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Abstract 

The response to ischemia/reperfusion and the effects of ischemic post-conditioning 

(IPC) are sex-dependent, but the mechanisms have not been clarified. Male (M) and 

female (F) rat hearts isolated and perfused using the Langendorff technique were subject 

to 30 min of global ischemia (GI) and 60 min reperfusion (R). In IPC hearts, three 

cycles of 30-sec GI/30-sec R were applied at the beginning of R. Infarct size and 

myocardial function were assessed. Superoxide production, antioxidant systems, and 

expressions of phosphorylated forms of serine/threonine kinase (Akt), glycogen 

synthase kinase 3β (GSK-3β), protein kinase C ε (PKCε), endothelial nitric oxide 

synthase (eNOS), and apoptosis were measured. In the basal state, superoxide 

production and apoptosis were lower, and antioxidant systems and phospho-kinase 

expressions were higher in F rather than in M hearts. After ischemia-reperfusion, infarct 

size was less in F hearts, and post-ischemic recovery of myocardial function was higher 

in F rather than in M hearts. Superoxide production, phospho-kinase activity, phospho-

eNOS, and apoptosis increased in both sexes while antioxidants decreased in both 

sexes. After IPC, infarct size, superoxide production, and apoptosis decreased and 

phospho-eNOS increased in F and M hearts but phospho-kinase expressions and post-

ischemic recovery of myocardial function improved only in M hearts. These results 

show that Akt/GSK-3β/PKC/eNOS-dependent pathways-mediated superoxide 

production and apoptosis appear as important factors involved in the observed gender 

differences. 
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1. Introduction  

Ischemic heart disease is the leading cause of death worldwide and accounts for almost 

half of the increased cardiovascular deaths. The influence of sex on the development of 

coronary artery disease has been widely examined [1]. Previous epidemiologic studies 

found similar or smaller infarct size and/or microvascular damage (no-reflow zone) 

after ischemia-reperfusion in women than in men [2-5]. At experimental level, most of 

observations performed on different animals, particularly the rat, confirm the presence 

of an increased resistance of the female myocardium to ischemia-reperfusion injury. 

Thus, a better recovery of post-ischemic contractile function and fewer arrhythmias 

were observed in female than age-matched males [6-10]. Differences in reactive oxygen 

species (ROS) generation by mitochondria [11, 12], in the expression of anti- and pro-

apoptotic protein levels [13], and/or in the activation of cardioprotective kinases-

dependent pathways were also detected [14-16]. Although these differences were 

previously attributed to sex hormones, the involved mechanisms remain unclear. 

Ischemic post-conditioning (IPC), proposed by Zhao et al. [17], is a protection strategy 

in which multiple brief episodes of ischemia, applied at the beginning of reperfusion, 

improved heart outcomes. The protection exerted by IPC was demonstrated in different 

animal species and experimental protocols [18-20], including humans [21-23]. Very few 

studies tested the differences of IPC effectiveness between genders. They show 

contradictory results depending on the end-point considered (e.g., infarct size, 

contracture development, and post-ischemic systolic dysfunction, etc). Thus, 

Crisostomo et al. [24] reported the protective effect of IPC against post-ischemic 

dysfunction in isolated male rat hearts after either 20 or 25 min of ischemia, including 

female hearts only after 20 min of ischemia. Analyzing infarct size, Dow et al. [25] 

showed that IPC was ineffective in reducing it in female rat hearts. However, Penna et 
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al. [26] found a reduction of infarct size and post-ischemic dysfunction in female after 

IPC. Therefore, the results are inconclusive.   

The purposes of this study were to analyze the response of isolated hearts from young 

adult male and female rats after 30 min of global ischemia and 60 min of reperfusion 

and to determine the effects of IPC in both sexes, examining the possible involved 

mechanisms.  
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2. Material and Methods 

An expanded ‘Material and Methods’ section is available in Online Data Supplements. 

2.1 Isolated rat heart preparation 

Experiments were conducted in male and female 5-month-old Wistar rats. All 

procedures followed during this investigation were approved by the Institutional Animal 

Care and Use Committee (IACUC) of the Faculty of Medicine, University of La Plata 

following the Guide for the Care and Use of Laboratory Animals from the Institute for 

Laboratory Animal Research, National Research Council, Washington, D.C., National 

Academy Press, 2010 and/or European Union Directive for Animal Experiments 

2010/63/UE. 

Rats were anesthetized with ketamine-diazepam (80-5 mg/Kg). The heart was rapidly 

excised and perfused by the non-recirculating Langendorff technique. 

2.2. Experimental protocols 

After 20 min of stabilization, hearts from male (M) and female (F) were assigned to the 

following experimental protocols (Fig 1):  

Non-ischemic control hearts (NIC; n = 5 for each sex): Hearts were perfused for 90 

min. 

Ischemic control hearts (IC; n = 7 for each sex): Hearts were subjected to 30 min of 

normothermic global ischemia followed by 1 hour of reperfusion. Global ischemia was 

induced by stopping the perfusate inflow line and the heart was placed in a saline bath 

held at 37°C. 

Ischemic postconditioning (IPC, n = 7 for each sex):  Three cycles of 30 sec of 

ischemia and 30 sec of reperfusion was applied at the beginning of reperfusion. 
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Additional hearts subjected to the same protocols (n = 6 for each one and for each sex) 

but stopping the perfusion at 53 min for NIC and at 3 min of reperfusion for IC and IPC 

were used for biochemical determinations. 

2.3. Measurements 

2.3.1. Infarct size  

Infarct size was assessed by the widely validated triphenyltetrazolium chloride (TTC) 

staining technique and expressed as a percentage of area at risk [27]. 

2.3.2. Myocardial function 

2.3.2.1. Systolic function 

Myocardial contractility was assessed by the left ventricular developed pressure 

(LVDP) and maximal rate of rise of left ventricular pressure (+dP/dtmax).  

2.3.2.2. Diastolic stiffness 

Left ventricular wend diastolic pressure (LVEDP) was used as an index of ventricular 

diastolic stiffness. 

2.3.2.3. Myocardial relaxation 

To study the myocardial relaxation, the maximal rate of decay of left ventricular 

pressure (-dP/dtmax), the half time of relaxation (t50) and relaxation time constant () 

were measured.  

2.3.3. Coronary resistance  

Coronary resistance was calculated as a quotient between coronary perfusion pressure 

and coronary flow and expressed as difference between the values obtained at the end of 

reperfusion period and that observed in the pre-ischemic period. 

2.3.4. Biochemical determinations 

2.3.4.1. Superoxide production 
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It was measured in cardiac strips using the lucigenin‐enhanced chemiluminescence 

method and expressed as a.u./min/mg dry weight tissue [28]. 

2.3.4.2. Lipid peroxidation 

The concentration of thiobarbituric reactive substances (TBARS) as an index of lipid 

peroxidation was measured by spectroscopic technique and expressed in nmol/mg 

protein [29]. 

2.3.4.3. Reduced glutathione content GSH) 

It was determined by Ellman´s method and expressed as μg/mg protein [30]. 

2.3.4.4. Protein determination 

The protein concentration was evaluated by the Bradford method [31]. 

2.3.4.5. Immunoblotting  

A portion of M and F left ventricle was homogenized and resolved on SDS-PAGE, 

transferred to PVDF membranes and probed with antibodies anti-PSer9 GSK-3β, anti-

PSer473-Akt, anti-PKC, anti-Ser1177 eNOS, anti-nitrotyrosine, anti-MnSOD, anti-

Bax, anti-Bcl2 and anti-caspase 3. GAPDH signal was used as a loading control.  

2.4. Statistical analysis  

Data are presented as mean ± SE and repeated measures of two-way analysis of 

variance (ANOVA) with Newman-Keuls test were used for multiple comparisons 

among groups. A P value < 0.05 was considered significant.  

  

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

9 

 

3. Results 

3.1. Infarct size 

Fig. 1 shows the infarct size in non-ischemic controls, ischemic controls, and post-

conditioned hearts from M and F. In the absence of ischemia, and at the end of 

perfusion, infarct size was approximately 4 % of the risk area for both sexes. After 30 

min of global ischemia and 1 h of reperfusion, the infarct size was significantly higher 

for M than F (40 ± 2% vs. 29 ± 4%). IPC significantly attenuated the infarct size in both 

sexes (16 ± 1% for M and 15 ± 1% for F). 

3.2. Systolic and diastolic myocardial function 

Non-ischemic control hearts exhibited a decrease in contractility of approximately 15-

20 % at the end of perfusion. In ischemic-reperfused hearts, contractility decreased 

approximately 80 % with respect to pre-ischemic values in M and 45% in F. As shown 

in the Fig. 2, the recovery of systolic function was improved by IPC in M, but was not 

modified in F. At the end of the reperfusion period, LVDP (A panel), +dP/dtmax (B 

panel) and -dP/dtmax (C panel) reached higher values than those obtained in ischemic 

control hearts. In both sexes, the passive diastolic stiffness, assessed by LVEDP, 

increased in 30 min of global ischemia and increased more with reperfusion. At the end 

of reperfusion, LVEDP reached higher values in M than F hearts. IPC attenuated these 

increases only in M hearts. 

In both sexes, t50 did not change during reperfusion, showing values of approximately 

55 mseg. Only in M hearts, the relaxation time constant () increased at 5 min of 

reperfusion and returned to pre-ischemic levels at its end (see Supplements).  

3.3. Coronary resistance 
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Coronary resistance increased during reperfusion in M hearts. This increase (2.03 ± 0.32 

mmHg/ml x min
-1

) was significantly attenuated by IPC (0.90 ± 0.22 mmHg/ml x min
-1

). 

In F hearts, coronary resistance did not show any change.  

3.4. Superoxide production, TBARS concentration and nitrotyrosine expression   

Superoxide production - assessed by lucigenin chemiluminescence - was higher in M 

than F in all experimental groups (Fig. 3A). In the basal state (a non-ischemic situation), 

superoxide production was lesser in F than M hearts. After ischemia-reperfusion, 

superoxide production increased in both sexes, which was reduced by IPC reaching 

non-ischemic levels only in M hearts. Lipid peroxidation - assessed by TBARS - was 

lower in F than M hearts in a non-ischemic situation (Fig. 3B). During ischemia-

reperfusion, TBARS of F hearts increased and remained elevated after IPC. In contrast, 

M hearts exhibited high levels of TBARS in three situations (basal, ischemia-

reperfusion, and IPC).   

We evaluated protein nitration [produced by peroxynitrite (ONOO-), which resulted in a 

reaction between NO and superoxide (O2
.-
)] through the measurement of 3-nitrotyrosine 

level by western blot. The expression of this protein increased in ischemic control hearts 

of both sexes and was significantly attenuated by IPC (Fig. 3C). 

3.5. GSH and MnSOD expression 

In the basal state, the content of GSH was markedly higher in F than M hearts. After 

ischemia-reperfusion, the level of GSH decreased only in F hearts and this value was 

not affected by IPC. In M hearts, the content of GSH did not change, showing a 

tendency to increase when IPC was applied (Fig. 4A).  Under non-ischemic conditions, 

expression of the antioxidant enzyme MnSOD was higher in F than M hearts. After 

ischemia-reperfusion, though, the expression of MnSOD decreased in both sexes. In the 
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IPC group, the level of this enzyme increased in both sexes, reaching the highest values 

in M hearts (Fig. 4B). 

3.6. P-Akt, P-GSK-3, PKCε, and P-eNOS expression 

Non-ischemic hearts from F showed a higher amount of the phosphorylated forms of 

Akt and GSK‐3β than for M. At 3 min of reperfusion, following 30 min of global 

ischemia, the expression of P-Akt and P- GSK‐3β increased approximately 25 % in both 

sexes, where higher values were found in F than M hearts. In post-conditioned hearts, 

kinase phosphorylation increased more in M (Fig. 5). The increases of P-eNOS in IC 

and IPC protocols were similar in both sexes.  

3.7. Expression of Bax, Bcl2 and caspase 3  

The level of pro-apoptotic Bax protein was significantly lower in F than M hearts in all 

experimental groups. However, after ischemia-reperfusion, Bax expression increased, 

and after IPC its level decreased in the hearts of both sexes. To the contrary, the 

expression of anti-apoptotic Bcl-2 was markedly higher in F than M hearts under non-

ischemic, ischemic, and post-conditioning situations. Nevertheless, the Bcl-2 expression 

significantly decreased at 3 min of reperfusion in ischemic control hearts and increased 

in post-conditioned hearts from both sexes. The Bax/Bcl-2 ratio showed higher values 

in M than F hearts in all experimental groups. This ratio markedly increased early in the 

reperfusion after global ischemia and then decreased in post-conditioned hearts of both 

sexes. The level of caspase-3 - similar to Bax - showed higher values in M than F 

hearts, and increased during the first min of reperfusion and decreased in post-

conditioned hearts (Fig. 6). 
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Discussion 

In this study, we demonstrated that the application of a severe period of global ischemia 

(30 min) followed by 60 min of reperfusion to isolated hearts of young adult rats 

produced less damage in F compared to M. As such, we detected a smaller infarct size 

and diastolic stiffness, as well as an improvement in post-ischemic recovery of systolic 

function, isovolumic relaxation, and coronary perfusion in F compared to M hearts. We 

also found that ischemic post-conditioning decreased infarct size in both sexes, but 

attenuated myocardial dysfunction in M hearts.  

Non-ischemic control 

According to previous work, the contractility of F hearts in non-ischemic situations was 

similar [32] or lower than that demonstrated by M hearts [33-35]. In our experimental 

preparation, isolated hearts from F and M rats exhibited a similar basal contractility. 

However, we found differences in other analyzed parameters. For example, there was 

less superoxide production and lipid peroxidation, but a higher level of antioxidant 

systems (MnSOD and GSH) in F vs. M hearts. These results, in agreement with 

previous data [36, 37], indicate that in the basal state, F hearts have less oxidative 

damage than M hearts. This difference could be attributed to the previously reported sex 

differences in mitochondrial biogenesis, bioenergetics, and morphology [38]. F hearts 

also exhibited higher levels of phosphorylated forms of Akt, GSK-3β, and PKCε, as 

well as similar levels of phospho-eNOS and 3-nitrotyrosine than M hearts.  

On the other hand, F hearts showed a higher level of anti-apoptotic Bcl-2 and a lower 

level of pro-apoptotic Bax, Bax/Bcl-2 ratio, and caspase-3 than M hearts. Therefore, in 

agreement with previous evidence [39], less myocyte apoptosis was found in F than M 

hearts.  
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These data suggest that the higher activation of Akt, GSK-3β, and PKC-dependent 

signaling pathways could be contributing to lower superoxide production and pro-

apoptotic factor release in F compared to M hearts.  

Response to ischemia-reperfusion  

Clinical studies demonstrated that myocardial infarct size may be similar [2] or smaller 

in women compared to men [4, 5]. However, most of the experimental observations 

confirmed that the F myocardium has increased resistance to ischemia-reperfusion 

injury [6-10]. In this study, F hearts showed a smaller infarct size and a better post-

ischemic recovery of systolic and diastolic function compared to age-matched M hearts. 

The post-ischemic increase of coronary resistance was only observed in M hearts. We 

must ask which mechanisms are responsible for these differences. Oxidative stress and 

apoptosis play important roles in myocardial reperfusion injury. It has been described 

that early in reperfusion, there is an imbalance between ROS generation and antioxidant 

defenses, leading to oxidative stress [40-42]. In our experiments, during the first 3 min 

of reperfusion, the increase of superoxide production was greater in M than F hearts. 

Regarding antioxidant systems, MnSOD similarly decreased in both sexes, whereas 

GSH decreased only in F hearts. TBARS increased in F hearts, but this value was lower 

than that observed in M hearts. These data suggest F hearts suffered oxidative stress that 

was significantly lower than M hearts.   

On the other hand, the oxidative stress is able to promote injury through a diminution of 

NO bioactivity [43]. In this study, hearts from both sexes showed a similar increase of 

3-nitrotyrosine content, indicating that NO is not implicated in observed sex differences. 

Moreover, ROS directly and/or via redox-activated protein kinases (such as PKC) are 

able to modify the Ca
2+

 handling [44]. Both factors (ROS and Ca
2+

) are implicated in 

the formation and/or opening of the mitochondrial permeability transition pore (mPTP), 
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which produces the release of pro-apoptotic factors and disturbance in mitochondrial 

function [45, 46]. In this sense, it was previously reported that F mitochondria are less 

prone to Ca
2+

 overload [47] and mPTP is less sensitive to Ca
2+

 [48]. In this study, the 

hearts from both sexes showed an increase of Bax and caspase-3 and a decrease of Bcl-

2, with the changes more accentuated in F hearts. The expression of the phosphorylated 

forms of Akt, GSK-3β, and PKCε was higher in F than M hearts. 

Therefore, the decrease of ROS production and pro-apoptotic factor release mediated 

by higher activation of Akt, GSK-3β, and PKCε-dependent signaling pathways could be 

responsible for the lower ischemia-reperfusion injury of F compared to M hearts. 

Ischemic post-conditioning (IPC)  

IPC has been widely demonstrated in different models, using hearts from M animals 

[18-20]. However, when IPC was applied to F hearts, the results are contradictory. 

Some studies report that IPC is able to reduce infarct size and post-ischemic systolic 

dysfunction, depending on ischemia duration [24, 26], whereas others demonstrate that 

IPC is ineffective [25, 49]. In our experiments, IPC decreased the infarct size in both 

sexes but improved post-ischemic recovery of myocardial function in M hearts. The 

increase of coronary resistance detected in M hearts was significantly attenuated by 

IPC, favoring the reestablishment of normal perfusion. As such, the question is: What 

are the possible explanations for these differences? 

The benefits afforded by IPC involve the activation of multiple intermediate kinase 

pathways converging on mitochondria [50-52]. A reduction of ROS generation has been 

recognized as a possible IPC-mediated cardioprotective mechanism [53]. In our 

experiments, IPC produced a greater diminution of superoxide production and a higher 

increase in MnSOD expression in M than F hearts.  The expression of P-Akt, P-GSK-

3β, and P-PKC increased in M, but did not change in F hearts. These data suggest that 
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kinases in ischemic control hearts from F are at their maximum concentration and that 

IPC cannot increase them further. This result could explain the observed lack of 

protection by IPC against the post-ischemic contractile dysfunction in F hearts.  

The content of P-eNOS increased and 3-nitrotyrosine levels decreased in both sexes. 

Undoubtedly, a high expression of P-eNOS linked to an attenuation of superoxide 

production led to an increased NO bioavailability. It was previously reported that NO 

produces S-nitrosylation of L-type Ca
2+

 channel, thus reducing the Ca
2+

 overload and 

the ischemia-reperfusion injury [54]. Therefore, NO appears to play an important role in 

the decreased cell death/infarct size found in post-conditioned hearts from both sexes. 

Simultaneously, these hearts showed a decrease of Bax and caspase-3 expression and an 

increase of Bcl-2 content. In this way, post-conditioned hearts exhibited less apoptosis 

than non-post-conditioned hearts. These IPC-mediated beneficial actions can also 

contribute to the improvement of post-ischemic contractility in M hearts, but it was not 

enough to overcome post-ischemic cardiac dysfunction in F hearts. This could be 

interpreted that F myocardium is initially more protected against ischemic insult than M 

hearts. 

These data suggest that a reduction of pro-apoptotic factor release and ROS production 

mediated by Akt/GSK-3β/PKCε/eNOS-dependent pathways targeting mitochondria 

could be involved in the decreased cell death detected in F and M post-conditioned 

hearts. 

Conclusions 

Our data confirm the existence of sex differences in response to ischemia-reperfusion 

and ischemic post-conditioning. According to our data, the observed differences 

between post-conditioned and non-post-conditioned M and F hearts appear to be 

associated with the degree of activation of Akt/GSK-3β/PKC/eNOS-dependent 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

16 

 

pathways and their impact on mPTP (Fig. 7). These findings support the development of 

sex-specific therapeutic strategies for the management of acute coronary syndrome. 
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 LEGENDS 

Figure 1: Upper panel: experimental protocols. NIC: non-ischemic control; IC: 

ischemic control; IPC: ischemic post-conditioning; GI: global ischemia. Lower panel: 

Typical slices of heart from both sexes stained with TTC and mean values of infarct 

size, expressed as a percentage of risk area, in NIC, IC and IPC groups of hearts from 

male and female rats. Observe that infarct size of female was lesser than male. IPC 

reduced the infarct size in both sexes reaching similar values. * p < 0.05 IPC vs. IC; # p 

< 0.05 female vs. male. 

Figure 1S: Scheme of the experimental design, indicating on the left ventricular 

pressure (LVP) and its first derivative (dP/dt) traces the measured parameters 

[developed pressure (LVDP), end diastolic pressure (LVEDP), maximal rate of rise of 

LVP (+dP/dtmax), maximal rate of decay of LVP (-dP/dtmax), half time of relaxation (t50) 

and relaxation time constant ()]. 

Figure 2: Time course of left ventricular developed pressure (LVDP, A panel), maximal 

rate of rise of left ventricular pressure (+dP/dtmax, B panel) and maximal rate of decay of 

LVP (-dP/dtmax, C panel), expressed as percentage of preischemic values, and left 

ventricular end diastolic pressure (LVEDP), expressed in mmHg, in NIC, IC and IPC 

hearts from male (M) and female (F) rats. Note that post-ischemic recovery of 

myocardial function in F was higher while diastolic stiffness was lesser in F than in M 

hearts. IPC improved the post-ischemic contractility only in M. * p < 0.05 IC F vs.  IC 

M and IPC M vs IC M. 
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Figure 2S: Time course of t50 (half time of relaxation) and  (relaxation time constant) 

expressed in msec during reperfusion in NIC, IC and IPC hearts from male (M) and 

female (F) rats. Both parameters increased early in reperfusion only in M hearts and 

gradually returned to pre-ischemic values. IPC annulled these changes. * p < 0.05  

Figure 3: Superoxide (O2
.-
) production (A panel), thiobarbituric acid reactive 

substances concentration (TBARS, B panel) and expression of 3-nitrotyrosine (C panel) 

in NIC, IC and IPC hearts from male (M) and female (F) rats. In NIC group, the O2
.-
 

production and TBARS of F hearts were lesser than M ones.  After ischemia-

reperfusion (IC group) O2
.-
 production increased in both sexes and TBARS increased 

only in F hearts. The expression of 3-nitrotyrosine was similar in NIC hearts from M 

and F and decreased in IC groups. In both sexes IPC decreased O2
.-
 production and 3-

nitrotyrosine but not modified TBARS content. * p < 0.05 F vs. M; # p < 0.05 vs. NIC; 

 p < 0.05 IPC vs. IC.  

Figure 4: Reduced glutathione content (GSH, A panel) and MnSOD expression in NIC, 

IC and IPC hearts from male (M) and female (F) rats. In NIC group, these parameters 

were higher in F hearts than in M ones. After ischemia-reperfusion (IC group) the level 

of GSH only decreased in F hearts and the values were not modified by IPC. The 

MnSOD expression decreased in IC hearts and increased in post-conditioned hearts in 

both sexes. * p < 0.05 F vs. M; # p < 0.05 vs. NIC;  p < 0.05 IPC vs. IC.  

Figure 5: Representative immunoblots of phosphorylated forms and summary of 

densitometry data of phospho-Akt (P-Akt, A panel), phospho-GSK-3β (P-GSK-3β, B 

panel), phospho-PKC (P-PKC, C panel) and phospho-eNOS (P-eNOS, D panel), in 

cardiac homogenate of NIC, IC and IPC hearts from male (M) and female (F) rats. The 

expression of P-Akt, P-GSK-3β, P-PKC were higher in NIC hearts from F than in M 

ones, this level increased after ischemia-reperfusion reaching the highest  values in F 
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hearts. IPC only increased the expression of those kinases in M hearts. P-eNOS was 

similar in F and M, increased in IC groups and increased more in IPC groups without 

sex differences.  * p < 0.05 F vs. M; # p < 0.05 IC vs. NIC;  p < 0.05 IPC vs. IC. 

Figure 6: Expression of Bcl2, Bax, Bax/Bcl2 ratio and caspase 3 in cardiac homogenate 

of NIC, IC and IPC hearts from male (M) and female (F) rats. In NIC groups Bcl-2 was 

higher and Bax, Bax/Bcl2 ratio and caspase 3 were lesser in F than in M hearts. After 

ischemia-reperfusion, Bcl-2 decreased and Bax, Bax/Bcl2 and caspase 3 increased in 

both sexes. IPC normalized these parameters returning to the non-ischemic levels. * p < 

0.05 F vs. M; # p < 0.05 IC vs. NIC;  p < 0.05 IPC vs. IC. 

Figure 7: Scheme of the important steps involved in the sex differences to ischemia-

reperfusion. These steps are represented by the activation of Akt, GSK-3β, PKC and 

eNOS-dependent pathways and their impact on mPTP formation and/or opening. Thus, 

when the activation of kinases is maximal (as occurs in female and after IPC in male) 

the mPTP formation is minimal and the consequent release of ROS and pro-apoptotic 

factors decreases leading to a reduction of the cell death. 
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Highlights 

 

1.- In non-ischemic situation female hearts exhibited higher levels of phosphorylated forms of Akt, GSK-

3β and PKC than male. 

 

2.- After ischemia-reperfusion (IR) the infarct size, oxidative stress and apoptosis of female hearts were 

lesser than male.  

 

3.- During IR female hearts showed the highest expression of P-Akt, P- GSK-3β and P-PKC. 

 

4.- The ischemic post-conditioning was more effective in male hearts.  
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