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Castration induces antiapoptotic effect during  myocardial regional ischemia 

reperfusion   
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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 TNFα, 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 
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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].  

  

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 

temperaturecontrolled (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 
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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 inhibitor 

cocktail [31]. The supernatant was collected for determination of TNF-α, IL1β 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  
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Figur e 1.   

The mean of myocardial proinflammatory cytokines level  A)   TNF - α,  B)   IL - 1 β, (pg/mg) in the  
experimental groups at the end of the experiment.  * P <0.05   vs . sham group; * P <0.05   vs . Ctrl  

veh icle group.   

  

Figure 2.    

The mean of  myocardial   ICAM - l level ( p g/m g   ) left (   side  figure ).   The  p lasma   mean  

of   cTn - I   ( pg/m l )   ( 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  myocar dial   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 .   
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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.  

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 
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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].  

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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be compiled at the end of the paper in the Vancouver style  (based on 

the American Medical Association (AMA) Manual of Style,11th ed.) . 

References must be out of EndNote mode, in text format. Doi or PMID 

or PMCID is required if available. 

Journal Reference: e.g. Rosenau C, Emery D, Keyboard B, Qoronfleh 

MW. Development of a high-throughput plate-based chemiluminescent 

transcription factor assay. J Biomol Screen. 2004; 9:334-42. 

Article within a book: e.g. Oyer RA, Schlossberg D. Hematologic 

changes in tuberculosis. In: Schlossberg D, editor. Tuberculosis & 

Nontuberculous Mycobacterial infections. 5th ed. New Delhi: Tata 

McGraw-Hill; 2007. pp. 357–64. 

Newspaper article: e.g. Tynan T. Medical improvements lower homicide 

rate: study sees drop in assault rate. The Washington Post. 2002 Aug 

12;Sect. A:2 (col. 4). 

Conference paper: e.g. programming. ASCO 2012: Role of IL32 in 
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esophageal cancer. 

Unpublished material: e.g. Kim H, Philip N, Meashil E. Role of TLR4 

in myocardial injury throuh NF-kB pathway. Proc Natl Acad Sci U S A. 

In press 2004. 

• Tables: Tables should be given at the end of the file after the references. 

They should complement and not repeat information provided in the 

main text body. Each table should be given on a separate page with a 

brief title; the table number and title appear above the table body. All 

table columns must have a heading and any abbreviations or statistical 

test should be explained in footnotes. Regarding the P value report, keep 

in mind that the value 0.000 is not valid and should be written as <0.001. 

Tables must be created in Microsoft Word. All rows and columns should 

have simple border line and no shading. 

•  Figures and photos: Figures and photos should be numbered in 

sequence using Arabic numerals and they should be given at the end of 

the file after the last table. Each figure or photo should be given on a 

separate page. The legend of the figure should come after that. The 

authors could submit an electronic version of the figures included as 

separate files. Every figure and photo should be titled and pointed where 

it should appear in a main text. Authors can also submit figures files 

individually in following formats: TIF at the standard resolutions (i.e. 

300 dpi for photos, 600 dpi for line art), JPG, JPEG, PNG, all sized at 

the final print size. Other figure formats may be supported, but DO NOT 

USE PDF, PPT, or PS files. 

Guidelines for Human Phenotype–Genotype Association 

Refer to existing public domain websites for the Human Gene Ontology name 

and the number for SNPs, for more information 

sees: www.ncbi.nlm.nih.gov/projects/SNP 

Guidelines for Proteins and Nucleic Acid Sequences 

The authors must provide a statement in the manuscript that protein sequences 

must be deposited in GenBank or EMBL databases, and an accession number 

must be obtained. this sequence has been scanned against the database and all 

http://www.ncbi.nlm.nih.gov/projects/SNP
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sequences with significant relatedness to the new sequence identified, for more 

information click this Website: www.ncbi.nlm.nih.gov/genbank 

Guidelines for Genomic and Proteomic Studies 

Data should follow the MIAME checklist, for more information see: 

www.mged.org/Workgroups/MIAME/miame.html 

For the NCBI gene expression and hybridization array data repository; see 

www.ncbi.nlm.nih.gov/geo 

Accepted manuscript 

Check for plagiarism through iThenticate 

Once manuscript pass plagiarism the acceptance the editor office will ask you 

to supply a Word file of the final version of your paper with all figures cited 

in original place. You must ensure that the file has been updated to incorporate 

all revisions. The article will be processed and you will receive the proofs for 

any further corrections in paper, authors and their addresses. The correction 

must be completed with 48-hours from receiving the proof otherwise the DOI 

number of manuscript will be activated and any further corrections will be 

appear in Cross Mark. The final published paper will be appearing as abstract 

only for limited access and PDF/full-text to open access article. The captions 

(legends) will be inserted below the figures, tables, Photographs, clinical 

images, photomicrographs, gel electrophoresis and cited though the paper. 

Other types of Articles send as Word file direct to Editor office editor@ajbm.net 

Article processing fee 

The article review process is free of charge, but once accepted, authors are 

required to pay for the publication of the article in accordance with the journal's 

policies. 
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Authorship and contribuorship 

Authorship 

The International Committee of Medical Journal Editors Recommendations for 

the Conduct, Reporting, Editing, and Publication of Scholarly Work in Medical 

Journals (ICMJE Recommendations 2018) recommend that authorship be based 

on the following four criteria: 

• Substantial contributions to the conception or design of the work; or the 

acquisition, analysis, or interpretation of data for the work; AND 

• Drafting the work or revising it critically for important intellectual content; 

AND 

• Final approval of the version to be published; AND 

• Agreement to be accountable for all aspects of the work in ensuring that 

questions related to the accuracy or integrity of any part of the work are 

appropriately investigated and resolved. 

In addition to being accountable for the parts of the work he or she has done, an 

author should be able to identify which co-authors are responsible for specific 

other parts of the work. In addition, authors should have confidence in the 

integrity of the contributions of their co-authors. 

We include only one corresponding author per article. Any further contribution 

details (eg, equal contribution) must be included in the contributors or 

acknowledgement sections at the end of the article. 

The American Journal of BioMedicine requires that all those designated as 

authors should meet all four ICMJE criteria for authorship, and all who meet the 

four criteria should be identified as authors. We recognize only natural persons 

over 18 years of age as authors. These authorship criteria are intended to reserve 

the status of authorship for those who deserve credit and can take responsibility 

for the work. The criteria are not intended for use as a means to disqualify 

colleagues from authorship who otherwise meet authorship criteria by denying 

them the opportunity to meet criterion #s 2 or 3. Therefore, all individuals who 

meet the first criterion should have the opportunity to participate in the review, 

drafting, and final approval of the manuscript. 

https://ajbm.net/authorship-and-contribuorship/
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The individuals who conduct the work are responsible for identifying who meets 

these criteria and ideally should do so when planning the work, making 

modifications as appropriate as the work progresses. The corresponding author 

takes primary responsibility for communication with the journal during the 

manuscript submission, peer review, and publication process, and typically 

ensures that all the journal’s administrative requirements, such as providing 

details of authorship, ethics committee approval, clinical trial registration 

documentation, and gathering conflict of interest forms and statements, are 

properly completed, although these duties may be delegated to one or more 

coauthors. 

When a large multi-author group has conducted the work, the group ideally 

should decide who will be an author before the work is started and confirm who 

is an author before submitting the manuscript for publication. All members of 

the group named as authors should meet all four criteria for authorship, 

including approval of the final manuscript, and they should be able to take public 

responsibility for the work and should have full confidence in the accuracy and 

integrity of the work of other group authors. They will also be expected as 

individuals to complete conflict-of-interest disclosure forms. 

At the American Journal of BioMedicine we want authors to assure us that all 

authors included on a paper fulfil the criteria of authorship. In addition we want 

assurance that there is no one else who fulfils the criteria but has not been 

included as an author. 

Contributorship 

The American Journal of BioMedicine lists contributors in two ways. Firstly, 

we publish a list of authors' names at the beginning of the paper and, secondly, 

we list contributors (some of whom may not be included as authors) at the end 

of the paper, giving details of who did what in planning, conducting, and 

reporting the work. This is a good place to include contributions by patients or 

members of the public who have assisted as research volunteers, giving their 

names and specific roles. We encourage authors to fully acknowledge the 

contribution of patients and the public to their research where appropriate. 
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One or more of these contributors are listed as guarantors of the paper. The 

guarantor accepts full responsibility for the work and/or the conduct of the study, 

had access to the data, and controlled the decision to publish. See Maintaining 

the integrity of the scientific record. 

Contributorship and guarantorship are concepts that were applied first to 

original research papers, and are sometimes hard to define for other articles. 

Each contributorship statement should make clear who has contributed what to 

the planning, conduct, and reporting of the work described in the article, and 

should identify one, or occasionally more, contributor(s) as being responsible 

for the overall content as guarantor(s). For articles in American Journal of 

BioMedicine that do not report original research - such as editorials, clinical 

reviews, and education and debate - please state who had the idea for the article, 

who performed the literature search, who wrote the article, and who is the 

guarantor (the contributor who accepts full responsibility for the finished article, 

had access to any data, and controlled the decision to publish). For non-research 

articles that include case reports such as lessons of the week, drug points, and 

interactive case reports, please also state who identified and/or managed the 

case(s). 

Researchers must determine among themselves the precise nature of each 

person's contribution, and we encourage open discussion among all participants. 

Alteration to authorship or contributorship 

Any change in authors and/or contributors after initial submission must be 

approved by all authors. This applies to additions, deletions, change of order to 

the authors, or contributions being attributed differently. Any alterations must 

be explained to the editor. The editor may contact any of the authors and/or 

contributors to ascertain whether they have agreed to any alteration. 

Group authorship 

If there is a very large number of authors we may ask for confirmation that 

everyone listed met the ICMJE criteria for authorship. If they did, we may then 

require that the authors form a group whose name will appear in the article 

byline. 

 



         

American Journa l  of  BioMedicine   
        

    221 

Article distributed under the terms of the Creative Commons Attribution 4.0 

International License (CC-BY 4.0) 

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is 

properly cited. 

The editorial board of American Journal of BioMedicine shares common vision 

in providing unrestricted access to knowledge and education for all and thereby 

follows OPEN ACCESS POLICY to showcase its content for open access. 

American Journal of BioMedicine follows open access copyright and licensing 

policy on the principle that making research freely available to the public 

supports a greater global exchange of knowledge. 

The authors submitting and publishing in American Journal of BioMedicine 

agree to the copyright policy under Creative Commons Attribution 4.0 

International License (CC-BY 4.0). 
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Peer Review Process 

• The reviewing and publishing process depends on the quality of the study as 

well as the English accuracy of the manuscript. 

• The editor-in-chief may reject manuscripts prior to peer review if do not comply 

with the instructions for authors. 

• All submitted manuscripts are subjected to the external peer review and editorial 

approval. 

• This journal uses Double-blind review, which means that both the reviewer and 

author identities are concealed from the reviewers, and vice versa, throughout 

the review process. To facilitate this, authors need to ensure that their 

manuscripts are prepared in a way that does not give away their identity. 

Authors have the right to communicate to the editor if they do not wish their 

manuscript to be reviewed by a particular reviewer because of potential conflicts 

of interest. No article is rejected unless negative comments are received from at 

least two reviewers. 

• Authors are usually notified within 2-3 months about the acceptability of their 

manuscript. 

• Reviewers are selected based on their expertise within the topic area of the 

submission, and their purpose is to assist the authors and the journal by 

providing a critical review of the manuscript. 

• After receiving the reviewers’ comments, authors are requested to send the 

revised article and a copy of their reply to the reviewers including the comment 

and explaining the replies to the questions and the changes made to the revised 

version. The communication regarding a specific manuscript will be done only 

between the journal and the designated corresponding author. 

Responsibility for the Reviewers 

• Reviewers should keep all information regarding papers confidential and treat 

them as privileged information. 

• Reviews should be conducted objectively, with no personal criticism of the 

author. No self-knowledge of the author(s) must affect their comments and 

decision. 
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• Reviewers should express their views clearly with supporting arguments in 500 

to 1000 words. 

• Reviewers may identify relevant published work that has not been cited by the 

authors. 

• Reviewers should also call to the Editor in Chief's attention any substantial 

similarity or overlap between the manuscript under consideration and any other 

published paper of which they have personal knowledge. 

• Reviewers should not review manuscripts in which they have conflicts of 

interest resulting from competitive, collaborative, or other relationships or 

connections with any of the authors, companies, or institutions connected to the 

papers. 

• The reviewer is responsible for both the author and the editor in regard to the 

manuscript. Peer review is the principal mechanism by which the quality of 

research is judged. Most funding decisions in science and the academic 

advancement of scientists are based on peer-reviewed publications. 

Peer reviewer responsibilities towards the author 

1. Providing written, unbiased feedback in a timely manner on the scholarly merits 

and the scientific value of the work 

2. Comments given by the reviewers should be clear and relevant to the subject 

and accurate which creates interest to the authors. 

3. Personal & Financial conflicts must be avoided. 

4. The review process should be confidentially maintained. 

Peer reviewer responsibilities towards the editor 

1. Notifying the editor immediately if unable to review in a timely manner and 

providing the names of other potential reviewers if possible. 

2. Following the editor's written instructions on the journal's expectations of the 

submitted work. 

3. Determining scientific merit, originality, and scope of the work; indicating ways 

to improve it and giving decisions based on rating. 

4. Provide a clear and levelheaded reason for giving decisions based on common 

ethics. 

5. Personal & Financial conflicts should be alerted. 
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6. Stave off direct contact with the author without editor's permission. 

Ethical Responsibilities of Reviewers 

1. Confidentiality: Reviews and reviewer comments should be held 

confidentially. manuscripts or copies of the process shouldn't be retained with 

the reviewers after the process is commenced. 

2. Constructive Evaluation: Decisions and judgment should be constructive that 

provides legible insight to the author without any controversy or inefficiencies 

with the review process. 

3. Competence: -Reviewer with passable expertise will serve the purpose to 

complete the review. People lacking adequate expertise should feel responsible 

and can decline the review. 

4. Impartiality and Integrity: Reviewer decision should solely depend on 

scientific merit, relevance to the subject, scope of the journal rather on financial, 

racial, ethnic origin etc… of the authors. 

5. Timeliness and Responsiveness: Reviewer should be responsible to complete 

the review within the relevant time and should take all necessary steps to fulfill 

the limitations of the journal. 

 


