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Age-specific incidence of ischemic heart disease in men is higher than in women, although women
die more frequently without previous symptoms; the molecular mechanism(s) are poorly under-
stood. Most studies focus on protection by estrogen, with less attention on androgen receptor-
mediated androgen actions. Our aim was to determine the role of androgens in the sex differences
in cardiac damage during myocardial infarction. Mature age-matched male and female Sprague
Dawley rats, intact or surgically gonadectomized (Gx), received testosterone (T) or 17�-estradiol
(E2) via subdermal SILASTIC (Dow Corning Corp.) implants; a subset of male rats received dihy-
drotestosterone. After 21 days, animals were anesthetized, and hearts were excised and subjected
to ex vivo regional ischemia-reperfusion (I-R). Hearts from intact males had larger infarcts than
those from females following I-R; Gx produced the opposite effect, confirming a role for sex
steroids. In Gx males, androgens (dihydrotestosterone, T) and E2 aggravated I-R-induced cardiac
damage, whereas in Gx females, T had no effect and E2 reduced infarct area. Increased circulating
T levels up-regulated androgen receptor and receptor for advanced glycation end products, which
resulted in enhanced apoptosis aggravating cardiac damage in both males and females. In con-
clusion, our study demonstrates, for the first time, that sex steroids regulate autophagy during
myocardial infarction and shows that a novel mechanism of action for androgens during I-R is
down-regulation of antiapoptotic protein Bcl-xL (B cell lymphoma-extra large), a key controller for
cross talk between autophagy and apoptosis, shifting the balance toward apoptosis and leading
to aggravated cardiac damage. (Endocrinology 155: 568–575, 2014)

Ischemic heart disease is the leading cause of mortality
and morbidity, with gender differences in presentation

and outcomes (1). Men have earlier onset and more severe
age-specific ischemic heart disease than women, although
women have a greater risk of death after myocardial in-
farction (MI) (1, 2). Mechanisms for these differences are
not fully defined partly because younger women and older
men are insufficiently represented in many studies (3),

with focus on 17�-estradiol (E2) actions mediated via es-
trogen receptors (ER), with less attention on androgen
receptor (AR)-mediated androgen action (4). There are
even fewer studies on androgens and cardiovascular risk in
women.

The role of androgens during MI has been examined in
only a few studies, with conflicting results. Endogenous or
supplemented testosterone T has been shown to have ad-
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Abbreviations: AMPK, AMP-activated protein kinase; AR, androgen receptor; ARC, acti-
vated recruited cofactor; Bcl-xL, B cell lymphoma-extra large; CAD, coronary artery disease;
CVD, cardiovascular disease; DHT, dihydrotestosterone; E2, estradiol; ER, estrogen recep-
tor; Gx, gonadectomized; I-R, ischemia-reperfusion; LC-MS/MS, liquid chromatography-
tandem mass spectrometry; LV, left ventricular; MI, myocardial infarction; mTOR, mam-
malian target of rapamycin; RAGE, receptor for advanced glycation end products; TUNEL,
terminal deoxynucleotidyl transferase dUTP nick end labeling; XIAP, X-linked inhibitor of
apoptosis protein.
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verse effects on cardiac remodeling and function (5–7) and
to increase infarct size (8–10) following MI in male rats,
whereas others report T reduced ischemia-reperfusion (I-
R)-mediated cardiac injury (11) and dihydrotestosterone
(DHT)-ameliorated post-I-R recovery via enhanced an-
giogenesis (12). In contrast, a separate study has shown
that castration leads to increased cardiomyocyte apopto-
sis after MI, and that supplementation with T decreased
castration-induced apoptosis and increased angiogenesis
(13). In men with coronary artery disease (CAD), low cir-
culating T levels are associated with poorer outcomes in
heart failure and decreased survival (14); whether these
are cause or effect is yet to be determined.

Reported effects of endogenous E2 similarly vary in
females, with reduction (15) or no benefit (7, 16) during
I-R. Postmenopausal E2 administration also provides con-
flicting results, with adverse cardiovascular effects in the
Women’s Health Initiative study, but reduced cardiovas-
cular disease (CVD) risk in observational trials and the
randomized Danish Osteoporosis Prevention Study (17).
Data on the relationship between E2 and CVD risk in men
are limited or unreliable despite higher E2 levels measured
in men with CAD (18). Few studies have examined en-
dogenous T and CAD in women, with either positive (19)
or no (20) correlation between serum levels and CVD re-
ported. In all these studies, steroid levels were measured by
immunoassays that provide inaccurate results at low cir-
culating levels (21), which may have contributed to the
conflicting findings.

Myocardial I-R activates release of reactive oxygen spe-
cies and augmentation of the multiligand receptor for ad-
vanced glycation end products (RAGE) (22), providing a
proinflammatory stimulus for cardiac dysfunction, be-
cause RAGE stimulation activates proapoptotic caspase
cascade, resulting in cardiomyocyte apoptosis (23). Au-
tophagy, a cell survival pathway (24), is also activated,
and recent studies indicate that autophagy protects car-
diomyocytes from apoptosis (24), whereas in excess it may
be detrimental (25). It is not known whether sex steroids
regulate autophagy during MI, whereas apoptosis, which
has an important role in left ventricular (LV) remodeling
(26), clearly leads to tissue damage (27). Male rats have
increased apoptosis following myocardial I-R (8–10), and
men dying after acute MI have a higher apoptotic rate in
the peri-infarct region at autopsy than women (28). The
aim of the current study was to examine how androgens
mediate these sex differences in cardiac damage during
MI.

Materials and Methods

Animals and treatments
Adult age-matched male (8–12 weeks, 300–400 g) and fe-

male (200–300 g) Sprague Dawley rats (n � 190) had ad libitum

access to standard chow and tap water. Experiments were con-
ducted at a similar time each day and approved by the Royal
North Shore Hospital Animal Care and Ethics Committee and in
accordance within the Australian Code of Practice for the Care
and Use of Animals for Scientific Purposes. Rats were random-
ized for either no surgery (intact), bilateral gonadectomy or sham
operation (Sham Gx) under nitrous oxide, oxygen (2:1 vol/vol,
3 L/min) and 2% isoflurane (see Supplemental Methods). SI-
LASTIC (Dow Corning Corp.) implants, prepared as previously
described (29–31), were inserted subdermally in gonadecto-
mized (Gx) animals at surgery, and animals were monitored for
21 days. T (3 cm), DHT (1 cm), and E2 (0.4 cm) were used for
males, and smaller sizes T (2.4 cm) and E2 (0.3 cm) were used in
Gx females, reflecting their lower weight. Gx and steroid re-
placement were confirmed by liquid chromatography-tandem
mass spectrometry (LC-MS/MS), which has sensitivity and spec-
ificity for serum androgen levels in rodent samples (21). Immu-
noassays lack specificity and accuracy, especially in rodents (32,
33).

Ex vivo myocardial ischemia-reperfusion and
analysis

After 21 days, rats were anesthetized with ip ketamine (60
mg/kg) and xylazine hydrochloride (10 mg/kg), and hearts were
rapidly isolated and mounted onto a Langendorff apparatus and
then subjected to regional I-R (30 minutes occlusion and 150
minutes reperfusion) as previously described (References 8 and
9; see Supplemental Data). At the end of reperfusion, infarct size
was estimated by cutting tissue from midventricle to apex into 3
cross-sectional sections with each slice weighed before staining.
Infarct size was estimated as a percentage of the total weight of
the area-at-risk (see Supplemental Data). In separate studies LV
free wall tissue was snap frozen, powdered, and homogenized in
RIPA buffer (see Supplemental Data). Aliquots (30–50 �g) were
separated by SDS-PAGE on gels of 6%–15% acrylamide con-
centrations, and immunoblotting was performed as previously
described (9). We measured superoxide levels using lucigenin-
enhanced chemiluminescence as previously described (34, 35) in
lysates from male LV samples used to measure RAGE levels.

Statistical analysis
Statistical comparisons of results (mean � SE) were by one-

way ANOVA for multiple treatments with post hoc analysis
using Holm-Sidak correction. Values of P � .05 were considered
significant.

Results

Females were approximately 100 g lighter than male lit-
termates with no differences between intact and sham Gx
males or females (Table 1). Treatment did not affect body
weight except that T-treated Gx males were heavier. In
females, Gx increased body weight, which was restored by
E2 but not T administration (Table 1). Regional I-R pro-
duced larger infarct size in male than female hearts (Sup-
plemental Figure 1A), comparable to previous reports (5),
and correlated with increased apoptosis measured by ter-
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minal deoxynucleotidyl transferase dUTP nick end label-
ing (TUNEL) staining (Supplemental Figure 1B). In fe-
males, smaller infarct size relative to heart weight
corresponded with less apoptosis (Supplemental Figure
1B).

Role of sex steroids on infarct size
Sham Gx did not influence infarct size in either male

(42 � 4% [Sham Gx, n � 5] vs 43 � 1% [intact, n � 6])
or female (30 � 4% [Sham Gx, n � 7] vs 36 � 3% [intact,
n � 7]) hearts. Infarct size was reduced in Gx males (Figure
1A) but exacerbated in Gx females (Figure 1B), with nei-

ther having detectable serum T or E2 levels. Treatment
with T restored infarct size in Gx males, despite lower
serum T levels (1.3 � 0.2 ng/mL [Gx �T, n � 9] vs 2.8 �
0.8 ng/mL [Sham Gx, n � 4], *, P � .05). To confirm that
these changes were specific to AR, we used DHT, which,
unlike T, cannot be aromatized to E2 and must act exclu-
sively via AR. Infarct size was similarly aggravated by
DHT (Figure 1A) at serum levels below detection limit
(�200 pg/mL). Gx females receiving T had elevated serum
T levels (2.1 � 0.2 ng/mL [(Gx�T, n � 6] vs 0.04 � 0.02
ng/mL [sham Gx, N � 4], *, P � .05), with no effect on
Gx-increased infarct size (Figure 1B), whereas E2 reduced
infarct size (Figure 1B) to Sham Gx levels. Treatment with
E2 aggravated infarct size in Gx males (Figure 1A) with
plasma E2 levels (27.7 � 7.0 pg/mL, n � 10) well above
intact male and female levels (E2 � 5 pg/mL).

Differential regulation of AR levels during
myocardial I-R

Protein levels of AR, ER�, and ER� were comparable
in male and female LV free wall (sham I-R, Figure 2, B and
D). I-R enhanced AR and ER� protein expression in the
infarct areaofmalehearts (Figure2,AandB)whereasonly
ER� levels were enhanced in female hearts (Figure 2, C and
D). ER� expression levels did not change following I-R
(Figure 2, B and D). Myocardial AR were decreased in Gx
males (Figure 2, A and B) but not females (Figure 2, C and
D) and T treatment restored levels in Gx males (Figure 2B)
while elevating them in Gx females (Figure 2D). E2 had no
effect on AR levels in Gx males (Figure 2B) but suppressed
levels in Gx females (Figure 2D). Neither ER� nor ER�

levels in either gender were modified by treatment (Figure
2, B and D).

Regulation of autophagy by sex steroids during
myocardial I-R

In both male and female hearts we detected increased
levels of Beclin-1, Atg5-Atg12 conjugate, LC3-II (data not
shown), conversion of LC3-I to LC3-II (LC3-II/LC3-I ra-
tio), and signaling kinases (AMP-activated protein kinase
[AMPK] and mammalian target of rapamycin [mTOR]),
suggesting that autophagy was activated during I-R (Fig-
ure 3). Activated AMPK activity during I-R was unaf-
fected by Gx (Figure 3, Ai and Bi), nor by T or E2 treat-
ment, with a trend (P � .045) for enhanced AMPK activity
in Gx females receiving T. We found gender-specific reg-
ulation of mTOR activity. Gx had no effect on I-R-induced
mTOR activation in male hearts (Figure 3Aii), but en-
hanced mTOR activation in female hearts (Figure 3Bii). T
or E2 treatment had no effect on mTOR activity in Gx
males (Figure 3, Aii and Bii), whereas both treatments
restored mTOR levels in Gx females.

Table 1. Body Weights of Male and Female Rats in
the Various Treatment Groups

Treatment
Male Body
Weight (g)

Female Body
Weight (g)

Intact 350 � 17 247 � 5
Sham Gx 360 � 11 257 � 9
Gx 373 � 8 318 � 7a

Gx � T 397 � 7a 314 � 15a

Gx � DHT 380 � 6 n/a
Gx � E2 362 � 13 237 � 8

All values shown are mean � SE; n � 8–16 per group; a P � 0.05 vs
respective sham Gx; n/a, not administered.

Figure 1. Effect of gonadectomy and steroid treatment on LV infarct
size in males and females LV infarct size from Gx males (A) and
females (B) (� sex steroids). Myocardial infarct size/area (IA) expressed
as percentage of the area-at-risk (AAR). Values expressed as mean �
SE. Numbers in parentheses indicate number of animals per group. *,
P � .05 vs Sham Gx.
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Gx decreased Beclin-1 levels in the infarct area of hearts
from males and females (Figure 3, Aiii and Biii). There was
a trend in restoring Beclin-1 levels in Gx females receiving
T or E2 but not Gx males. Formation of autophagic ves-
icles (denoted by formation of Atg5-Atg12 conjugate) and
progression of autophagy (LC3-II:LC3-I ratio) were de-
creased in the infarct area by Gx in both genders (Figure
3, Aiv, Av, Bvi, and Bv), indicating that progression of
autophagy was interrupted. T treatment restored Atg5-
Atg12 conjugate levels in both genders (Figure 3, Aiv and

Biv whereas E2 treatment only re-
stored Atg5-Atg12 conjugate levels in
Gx females (Figure 3Biv). Suppressed
LC3-II:LC3-I ratios persisted in Gx
males despite T or E2 treatment (Fig-
ure 3Av), indicating that autophagy
could not progress. In contrast, there
was a trend by T and E2 to restore
LC3-II:LC3-I ratio in Gx females to
levels in intact females, indicating pro-
gression of autophagy.

Differential regulation of RAGE
by sex steroids during
myocardial I-R

I-R augmented myocardial RAGE
expression in infarcted myocardium
from intact males (Figure 4A), but
not females (Figure 4B), whereas Gx

had no effect in either gender (Figure 4, A and B). T treat-
ment had no significant effect on RAGE protein levels in
Gx males (Figure 4A), whereas it increased RAGE levels
(Figure 4B) in Gx females. In contrast, treatment with E2
had no significant effect in either gender.

Sex differences in regulation of apoptosis during
myocardial I-R

Caspase-9 and -3 processing is a measure of the intrinsic
pathway of apoptosis and was activated (presence of

cleaved fragments) by I-R in both
males and females (Figure 5). Con-
sistent with effects on infarct size, Gx
suppressed caspase-9 and caspase-3
processing in males (Figure 5, Ai and
Aii), but augmented caspase cleav-
age in females (Figure 5, Bi and Bii).
Treatment with T or E2 restored
caspase processing in Gx males (Fig-
ure 5, Ai and Aii). In females T did
not affect Gx-activated caspase pro-
cessing (Figure 5, Bi and Bii),
whereas it was reversed by E2.

Expression levels of antiapoptotic
proteins, X-linked inhibitor of apo-
ptosis protein (XIAP), B cell lympho-
ma-extra large (Bcl-XL), and acti-
vated recruited cofactor (ARC)
showed dimorphic regulation during
I-R. In males, I-R decreased levels of
all 3 antiapoptotic proteins whereas
levels were preserved in females (Fig-
ure 6). Gx enhanced expression of

Figure 2. Regulation of LV sex steroid receptor expression Sex steroid receptor expression in the
infarcted area from intact and Gx males and females. Representative immunoblots of AR, ER�,
and ER� in homogenates of male (panel A) and female (panel C) LV free wall. Bar graphs show
densitometric analysis of protein changes compared with the loading control �-actin for males
(panel B) and females (panel D). Numbers in parentheses indicate number of animals per group;
*, P � .05 vs intact.

Figure 3. Effects of sex steroids on autophagy markers I-R-induced expression of autophagy
markers Beclin-1, Atg5-Atg12 conjugate, and LC3-I/II assessed by immunoblotting in
homogenates of LV free wall from infarct area of intact and Gx males and females (� sex
steroids). Top, Representative immunoblots of P-AMPK, AMPK, P-mTOR, mTOR, Beclin-1, Atg5-
Atg12 conjugate, LC3-I, LC3-II, in males (A) and females (B). Below: Bar graphs are densitometric
analysis of the levels of (i) P-AMPK/AMPK ratio; (ii) P-mTOR/mTOR ratio; (iii) Beclin-1; (iv) Atg5-
Atg12; and (v) ratio of LC3-I to LC3-II conversion. Numbers in parentheses indicate number of
animals per group; *P � .05 vs intact; Atg5, Atg12, autophagy specific genes; P-mTOR,
phosphorylated mTOR; P-AMPK, phosphorylated AMPK.
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Bcl-XL and ARC, but not XIAP, in males, which was re-
versed to levels in intact (non-Gx) males by treatment with
T but not E2 (Figure 6, A and B). In contrast, expression

of XIAP and Bcl-XL, but not ARC, was suppressed fol-
lowing I-R in Gx females and was restored by E2 but not
T (Figure 6, C and D).

Discussion

Our study supports previous reports (6, 7) of more severe
cardiac damage in males than females following myocar-
dial ischemic reperfusion injury and is one of the few that
has shown cardiac actions of low levels of androgens in
males, We show, for the first time, the role of sex steroids
in regulating the balance between autophagy and apopto-
sis during MI and differential gender regulation of mTOR
activity with androgen-induced down-regulation of Bcl-
xL, a key regulator for the cross talk between autophagy
and apoptosis. These actions of androgens are mediated
by up-regulation of AR and advanced glycation end prod-
ucts (RAGE). Removal of T by Gx reduced infarct size,
whereas cardiac damage was restored by T supplementa-
tion. We confirm that this is a direct action of T to aggra-
vate I-R-induced cardiac damage in male animals by using
the pure androgen, DHT, and found similar aggravated
cardiac damage in male animals. DHT is not aromatized
to any estrogen such as estradiol and acts exclusively via
AR; for this reason, it is preferable to use instead of an
antiandrogen to confirm AR-mediated activity, because
all antiandrogens have some degree of agonist activity,
most evident when background androgen status is low as
in some of our models. Administration of T to Gx females
had no effect on infarct size, in agreement with previous

reports (29).
The role of estrogen during MI

has similarly provided conflicting re-
sults. Although we found estradiol
reduced infarct size, other studies re-
port no significant protective effect
of estrogen in the acute phase after
MI (7). These differences may relate
to the differences in supplemental
doses of sex steroids administered
and detection assays used. Our study
is one of the few that uses the highly
sensitive and specific LC-MS/MS as-
say (36, 37) rather than steroid hor-
mone immunoassays, which lack
sensitivity, specificity, and accuracy
at low plasma levels (21), in rodents
(33, 36). Previous studies (6, 7) used
pharmacologic doses rather than
achieving physiological levels, with
immunoassay levels of T in females

Figure 4. Effects of sex steroids on RAGE expression Expression levels
of RAGE in homogenates of LV free wall from the infarct area from
intact and Gx males and females (� sex steroids) following I-R. Top,
Representative immunoblots of RAGE in males (A) and bar graphs
show densitometric analysis in the various treatment groups. Bottom:
Representative immunoblots of RAGE in females (B) and bar graphs
represent densitometric analysis in the different treatment groups.
Sham, sham I-R. Numbers in parentheses indicate number of animals
per group; *, P � .05 vs Intact.

Figure 5. Effect of sex steroids on caspase-3 and -9 processing during myocardial I-R
Appearance of cleaved fragments represents caspase processing. Representative immunoblots

for caspase-3 and -9 cleaved fragments in homogenates of male (Ai) and female (Bi) LV free wall
from the infarct area during I-R (� gonadectomy and sex steroids). Bar graphs represent
densitometric analysis in males (Aii) and females (Bii) with �-actin as the loading control. Casp-9,
caspase-9; Casp-3, caspase-3. Numbers in parentheses indicate number of animals per group; *,
P � .05 vs intact.
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that were 15 times control, and estradiol in males at 10
times control levels (7). In contrast, we administered
weight-adjusted doses of sex steroids, which resulted in all
of our supplemented T levels being low. The levels of E2
for most of our treatment groups were below detection
levels of the assay (�5 pg/mL), similar to previous reports
for rodents (33, 36), and a recognized problem (36).

Previous reports have shown that cardiac dysfunction
during myocardial I-R is triggered by activation of RAGE
and release of reactive oxygen species (22). We similarly
found enhanced RAGE expression and increased super-
oxide levels during myocardial I-R. NADPH-derived su-
peroxide levels increased in homogenates from male
hearts subjected to I-R compared with sham I-R (100 �
7.1% [Sham] vs 165.5 � 9.6% [I-R], P � .001). The en-
hanced RAGE expression was dependent on circulating T
rather than E2 levels in both males and females, differing
from a previous report that E2 increases RAGE transcrip-
tion and protein expression (38). In our studies, T admin-
istration to Gx females enhanced RAGE expression, cor-
relating with increased infarct size, whereas T treatment
had no significant effect on RAGE protein levels in Gx
males, possibly due to the low circulating levels of T.

We confirm that these actions of T were mediated via
interaction with AR. Gx down-regulated AR levels
whereas AR levels were restored by T treatment in males.
Interestingly, we found that T administration to Gx fe-
males augmented levels of AR, which has not been previ-
ously reported and may be relevant for postmenopausal
women receiving treatment with T. E2 administration had
no effect on cardiac AR expression in Gx males, whereas
cardiac AR levels were down-regulated in Gx females, re-

ducing infarct size and in agreement
with previous reports (39). Cardiac
myocytes express AR (40, 41), ER-�,
and ER-� (40, 42), but constitute
only approximately 30% of cardiac
cells with the remaining 70% non-
myocyte (smooth muscle cells, endo-
thelial cells, fibroblasts), with car-
diac fibroblasts comprising most
nonmyocyte cells (43). There are no
reports on fibroblasts expressing
AR, and only limited reports for ex-
pression of ER-� and ER-� in cardiac
fibroblasts (40, 43), possibly reflect-
ing the nonspecificity of the current
detection markers. The changes in
levels of AR we detected correlated
with the extent of infarct size, con-
sistent with reports that cardiac
myocytes make up 75% of the vol-

ume of myocardial mass (44).
To determine the mechanism for the androgen-induced

cardiac damage during myocardial I-R, we measured car-
diomyocyte apoptosis. We found an increased apoptotic
rate in males compared with females, similar to previous
reports (8–10, 28). In contrast, a recent study (13) re-
ported that castration in male rats increased cardiomyo-
cyte apoptosis after MI, whereas T replacement decreased
castration-induced apoptosis and increased angiogenesis.
Although this latter study (13) used the same assay as we
used, TUNEL (terminal deoxynucleotidyl transferase
dUTP nick end labeling) to measure apoptosis, they did
not measure total cardiomyocyte nuclei with 4�,6-di-
amidino-2-phenylindole dihydrochloride, and hence this
may contribute to the discrepancy. We found increased
TUNEL-positive cardiomyocyte apoptosis in males com-
pared with females. Interestingly proapoptotic proteins
caspase-3 and -9 were activated similarly between males
and females, whereas antiapoptotic proteins XIAP, Bcl-
xL, and ARC activity was reduced during myocardial I-R
in males but not females. To our knowledge, our study is
the first to show androgen-dependent down-regulation of
Bcl-xL, a key factor for the cross talk between autophagy
and apoptosis.

Because myocardial I-R injury also activates autophagy
(24), we measured levels of autophagy proteins and found
increased levels in both males and females and show, for
the first time, that there is differential gender regulation of
mTOR activity. Whereas there were no changes in mTOR
activity in the different treatment groups for males, there
was enhanced mTOR activity in Gx females, indicating
inhibition of autophagy and correlating with the increased

Figure 6. Effects of sex steroids on antiapoptotic regulators of the intrinsic pathway of
apoptosis Left, Representative immunoblots of antiapoptotic proteins XIAP, Bcl-xL, and ARC in
homogenates of the LV free wall from infarct area from intact and Gx (� sex steroids) males (A)
and females (B). Right, Bar graphs show densitometric analysis with loading control �-actin. Bcl-
xL, B cell lymphoma-extra large; ARC, apoptosis repressor with a caspase recruitment domain.
Numbers in parentheses indicate number of animals per group; *, P � .05 vs Intact.
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infarct size. The autophagy protein Beclin-1 is important
in initiating autophagy and directly interacts with anti-
apoptotic proteins Bcl-2 or Bcl-xL (45). Our data for Be-
clin-1 and Bcl-xL in the reperfused hearts show an inverse
proportional relationship, suggesting that this balance is
important for regulating autophagy and apoptosis by sex
steroids. The autophagy-specific gene Atg5 is a rate-lim-
iting protein; in males, T alone regulates expression of
Beclin-1 and Atg5-Atg12 to initiate autophagy, whereas in
females both T and E2 had a similar effect. This may ex-
plain why T given to Gx females did not aggravate infarct
size despite increased levels of cardiac AR. Progression of
autophagy is indicated by increases in levels of myocardial
LC3-II and LC3-II:LC3-I ratio. Gx in both males and fe-
males prevented conversion of LC3-I to LC3-II, indicated
by the low LC3-II:LC3-I ratio, and hence autophagy could
not proceed.

We are unsure why Gx males receiving E2 showed
marked elevations in serum levels of E2. We found that
both androgens and E2 aggravated infarct size in males.
Our results therefore do not contribute to whether ele-
vated levels of E2 in males are detrimental. This will need
to be explored by further studies, including clinical studies
in older men with CAD (18), using LC-MS/MS, rather
than immunoassay, to measure serum E2 levels.

In conclusion, our study provides novel and key roles
for sex steroid action during MI (Supplemental Figure 2).
Myocardial I-R in male animals aggravated cardiac dam-
age through increased AR, RAGE expression, and ROS
levels and shifted the balance between autophagy and ap-
optosis toward increased apoptosis. In contrast, myocar-
dial I-R in females produces less cardiac damage, reflecting
enhanced autophagy and decreased apoptosis. RAGE is a
key regulator of this switch, with T administration to fe-
males activating both AR and RAGE expression, which
perhaps is relevant for postmenopausal women receiving
T. Our results, therefore, provide a platform for new po-
tential treatment strategies for reperfusion injury in both
females and males.
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