tion with ATO in Group IV showed no improvement in
the abnormal cardiomyocytes. Most cardiomyocytes had
deeply acidophilic cytoplasm and deeply stained nuclei.
The interstitial tissue showed oval fibroblasts in-between
the muscle fibers and wide areas of hemorrhage around the
blood vessels (Fig. 1D).

Combination of OT with L-NAME in Group V showed
aslightimprovement in cardiomyocytes. There was a branch-
ing and anatomizing cardiac muscle fibers with acidophilic
sarcoplasm and central elongated vesicular nuclei. The in-
terstitial tissue showed oval fibroblasts, few collagen fibers
in-between the muscle fibers and small areas of hemorrhage
around the blood vessels (Fig. 1E).
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Figure 1. Histological changes of rat left ventricles stained with
H&E. A. Group I showing normal cardiomyocytes (CM). The in-
terstitial tissue contains oval fibroblasts (F) and few collagen fibers
in-between the muscle fibers. B. Group II showing abnormal CM
with deeply acidophilic cytoplasm and vacuoles (V). The interstitial
tissue contains wide spaces with edema (E), oval fibroblasts (F), few
collagen fibers and wide areas of hemorrhage (Hg) in-between the
muscle fibers. C. Group III showing marked improvement in CM
and interstitial tissue. D. Group IV showing abnormal CM with
a deeply acidophilic cytoplasm and deeply stained nuclei. The
interstitial tissue shows oval fibroblasts (F) in-between the muscle
fibers and wide areas of hemorrhage (Hg) around a blood vessel
(BV). E. Group V showing normal CM and the interstitial tissue
shows small areas of hemorrhage (Hg) in-between the muscle fib-
ers (H&E x1000).
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Immunohistochemical change

As shown in Fig. 2A, myocardial sections from Group I
showed negative immunostaining reaction for Bax in
the branching and anatomizing cardiac muscle fibers. It
was demonstrated that the level of Bax expression was
increased in Group II (Fig. 2B), while, the treatment with
OT decreased cardiomyocyte apoptosis and infarct size by
decreasing the expression of Bax (Fig. 2C). On the other
hand, pretreatment with OT in combination with ATO in
Group IV showed no improvement as Bax expression was

increased (Fig. 2D), while combination of OT with L-NAME
in Group V led to slight improvement as Bax expression was
slightly decreased (Fig. 2E).

Morphometric results

The mean area% of Bax immunoreaction for cardiomyocytes
in all groups in the present study is presented in Table 4.
There was a significant increase in Group II compared
with Group I. A significant decrease was seen in Group III
when compared with Group II and a significant increase

Figure 2. Immunostaining reaction for Bax. Photomicrographs
of Bax immune-stain reaction stained heart sections. A. Group
I showing -ve immune-stain reaction for Bax in the branching and
anastomosing cardiac muscle fibers. The nuclei of cardiomyocytes
are central and stained blue (N). B. Group II showing +ve immune-
stain reaction for Bax. C. Group IIIT showing —ve expression of Bax
immune-stain reaction. D. Group IV showing +ve expression of Bax
immune-stain reaction. E. Group V showing slightly +ve expression
of Bax immune-stain reaction. Bax immune-staining x1000.
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for Bax immunoreaction in Group IV and Group V when
compared with Group III. There was significant increase in
Bax immunoreaction in Group IV when compared with MI
group indicating that ATO causes decrease in the protective
effect of endogenous OT. As well as combination of OT with
L-NAME in MI rats showed significant decrease in the Bax
immunoreaction when compared with MI group indicating
that in spite of significant decrease in the protective effect of
OT it still has protective effect.

Discussion

ISO-induced MI is widely used experimental model that is
associated with marked myocardial ischemia. Several mech-
anisms proposed to explain the ISO-induced MI include
an unbalance between oxygen supply and demand of car-
diomyocytes, which is related to myocardial hyperfunction
due to increase in chronotropism and inotropism (Madhesh
et al. 2011). Eventually, it causes severe oxidative stress in
the myocardium, which results from a serious imbalance
between the generation of reactive oxygen species (ROS)
and their clearance by the body’s endogenous anti-oxidative
defenses. Also it stimulates lipid peroxidation, which may be
a causative factor for damage to the myocardial membrane
(Mahammad and Kodidhela 2013), so cytosolic enzymes
such as LDH and CPK were released into blood stream and
serve as diagnostic markers of myocardial tissue damage.
The amount of these cellular enzymes present in blood
reflects the alterations in plasma membrane integrity and/
or permeability (Giirgiin et al. 2008).

The injured region undergoes myocyte apoptosis result-
ing in complement activation, free radicals generation, and
an accumulation of cellular debris. Phagocytosis of the
resultant cellular debris by macrophages and neutrophils
triggers the inflammatory cytokines as TNF-a (Frangogian-
nis et al. 2002; Szeto et al. 2013). There are two pathways
that activate apoptosis during acute MI: one depends on the
mitochondria called intrinsic pathway that caused by up
regulation of Bax, a pro-apoptotic member of Bcl-2 family
proteins (Buytaert et al. 2006), and the other depends on the
cell surface receptors, like TNF-a receptor, called extrinsic
pathway that depends on increase of TNF-a (Lee and Gus-
tafsson 2009). Both pathways end by activation of caspase-3
leading to cell death. MI induced by ISO is associated with
down-regulation of eNOS and up-regulation of iNOS
expression (Wsol et al. 2008). Forstermann et al. (1994)
reported that eNOS was responsible for most of the NO
produced by endothelium, so the decrease in nitrate level
in plasma during MI may be caused by down-regulation of
eNOS. So the current study revealed significant increase in
serum CPK and LDH levels and significant increase in the
MDA, caspase-3, TNF-a and MPO levels with significant

Table 4. Effect of OT and its combination with ATO and L-NAME
on the mean area% of Bax immunoreaction for cardiomyocytes in
ISO-induced MI rats

The mean area % of Bax

immunoreaction "
Group I 0.88 £0.05 8
Group 11 229 +1.8% 7
Group 111 0.98 + 0.06" 8
Group IV 24.1 41,5 8
Group V 8.7 +0.5°¢ 7

4 significant difference (p < 0.001) compared with Group I (control
group); b significant difference (p < 0.001) compared with Group
I (MI group); € significant difference (p < 0.001) compared with
Group IIT (MI+OT group). Data are mean + SD.

decrease in GSH-Px in the cardiac tissue and decrease in
plasma NO of MI group when compared with the Control
group. MI was further confirmed by histopathological stud-
ies and increase in Bax expression by immunohistochemical
study. These results are in harmony with the previous studies
(Forstermann et al. 1994; Frangogiannis et al. 2002; Buytaert
et al. 2006; Giirgiin et al. 2008; Wsol et al. 2008; Lee and
Gustafsson 2009; Madhesh et al. 2011; Szeto et al. 2013).

The current study revealed that administration of OT
caused significant reduction in ISO-induced elevated serum
CPK and LDH enzymes. This reduction in enzyme levels
could be due to its action on maintaining membrane integ-
rity thereby restricting the leakage of these enzymes. These
findings are in harmony with previous reports of Fariba et al.
(2015) and Moghimian et al. (2012). Exogenous OT admin-
istration has direct negative chronotropic effects. Slowing of
the heart rate leads to a decrease in myocardial consumption
of oxygen and nutrients, and an increase in subendocardial
blood flow per beat that may improve regional contractile
function in a mechanism mediated by activation of eNOS
and increase in NO production (Okinaka et al 1961). Also
Gutkowska et al (2014) reported that OT increases glucose
uptake in cardiomyocytes via the phosphoinositide 3-kinases
(PI3K)/Akt/eNOS pathway, so blockage of eNOS enzyme by
L-NAME leads to significant decrease in the protective effect
of OT on cardiac enzymes indicating that NO is one of the
mediators of action of OT on ML

On the other hand, we found that blockage of the OT
receptors by ATO prevented the cardioprotective effect of
OT on cardiac enzymes. In addition, we showed that ATO
increased CPK and LDH levels as compared with the MI
group, indicating a probable protective role for endogenous
OT in MI under experimental conditions. These results were
in agreement with previous studies (Houshmand et al. 2009;
Szeto et al. 2013).

In the current study pretreatment with OT caused sig-
nificant decrease in TNF-a and MPO levels in the cardiac
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tissue. This can be explained by many studies (Ndiaye et al.
2008; Szeto et al. 2008) as they reported that OT treatment
suppressed the accumulation of immune cells in infarcts, as
identified by macrophage and T cell markers. Several subsets
of T cells, like CD4" and CD8", expressed OTR mRNA, in-
dicating an important role for the OT system in the response
of these immune cells. T cell infiltration is accompanied by
monocyte/macrophage infiltration. Therefore, by primarily
affecting T cells, OT can also limit monocyte/macrophage
infiltration. On the other hand, recent studies indicate the
presence of OTR in monocytes and macrophages, sug-
gesting that these cells are direct targets of this hormone
in inflammation. So in the present study combination of
OT with ATO, OTR antagonist, leads to reversal of the
anti-inflammatory effect of OT indicating that this effect
is mediated by OTR. Moreover, OT was shown to increase
corticosterone levels acutely in rats which are capable of
inhibiting neutrophil extravasation in response to different
stimuli (Szeto et al. 2013).

In addition, OT stimulates NO release by increasing NOS
activity. NO inhibits adhesion and aggregation of neutrophils
and has the capacity to interact with a variety of enzymes
thereby altering their function and influencing inflammatory
reactions. For example, NO can inhibit functions of many
iron-containing enzymes. NO can reversibly inhibit cyto-
chrome P-450 (Paglia and Valentine 1967; Palacios-Callender
et al. 2004). NO can inhibit ribonucleotide reductase, an
enzyme critical for the synthesis of DNA precursors. NO
can inhibit transcriptional events by inhibiting the tran-
scription factor nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-kB), which is a protein complex that
controls transcription of DNA, cytokine production and
cell survival. Incorrect regulation of NF-«B has been linked
to inflammatory reaction. This has been suggested to be an
important mechanism underlying the anti-inflammatory
actions of some NO-releasing drugs. So in the current study
combination of L-NAME with OT caused significant increase
in MPO and so decrease in its anti-inflammatory effect.

The present study also revealed that OT caused signifi-
cant decrease in MDA with significant increase in GSH-Px
indicating its antioxidant effect. The antioxidant proper-
ties of OT were proved by other studies (Szeto et al. 2008;
Faghihi et al. 2013) which suggested that in MI, dysfunction
in mitochondrial respiration may increase the formation of
ROS, and NADPH oxidase generates ROS in the cytosol of
cells. Also these studies showed that OT protects against
ROS. It was demonstrated in cultured human vascular cells
that OT decreases NADPH-dependent superoxide activity
via a mechanism involving OTR. So in the present study we
showed that combination of OT with ATO in Group IV leads
to reversal of the antioxidant effect of OT.

In addition the balance between NO and oxidative stress
is critical for the homeostatic functions of the intrinsic

cardiovascular OT system (Menaouar et al. 2014), NO has
been reported to be a free radical scavenger. The anti-oxidant
capacity of plasma was found to be doubled by the admin-
istration of NO donors. It is possible that production of NO
in amounts exceeding local production of superoxide anion
leads to accelerated decomposition of peroxynitrite to nitrate
and nitrite, thus reducing tissue exposure to peroxynitrite
and to the hydroxyl radical that can be formed from perox-
ynitrite. In addition to acting as a superoxide scavenger, NO
may also have the ability to prevent superoxide production
from neutrophils by directly inhibiting NADPH oxidase.
Thus, it was suggested that a lack of NO, following admin-
istration of a NOS inhibitor, resulted in an accumulation of
superoxide anion that may then directly increase epithelial
permeability, activate mast cells, or serve as a precursor for
the production of more potent reactive oxygen metabo-
lites (John 2005). So in this study combination of OT with
L-NAME leads to decrease in the antioxidant effect of OT
indicating that OT effects is mediated throughout its release
of NO.

Biondi-Zoccai et al. (2004) showed that the amount
of apoptosis in the initial (24 hours) of acute MI may be
approximately 60% of cases demonstrate the presence of
Bax or caspase-3 activation. However, in the current study
treatment with OT decreases cardiomyocyte apoptosis by
decreasing the expression of Bax and decrease caspase-3
protein in cardiac tissue. The anti-apoptotic effect of OT can
be explained by the Ca®*/calmodulin/dependent protein
kinase kinase (CAMKK) and AMP-activated protein kinase
(AMPK) pathways that are involved in OT-mediated glucose
uptake in the cardiomyocyte. As the activation of AMPK in
the heart following MI is recognized as cardioprotective be-
cause AMPK limits apoptosis and cell damage (Russell et al.
2004). In this regard, Kewalramani et al. (2009) have defined
AMPK as a powerful cardiac anti-inflammatory protector
against TNF-a triggered cardiomyocyte apoptosis through
the phosphorylation of Bad protein and the subsequently
suppressed mitochondrial apoptotic signaling.

Alizadeh et al. (2011) and Ovizeet al. (2010) reported
that the cardioprotective effect of OT is caused by selective
activation of OTR, mitochondrial Kxrp (mitoKsrp) chan-
nel and NO with blockade of mitochondrial permeability
transition pore (mPTP). The effect of OT on mitochondria
is mediated by NO that activates cGMP and protein ki-
nase G (PKG). Indeed, PKG inhibits the opening of mPTP
through the prolongation of intracellular acidosis, resulting
in Ca’* normalization.

So, in the present study combination of OT with L-NAME
showed slight increase in positive immunostaining reac-
tion for Bax indicating that the anti-apoptotic effect of OT
on MI is partially mediated by NO. As well as combination
of OT with ATO showed marked increase in positive im-
munostaining reaction for Bax. Our data suggested that
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treatment with OT might inhibit cardiomyocyte apoptosis,
thus providing an anti-apoptosis strategy against MI. To the
best of our knowledge, this is the first report that analyzes
the effect of OT on the expression of Bax on the cardiac
tissue of MI model.

In the current study we showed that although L-NAME
causes significant decrease in OT protective effect on
cardiac enzymes, oxidative stress, lipid peroxidation, in-
flammation, neutrophil infiltration and apoptosis, OT still
has significant protective effect on all these parameters by
comparing Group V with Group II. This can be explained
as NO is not the only mediator of action of OT on MI for
further studies.

We also reported that blocking of OT receptors by ATO
caused significant increase in cardiac enzymes, TNF-q,
MDA and MPO with significant decrease in nitrate and
GSH-Px levels in MI+OT+ATO group when compared with
MI group, indicating that blocking of OT receptors caused
more deterioration of MI. This may be due to abolishing the
protective effect of endogenous OT.

Conclusion

In conclusion, the present study revealed that OT pretreat-
ment attenuated oxidative stress, inflammatory reactions
and apoptosis as well as declined tissue damage in ISO-
induced MI in rats; in addition, it leads to increase in NO
synthesis. OT effects are mediated through OTR and NO
release.
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