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Introduction 

It is well established that deprivation of intracellular enzymes, antioxidants, and 
homeostatic mechanisms occur as a result of ischemia associated with reduced 
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arterial or venous blood flow (1).i Reperfusion, the only treatment available for 
ischemia, increases ischemia-mediated tissue injury, thereby leading to an extension 
of the infraction site. This process is called “reperfusion injury” (2). The most 
significant mechanism involved in the reperfusion process is the direct toxic effect of 
the free oxygen radicals, originating from proinflammatory cells (3).iii Free radicals 
exert their biological effects by acquiring electrons from molecules, including lipids 
and proteins. Endogenous antioxidant defense systems, such as superoxide 
dismutase, catalase, glutathione peroxidase, glutathione and coenzyme Q10 
(ubiquinone) are used in cardiomyocytes. Myocardial stunning, necrosis, apoptosis, 
and vascular dysfunction may occur as a result of this process (4, 5). 

Lower extremity ischemia-reperfusion (I-R) is a common event with clinically 
significant outcomes. Following ischemia, local and systemic injury starts due to the 
effect of oxygen radicals and inflammatory mediators, together with reperfusion. 
While restoration of blood flow saves the extremity, it may also lead to multisystem 
organ dysfunction and mortality. Local effects are observed in the skeletal muscle 
and vascular endothelium, while systemic effects occur particularly in the myocardial 
tissue, lungs, and kidneys (6). 

Carnosine (CAR; β-alanyl-L-histidine) is a biologically active dipeptide. It is 
synthesized from β-alanine an L-histidine by carnosine synthase in the organism. It 
has been reported to act as a physiological buffer. CAR has been demonstrated to 
act as a “scavenger” for free radicals and aldehydes and to suppress oxidative 
changes in proteins (7). Moreover, it has been reported to prevent the formation of 
advanced glycation end products and form complexes with bivalent metal ions. It has 
been suggested that CAR might be an effective agent in avoiding certain pathological 
conditions associated with oxidative stress such as aging, Alzheimer’s disease, 
atherosclerosis, and liver injury (8). 

Today, despite the advanced opportunities offered by modern cardiovascular surgical 
methods and techniques, I-R following aortic procedures remains a serious issue that 
affects postoperative morbidity and mortality. Acute ischemia of skeletal muscles is a 
highly common condition. Particularly in case of aortic surgery, this occurs as a result 
of aortic cross-clamping. The risk of morbidity and mortality remains even after the 
cause of the acute ischemic condition is eliminated and reperfusion is achieved (9). 

Relevant studies have investigated the protective effect of CAR in the case of 
skeletal muscle I-R injury and obtained favorable results (10, 11). However, data 
related with the impact of carnosine on abdominal aortic I-R injury and distant organ 
injury is limited. In our study, we intended to investigate the protective effects CAR 
on the myocardium following lower extremity I-R injury.  

Material and Method 

The study was initiated after approval from the Animal Studies Local Ethical 
Committee of Eskisehir Osmangazi University (dated 17.10.2012, numbered 
295/2012). Thirty Sprague-Dawley rats (both genders) with a mean weight of 250–
300 g were randomized into three groups which are control, I-R, and I-R+CAR 
groups (n=10 each). All rats received 50 mg/kg of ketamine hydrochloride anesthesia 
via the intramuscular route following 8 hours of fasting. An atraumatic microvascular 
clamp was placed in the infrarenal abdominal aorta (IAA) after laparotomy 
(Novaclip® 12 mm. Angle) in all rats. The abdomen was sutured to reduce heat and 
fluid losses. Following ischemia for 30 minutes, reperfusion was administered for 1 
hour. Rats in the control group underwent laparotomy and IAA dissection for an 
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equal period of time; however, this group did not undergo I-R. In the carnosine group, 
silk sutures were removed 10 minutes before completion of the ischemia period and 
removal of the clamp, and intraperitoneal CAR (L-carnosine, Sigma-Aldrich, CAS no: 
305-84-0) at a dose of 250 mg/kg was administered; normal saline perfusion was 
given in the other groups. At the end of the experiment, rats in all groups were 
sacrificed via administration of a high dose of anesthesia; 5 cc of blood was 
withdrawn from the aorta and the heart tissues were extracted and stored in 10% 
formaldehyde solution. Hearts from each groups were excised and fixed in 4% 
paraformaldehyde overnight at 4 C, subsequently dehydrated, and embedded in 
paraffin. Hearts from longitudinal or transverse sections sliced at 5-mm thickness 
were fixed on Superfrost Plus glass slides (Fisher Scientific, Toronto, ON, Canada). 
The sections were deparaffinated and stained with hematoxylin and eosin (H&E 
stain) followed by a graded dehydrated alcohol and then mounted by Cytoseal XYL 
(Thermo Scientific, Waltham, MA). The images were visualized under a microscope 
and analyzed with Scope Image software version 9.0 (United Scope Inc., Kitchener, 
ON, Canada).  

Statistical Analysis 

All study data were analyzed using PASW Statistics 18.0 and SigmaStat 3.5 
packaged software. Continuous quantitative data were expressed in terms of n, 
mean, and standard deviation, while qualitative data were expressed in terms of n, 
median values, and 25th and 75th percentiles. Continuous data that consisted of 
independent measures and exhibited normal distribution were analyzed using one-
way analysis of variance (ANOVA). Furthermore, the Kruskal-Wallis test was used to 
analyze data consisting of score variables without normal distribution by group 
number. Finally, p<0.05 probability values were considered significant. 

Results 

In our study, all myocardial tissues were classified according to their 
histopathological features by light microscope. Histopathological classification 
included interstitial edema (Figure 1b), swelling of cardiomyocytes (Figure 1c), and 
neutrophil infiltration (Figure 1d). Histopathological examination for all groups is 
reported in Table 1. Our control group was significantly different from the I-R and I-
R+CAR groups (Table 2). There was no statistically difference between the I-R and I-
R+CAR groups.  

To determine myocardial damage, we used plasma creatine kinase (CK), aspartate 
aminotransferase (AST), and lactate dehydrogenase (LDH) levels. In our control 
group, we took blood samples in the same time period as for the other investigation 
groups. Statistical analyses of the three groups are given in Tables 3 and 4. To 
summarize, the I-R and I-R+CAR groups were statistically significantly different from 
the control group for all blood samples. However, there was a statistically difference 
between the I-R and I-R+CAR groups in the AST and LDH levels. 

Discussion 

I-R injury is the most common type of cell injury in clinical cases including coronary 

artery disease, coronary artery bypass grafting, fibrinolytic treatment, balloon 

angioplasty, obstructive arterial disorders, stroke, myocutaneous tissue transfer and 

re-implantation procedures (12). Intracellular enzymes, antioxidants, and 

homeostatic mechanisms are known to be impaired with ischemia (1). The most 

significant mechanism involved in the reperfusion process is the direct toxic effect of 
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the free oxygen radicals originating from proinflammatory cells. Free radicals exert 

their biological effects by acquiring electrons from molecules including lipids, 

proteins, and deoxyribonucleic acid (DNA). Free radicals initiate lipid peroxidation, 

which acts on the cell membrane. In cardiomyocytes, there are endogenous 

antioxidant defense systems, including those of superoxide dismutase, catalase, 

glutathione peroxidase, glutathione, and coenzyme Q10 (ubiquinone) (4). Excessive 

free radical formation that overwhelms the antioxidant defense systems may lead to 

myocardial stunning, necrosis, apoptosis, vascular dysfunction, dysrhythmia, and 

cardiac failure (9, 13). Myocardial stunning, which is usually characterized by 

contractile dysfunction following I-R injury, may require the use of inotropic drugs and 

mechanical circulation support (14). 

Interventions aimed at reducing or preventing I-R injury consist of various procedures 
and medications. Such methods include antioxidant treatment (using superoxide 
dismutase, N-acetyl cysteine, allopurinol, catalase, vitamin E, thiol, and mannitol), 
calcium antagonists, angiotensin-converting enzyme inhibitors, anti-complement 
treatment, leukocyte filtration, anti-cytokine adhesion molecules, endothelin receptor 
antagonists, platelet activating factor (PAF) antagonists, leukotriene B4 (LTB4) 
antagonists and procedures like controlled reperfusion, acute intermittent hypoxia, 
and ischemic preconditioning (14, 15). 

Carnosine, a dipeptide (β-alanine- L-histidine), is present in the cardiac muscle cell at 
a level of 2-10 mM, which is present at highest concentrations in the skeletal muscle. 
Muscle carnosine is a major contributor to hidrogen buffering during high-intensity 
exercise (16). preliminary studies discovered that power athletes have higher 
carnosine levels than untrained individuals and endurance athletes. Moreover, 
Lombardi et al. showed that the oral supplementation of L-carnosine increases the  
quality of life and exercise performance in patients with stable chronic hearth failure 
(17). The CAR tissue level is known to be decreased in animals with chronic infection 
(18). In addition, the tissue level of CAR also decreases during trauma in conditions 
that impair cardiac contractility (19). In the presence of weak alkaline pH, CAR 
inhibits lipid peroxidation (20). 

Given its antioxidant efficacy, the impact of CAR has been investigated in many 

experimental models. In a rabbit model in which HF was induced by infusing 

doxorubicin, the administration of carnosine reduced cardiotoxic effects compared 

with rabbits treated with doxorubucine alone (21). Stvolinsky et al. (22) showed that 

CAR had a neuroprotective effect in subjects with induced cerebral ischemia, and in 

another trial, they showed that administration of CAR extended the lifespan in 

subjects with induced global cerebral ischemia. Fujii et al. (23) reported that 

administration of CAR reduced sympathetic nerve activity and I-R injury occurring in 

the kidneys in their renal I-R model. Lee et al. (24) demonstrated the protective effect 

of CAR against reperfusion injury in the isolated rat heart. In our trial, we induced an 

empirical I-R model via IAA occlusion in rats and investigated the effect of CAR on 

distant organ (myocardium) injury. 

Shiny et al. (25) showed the pro-oxidant effect of taurine through the reduction 
observed in the activities of plasma ALT, AST, LDH and CK—which are assessed 
clinically on a routine basis—in rats with myocardial infraction induced by 
isoprenaline administration. Panda et al. (26) showed the effects of isoproterenol on 
myocardial injury via AST, LDH, and CK enzyme levels. They detected low enzyme 
levels in the group receiving gingko biloba and Ocimum sanctum in combination as 
an antioxidant. In our trial, we measured CK, AST, and LDH enzyme levels as the 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

determinants of myocardial injury in the blood samples of rats and found that the 
enzyme levels were significantly low in the I-R+CAR group (p<0.001).  

Courten et al. showed that Two-hour glucose and insulin were both lower after 
carnosine supplementation compared to placebo in individuals with impaired glucose 
tolerance (27).  

Conclusion 

Early diagnosis and revascularization is of high importance in reducing lower 
extremity I-R injury and minimize local and distant effects. In addition, elucidation of 
the mechanism responsible for I-R injury would ensure rapid and effective blocking of 
the injury. 

In our study, we showed CAR to be an effective agent in avoiding myocardial I-R 
injury, particularly on a biological basis. Even if its role in reducing I-R injury was not 
to be found statistically significant in histopathological assessment, we considered 
the detection of lower histopathological changes in the I-R+CAR group relative to I-R 
group to be significant. The reason for the failure to obtain a statistically significant 
result may have been our small sample size. Thus, we consider that our study may 
guide more comprehensive future research. 
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Figure Legends 
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Figure 1. Histologic specimen of myocardial tissue stained with H&E stain. A, 
myocardial tissue without pathological change (control group, H+E, objective 
magnification ×20). B, Interstitial edema and inflammatory infiltration between 
irregular, wavy-directed cardiomyocytes (I-R group, H+E; objective magnification 
×40). C, Swelling of cardiomyocyte; eosinophilic degeneration, lack of stration, and 
pycnotic nuclei of cardiomyocytes as well as single intracellular vacuoles (I-R, H+E, 
objective magnification ×40). D, neutrophils infiltration (Original magnification, ×20). 
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Table 1. histopathological classification of groups: 

 Control group (n:10) I-R group (n:10) I-R+CAR group (n:10) 

 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

0 + + + + + + + + + + - + - - - - - - - - - + - - - - + - - - 

1 - - - - - - - - - - + - + + + + + + + + + - + + + + - + + + 

2 - - - - - - - - - - + - - + + + - - + - - - + - - + - - - - 

3 - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - 

4 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Note: 0, no change. 1, intertisial edema. 2, Swelling of cardiomyocyte. 3, neutrophils 
infiltration. 4, Necrosis. n: number. 
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Table 2. Comparision of all groups with Kruskall-Wallis test 

histopathology median (25-75) p 

Control (n:10) 0.00 (0.00-0.00) 
p<0.001ᵞᶲ I-R (n:10) 1.50 (1.00-2.00) 

I-R+CAR (n:10) 1.00 (1.00-1.00) 

Note:  
ᵞ: statistical comparision of control and I-R groups. 
ᶲ: statistical comparision of control and I-R+CAR groups. 
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Table 3. Statistical analysis of CK blood sample by Kruskall-Wallis test 

CK median (25-75) p 

Control (n:10) 2979.50 (2841.00-3341.00) 
p<0.001ᵞᶲ I-R (n:10) 6566.50  (4548.00-7018.00) 

I-R+CAR(n:10) 3889.00  (3387.00-4126.00)  

Note: 

ᵞ: statistical comparision of control and I-R groups. 
ᶲ: statistical comparision of control and I-R+CAR groups. 
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Table 4. Statistical analysis of AST and LDH blood samples by One-way ANOVA 
test 

AST X±SD p 

Control (n:10) 269.20±43.04 
 

p<0.001ᵞᶲ³ 

I-R (n:10) 448.10±49.23 

I-R+CAR (n:10) 344.70±46.57 

LDH  

Control (n:10) 5298.40±258.99 

I-R (n:10) 6081.80±324.27 

I-R+CAR (n:10) 5487.30±322.33 

Note:  

ᵞ: statistical comparison of control and I-R groups. 
ᶲ: statistical comparison of control and I-R+CAR groups. 
³: statistical comparison of I-R and I-R+CAR groups. 
SD: standart deviation 
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Figure 1A, 

 

Figure 1B, 
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Figure 1C, 

 

Figure 1D, 
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Abstract: 

The purpose of this study was to investigate the effect of carnosine (CAR) on ischemia-reperfusion (I-R) injury to the 

myocardium occurring after occlusionreperfusion of the infrarenal abdominal aorta (IAA) in rats. In this study, 30 

Sprague-Dawley rats were randomly divided into three equal groups which are control, I-R, and I-R+CAR groups. 

Laparotomy and IAA dissection were performed in all groups; occlusion was not performed in the control group. In 

the control group, the process was completed in 90 minutes as in the other two groups. In the I-R and I-R+CAR 

groups, the IAA was occluded by microvascular clamps; the first 30 minutesrepresented the ischemia period, 

followed by declamping and a 60 minute reperfusion period. After the I-R period, rats were sacrificed. Heart 

specimens and blood samples were taken for histopathological and biochemical evaluation. Statistically significant 

alterations were observed in the control group in comparison with the other groups in the histopathological analyses. 

Although there was no significant difference between the I-R and I-R+CAR groups regarding the histopathological 

findings, the I-R+CAR group displayed more favorable histopathological findings compared with the I-R group. There 

were also significant alterations between the I-R and I-R+CAR groups regarding aspartate aminotransferase (AST), 

creatine kinase (CK), and lactate dehydrogenase (LDH) enzyme levels. The I-R+CAR group had significantly lower 

enzyme levels compared with the I-R group. In conclusion, carnosine seems to effectively prevent myocardial I-R 

injury in rats, as demonstrated by histopathological and biochemical evaluation. 


