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Abstract
Background—Lower levels of myocardial Akt activity in males are associated with a higher
incidence of heart failure and worsened cardiac function after ischemia/reperfusion (I/R). While Akt
activation by estrogen provides cardioprotection in females, no information exists regarding the effect
of testosterone on the myocardial Akt pathway following I/R. We hypothesized that following I/R:
1) endogenous testosterone will decrease myocardial Akt activation in male hearts; 2) endogenous
testosterone will mediate downstream signals of Akt, including Bad, Bcl-2 and FOXO3a; 3)
administration of exogenous testosterone will recapitulate negative effects on the Akt pathway in
castrated male hearts.

Methods and Results—Rat hearts from age-matched adult males, females, castrated males, males
with androgen receptor blocker-flutamide, castrated males with chronic 5α-dihydrotestosterone
(DHT) implantation or acute testosterone infusion (ATI) (n=9/group) were subjected to I/R
(Langendorff). Castration or flutamide treatment significantly upregulated myocardial Akt
activation, increased downstream apoptosis-regulatory molecules: p-Bad, Bcl-2, p-FOXO3a, but
reduced Fas-L, consistent with decreased myocardial injury in male hearts following I/R. ATI
administration, but not chronic DHT, reversed these effects on Akt signaling associated with further
exacerbated cardiac dysfunction in castrated males. Notably, lower levels of MnSOD were observed
in male hearts, and castration or flutamide treatment restored myocardial MnSOD expression to the
levels of females in male hearts after I/R.

Conclusion—Our study represents the initial evidence of testosterone-induced downregulation of
the Akt pathway in male hearts following I/R, thereby mediating cardiac injury through decreased
p-Bad, reduced ratio of Bcl-2/Bax in the cytoplasm, and increased FOXO3a in the nucleus.
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INTRODUCTION
Ischemic heart disease is a leading killer of both men and women. Notably, sex differences in
myocardial ischemia/reperfusion (I/R) injury have been well established (1,2). Males are much
more susceptible to I/R-induced cardiac injury with worsened myocardial function compared
to females following I/R (3,4). The increased I/R injury in males has been attributed primarily
to a lack of estrogen-mediated protection. However, testosterone may play a negative role in
the myocardial response to acute I/R in males. Indeed, our previous studies have clearly
indicated that testosterone exacerbates I/R-induced cardiac dysfunction, and enhances
myocardial inflammation and apoptotic signaling in male hearts (4). However, the detailed
molecular mechanisms responsible for this deleterious effect of testosterone on myocardium
subjected to acute I/R remain unclear.

Protein kinase B (Akt) signaling is a mediator of an important intracellular prosurvival pathway
that has been shown to protect cardiomyocytes against I/R-induced injury (5,6). Notably, sex-
specific differences exist in myocardial Akt activation with higher levels of nuclear-localized
phosphor-Akt (p-Akt) in young women compared to age matched men (7). These differences
may be due to the effects of the sex hormones estrogen and/or testosterone. Surprisingly, a
majority of studies have been focused on the role of estrogen in myocardial Akt signaling
following I/R (8,9), but little information exists regarding the role of testosterone. In addition,
Akt acts as a survival kinase by modulating proapoptotic substrates (e.g., Bad, Forkhead
transcription factors [FOXO]), and anti-apoptotic molecules (e.g., Bcl-2) in the heart (6,10,
11). However, it is unknown what role testosterone plays in modulating myocardial Akt
signaling and by which downstream targets testosterone mediates myocardial injury following
acute I/R.

Therefore, given the detrimental effects of testosterone on myocardial function and apoptotic
signaling following I/R, we hypothesized that: 1) endogenous testosterone will decrease
myocardial Akt activation in male heart subjected to I/R; 2) endogenous testosterone will
modulate downstream signals, including Bad, Bcl-2, FOXO3a, and FOXO3a-regulated death
genes following I/R; 3) administration of exogenous testosterone will reverse the prosurvival
effects in the Akt pathway observed in castrated male hearts during I/R.

MATERIALS AND METHODS
All animal studies conformed to the “Guide for the Care and Use of Laboratory Animals” (NIH
publication No. 85-23, revised 1996). The protocols were reviewed and approved by the
Indiana Animal Care and Use Committee of Indiana University.

Isolated heart perfusion (Langendorff)
Isolated rat heart was performed as previously described (2,4). Briefly, rat hearts were rapidly
excised and the aorta was cannulated. The heart was perfused (70 mm Hg) with oxygenated
(95% O2 / 5% CO2) Krebs-Henseleit solution (37° C) and paced at 350 bpm/min except during
ischemia. All isolated rat hearts were subjected to the same I/R protocol: 15-minute
equilibration, 25-minute global ischemia (37°C), and 40-minute reperfusion.
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Experimental Groups
A total of 54 Sprague-Dawley rats (9-11 weeks) (Harlan, Indianapolis, IN) were divided into
six groups (n=9/group): female, male, castrated male (Castr M), male treated with flutamide
(M+Flut), castrated male with chronic 5α-dihydrotestosterone (DHT) administration (Castr M
+ DHT), or with acute testosterone infusion (ATI) (Castr M + ATI). Twenty-seven male rats
weighing 100-125g (4-5 weeks) underwent bilateral castration followed by a 4-week recovery.
Subcutaneous implantation of 21-day release pellets containing 10 mg of flutamide (androgen
receptor blocker) or 100 mg of DHT was performed in male (7 weeks) or castrated male rats
(8 weeks), respectively. Those animals were utilized after 21 days. ATI (17beta-hydroxy-4-
androstenone, 10 ng/ml/min × 5 min) was administered prior to ischemia. All doses of drugs
chosen were based on the previous publications and our preliminary results (4,12).

Western blotting
Heart tissue was homogenized in cold RIPA buffer (Sigma, Saint Louis, MO). The protein
extracts (25 μg/lane) were subjected to electrophoresis on a 4-12% Bis-Tris protein gel
(Invitrogen, Carlsbad, CA). The membranes were incubated with the following primary
antibodies: total-Akt (T-Akt), p-Akt (Thr308), p-Bad (Ser112), T-FOXO3a, p-FOXO3a
(Ser253), Bim, Bax, Fas-L (Cell Signaling Technology, Beverly, MA), Bcl-2 (ab-4) (Oncogene
Research Products, San Diego, CA), manganese superoxide dismutase (MnSOD) (Sigma) and
GAPDH (Biodesign International, Saco, Maine), and then incubated with horseradish
peroxidase-conjugated secondary antibodies.

Lactate dehydrogenase assay
Heart tissue from male and female was homogenized as described above and lactate
dehydrogenase (LDH) activity was assessed using a Cytotoxicity Detection Kit (Roche
Diagnostics Corporation, Indianapolis, IN).

Immunofluorescence for Akt and Apoptosis
The rat hearts (female and male) rapidly frozen and embedded in OCT compound after I/R
were sliced into 20-μM sections and stained with an anti-Akt antibody using a standard
immunohistochemistry protocol followed by incubation with Texas red-conjugated anti-rabbit
antibody (Vector Laboratory, Burlingame, CA). The heart slices were also assessed for
apoptosis using a DeadEnd Fluorimetric TUNEL System (Promega Corporation, Madison,
WI).

Real-time RT PCR analysis of mRNA levels
Total RNA was extracted from heart tissue using RNA STAT-60 (TEL-TEST, Friendswood,
TX). 0.1 μg of total RNA was reverse-transcribed to cDNA using a Cloned AMV First-Strand
cDNA Synthesis kit (Invitrogen Life Technologies). SYBR Green Real-time PCR was
performed on the 7300 Real-Time PCR system (Applied Biosystems, Foster City, CA) for
quantification of Bcl-2, Bax, Bim, Fas-L and MnSOD mRNA levels. The nucleotide sequences
of the PCR primers used are listed in table 1.

Presentation of data and statistical analysis
All reported values are mean ± SEM. Data were compared using the Student’s t test. P < 0.05
was considered statistically significant.

Huang et al. Page 3

J Surg Res. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



RESULTS
Sex-specific differences in the myocardial response to I/R

Sex differences were evident in myocardial function following I/R, with markedly worsened
recovery of +/- dP/dt in male hearts compared to female hearts (Figure 1A). To examine
cardiomyocyte injury, we measured LDH level in cardiac tissue. Greater myocardial damage
from I/R leads to higher levels of LDH in the coronary effluent and lower remaining LDH in
cardiac tissue. Lower levels of LDH were observed in the male myocardium after I/R (Figure
1B), indicating more LDH released into coronary effluent and thereby, demonstrating more
severe myocardial damage in males. A TUNEL assay indicated no significant apoptosis in
either female or male hearts after I/R (Figure 1C).

In associated with exacerbated myocardial injury, p-Akt levels were significantly lower in male
heart subjected to I/R (Figure 1D). Similarly, immunofluorescence indicated higher levels of
Akt in the nucleus of female cardiomyocytes compared to males (Figure 1E), suggesting more
pronounced Akt activity in female hearts.

Negative effects of endogenous testosterone on myocardial function and PI3K/Akt pathway
following I/R

To determine the role of endogenous testosterone in myocardial function and Akt signaling in
male hearts following I/R, we employed castration to deplete endogenous testosterone or
flutamide treatment to block the androgen receptor. Castration or flutamide treatment
significantly improved post-ischemic myocardial function (Figure 2A). Consistently, increased
activation of Akt (Figure 2B) was noticed in castrated or flutamide-treated male hearts,
suggesting that endogenous testosterone downregulates myocardial Akt activation following
I/R.

We next examined downstream signals of Akt to elucidate their potential role in testosterone-
mediated myocardial injury following I/R. As shown in figure 3A, sex differences existed in
myocardial p-Bad, with decreased levels of p-Bad in males compared to female hearts after I/
R. Castration or flutamide treatment significantly increased p-Bad (Figure 3A) in male hearts,
indicating that endogenous testosterone negatively mediates myocardial Bad phosphorylation.
Additionally, given the importance of Akt as a transcriptional and translational regulator of
Bcl-2 (anti-apoptosis) and Bax (pro-apoptosis) (13, 14), we determined mRNA and protein
levels of myocardial Bcl-2 and Bax. Male hearts exhibited lower levels of Bcl-2 mRNA and
protein (Figure 3B, C), and a decreased ratio of Bcl-2/Bax (Figure 3F). Although elevated
myocardial Bax was noted in castrated or flutamide-treated males (Figure 3E), endogenous
testosterone depletion or androgen receptor inhibition significantly increased Bcl-2 (mRNA
and protein) to a higher level in male hearts (Figure 3B, C), resulting in the increased ratio of
Bcl-2/Bax in these hearts following I/R.

FOXO3a is also an important downstream target of Akt in the heart. In figure 4A, markedly
increased phosphorylation/inactivation of FOXO3a was observed in castrated or flutamide-
treated male hearts subjected to I/R in accordance with the Akt results. FOXO3a promotes
apoptosis by upregulating transcription of cell death-related genes including Bim and Fas-L.
Therefore, protein and mRNA levels of Bim and Fas-L were measured to determine the role
of these FOXO3a-regulated target genes in testosterone-mediated cardiac injury following I/
R. Surprisingly, no sex difference existed in myocardial gene expression of Bim (Figure 4B,
C). Additionally, castration or flutamide treatment did not affect Bim mRNA levels (Figure
4B) but did increase protein levels (Figure 4C). Interestingly, higher mRNA and protein levels
of Fas-L were observed in male hearts after I/R (Figure 4D, E). Furthermore, castration or
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flutamide treatment markedly reduced Fas-L protein expression (Figure 4E), but not mRNA
levels (Figure 4D).

Role of exogenous testosterone in post-ischemic cardiac dysfunction and myocardial Akt
signaling

We next utilized exogenous testosterone administration to further confirm the deleterious
effects of testosterone on myocardium in response to I/R by using chronic DHT supplement
or ATI treatment in castrated males. Surprisingly, chronic administration of DHT neither
worsened nor improved cardiac function in castrated males after I/R (Figure 5A). DHT
supplementation did not significantly affect myocardial p-Akt (Figure 5B), p-Bad (Figure 6A)
or p-FOXO3a (Figure 7A) following I/R. Consistently, no marked changes in FOXO3a-
regulated genes (Bim and Fas-L) were noted in DHT-treated castrated males (Figure 7B-E).
Similarly, DHT supplementation did not affect Bcl-2 gene expression, but decreased mRNA
and protein levels of Bax (Figure 6D, E), leading to the increased ratio of Bcl-2/Bax (Figure
6F) in castrated males. In contrast, ATI treatment significantly exacerbated post-ischemic
cardiac dysfunction in castrated males (Figure 5A). In line with these observations, markedly
reduced p-Akt (Figure 5B) and p-/inactive-FOXO3a (Figure 7A) were observed in ATI-treated
castrated males following I/R. In addition, ATI significantly decreased Bcl-2 protein levels
and the ratio of Bcl-2/Bax (Figure 6C, F). However, protein levels of p-Bad (Figure 6A) and
FOXO3a target genes (Figure 7B-E) were not affected after administration of ATI in castrated
males after I/R.

Effects of testosterone on MnSOD expression following I/R
FOXO3a upregulates expression of MnSOD (15,16), an antioxidant-encoding gene in the heart.
Given the increased phosphorylation/inactivation of FOXO3a in castrated or flutamide-treated
male hearts, we investigated whether testosterone regulates myocardial MnSOD expression
through FOXO3a in males following I/R. Male hearts exhibited lower levels of MnSOD
(mRNA and protein) compared to females after I/R (Figure 8A, B). Castration or flutamide
treatment increased MnSOD expression (mRNA and protein), however, mRNA levels of
MnSOD were decreased in castrated males treated with DHT or ATI (Figure 8A).

DISCUSSION
In order to further elucidate the intrinsic biological differences between male and female
responses to myocardial I/R, we conducted the present study which provided the initial
evidence showing the effects of testosterone on myocardial Akt pathway in response to I/R.
Here, we report that following acute I/R: 1) sex differences existed in myocardial Akt activation
and its downstream signals: p-Bad, Bcl-2, p-FOXO3a, and Fas-L; 2) castration or flutamide
treatment significantly increased activation of the myocardial Akt pathway, including p-Bad,
Bcl-2, p-FOXO3a, and reduced Fas-L in male hearts; 3) ATI administration, but not chronic
DHT treatment, reversed the effects of Akt signaling in castrated male hearts; and 4) lower
levels of MnSOD expression were observed in male hearts, and castration or flutamide
treatment restored myocardial MnSOD gene expression to the levels of females. The present
study together with our previous findings (4), demonstrates that testosterone plays a negative
role in myocardial function and Akt signaling, and may have pro-oxidant properties following
I/R (Figure 8C).

Akt is an important molecular kinase that mediates myocardial protection during I/R.
Accumulated evidence has shown that female hearts have higher levels of Akt activity resulting
in improved cardiac functional recovery after I/R compared to males (7). In this study, we
further confirmed lower levels of Akt activity in male hearts associated with worse post-
ischemic cardiac function. Sex differences in Akt activity could be due to the beneficial effects
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of estrogen with respect to decreased myocardial Akt activation in ovariectomized rats (9).
Additionally, estrogen is able to activate the Akt pathway and thus, suppress cardiomyocyte
apoptosis during myocardial infarction (8,9). However, it is possible that sex differences in
myocardial Akt activation could be explained in part by negative role of testosterone given its
effects on male myocardium susceptible to I/R. In fact, we found that endogenous testosterone
depletion by castration or androgen receptor inhibition by flutamide increased myocardial
activation of Akt in male hearts and was associated with restored cardiac function following
I/R, whereas ATI treatment reversed the myocardial Akt signaling in castrated males. Notably,
Bai et al. reported that testosterone increases Akt activity in cardiomyocytes (17), which is
opposite to our finding that testosterone negatively regulates myocardial Akt activation here.
These disparate findings are likely due to the use of different experimental models. Bai and
colleagues utilized cardiomyocyte cultures subjected to ten-minute incubation with
testosterone under normoxia, whereas we utilized the whole heart perfusion system with I/R
injury lasting for 65 minutes. I/R injury is able to induce production of reactive oxygen species
(ROS) and causes oxidant stress, both of which have been shown to activate the Akt pathway
(18,19). Therefore, we elucidated the role of testosterone in cardiac Akt activation with a higher
baseline in an injured model in this study.

Akt improves cell survival by phosphorylating several negative modulators of cell death,
including Bad (13). Bad, a member of the Bcl-2 family, normally binds to the Bcl-2/Bcl-X
complex and triggers apoptosis. However, phosphorylated Bad will dissociate from this
complex resulting in release of Bcl-2/Bcl-X and suppression of apoptosis. Here, in line with
our Akt data, castration or flutamide treatment significantly increased myocardial levels of p-
Bad and Bcl-2, whereas ATI reversed this effect in castrated male hearts following I/R. On the
other hand, Akt also suppresses apoptosis by controlling the balance of Bcl-2 and Bax. In the
present study, an elevated ratio of Bcl-2/Bax existed in castrated and flutamide-treated male
hearts indicating an anti-apoptotic state. However, higher levels of Bax protein were noticed
in all male groups compared to females, suggesting the possibility of that testosterone may not
be the sole mediator for the potentiated cardiac injury following I/R in normal males. Notably,
the chronic administration of testosterone slightly reduced myocardial Akt activation compared
to untreated males, but significantly decreased Bax protein levels and elevated the ratio of
Bcl-2/Bax. This discrepancy indicates that the effect of chronic DHT supplement on
myocardium following I/R is different from ATI and that the chronic treatment may provide
some level of cardioprotection. This discrepancy also implies that the role of testosterone in
cardiac response to I/R is complex and requires further investigation.

FOXO, another important downstream target of Akt, has been shown to downregulate Akt-
promoted cell survival by inducing cell death-related genes. The nucleo-cytoplasmic shuttling
of FOXO factors controls their transcriptional activity. Akt-increased FOXO phosphorylation
allows their translocation from the nucleus to the cytoplasm and inactivates their ability to
regulate transcriptional targets in the nucleus. Previous studies have demonstrated that Akt is
able to phosphorylate/inactivate FOXO3a (16), leading to a general depression of FOXO3a
targets such as Bim and Fas-L in the heart (10). Herein, we found that testosterone
downregulates myocardial p-FOXO3a (inactive form) following I/R, which is in agreement
with Akt results. However, there was no downregulation of gene expression of Bim in castrated
or flutamide treated male hearts. Additionally, ATI treatment did not increase Bim expression
(mRNA and protein). These results indicate that the testosterone-downregulated Akt-FOXO3a
pathway did not influence Bim expression in male hearts subjected to I/R. Furthermore,
castration or blockade of androgen receptor did not change gene levels of Fas-L, but
significantly decreased Fas-L protein, suggesting that endogenous testosterone-induced
upregulation of myocardial Fas-L likely occurs at the translational and/or post-translational
levels, but not at the transcription stage following I/R. Taking together, these findings
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demonstrate that testosterone-mediated Bim and Fas-L gene expression does not occur at the
transcription process by FOXO3a in male hearts during I/R.

In this study, our experiment period (a total of 65 minutes for I/R) was too brief to detect
significant apoptosis, which limited us to observe the end-point of an influence of testosterone
on programmed cell death after I/R. However, our previous study has clearly indicated that
castration or androgen receptor inhibition reduced pro-apoptotic protein caspase-3 compared
to male hearts after I/R (4). Therefore, in conjunction with these findings here, it is possible
that testosterone decreases myocardial Akt activation, leading to reduced Bad phophorylation,
decreased Bcl-2 levels, increased Fas-L protein and elevated caspase-3 activity, which
consequently result in worsened I/R-depressed myocardial function. Admittedly, activated Akt
may also mediate myocardial protection via additional mechanisms. Indeed, delivery of a
constitutively active Akt mutant gene protects hypoxia-induced cardiomyocyte dysfunction
through preventing hypoxia-induced abnormalities in calcium transients and shortening (5). In
addition, Akt activation has been reported to protect cardiomyocytes from I/R injury through
the upregulation of endothelial nitric oxide synthase (20). Furthermore, activation of the Akt
pathway has been linked to a lower incidence of arrhythmias after myocardial infarction (21).
Therefore, in addition to elevation of apoptotic signaling, testosterone-decreased Akt activation
in males may worsen myocardial function following I/R through other molecules.

The antioxidant/free radical scavenging gene MnSOD has recently been shown to be a target
gene of FOXO3a in the heart (10,15,16). Of note, sex-specific differences exist in the oxidant-
antioxidant systems with higher levels of baseline oxidation in males compared to females
(22,23). In addition, endogenous testosterone depletion has been shown to accelerate MnSOD
activation and reduce the production of ROS, thereby leading to decreased kidney damage after
I/R (22). In this study, increased mRNA and protein levels of MnSOD were observed in
castrated or flutamide-treated male hearts following I/R, whereas testosterone “added back”
by DHT or ATI decreased MnSOD transcription in castrated male hearts. This result is in
parallel with previous studies showing the negative role of testosterone in MnSOD (24,25).
Therefore, it is possible that testosterone decreases MnSOD, increases I/R-induced ROS
production, and finally, accelerates I/R-depressed myocardial function in males. However, the
findings of decreased FOXO3a activity but increased MnSOD in castrated or flutamide-treated
male hearts do not support a notion that testosterone downregulates MnSOD through FOXO3a
following I/R (Figure 8C). Therefore, the detailed mechanisms regarding how testosterone
mediates the oxidant-antioxidant systems in the heart subjected to I/R require further extensive
investigation.
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Figure 1.
Sex differences in myocardial response to I/R. A. Worsened post-ischemic function +/- dP/dt
in male hearts compared to females (N=9 hearts/group). B. Lower levels of LDH remained in
male cardiac tissue after I/R (N=4/group). C. Apoptosis in female and male heart after I/R,
staining with DAPI (blue) for nuclei and TUNEL assay staining with Fluorescein-12-dUTP
(green) for apoptotic cells. D. Decreased Akt activation in male myocardium (N=6/group).
Representative immunoblots are shown as 3 lanes/group for Akt. E. Immunofluorescence of
heart tissue from females and males, stained with Akt (red) and Dapi (blue). Photomicrographs
are shown as 400x magnification. Results are Mean ± SEM, *p<0.05, **p<0.01 vs. female.
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Figure 2.
Effects of endogenous testosterone on myocardial function and activation of Akt following I/
R. Improved cardiac +/- dP/dt (A) and increased myocardial activation of Akt (B) in castrated
or flutamide-treated males. Shown are 3 immunoblots/group. N=4-9/group, Mean ± SEM,
*p<0.05, **p<0.01, ***p<0.001 vs. Male.
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Figure 3.
Effects of endogenous testosterone on Akt downstream signals: Bad, Bcl-2 and Bax. Higher
levels of p-Bad (A), anti-apoptotic Bcl-2 mRNA (B) and protein (C) in female, castrated male
and male+Flut hearts after I/R. D. Bax mRNA; E. Bax protein; F. The ratio of Bcl-2/Bax
(mRNA and protein). N=4-9/group, Mean ± SEM, *p<0.05, **p<0.01, ***p<0.001 vs. Male.
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Figure 4.
Effects of endogenous testosterone on myocardial p-FOXO3a and its regulated target genes
following I/R. Myocardial p-FOXO3a levels (A), Bim mRNA (B) and protein (C), as well as
Fas-L mRNA (D) and protein (E) are shown from female, male, castrated male and flutamide
treated male hearts. N=4-9/group, Mean ± SEM, *p<0.05, **p<0.01 vs. Male.
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Figure 5.
Effects of exogenous testosterone on myocardial function and activation of Akt following I/
R. Myocardial +/- dP/dt (A) and activation of Akt (B) are shown in DHT or ATI-treated
castrated males compared to untreated counterparts. N=6-9/group, Mean ± SEM, *p<0.05,
***p<0.001 vs. castrated male.

Huang et al. Page 14

J Surg Res. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
Effects of exogenous testosterone on Akt downstream signals: Bad, Bcl-2 and Bax. Shown are
p-Bad (A), anti-apoptotic Bcl-2 mRNA (B) and protein (C), Bax mRNA (D) and protein (E),
and the ration of Bcl-2/Bax (F) in castrated males with or without DHT or ATI treatment after
I/R. N=4-9/group, Mean ± SEM, *p<0.05 vs. castrated male.
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Figure 7.
Effects of exogenous testosterone on myocardial p-FOXO3a and its regulated target genes
following I/R. Myocardial p-FOXO3a levels (A), Bim mRNA (B) and protein (C), as well as
Fas-L mRNA (D) and protein (E) are shown from castrated male with or without DHT or ATI
treatment. N=4-9/group, Mean ± SEM, **p<0.01 vs. castrated male.
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Figure 8.
Effect of testosterone on myocardial antioxidant MnSOD mRNA (A) and protein (B) after I/
R. N=4-9/group, Mean ± SEM, *p<0.05, **p<0.01 vs. male, #p<0.05, ##p<0.01 vs. castrated
male. C. Schematic demonstrating the testosterone-regulated PI3K/Akt pathway and
downstream signals in response to ischemia/reperfusion. AR: androgen receptor
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Table 1

PCR primers

Genes Forward 5’-3’ Reverse 5’-3’

Bcl-2 AGGATAACGGAGGCTGGGATGCCTTTG CGTCTTCAGAGACAGCCAGGAGAAATC

Bax TAGCAAACTGGTGCTCAAGGCCCTGTG AGTCCAGTGTCCAGCCCATGATGGTTC

Bim CACCCATGAGTTGTGACAAGTCAACAC CTGCCTTATGGAAGCCATTGCACTGAG

Fas-L GAACTGGCAGAACTCCGTGAGTTCACC AGAGGGTGTGCTGGGGTTGGCTATTTG

MnSOD GGTGGTGGAGAACCCAAAGGAGAGTTG CCACAGACACAGCTGTCAGTTTCTCC

Beta-actin AACCGTGAAAAGATGACCCAGATCATG ACAACACAGCCTGGATGGCTACGTAC
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