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Abstract  

Restoration of blood flow to ischemic myocardium results in the ischemia reperfusion 

(I/R) injury. This study was undertaken to investigate the potential role of endogenous 

testosterone in the regional ischemia reperfusion and apoptosis of the male rat hearts. 

Rats underwent surgical ligation of LAD and subjected to ischemia for 25 min and 

reperfusion for 40 min, and 2nd underwent surgical castration, left 3wks for recovery, 

then underwent surgical LAD ligation. Blood samples were collected from the heart 

for measurement of plasma level of cardiac troponin I (cTn-I). The hearts were 

harvested, and divided into 3 sections, the 1st for the measurement of cardiac 

apoptosis level, the 2nd homogenized for measurement of tissue (TNF-α, IL1-β, 

ICAM-1) and the 3rdwas fixed in 10% formalin for histological examination. 

Compared with the sham group, levels of tissue TNF-α & IL-1β,  ICAM-1 and 

apoptosis; plasma cTn-I were increased (P<0.05) in the control group,  all control 

group rats showed significant myocardial injury (P<0.05) compared with the sham 

group. Castration significantly counteracts the increase in myocardial levels of TNF-

α, IL-1,  ICAM-1, plasma cTn-I and apoptosis (P<0.05). Histological analysis 

revealed that castration markedly reduced (P<0.05) the severity of the heart injury in 

the rats underwent the regional ischemia-reperfusion procedure. This study reveals 

that surgical castration may ameliorate regional I/R injury and apoptosis in the 

ischemic heart in rats. 
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Introduction  

Ischemic heart disease is one of the major leading cause of death for both men 

and women. Depriving the organ from its blood supply have long been recognized as 

a critical factor in the clinical outcome of stroke, hemorrhagic shock, myocardial 

infarction and organ transplantation. Although the restoration of blood flow to an 

ischemic organ is essential to prevent irreversible tissue injury, reperfusion may 

augment’s tissue injury in excess of that produced by ischemia alone. Restoration of 

blood flow to ischemic myocardium results in the ischemia reperfusion (I/R) injury 

[1]. Cellular damage after reperfusion of previously viable ischemic tissue is defined 

as ischemia reperfusion (I-R) injury [2]. Reperfusion of ischemic tissue result in both 

a local and systemic inflammatory response that, in turn, may result in wide spread 

micro-vascular dysfunction and altered tissue barrier and function [3].  

     Gender differences have been noted in I-R injury [4, 5, 6, 7, 8, 9, 10], with several 

studies implicating the sex hormone estrogen in the cardio-protection found in 

females [11, 12, 13, 14, 15]. In contrast, testosterone has received little attention. 

Currently the majority of evidence points toward the detrimental effects of 

testosterone on myocardium, possibly by adverse effects on lipoproteins, thrombosis, 

and cardiac hypertrophy [16,17,18,19]. Indeed, some studies demonstrated that 

chronic endogenous testosterone has a deleterious effect in the isolated rat heart 

subjected to I-R [20]. Recent advances in our understanding of cell death during 

ischemia reperfusion implicate two form of the cell death in the pathology of 

myocardial infarction, namely  necrosis and apoptosis [21]. Apoptosis cell death in rat 

heart has been demonstrated to be induced by prolonged episode of ischemia alone, in 

absence of reperfusion [22, 23]. Some studies have suggested that reperfusion 

accelerates the apoptotic cell death process initiated during ischemia [22, 24, 25, 26]. 

In contrast several studies suggest that the apoptotic component of cell death is 

triggered at time of reperfusion and does not manifest during the ischemic period [27]. 

     Therefore, evidence suggests that the apoptotic component of cell death is either 

triggered or accelerated during the reperfusion phase. The fact that the apoptosis is an 

energy dependent process and ATP levels are depleted during ischemia and 

replenished on reperfusion may explain why the apoptotic component of cell death is 

associated with reperfusion [28]. 
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Method 

Animals 

A total of 18 adult male albino rats weighting (200-250 g) were purchased from 

Animal Resource Center, National Center for Drug Control and Research. They were 

housed in the animal house of Kufa university/ College of Medicine in a temperature-

controlled (25°±1C) room (humidity was kept at 60–65%) with alternating 12-h 

light/12-h dark cycles and were allowed free access to water and chow diet until the 

start of experiments. 

Study design 

After the 1st week of acclimatization the rats were randomized into 4 groups(6 rat in 

each) as follow: 

1- Sham group: Rats underwent the same anesthetic and surgical procedures (for 

an identical period of time for regional myocardial ischemia and reperfusion ) 

but without LAD ligation. 

2- Control group (induced untreated): rats underwent surgical operation for LAD 

ligation  and subjected to 25 min of ischemia and 40 min of reperfusion. 

3- Castrated group: surgically castrated rats left 4wks for recovery [20], then 

underwent surgical LAD ligation, and subjected to 25min of ischemia and 40 

min of reperfusion. 

Surgical LAD ligation 

 The procedure of LAD ligation in rats is modified from that mentioned in previous 

study with modification [29]. The rats anesthetized by intra-peritoneal (IP)  injection 

of 100 mg/kg ketamine and 5 mg/kg xylazine [30]. The left anterior descending 

coronary artery (LAD) is ligated just distal to the left auricle, the LAD is ligated with 

an 8-0 Prolene suture. The reperfusion time is calculated from the moment of 

removing the ligature, and the reperfusion is continued for 40 min. 

Blood sampling for measurement of plasma cTnI 

   Blood sample used for determination plasma cTn-I. By ELISA with a commercially 

available ELISA kit (Literature of kit by life Diagnostic, USA) according to the 

manufacturer’s instructions. 

Myocardial TNF-a, IL-1B, ICAM-1, measurement 

The excised  heart tissues was rinsed with ice cold saline to remove any red blood 

cells or clots, and homogenized with a high intensity ultrasonic liquid processor in 

1:10 (w/v) phosphate buffered saline that contained 1% Triton X-100 and a protease 



American Journal of BioMedicine 

                                                                                                                       2014;2(3): 364–373 

Copyright © 2013-2014 AJBM  367

P a g

e 

inhibitor cocktail [31]. The supernatant was collected for determination of TNF-α, IL-

1β and ICAM-1 by ELISA with a commercially available ELISA kit (Literature of kit 

by life Diagnostic, USA) according to the manufacturer’s instructions. 

Tissue Sampling for Histopathology 

The cardiac sections [32] were stained with hematoxylin and eosin (H&E) after 

fixation. Evaluate scores were performed by an investigator who was blinded to the 

experimental treatment groups.  

Myocardial apoptosis level measurement 

The part of ventricular samples that used for measurement of apoptosis level are 

underwent lyses by trypsin, which is a serine protease commonly used for detachment 

of adherent cell lines and dissociation of tissues. The measurement is done by ELISA 

with a commercially available ELISA kit (ssDNA ApoptosisELISA 

Kit,CHEMICON® International, Inc. USA). 

Presentation of data and statistical analysis.  

Data were expressed as mean±SEM. Quantitative variables were tested for 

statistical significance of difference between more than 2 groups by One-Way 

ANOVA test followed by Post Hoc. LSD test for multiple comparisons. Non- 

parametric tests were used to assess the statistical significance of histopathological 

parameter. The statistical significance of difference between more than 2 groups was 

assessed by Kruskal-Wallis test, while Mann-Whitney U test was used for the 

difference between 2 groups. In all tests, P< 0.05 was considered to be statistically 

significant. 

Results 

 

Figure 1. 

The mean of myocardial proinflammatory cytokines level A) TNF-α, B) IL-1β, (pg/mg) in the 

experimental groups at the end of the experiment. 
*
P<0.05 vs. sham group;

*
P<0.05 vs. Ctrl 

vehicle group. 
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Figure 2.  

The mean of myocardial ICAM-l level (pg/mg) (left side  figure). The plasma mean 

of cTn-I (pg/ml) (right side  figure) in the three experimental groups at the end of 

the experiment. P<0.05 vs. sham group, 
**

P<0.05 vs. Ctrl group. 

 
Figure 3.  

Error bar the means of myocardial apoptosis level (left side fig.). Error bar chart 

shows the means of myocardial damage score (right side fig.) in the 

experimental groups at the end of the experiment three. 

 

 

Figure 4. 

Representative photomicrograph of a section of the heart tissue section stained with 

Haematoxylin and Eosin (X40). A) The sham group shows normal architecture. B) 

Photomicrograph of cardiac section for the control group showed hemorrhage, 

necrosis and neutrophil infiltration. C) Photomicrograph of cardiac section in 

castrated group show almost normal cardiac structure; most tissues reveal a mild 

histological change. 
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Discussion 

The role of testosterone in cardiac injury may be very important because the heart 

can accumulate testosterone at higher concentrations than other androgen target 

organs [34], and functional androgen receptors are present in isolated cardiac 

myocytes [35]. Testosterone was reported to confirm cardio protection against 

ischemia reperfusion by up regulating the cardiac alpha1-adrenoceptor and enhancing 

the effects of stimulation of this adrenoceptor [36]. On the contrary, other study 

hypothesized that testosterone may exert deleterious effects on myocardial pro 

inflammatory cytokine production through pro-inflammatory and/or the pro-apoptotic 

properties of endogenous testosterone in ischemia reperfusion [20]. Moreover, 

exogenous testosterone supplementation increased apoptosis in adult rat ventricular 

myocytes during I/R injury [37]. 

Zhao et al., (2001) have characterized, using a canine model of ischemia 

reperfusion injury, to study the contribution of necrotic and apoptotic cell death. They 

demonstrated that these two forms of cell death occur simultaneously during the 

reperfusion phase, with necrotic cell death peaking after 24 hr. of reperfusion, and 

apoptotic cell death increasing up to 72 hr. of reperfusion [38]. Other studies have 

demonstrated that the pharmacological inhibition of the apoptotic signaling cascade 

during the reperfusion phase is able to attenuate both the apoptotic and the necrotic 

component of cell death [39, 40, 41, 42]. They suggested that the apoptotic death 

process can evolve into necrotic cell death. Wang M, et al.(2005). Stated that 

testosterone may promote the inflammatory response, because myocardial 

inflammatory cytokines production ( TNF-α, IL1β, ICAM-1) decreased in castrated 

male rats and testosterone receptor blocker treated rat compared with non castrated 

males after acute myocardial I/R [20]. Wang et al. (2005) shows that castrated rat 

male subjected to I/R had decreased  apoptosis level compared to sham group [20] . 

Paul et al. ( 2006) also demonstrated that in  rat hearts devoid from chronic exposure 

to testosterone, a single dose of exogenous testosterone increase apoptosis level [43]. 

Findings in the present study according to apoptosis level  are in agreement with 

above 2 studies. Clinically, myocyte apoptosis in heart failure is increased in men 

compared with women44. Some studies have demonstrated that anabolic androgenic 

steroids induce injury and apoptosis in myocardial cells [45, 37]. 
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Maria et al. ( 2006) showed that castrated male rats when subjected to the ischemia 

have significantly decrease in the severity of  histological finding of ischemia so that 

there are  less ischemic expansion and less neutrophil infiltration at the infarction 

border than the non castrated male control group [46]. 
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