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ABSTRACT 
 

Aims: Oxytocin (OT) hormone has been recently recognized as a cardiovascular hormone with 
diverse regulatory roles. The present study examined the potential protective effect of exogenous 
OT administration on hypercholesterolemia-induced injury in rat heart and possible mechanisms 
involved.  
Methodology: Hypercholesterolemia was induced in adult male albino rats fed high cholesterol 
diet 2% either with or without daily subcutaneous injection of OT (1.6 µg/kg body weight/day) for 8 
weeks. Serum parameters included; Serum lipid profile, C-reactive protein, cardiac injury markers 
including lactate dehydrogenase (LDH) and creatine kinase (CK) levels were measured. Cardiac 
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tissue parameters included malondialdehyde (MDA), total anti-oxidant capacity (TAC), nitric oxide 
(NO) and tumor necrosis factor-α (TNF-α) contents.  
Results: Hypercholesterolemic rats showed marked dyslipidemia, significantly high serum levels of 
C-reactive protein, LDH and CK. Cardiac tissue samples showed enhanced oxidative stress and 
inflammation in terms of increased MDA and TNF-α alongside decreased TAC and NO contents. 
OT–treated animals exhibited significantly lower serum C-reactive protein, LDH and CK levels but 
without significant change in serum lipids. Cardiac tissue samples showed significantly lower MDA 
and TNF-α alongside significantly higher TAC and NO contents.  
Conclusion: These results demonstrate a potent cardioprotective effect of OT hormone against 
hypercholesterolemia-induced cardiac injury probably via anti-inflammatory and antioxidant 
mechanisms.  
 

 
Keywords: Oxytocin; cholesterol; heart; antioxidant; anti-inflammatory. 
 
1. INTRODUCTION 
 
Hypercholesterolemia has been widely accepted 
as an important risk factor in the development of 
cardiovascular diseases (CVDs) since it leads to 
development of hyperlipidemia, atherosclerosis, 
and ischemic heart disease [1]. Although the 
focus of research so far has been mainly on the 
vascular effects of hyperlipidemia, i.e. 
arteriosclerosis, evidence shows that 
hyperlipidemia exerts direct negative effects on 
the myocardium itself in addition to the 
development of atherosclerosis [2]. Intracellular 
lipid accumulation in cardiomyocytes and several 
alterations in the structural and functional 
properties of the myocardium have been 
observed in response to cholesterol diet [3]. 
Studies have shown that hyperlipidemia 
attenuates the cardioprotective effect of ischemic 
preconditioning via a mechanism independent 
from atherosclerosis and other vascular effects of 
hyperlipidemia [4,5]. Furthermore, it has been 
shown that a moderate hypercholesterolemia 
combined with a marked hypertriglyceridemia 
leads to a moderate contractile dysfunction in 
isolated rat hearts [1], and marked alterations in 
the expression of several genes of various 
functional clusters in the myocardium [3]. These 
data suggest that hyperlipidemia exerts complex 
effects on the myocardium. 
 
Hyperlipidemia is often linked to 
oxidative/nitrosative stress in the vasculature as 
well as in the myocardium [6]. It has been 
previously shown an increased formation of 
peroxynitrite, a toxic reaction product of 
superoxide and nitric oxide, in the rat 
myocardium in cholesterol-enriched diet-induced 
hyperlipidemia [1]. Peroxynitrite has been 
reported to induce DNA damage, to increase lipid 
peroxidation, and to cause post-translational 
modification on proteins (e.g. nitration, oxidation 

of thiol groups), thereby activating (e.g. poly-
ADP-ribose polimerase, matrix 
metalloproteinases) or inhibiting (e.g. aconitase, 
superoxide dismutase) certain enzymes [6]. 
These cellular effects of peroxynitrite may 
contribute to the development of contractile 
dysfunction seen in hyperlipidemic rats. 
 
Oxytocin (OT) is a neurohypophyseal peptide 
traditionally associated with female reproductive 
functioning, and more recently with prosocial 
behavior. Recent evidence has also proposed 
that OT is a cardiovascular hormone that plays 
an important role in normal homeostatic 
mechanisms [7,8]. OT hormone is synthesized 
and released in the heart and vasculature                  
of rats and human, and these tissues also 
express OT receptors (OTR) [9]. Animal studies 
investigating the effects of peripheral OT 
administration in models of inflammatory 
diseases have provided evidence for the 
existence of potentially anti-inflammatory and 
cytoprotective properties involving OT. For 
example, it was demonstrated that OT protects 
against sepsis-induced multiple organ damage 
and inhibits chronic colitis in rats [10]. OT has 
also been shown to alleviate oxidative renal 
injury in pyelonephritic rats via a neutrophil-
dependent mechanism [11]. Furthermore, in vitro 
studies have shown that OT decreases NADPH-
dependent superoxide production and 
proinflammatory cytokine release from vascular 
endothelial cells and macrophages [12,13] 
suggesting that OT may attenuate 
pathophysiological processes involved with 
atherosclerotic lesion formation and raising the 
possibility of a direct cardioprotective effect of 
oxytocin against hyperlipidemia- induced adverse 
effects. 
 
Therefore, the present study aimed to investigate 
the potential protective effect and possible 
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underlying mechanisms of chronic exogenous 
OT administration on the cardiac oxidative injury 
and inflammation in hypercholesterolemic male 
albino rats.  
 
2. MATERIALS AND METHODS 
   
2.1 Chemicals 
  
Oxytocin and cholesterol were obtained from 
Sigma Aldrich chemical Co. (Germany). Other 
chemicals were obtained from EL-Gomhoria 
Company (Cairo, Egypt). 
 
2.2 Animals 
 
18 adult male albino (Sprague dawley strain)      
rats weighing (150-200) g and 4 months                    
old were used in the present study. Rats were 
purchased from the National Research Center, 
Cairo, Egypt. All animals were housed in 
stainless steel cages with normal hour's dark: 
light cycle and allowed ad libitum access to water 
and fed with a standard pellet chow. Rats were 
left to acclimatize for one week before inclusion 
into the experiment. The use of animals Ethical 
issues were addressed according to the 
guidelines of the Animal Care and Use 
Committee of Faculty of Medicine, Minia 
University.  
 
2.3 Experimental Protocol 
 
Rats were divided randomly into three groups (6 
rats each) and were treated for 8 weeks as 
follows:  
 

i. Control group: Rats were fed standard 
pellet chow and received daily 
subcutaneous injection of physiological 
saline (Nacl 0.9%) with the same volume 
of prepared oxytocin [14]. 

ii.  High cholesterol Diet (HCD) group: Rats 
were fed on a 2% cholesterol diet [1] and 
received physiological saline. 

iii.  HCD and OT-treated group: Rats were 
fed on a 2% cholesterol diet and 
concurrently received daily subcutaneous 
injection of OT (1.6 µg/kg) [14].  

 
At the end of the experiment, blood samples 
from retro-orbital vein were collected in glass 
tubes, left to clot and centrifuged. Sera were 
obtained and stored at -20°C until analysis. 
Then, the rats were sacrificed and the thorax  
was opened. The heart was rapidly removed, 

blotted dry, weighed, and kept at -80°C until 
analysis. 
 
2.4 Serum Analysis 
 
Serum samples were used for determination of 
the following parameters; 
 

• Total cholesterol (TC), Triglycerides (TGs), 
Low density lipoprotein cholesterol (LDL-c) 
and High density lipoprotein cholesterol 
(HDL-c) by enzymatic colorimetric 
methods using commercial kits 
(Biodiagnostic, Egypt). 

• C-reactive protein (CRP) was performed 
with an ELISA Kit (Helica Biosystems, Inc. 
Fullerton, CA.) according to manufacturer's 
instructions. 

• Lactate dehydrogenase (LDH) and 
creatine kinase (CK) were determined by 
kinetic method as previously described 
[15,16]. 

 
2.5 Cardiac Tissue Analysis 
 
Specimens from the heart were weighed (in gm) 
and homogenized in potassium phosphate buffer 
10 mM pH (7.4). The ratio of tissue weight to 
homogenization buffer was 1:10. The 
homogenates were centrifuged at 5000 rpm for 
10 min at 4°C. The resultant supernatant was 
used for determination of the following;  
 

• The total amount of peroxides were 
assayed by the thiobarbituric acid method 
described by Ohkawa et al. [17]. This 
measures the malondialdehyde equivalent 
substances which are breakdown products 
of lipid peroxides. 

• Determnation of NO: The biodiagnostic 
nitrite assay kit (Egypt) was used to 
measure endogenous nitrite; the 
metabolite of NO as indicator of NO level. 
It depends on the addition of Griess 
reagent, which forms with nitrite a deep 
purple azo compound. The intensity of this 
colour depends on nitrite concentration 
and is deteremined by spectrophotometric 
reading at 540 nm against a sample blank 
and standard.  

• Total Antioxidant Capacity (TAC) level was 
determined by using Biodiagnostic kit 
(Egypt) method. The determination of the 
antioxidative capacity is performed by the 
reaction of antioxidants in the sample with 
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a defined amount of exogenously provide 
hydrogen peroxide (H2O2). The 
antioxidants in the sample eliminate a 
certain amount of provided H2O2. The 
residual H2O2 is determined 
colorimetrically by an enzymatic reaction 
which involves the conversion of 3, 5-
dichloro-2-hydroxybenzensulphate to a 
colored product can be measured at 505 
nm. 

• Measurement of tumor necrosis factor α 
(TNF-α) was done by using an ELISA                     
Kit (Glory Science Co., Ltd, USA.).                      
The kit uses a double-antibody sandwich 
enzyme-linked immunosorbent assay 
(ELISA) to assay the level of Rat                      
Tumor necrosis factor α (TNF-α) in 
samples. Add Tumor necrosis factor α 
(TNF-α) to pre-coated Tumor necrosis 
factor α (TNF-α) monoclonal antibody 
microelisa well, incubation; washing. Add 
HRP tagged TNF-α antibodies. After 
another incubation and washing,                    
remove the unbound enzyme, add 
Chromogen Solution A and B, the                        
color of the liquid change into blue,                        
and the color finally become yellow at the 
effect of acid. The depth of the color is 
positively correlated with concentration of 
the Rat.  

 
2.6 Statistical Analysis 
 
Data were represented as means ± standard 
errors of the mean (SEM). Statistical analysis 
was performed using Prism computer program 
(Graph pad Prism 6, software Inc., San Diego, 
CA, USA). Significant difference between groups 
was done by one-way ANOVA followed by 
Tukey-Kramar post hoc test for multiple 
comparisons with a value of P ≤ 0.05 considered 
statistically significant.   
 

3. RESULTS 
  
3.1 Changes in Serum Lipid Profile in 

Experimental Groups 
 
As shown in Table 1, HCD caused marked 
alterations in serum lipid profile in terms of 
significant increases in serum TC (138.17%), 
TGs (136.08%) and LDL-c (210.75%) along with 
significant reduction in serum HDL-c (-33.01%) 
levels in comparison to the control normal fed 
group. OT treated group did not show any 
significant difference in serum lipid profile from 
that of the corresponding non-treated group 
although it was still significantly different from 
that of control normal fed group (Table 1). 
 
3.2 Changes in Serum Cardiac Injury 

Markers (LDH & CK) and CRP Levels  
 
Cholesterol enriched diet induced cardiac injury, 
as judged by the significantly elevated cardiac 
injury markers LDH (128.64%) and CK (98.96%), 
(p≤0.05). A significant rise in serum level of CRP 
(208.02%), as a marker of systemic 
inflammation, was also observed (p≤0.05). 
Treatment with OT reversed this increase in 
serum LDH (54.93%) and CK (-45.27%) levels, 
(p≤0.05) and it also successfully attenuated the 
HCD-induced increase in serum CRP level                 
(-61.83%), (p≤0.05) and brought it back nearly to 
the control level (Table 2). 
 
3.3 Changes in Cardiac TNF-α Content 
 
In Fig. 1, the hearts of hypercholesterolemic rats 
showed a significant increase in their content of 
TNF-α (118.28%) in comparison to the control 
normal fed group. On the other hand, concurrent 
OT administration prevented this increase                 
(-43.05%), (p≤0.05) and kept its level near to 
control level (Fig. 1). 

Table 1. Effect of high cholesterol diet (HCD) on serum lipid profile and its modulation by 
oxytocin treatment 

 
 Control HCD Oxy-treated 
TC (mmol/L) 2.41 ± 0.07 5.74 ± 0.14 * 5.42 ± 0.11 
TGs (mmol/L) 1.94 ± 0.12 4.58 ± 0.14 * 4.26 ± 0.15 
HDL-c (mmol/L) 1.03 ± 0.07 0.69 ± 0.05 * 0.63 ± 0.03 
LDL-c (mmol/L) 0.93 ± 0.04 2.89 ± 0.14 * 2.49 ± 0.15 

Data are expressed as M±SEM of 6 rats in each group; * significant from control group, P≤0.05, HCD: high 
cholesterol diet; Oxy: oxytocin; TC: total cholesterol; TGs: triglycerides; HDL-c: high density lipoprotein 

cholesterol; LDL-c: low density lipoprotein cholesterol 
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Table 2. Effect of high cholesterol diet on serum cardiac injury markers (LDH & CK) and CRP 
levels and their modulation by oxytocin treatment 

 

 Control HCD Oxy-treated 
LDH (U/L) 413.8 ± 5.75 946.1 ± 14.89* 426.4 ± 6.16● 
CK (U/L) 12.48 ± 0.97 24.83 ± 1.79 * 13.59 ± 0.73● 
CRP (mg/L) 2.62 ± 0.22 8.07 ± 0.43 * 3.08 ± 0.23● 

Data are expressed as M±SEM of 6 rats in each group; *: significant from control group; ●: significant from HCD 
group, P≤0.05; HCD: high cholesterol diet; Oxy: oxytocin; LDH: lactate dehydrogenase; CK: creatine kinase; 

CRP: C-reactive protein 
 

Fig. 1. Effect of HCD on cardiac TNF-α 
content and its modulation by oxytocin 

treatment 
Data are expressed as M±SEM of 6 rats in each 

group; *: significant from control group; ●: significant 
from HCD group, P≤0.05; HCD: high cholesterol diet; 

Oxy: oxytocin; TNF-α: tumor necrosis factor alpha 
 

3.4 Changes in Cardiac Oxidative Status 
and No Content 

 
Figs. 2-4 illustrate the effects of HCD on lipid 
peroxides, TAC, and NO contents and their 
modulation by OT treatment. Feeding rats 
cholesterol 2% for 8 weeks resulted in significant 
increase in lipid peroxidation products (MDA) 
(95.86%) along with significant reductions in both 
TAC (-54.79%) and NO (-58.08%) contents as 
compared to the control normal fed group, 
(p≤0.05). Treatment with OT reversed the 
condition and successfully reduced the HCD-
induced elevation in MDA (-43.18%) and 
restored TAC (94.92%) as well as NO (118.48%) 
contents almost nearly to the control level, 
(p≤0.05) (Figs. 2-4).  
 
4. DISCUSSION 
 
Apart from its well known vascular effects, 
hypercholesterolemia proved to have direct 
negative effects on the cardiac muscle. In the 
present study, signs of inflammation and 
oxidative stress were evident in the hearts of 

hypercholesterolemic rats. These adverse effects 
were significantly attenuated by concurrent OT 
administration. Thus, OT hormone seems to 
have a potent cardioprotective effect against 
hypercholesterolemia-induced adverse effects. 
Suggested mechanisms may involve increased 
NO production, suppression of inflammation, 
inhibition of lipid peroxidation along with 
enhanced antioxidant capacity thereby 
increasing tissue resistance to injury. 

 

Fig. 2. Effect of HCD on cardiac MDA content 
and its modulation by oxytocin treatment 
Data are expressed as M±SEM of 6 rats in each 

group; *: significant from control group; ●: significant 
from HCD group, P≤0.05; HCD: high cholesterol diet; 

Oxy: oxytocin; MDA: malondialdehyde 
 

In the present study, High cholesterol diet (HCD) 
for 8 weeks produced a state of systemic 
inflammation as evidenced by significant 
elevation in serum CRP level, accompanied with 
disturbed lipid profile. Serum LDH and CK levels 
were significantly elevated indicating cardiac 
injury, along with signs of inflammation and 
oxidative stress as evidenced by significant rise 
in the pro-inflammatory cytokine; TNF-α and lipid 
peroxidation products; MDA, and significant 
reduction in both TAC and NO contents in 
cardiac tissue of HCD group. These results are 
consistent with previous reports showing the 
detrimental effects of hypercholesterolemia on 
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cardiac tissue causing cardiac dysfunction 
[18,19].  
 

 
 

Fig. 3. Effect of HCD on cardiac TAC and its 
modulation by oxytocin treatment 

Data are expressed as M±SEM of 6 rats in each 
group; *: significant from control group; ●: significant 
from HCD group, P≤0.05; HCD: high cholesterol diet; 

Oxy: oxytocin; TAC: total antioxidant capacity 

 
Fig. 4. Effect of HCD on cardiac NO content 
and its modulation by oxytocin treatment 
Data are expressed as M±SEM of 6 rats in each 

group; *: significant from control group; ●: significant 
from HCD group, P≤0.05; HCD: high cholesterol diet; 

Oxy: oxytocin; NO: nitric oxide 
 

Inflammation has a pivotal role in the 
development of CVD [20]. Measurement of the 
inflammatory marker CRP may provide a useful 
method of assessing risk of CVD in apparently 
healthy persons particularly when lipid levels are 
normal [21]. This was confirmed in the                     
present study by the significantly elevated serum 
CRP level as well as cardiac TNF-α content in 
HCD rats as compared with normal fed rats 
indicating both systemic and cardiac 
inflammation.  

Gurgan  [22] said that LDH and CK served as 
markers of myocardial tissue damage as they 
leak out from the damaged tissue to the blood 
stream when the cell membrane become 
permeable or rupture. Significant increase in 
LDH and CK in HCD thought to be due to the 
atherogenic lipoprotein subclasses commonly 
associated with hyperlipidemia [23]. In the 
present study, feeding of rats HCD for 8 weeks 
produced significant rise in serum LDH and CK 
indicating cardiac injury. Concurrent OT 
treatment significantly attenuated HFD-induced 
cardiac injury and almost normalized serum LDH 
and CK levels suggesting a potent  
cardioprotective effect of OT in hyperlipidemic 
conditions; findings which are in accordance with 
other similar researches [13,24]. 
 
One possible mechanism of OT-induced 
cardioprotection against hypercholesterolemia 
adverse effects could be attributed to its 
antiinflammatory effect; the results of our study 
revealed that OT treatment to HCD rats 
decreased significantly serum levels of CRP as 
well as cardiac TNF-α content indicating 
suppression of inflammatory response. Similar 
results were reported by Szeto et al. [12],  
Jankowski et al. [24]; and Nation et al. [25]. They 
found that chronic OT infusion in Apo-E knockout 
mice attenuated aortic atherosclerosis and 
plasma CRP and inhibited the secretion of 
the proinflammatory cytokine IL-6 in visceral 
adipose tissue. Furthermore, Al-Amran and 
Shahkolahi [26] have demonstrated that OT 
ameliorates myocardial injury in heart transplant 
through down-regulation the myocardial 
inflammatory response, reactive oxygen species, 
and neutrophil-dependent myocardial apoptosis. 
These former studies agree with our results and 
suggest a potent anti-inflammatory effect of OT 
hormone.  
 
Lipid peroxidation products; (MDA) serves as a 
marker of cellular oxidative stress and had long 
been recognized as a major causative factor of 
oxidative damage in chronic diseases[27].                        
In the present study, cardiac tissue of HCD rats 
showed signs of oxidative stress as                       
evidenced by the significant elevation in oxidative 
markers, namely MDA along with depletion of 
cardiac TAC and NO contents. Hyperlipidemia 
has been shown to increase production of 
reactive oxygen species (ROS) including 
peroxynitrite (ONOO−) [1]. It seems that 
hypercholesterolemia induces NADPH oxidase 
and increases cardiac superoxide. In turn, 
superoxide radical reacts with nitric oxide leading 
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to formation of the more toxic radical, 
peroxynitrite, resulting in oxidative stress and 
cardiac dysfunction [28]. 
 
The direct link between serum cholesterol and 
the activation of NADPH oxidase is not entirely 
clear in the myocardium. One possible 
mechanism may involve the activation of the 
phagocyte NADPH oxidase [29]. It has been 
suggested that cholesterol-nriched microdomains 
in the membrane act to recruit and/or organize 
the cytosolic NADPH oxidase factors in the 
assembly of the active NADPH oxidase [18]. 
 
Our results revealed that OT administration to 
HCD group prevented lipid peroxidation, as 
evidenced by the significant reduction in MDA 
levels, and augmented TAC in cardiac tissue 
suggesting a potent antioxidant effect of OT on 
the heart during hyperlipidemic conditions. 
Similar results were reported by Anvari et al. [30] 
who found that administration of OT during early 
reperfusion, dose-dependently protects the 
isolated male rat heart against 
ischemia/reperfusion injury. Also Akdemir et al. 
[31] found that OT administration to rats after 
ischemia and ischemia-reperfusion of the ovaries 
by using torsion /de-torsion technique 
significantly decreased the tissue 
malondialdehyde (MDA) levels in both the torsion 
and OT group, and torsion/de-torsion OT group 
in comparison with the torsion-only group and 
torsion/de-torsion group.  
 
Previous studies have suggested that OT has a 
lipid peroxidation chain breaking antioxidant 
effect [10,32]. Furthermore, it has been shown 
that OT exerts antioxidant effects on vascular 
smooth muscle cells, aortic endothelial cells and 
macrophages through attenuation of NADPH-
oxidase-dependent superoxide production and 
preserved antioxidant capacity thereby supports 
the maintenance of cellular integrity [25]. 
 
Hypercholesterolemia is always linked to 
impaired NO-cGMP signaling in both endothelial 
and non-endothelial cells [1]. In the normal heart, 
nitric oxide (NO) is synthesized by Ca2+-
dependent NO synthases in cardiac myocytes, 
vascular and endocardial endothelium (NO 
synthase III) as well as in specific cardiac 
neurons (NO synthase I) and plays an important 
role in the regulation of coronary circulation and 
cardiac contractile function [33].   
 
In the present study, cardiac NO level was 
significantly decreased in the hearts of 

hypercholesterolemiac rats. Similar results were 
reported in previous researches [34,35]. The 
exact mechanism of reduced NO level in the 
heart is not clear. However, Deliconstantinos et 
al. [36] reported that incorporation of high 
concentrations of cholesterol into endothelial cell 
membranes caused down regulation of NO 
synthase (NOS). In addition, reduced vascular 
NO release in hyperlipidemia could be a 
consequence of increased formation of 
superoxide, which then reacts with NO to form 
peroxynitrite (ONOO−) [1,35]. Thus, it                            
could be stated that the HCD-induced decrease 
in cardiac NO, observed in the present study, 
may be either due to an enhanced elimination of 
NO and/or diminished enzymatic synthesis by 
NOS. 
 
Another possible mechanism of OT-induced 
cardioprotection during hypercholesterolemic 
conditions may be attributed to an increased NO 
production, as evidenced by the significant 
elevation in cardiac NO content in OT-
treated rats along with attenuated oxidative 
stress and inflammatory status in the heart. NO 
inhibits the adhesion and aggravation of 
neutrophil leukocytes. In turn, this inhibitory 
action on tissue neutrophil infiltration thereby 
inhibits the release of ROS and inactivating 
inflammatory cytokines and thus alleviating 
tissue injury [37]. This OT-induced increase in 
NO level may be either secondary to reduced 
lipid peroxidation (as evidenced by the significant 
reduction in cardiac MDA levels), and 
subsequent preservation of NO and/or increased 
expression of NOS [38]. 
 
Unfortunately, OT treatment to HCD group failed 
to produce any significant changes in serum lipid 
profile. These results are in accordance with 
Szeto et al. [13] who also found no changes in 
serum lipids in OT-treated hyperlipidemic rabbits. 
On this basis, we could say that the 
cardioprotective effect of external OT 
administration in hypercholesterolemic rats is 
unlikely related to changes in serum lipids (at 
least in the present study). 
 
5. CONCLUSION 
 
In conclusion, Hypercholesterolemia has 
detrimental effects on the heart including 
oxidative injury and inflammation. Chronic OT 
administration can protect the heart against 
these adverse effects probably via anti-
inflammatory and antioxidant mechanisms as 
well as increased NO production. Thus, OT 
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hormone may have potential for therapeutic use 
in hyperlipidemia-induced cardiac dysfunction. 
Further studies must be done to determine the 
therapeutic dose of oxytocin. 
 
CONSENT  
 
It is not applicable. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Ónody A, Csonka C, Giricz Z, Ferdinandy 

P. Hyperlipidemia induced by a 
cholesterol-rich diet leads to enhanced 
peroxynitrite formation in rat hearts. 
Cardiovascular Research. 2003; 
58(3):663-670. 

2. McCommis KS, McGee AM, Laughlin MH, 
Bowles DK, Paines CP. 
Hypercholesterolemia increases 
mitochondrial oxidative stress and 
enhances the MPT response in the porcine 
myocardium: Beneficial effects of chronic 
exercise. Am. J. Physiol. Regul. Integr. 
Comp. Physiol. 2011;301(5):R1250-
R1258.  

3. Puskas LG, Nagy ZB, Giricz Z, Onody A, 
Csonka C, Kitajka K, et al. Cholesterol 
diet-induced hyperlipidemia influences 
gene expression pattern of rat hearts: A 
DNA microarray study. FEBS Lett. 2004; 
562:99-104.    

4. Ferdinandy P. Myocardial ischaemia/ 
reperfusion injury and preconditioning: 
Effects of hypercholesterolaemia/ 
hyperlipidaemia. Br J Pharmacol. 2003; 
138:283-285.  

5. Giricz Z, Lalu MM, Csonka C, Bencsik P, 
Schulz R, Ferdinandy P. Hyperlipidemia 
attenuates the infarct size-limiting effect of 
ischemic preconditioning: Role of matrix 
metalloproteinase-2 inhibition. J. 
Pharmacol. Exp. Ther. 2006;316:154-161.  

6. Pacher P, Schulz R, Liaudet L, Szabo C. 
Nitrosative stress and pharmacological 
modulation of heart failure. Trends 
Pharmacol. Sci. 2005;26:02-310. 

7. Gutkowska J, Jankowski M. Oxytocin 
revisited: Its role in cardiovascular 

regulation. J. Neuroendocrinol. 2012; 
24:599–608. 

8. Gutkowska J, Jankowski M, Antunes-
Rodrigues J. The role of oxytocin in 
cardiovascular regulation. Braz. J. Med. 
Biol. Res. 2014;47(3):206–214. 

9. Jankowski M, Wang D, Hajjar F, 
Mukaddam-Daher S, McCann SM, 
Gutkowska J. Oxytocin and its receptors 
are synthesized in the rat vasculature. 
Proc. Natl. Acad. Sci., USA. 2000;97: 
6207–6211. 

10. Welch MG, Anwar M, Chang CY, Gross 
KJ, Ruggiero DA, Tamir H, Gershon MD. 
Combined administration of secretin and 
oxytocin inhibits chronic colitis and 
associated activation of forebrain neurons. 
Neurogastroenterol. Motil. 2010; 
22(6):654–e202. 

11. Biyikli NK, Tugtepe H, Şener G, Velioğlu-
Öğünc A, Çetinel S, Midillioğlu Ş, Gedik N, 
Yeğen BC. Oxytocin alleviates oxidative 
renal injury in pyelonephritic rats via a 
neutrophil-dependent mechanism. Peptide. 
2006;27:2249–2257. 

12. Nation DA, Szeto A, Mendez AJ, Brooks 
LG, Zaias J, Herderick EE, Gonzales J, 
Noller CM, Schneiderman N, McCabe PM. 
Oxytocin attenuates atherosclerosis and 
adipose tissue inflammation in socially 
isolated ApoE-/-mice. Psychosom. Med. 
2010;72(4):376-82. 

13. Szeto A, Rossetti MA, Mendez AJ, Noller 
M, Herderick EE, Gonzales JA, 
Schneiderman N, McCabe PM. Oxytocin 
administration attenuates atherosclerosis 
and inflammation in watanabe heritable 
hyperlipidemic rabbits. 
Psychoneuroendocrinology. 2013; 
8(5):685-93. 

14. Yuko M, Yusaku I, Yui Y, Misato K, Udval 
S, Toshihiko Y. Peripheral oxytocin 
treatment ameliorates obesity by reducing 
food intake and visceral fat mass. AGING. 
2011;3:N 12. 

15. Rechsteiner MC. Drosophila lactate 
dehydrogenase: Partial purification and 
characterization. Journal of Insect 
Physiology. 1970;16:957-977. 

16. Moren LG. Clinical Chemistry. 1977;23: 
1569.  

17. Ohkawa H, Ohishi N, Yagi K. Assay for 
lipid peroxides in animal tissues by 
thiobarbituric acid reaction. Anal. Biochem. 
1979;95:351–358. 



 
 
 
 

Nazmy et al.; JAMPS, 10(2): 1-10, 2016; Article no.JAMPS.28932 
 
 

 
9 
 

18. Csont T, Bereczki E, Bencsik P, Fodor G, 
Görbe A, Zvara A, Csonka C, Puskás LG, 
Sántha M, Ferdinandy P. 
Hypercholesterolemia increases 
myocardial oxidative and nitrosative stress 
thereby leading to cardiac dysfunction in 
apoB-100 transgenic mice. Cardiovascular 
Research. 2007;76(1):100-109. 

19. Lohmann C, Schäfer N, von Lukowicz T, 
Sokrates MAS, Borén J, Rütti S, Wahli W, 
Donath MY, Lüscher T, Matter CM. 
Atherosclerotic mice exhibit systemic 
inflammation in periadventitial and visceral 
adipose tissue, liver and pancreatic islets. 
Atherosclerosis. 2009;207(2):360-367. 

20. Subramanian S, Chait A. The effect of 
dietary cholesterol on macrophage 
accumulation in adipose tissue: 
implications for systemic inflammation and 
atherosclerosis. Curr. Opin. Lipidol. 
2009;20(1):39-44. 

21. Ridker PM, Hennekens C, Buring JE, Rifai 
N. C-reactive protein and other markers of 
inflammation in the prediction of 
cardiovascular disease in women. New 
Eng. J. Med. 2000;342:836–843. 

22. Gürgün C, Ildızlı M, Yavuzgil O, Sin A, 
Apaydin A, Cinar C, Kültürsay H. The 
effects of short term statin treatment on left 
ventricular function and inflammatory 
markers in patients with chronic heart 
failure. Int. J. Cardiol. 2008;123(2):102–
107. 

23. Hodis NH. Triglyceride-rich lipoprotein 
remnant particles and risk of 
atherosclerosis. Circulation. 1999; 
99(22):2852–2854. 

24. Jankowski M, Bissonauth V, Gao L, 
Gangal M, Wang D, Danalache B, Wang 
Y, Stoyanova E, Cloutier G, Blaise G, 
Gutkowska J. Antiinflammatory effect of 
oxytocin in rat myocardial infarction. Basic 
Res. Cardiol. 2010;105:205–218. 

25. Szeto A, Nation DA, Mendez AJ, 
Dominguez-Bendala J, Brooks LG, 
Schneiderman N, et al. Oxytocin 
attenuates NADPH-dependent superoxide 
activity and IL-6 secretion in macrophages 
and vascular cells. Am. J. Physiol. 
Endocrinol. Metab. 2008;295:E1495-
E1501. 

26. Al-Amran FF, Shahkolahi M. Oxytocin 
ameliorates the immediate myocardial 
injuryin heart transplant through down 
regulation of the neutrophil dependent 
myocardial apoptosis. Heart Views. 2014; 
15(2):37-45. 

27. Anreddy RN, Yellu NR, Devarakonda KR. 
Oxidative biomarkers to assess 
the nanoparticle-induced oxidative stress. 
Methods Mol. Biol. 2013;1028:205-19. 

28. Plante E, Menaouar A, Danalache BA, Yip 
D, Broderick TL, Chiasson JL, Jankowski 
M, Gutkowska J. Oxytocin treatment 
prevents the cardiomyopathy observed in 
obese diabetic male db/db mice. 
Endocrinology. 2015;56(4):1416-28.  

29. Vilhardt F, van Deurs B. The phagocyte 
NADPH oxidase depends on cholesterol-
enriched membrane microdomains for 
assembly. EMBO J. 2004;23:739-748. 

30. Anvari MA, Imani A, Faghihi M, Karimian 
SM, Moghimian M, Khansari M. The 
administration of oxytocin during early 
reperfusion, dose-dependently protects the 
isolated male rat heart against 
ischemia/reperfusion injury. Eur J 
Pharmacol. 2012;5:682(1-3):137-41. 

31. Akdemir A, Erbas O, Gode F, Ergenoglu 
M, Yeniel O, Oltulu F, Yavasoglu A, 
Taskiran D. Protective effect of oxytocin on 
ovarian ischemia-reperfusion injury in rats. 
Peptides. 2014;55:126-30.  

32. Iseri SO, Sener G, Saglam B, Gedik N, 
Ercan F, Yegen BC. Oxytocin protects 
against sepsis-induced multiple organ 
damage: Role of neutrophils. J. Surg. Res. 
2005;126(1):73-81. 

33. Giricz Z, Csonka C, Onody A, Csont T, 
Ferdinandy P. Role of cholesterol-enriched 
diet and the mevalonate pathway in 
cardiac nitric oxide synthesis. Basic Res. 
Cardiol. 2003;98:304-310. 

34. Lefer AM, Ma X. Decreased basal nitric 
oxide release in hypercholesterolemia 
increases neutrophil adherence to rabbit 
coronary artery endothelium. Arterioscler. 
Thromb. 1993;13:771–776. 

35. Kupai K, Csonka C, Fekete V, odendaal L, 
van Rooven J, Marais D, Csont T, 
Ferdinandy P. cholesterol diet-induced 
hyperlipidemia impairs cardioprotective 
effect of postconditioning: Role of 
peroxynitrite. American Journal of 
Physiology- Heart and Circulatory 
Physiology. 2009;297:H1729-H1735. 

36. Deliconstantinos G, Villiotou V, Stavrides 
JC. Modulation of particulate nitric oxide 
synthase activity and peroxynitrite 
synthesis in cholesterol enriched 
endothelial cell membranes. Biochem. 
Pharmacol. 1995;49:1589–1600. 



 
 
 
 

Nazmy et al.; JAMPS, 10(2): 1-10, 2016; Article no.JAMPS.28932 
 
 

 
10 

 

37. Jankowski M, Plante E, Menaouar A, 
Chiasson JL, Gutkowska J. 7A.02: 
Cardiomyopathy in obese and diabetic 
male db/db mice is inhibited by oxytocin 
treatment. J Hypertens. 2015;33(Suppl 
1):e89.  
DOI:10.1097/01.hjh.0000467589.04230.8a 

38. Faghihi M, Alizadeh AM, Khori V, Latifpour 
M, Khodayari S. The role of nitric oxide, 
reactive oxygen species, and protein 
kinase C in oxytocin-induced 
cardioprotection in ischemic rat heart. 
Peptides. 2012;37(2):314-9. 

_________________________________________________________________________________ 
© 2016 Nazmy et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 Peer-review history: 

The peer review history for this paper can be accessed here: 
http://sciencedomain.org/review-history/16643 


