
Introduction

Two strategies for protecting the heart are ischemic
preconditioning and postconditioning, which imply
the cardioprotection obtained from applying brief
episodes of myocardial ischemia and reperfusion ei-
ther before or after the index-ischemia, respectively.

Much progress has been made in elucidating the
signal transduction pathway behind their protective
role e.g. [4–11, 13, 14, 16, 18–25, 27–29, 34–42, 45, 49,
51, 52].

The role of ‘‘Ischemic Postconditioning’’ against
infarct size was first described by Vinten-Johansen’s
group [52]. In such a study the Postconditioning
(PostC) protocol was 30 s of reperfusion followed by
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j Abstract Whether cardioprotection by postconditioning (PostC) is
gender dependent is not clear. We studied the effect of PostC in terms of
both infarct size (IS) and post-ischemic systolic dysfunction (PSD)
reduction. Isolated male and female rat hearts were subjected to 10- or
30-min of global ischemia and 120-min of reperfusion, with or without
PostC (i.e., 5 cycles of 10-s reperfusion/ischemia immediately after the
ischemia). Surprisingly, after 10-min ischemia, IS and PSD were greater
in female than male hearts (IS: 21 ± 2% Vs. 11 ± 2%; P < 0.01), while
PostC attenuated IS and PSD in female hearts only. After 30-min ischemia
IS was smaller in female than male hearts (52 ± 2% Vs. 61 ± 3%;
P < 0.05), whereas PSD was similar in these two groups. PostC reduced IS
in both genders, though the effect was smaller (P < 0.05) in females. Yet,
PostC reduced PSD in female, but not in male hearts. Contracture
development paralleled IS in all groups. To check the effects of buffer
perfusion over heart function, additional hearts underwent 150-min
buffer perfusion only. Contractile function of these hearts was not
significantly affected over time. In conclusion IS, contracture and PSD are
differently affected by gender, depending on ischemia duration. Yet,
reduction of IS induced by PostC depends on the extension of IS induced
by index-ischemia. While in female hearts reduction of PSD paralleled IS
reduction, in male it does not occur. Results suggest that improvement of
systolic function is mainly due to the anti-necrotic rather than to the anti-
stunning effect exerted by PostC.

j Key words contracture – infarct size – ischemia/reperfusion –
myocardial stunning – systolic function
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30 s of coronary occlusion, which were repeated for
three cycles at the onset of reperfusion. In general,
PostC can be defined as intermittent interruption of
coronary flow in the very early phase of a reperfusion,
which leads to cardioprotection. In their study Vin-
ten-Johansen et al. [52] reported that PostC causes
massive salvage of the myocardium. The infarct size
was reduced by ~45% in PostC group compared with
a group subjected to an abrupt and complete reper-
fusion. In multiple species and models, PostC reduced
infarct size by ~20%–70% versus matched controls
with matched risk areas [18, 49, 51, 52]. Studies from
our and other laboratories confirmed the infarct size
reduction in isolated rat heart model [24, 36–42, 47].

Virtually in all of the species in which different
PostC protocols have been tested against infarct size,
they have been protective [7, 13, 22, 24, 34, 49, 51,
52], including humans [46], with the exception of
some works as, for example, a recent work con-
ducted on a rodent model by Dow et al. [12].
However, many other groups observed a cardiopro-
tective effect of PostC in rodent models [24, 25, 36,
39–41, 47], including mice lacking connexin-43 [21].
We showed that in isolated hearts perfused with
constant flow the infarct size reduction by PostC is
greater than that observed in the same model per-
fused at constant pressure [39]. Aging was also
considered a condition that reduces PostC effec-
tiveness against infarct size extension [4].

Yet, it is unclear if there is a beneficial impact of
PostC on systolic function and which are the putative
determinants. Studies report either an improvement
[45, 51, 52] or no effect [9, 39, 42] on cardiac per-
formance by PostC. To date very few studies tested
whether PostC attenuates myocardial stunning in the
absence of necrosis. In an in vivo study, using models
of short ischemias (i.e. 10-min ischemia) that usually
induce stunning with little or no cell death, Couvreur
et al. [9] report that PostC does not prevent myo-
cardial stunning. Yet, in an ex vivo preparation of
human atrial appendages, hypoxic PostC seems to
attenuate post-ischemic dysfunction [45].

In many animal studies, including the rat, no
gender difference in ischemia/reperfusion injury is
observed; however, in other animal studies, particu-
larly in the rat, females show less ischemia/reperfu-
sion injury following infarcting ischemia [15, 30–32,
50]. Very few studies tested the differences between
genders with regard to PostC effectiveness. In a study
specifically designed to compare PostC in male and
female hearts, Crisostomo et al. [10] reported PostC
protective effect against post-ischemic dysfunction in
isolated male rat hearts after either 20 or 25 min
ischemia. This protective effect was also present in
female rat hearts exposed to 20 min of ischemia, but
absent in those exposed to 25 min ischemia. However,

Crisostomo et al. [10] did not measure infarct size. In
this respect, it is also particularly intriguing that the
above mentioned study of Dow et al. [12] in which
PostC was ineffective in reducing infarct size was
conducted on female rats. In such a study it was
suggested that gender may be a confounder in PostC
scenario [12]. Another confounder, which may influ-
ence the outcome of PostC, may be the end-point
considered (e.g. infarct size, contracture development,
and post-ischemic systolic dysfunction [16, 28, 29, 39,
42]). Therefore it is necessary to study multiple end-
points simultaneously. These are particularly impor-
tant if different end-points may influence each other
during the period of observation.

We hypothesize that PostC effectiveness is different
against infarct size reduction in female and male
hearts and that this differences may explain the gender
difference in post-ischemic recovery of heart function,
as observed in the study of Crisostomo et al. [10].

To test this hypothesis we studied the effects of
PostC against infarct size and myocardial post-ische-
mic dysfunction in groups of hearts isolated from both
female and male rats, which underwent either long
infarcting or short-lasting periods of ischemias.

Materials and methods

j Animals

Five month old male (n = 72; body weight 410–530 g)
and female (n = 72; body weight 275–385 g) Wistar
rats received humane care in compliance with the
Guide for the Care and Use of Laboratory Animals
(NIH Publication No. 85-23, revised 1996) and in
accordance with Italian law (DL-116, Jan. 27, 1992).

j Isolated heart perfusion

The methods were similar to those previously de-
scribed [6, 35, 38–42]. In brief, each animal was
anesthetized with urethane (1 g/kg i.p.). The chest
was opened 10 min after heparin treatment and the
heart was rapidly excised. Isolated rat hearts were
retrogradely perfused with oxygenated Krebs-Hense-
leit buffer (127 mM NaCl, 17.7 mM NaHCO3, 5.1 mM
KCl, 1.5 mM CaCl2, 1.26 mM MgCl2, 11 mM D-glu-
cose and gassed with 95% O2 and 5% CO2). A con-
stant coronary flow (CF) was adjusted with a proper
pump to obtain a typical coronary perfusion pressure
(CPP) of 80–85 mmHg during the initial part of sta-
bilization. Thereafter the same flow level (9 ± 1 ml/
min/g) was maintained throughout the experiment.
The hearts were electrically paced at 280 bpm and
kept in a temperature-controlled chamber (37�C).
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A small hole in the left ventricular wall allowed
drainage of the thebesian flow, and a polyvinyl-chlo-
ride balloon was placed into the left ventricle and
connected to an electromanometer for recording of
left ventricular pressure (LVP). The balloon was filled
with saline to achieve an end-diastolic LVP (LVEDP)
of 5 mmHg. CPP, CF and LVP were monitored to
assess the preparation conditions and to study heart
function in pre- and post-ischemic periods. LVP trace
was used to measure LVEDP and to calculate devel-
oped LVP as the difference between systolic LVP and
LVEDP.

j Experimental protocols (Fig. 1)

After stabilization period (20 min), hearts underwent
10- or 30-min of global no-flow ischemia. In all
groups ischemia was followed by 120 min of reper-

fusion. Pacing was discontinued on initiation of
ischemia and restarted after the third minute of
reperfusion in all groups [24, 39–42].

j Short-lasting ischemia

Male and female rat hearts exposed to
10-min ischemia (groups 1–4)

While myocardial stunning is the post-ischemic
contractile dysfunction in the absence of an increase
in cell death, global post-ischemic systolic dysfunc-
tion in our model may be the result of both stunning
and cell death [2, 9]. It has been suggested that 10-min
ischemia may induce post-ischemic myocardial
stunning with no or little necrosis [2, 9] thus, in order
to study functional recovery after a short-lasting
ischemia, hearts of the Group 1 (Male-Short-lasting-

R I R I R I R I R I

10 min 
Ischemia

120 min Reperfusion

Short-lasting Ischemia+PostC, Groups 3 (Males) and 4 (Females)

Stab

10 min 
Ischemia

120 min Reperfusion

Short-lasting Ischemia, Groups 1 (Males) and 2 (Females)

Stab

Non-ischemic (sham hearts), Groups 9 (Males) and 10 (Females) 

Stab

150 min Perfusion

30 min Ischemia 120 min Reperfusion

Infarcting Ischemia, Groups 5 (Males) and 6 (Females)

Stab

30 min Ischemia 120 min Reperfusion

Infarcting Ischemia +PostC, Groups 7 (Males) and 8 (Females)

Stab R I R I R I R I R I

Fig. 1 Experimental design. The isolated, Langendorff-
perfused hearts were stabilized (Stab) and subjected to
10 or 30 min of normothermic global ischemia followed
by 120-min of reperfusion. Sham Groups underwent
150-min perfusion only. PostC postconditioning;
R = 10 s reperfusion; I = 10 s ischemia. For further
explanation see the text

392 Basic Research in Cardiology, Vol. 104, No. 4 (2009)
� Steinkopff Verlag 2008



Ischemia-group, n = 10) and hearts of Group 2 (Fe-
male-Short-lasting-Ischemia-group, n = 10) were ex-
posed to 10-min ischemia and then to 120 min
reperfusion only.

In Group 3 (Male-Short-lasting-Ischemia + PostC-
group; n = 10) and Group 4 (Female-Short-lasting-
Ischemia + PostC-group; n = 10) after the 10-min
global ischemia, the hearts immediately underwent a
protocol of postconditioning. This consisted of five
cycles of 10-s reperfusion and 10-s ischemia [36, 39–
42].

j Infarcting ischemia

Male and Female rat hearts exposed to
30-min ischemia (Groups 5–8)

It has been shown that 30-min ischemia followed by
reperfusion may induce I/R injury, which lead to a
large infarct size in isolated rat hearts [3, 6, 13, 36–
42]. Therefore, in order to study functional recovery
after an infarcting ischemia, hearts of the Male-In-
farcting-group (Group 5, n = 22) or Female-Infarc-
ting-group (Group 6, n = 22) were exposed to 30-min
global ischemia and then to 120 min reperfusion only.

In Group 7 (Male-PostC-group; n = 22) and Group
8 (Female-PostC-group; n = 22) after the 30-min
ischemia, the hearts immediately underwent a pro-
tocol of postconditioning. Also in this case PostC
consisted of five cycles of 10-s reperfusion and 10-s
ischemia [36, 39–42].

Additional controls hearts (Groups 9 and 10)

In order to check time-dependent deterioration of the
experimental preparation, and to check whether or
not significant cardiodepression occurs during oxy-
genated buffer perfusion, hearts of male (Sham Male
group; Group 9, n = 8) and female (Sham Female
group; Group 10, n = 8) rats underwent 150 min of
perfusion only.

In all hearts, pressures were monitored throughout
the experiments and infarct area assessed at the end
of the experiment.

Infarct size

At the end of the experiment stained and unstained
areas were assessed, as previously described, using a
solution of nitro-blue tetrazolium in phosphate buffer
[6, 36–42]. In brief, immediately after reperfusion
each heart was rapidly removed from the perfusion
apparatus and the left ventricle (LV) was dissected
into 2–3 mm circumferential slices. Following 20 min
of incubation at 37�C in 0.1% solution of nitro-blue
tetrazolium in phosphate buffer, unstained tissue was

carefully separated from stained tissue by an inde-
pendent observer. In fact, while unstained tissue
represents the amount of death cells, the stained tis-
sue represents the viable cells. The unstained mass
was expressed as a percentage of total left ventricular
mass. In fact, the total left ventricle mass also corre-
sponds to the risk area because a global ischemia was
performed.

Reagents necessary to assess myocardial infarction
were purchased from Merck (USA). Other chemicals
were purchased from Sigma (USA).

j Statistical analysis

All data are expressed as means ± SEM One-way
ANOVA and Newman-Keuls Multiple Comparison
Test (for post-ANOVA comparisons) have been used
to compare infarct size. One-way ANOVA for multiple
measures (Bonferroni Post test) has been used for the
analysis of LVP data. Linear and non-linear fit
are assessed between infarct size and pressures. A P
value < 0.05 was considered statistically significant.

Results

j Cardiac weight, cardiac to body weight ratio and
risk area in male and female rats

Male cardiac weight (1,482 ± 21; range 1,270–
1,790 mg, n = 72) and the cardiac to body weight
ratio (2.67 ± 0.012; range 2.24–2.99 mg/g) were sim-
ilar in all groups of experiments. Importantly, the risk
area, i.e. LV mass, was also similar among groups (LV
weight was 905 ± 17; range 590–1,135 mg).

Female cardiac weight (1,117 ± 33; range 1,005–
1,580 mg, n = 72) and the cardiac to body weight
ratio (3.66 ± 0.010; range 3.03–4.08 mg/g) were sim-
ilar in all groups of the two series of experiments. The
risk area, i.e., LV mass, was also similar among
groups (LV weight was 717 ± 12; range 510–
1,003 mg).

Comparison between all male and female hearts
(Table 1) revealed that the latter had smaller cardiac
weight and risk area (P < 0.01 for both), but higher
cardiac to body weight ratio (P < 0.01).

j Infarct size (Figs. 2 and 3)

As can be seen in Fig. 2, in hearts of Male-Short-
lasting-Ischemia group (Group 1) and in those of
Male-Short-lasting-Ischemia + PostC group (Group
3), which were subjected to 10-min ischemia, infarct
areas were similar (11 ± 2% and 12 ± 2% of risk area,
respectively; P = Non significant Vs. each other).
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For comparative purpose, we also measured the
infarct size in the sham group hearts perfused with
buffer only (Sham groups). In these hearts we found
an infarct size of 7 ± 2% in male group and 8 ± 2% of
risk area in female group (P = Non significant Vs.
each other and Vs. Male-Short-lasting-Ischemia
groups). These infarct areas are similar to those re-
ported in a similar model of male sham buffer-
perfused rat [44] and rabbit hearts [23].

However, surprisingly, in hearts of Female-Short-
lasting-Ischemia group (Group 2), which were sub-
jected to 10-min ischemia only, infarct area (21 ± 2%
of risk area) was significantly higher than infarct size

observed in Sham groups, in Male-Short-lasting-
Ischemia and Male-Short-lasting-Ischemia + PostC
groups (P < 0.01 for all). Yet, in Female-Short-lasting-
Ischemia + PostC group (Group 4), PostC significantly
(P < 0.01 Vs. Female-Short-lasting-Ischemia group)
reduced cardiac infarct size to 12 ± 2% of risk area
(NS Vs. Sham groups).

In hearts subjected to 30-min ischemia (Fig. 3)
infarct size was slightly smaller (P < 0.05) in female
than male hearts, being 52 ± 2% of risk area in Fe-
male-Infarcting group (Group 6) and 61 ± 3% in
Male-Infarcting group (Group 5). PostC reduced car-
diac infarct size both in Female-PostC group (Group
8 = 40 ± 3% of risk area; P < 0.01 Vs. Female-In-
farcting group) and Male-PostC group (Group
7 = 29 ± 3% of risk area; P < 0.001 Vs. Male-Infarc-
ting group). However, while about 50% lesser infarct
size between Male-PostC and Male-Infarcting groups
was observed, a reduction of about 20% only was
observed in Female-PostC with respect to Female-
Infarcting group (P < 0.05).

j LVEDP (Table 2; Fig. 4)

Contracture development can be defined as an in-
crease in intrachamber pressure of 4 mmHg above

Table 1 Comparison between male and female organ and body weight

Body weight
(g)

Cardiac weight
(mg)

LV weight
(mg)

Cardiac to body
weight ratio

Males 499 ± 9 1482 ± 21 905 ± 17 2.67 ± 0.012
Females 327 ± 6* 1117 ± 33* 717 ± 12* 3.66 ± 0.010*

*P < 0.01 Vs. female
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Fig. 2 Infarct size is expressed as the percent of left ventricle which is
considered as risk area. The isolated, Langendorff-perfused hearts were
subjected to 10 min of normothermic global ischemia followed by 120 min.
Male-Short-lasting-Ischemia group and Male-Short-lasting-Ischemia + PostC
group show a similar and limited infarct size. Female-Short-lasting-Ischemia
group shows a significantly larger infarct size, which was significantly reduced
by postconditioning (PostC). NS non significant; Female-Short-lasting-Ischemia
group Vs. Female-Short-lasting-Ischemia + PostC group and Vs. both Male
groups = **P < 0.001 for all
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Fig. 3 Infarct size is expressed as the percent of left ventricle which is
considered as risk area. The isolated, Langendorff-perfused hearts were
subjected to 30 min of normothermic global ischemia followed by 120 min of
reperfusion. Postconditioning (PostC) reduces infarct size more in male than
female hearts. PostC Vs. Infarcting Group of the same gender: *P < 0.01,
**P < 0.001. Male Vs. female groups: #P < 0.05

394 Basic Research in Cardiology, Vol. 104, No. 4 (2009)
� Steinkopff Verlag 2008



pre-ischemic (baseline) LVEDP values [3, 35]. Con-
tracture has been suggested as a very good indicator
of I/R injury [16, 28]. In this respect, it is paradig-
matic that Male-Short-lasting-Ischemia group (Group
1; Fig. 4-Panel B) did not show contracture develop-
ment, whereas contracture was increasingly higher in

the following groups: Female-Short-lasting-Ischemia
group (Group 2; Fig. 4-Panel A), Female-Infarcting
group (Group 6; Fig. 4-Panel C) and Male-Infarcting
group (Group 5; Fig. 4-Panel D), which also showed
increasing infarct areas (Figs. 2 and 3).

PostC reduced cardiac contracture either after 10-
or 30-min ischemia in female hearts (groups 4 and 8;
Fig. 4-Panels A and C, respectively), as well as in male
hearts subjected to 30-min of ischemia (group 3;
Fig. 4-Panel D): i.e. contracture was reduced in
groups in which PostC reduced infarct size.

In hearts subjected to 30-min ischemia, while
about 50% lesser contracture between Male-PostC and
Male-Infarcting groups was observed (Fig. 4-Panel D),
a reduction of about 25% only was observed in Fe-
male-PostC with respect to Female-Infarcting groups
(Fig. 4-Panel C). In other words, PostC protective
effects against I/R injury (both infarct size and con-
tracture) seem stronger in male than female hearts
subjected to 30-min ischemia.

Table 2 Functional parameters before ischemia

Group Developed
LVP
(mmHg)

LVEDP
(mmHg)

Perfusion
pressure
(mmHg)

Male short-lasting ischemia 83 ± 5 5 ± 1 85 ± 3
Female short-lasting ischemia 82 ± 3 5 ± 1 83 ± 3
Male short-lasting ischemia + PostC 81 ± 4 6 ± 1 82 ± 4
Female short-lasting ischemia + PostC 79 ± 2 5 ± 1 84 ± 4
Male-infarcting 83 ± 1 5 ± 2 85 ± 1
Female-infarcting 81 ± 2 5 ± 1 86 ± 1
Male-infarcting + PostC 81 ± 4 6 ± 2 86 ± 4
Female-infarcting + PostC 80 ± 3 6 ± 1 83 ± 5

Acronyms as in figures
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Fig. 4 Left ventricular end-diastolic pressure (LVEDP) during ischemia and
reperfusion. For ischemic groups time 0 marks the onset of 120 min reperfusion,
which follow 10 min (Panels A and B) or 30 min (Panels C and D) global
ischemia (ischemia begins at time )10 or )30, respectively). Data are expressed

as mmHg. Values represent means ± SE. Female-Short-lasting-Ischemia group
Vs. both Sham and Female-Short-lasting-Ischemia + PostC groups:
***P < 0.001 (Panel A). Female-Infarcting group Vs. Female-PostC: *P < 0.05
(Panel C). Male-Infarcting group Vs. Male-PostC: ###P < 0.001 (Panel D)
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In hearts subjected to 10-min ischemia, as said, an
higher infarct area was observed in female hearts,
which also showed contracture development. Only in
this Female-Short-lasting-Ischemia group, PostC re-
duced contracture by about 10% (Group 4 Vs. Group
2; Fig. 4 Panel A). No effects of PostC are observed
over contracture development in male hearts sub-
jected to 10-min ischemia (Fig. 4-Panel B): in this
group infarct size was not increased by the 10-min
ischemia and was not affected by PostC.

j Developed LVP (Table 2; Fig. 5)

Stunning can be defined as ‘‘the post-ischemic con-
tractile dysfunction that persists following reperfusion

in the absence of irreversible damage and despite the
restoration of normal or near-normal coronary blood
flow’’ [2]. Post-ischemic systolic dysfunction may be a
result of stunning and necrosis [2]. Post-ischemic
recovery of systolic function was evaluated as % of
developed LVP recovery during reperfusion. As can
be seen in Fig. 5, either 10- or 30-min ischemia de-
pressed contractile function in all ischemic groups as
compared to buffer perfused (non-ischemic, Sham)
hearts. In particular, in Female-Short-lasting-Ischemia
groups (10-min ischemia; Fig. 5-Panel A) at the end of
reperfusion the developed LVP recovered by
62 ± 18% only in Female-Short-lasting-Ischemia
group and by 81 ± 11% in Female-Short-lasting-
Ischemia + PostC group (i.e. )38% and )19% devel-
oped LVP Vs. baseline level, respectively; P < 0.05 Vs.
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Fig. 5 Developed left ventricular pressure (LVP) during ischemia and
reperfusion. For ischemic groups time 0 marks the onset of 120 min reperfusion,
which follow 10 min (Panels A and B) or 30 min (Panels C and D) global
ischemia (ischemia begins at time )10 or )30, respectively). Data are expressed
as % change from pre-ischemic baseline. Values represent means ± SE. Female-

Short-lasting-Ischemia group Vs. Sham: **P < 0.01 (Panel A); Female-
Short-lasting-Ischemia group Vs. Male-Short-lasting-Ischemia + PostC group:
*P < 0.05 (Panel A). Male-Short-lasting-Ischemia group and Male-Short-lasting-
Ischemia + PostC group Vs. Sham: #P < 0.05 (Panel B). Female-Infarcting group
Vs. Female-PostC: **P < 0.01 (Panel C)
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baseline for both, and P < 0.05 Vs. each other). It is
likely that this difference in developed LVP recovery
is due to the different final infarct size in these two
groups. As a matter of fact, in Male-Short-lasting-
Ischemia and Male-Short-lasting-Ischemia + PostC
groups in which infarct size was small and not dif-
ferent between each other, at the end of reperfusion
the post-ischemic depression of systolic function was
limited and similar in the two groups (by about )17%
at the end of reperfusion for both; P < 0.05 Vs.
baseline level for both; Fig. 5; Panel B). Therefore,
these data suggest that PostC does not protect against
stunning (ad litteram).

Yet, in the hearts that underwent 30-min ischemia,
the post-ischemic recovery of systolic function was

improved by PostC in female, but not in male. In
particular, in female groups (Fig. 5-Panel C) at the
end of reperfusion developed LVP recovered by
58 ± 18% in Female-PostC group Vs. 38 ± 10%
recovery in Female-Infarcting group (i.e. )42% and
)62% developed LVP Vs. baseline, respectively;
P < 0.01 versus baseline for both, and P < 0.01 versus
each other). In male groups (Fig. 5-Panel D), despite
marked difference in infarct size, the developed LVP
at the end of reperfusion was similar in Male-PostC
and Male-Infarcting groups.

Figure 6, summarize the effects of ischemia/
reperfusion and PostC at the end of reperfusion. As
can be seen, contracture parallels infarct size in all
cases. However, post-ischemic systolic dysfunction
seems not correlated to infarct size. Yet, in female
hearts, PostC improvement of systolic function
seems stronger than the effects on infarct size.
Whereas the opposite holds true in the male hearts
subjected to 30 min ischemia. In other words, sys-
tolic dysfunction is not correlated to the limitation
of necrosis, but may be correlated with the persis-
tence of stunning of viable cardiomyocytes. In fact,
data show that a strong linear-correlation
(r2 = 0.8205; P < 0.0001) exist between infarct size
and LVEDP (contracture) at the end of reperfusion
(Fig. 7a). Yet, a linear correlation (r2 = 0.5622;
P < 0.001) between infarct size and developed LVP
at the end of reperfusion is less evident (Fig. 7b). A
better fit (r2 = 0.7035) between infarct size and
developed LVP can be obtained with a non-linear
regression (Boltzmann equation).

Discussion

j Implication of the findings

We found that infarcts were larger in female than
male hearts subjected to 10-min ischemia and smaller
in female than male hearts subjected to 30-min
ischemia. Moreover, PostC protection seems both
gender- and infarct size-dependent. In fact, after 10-
min ischemia, PostC reduces infarct size and im-
proves systolic function only in female hearts, in
which a larger infarct size is observed; in male hearts,
in which a limited infarct size is observed, infarct size
and post-ischemic systolic function are not affected
by PostC. Yet, after 30-min ischemia, PostC reduces
infarct size more in male than female hearts, but
improves systolic function in female hearts only.

When both stunning and large necrosis are in-
duced by 30-min/120-min I/R protocols, it is hard to
distinguish whether the impairment of global func-
tion is due to necrosis and/or to stunning of viable
tissue. It is likely that an intricate interrelation be-
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tween the two effects (necrosis and stunning) influ-
ences heart performance. Thus recovery of function
may not be an appropriate end-point to consider
when large infarct size extension is induced by the
experimental maneuvers. In fact, in hearts subjected
to 30-min ischemia, both in female and male hearts,
PostC protects against infarct size extension, but
heart contractile function is improved in female
hearts only, in which infarct size is smaller. This is
also in line with the low level of linear-correlation
between infarct size and developed LVP during
reperfusion (Fig. 7b).

In fact, the more robust end-point in analyzing I/R
injury is infarct size [16, 28]. Therefore myocardial
damages/protection are better evaluated by infarct
size assessment. As for preconditioning [16, 28],
systolic function (developed LV pressure) may not be
an appropriate end-point to study PostC protection.
The improvement of function during reperfusion in
pre-conditioned rat hearts has been attributed to the
reduction of adenosine release during this phase [16].
On the contrary, in post-conditioned hearts an accu-
mulation of adenosine has been reported [24]. These
differences may explain our findings of unclear effect
on systolic function by PostC treatment in infarcted
groups (i.e. after 30-min ischemia). Adenosine accu-
mulation in the post-ischemic phase may affect sys-
tolic function because may lead to excessive ROS
formation. In fact in post-ischemic phase adenosine
by-products are metabolized by xanthine-oxidase and
produces ROS [16]. As a matter of fact, stunning is
mainly due to ROS and acidosis [2], which are also

integral to the PostC protective signaling [7, 14, 27,
40, 41, 48]. Thus, it is not surprising that PostC does
not protect against stunning. Of course, in the long
term, when stunning spontaneously recovers after
ischemia, the reduced necrosis by PostC persistently
improves the heart function [33, 34].

In order to understand the role of PostC on myo-
cardial stunning appropriate studies are required, in
which infarct size is kept at minimum. Our experi-
ments with short-lasting ischemia aimed to ascertain
the effect of PostC on myocardial stunning. Surpris-
ingly, in our model 10-min ischemia increased infarct
size in female hearts. Yet, PostC reduced infarct size
and improved post-ischemic systolic function in fe-
male hearts only. Therefore, data suggest that the
improvement of function is due to the reduction of
infarct size rather than stunning. This seems to hold
true both in female and male hearts. In fact, PostC
reducing necrosis, but not stunning, may (in females)
or may not (in males) improve global left ventricle
systolic function during 2-h reperfusion. Moreover,
the fact that at the end of reperfusion both the infarct
size and systolic dysfunction are greater in Female-
Short-lasting-Ischemia group than other hearts sub-
jected to 10-min ischemia, and the fact that both in-
farct size and systolic depression are similar in the
Female-Short-lasting-Ischemia + PostC group, Male-
Short-lasting-Ischemia group and Male-Short-lasting-
Ischemia + PostC group support the idea that the
recovery of function is due to the anti-necrotic effect
observed in postconditioned female hearts rather than
to an anti-stunning effect.
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Our data are in line with those of Couvreur et al.
[9] which used 10- or 30-min ischemia in canine
(gender non specified) and male rabbit models. These
authors reported that PostC does not protect against
myocardial stunning which follow short period of
ischemia (in this case of 10-min ischemia the authors
did not check for necrosis). However, their PostC
protocol protected against infarct size which followed
the 30-min ischemia, but in this last case the authors
did not check for post-ischemic function. Here we go
further showing that infarct size and post-ischemic
systolic dysfunction can act simultaneously, influ-
encing each other.

The higher is the infarct size the more intricate is
the interrelation between infarct size and post-ische-
mic function. In the presence of infarct size higher
than 30% of left ventricle mass no-correlation exists
between infarct size and global systolic function
(Fig. 7b); the absence of correlation might depend on
the variable degree of myocardial stunning of the
viable tissue.

Both contracture and infarct size may be due to
calcium-overload, which is reduced by PostC [49]. It
has been suggested that in rodent models contracture
development, rather than systolic function, may be a
more appropriate end-point to study the protective
effects of cardioprotective maneuvers [16]. The pres-
ent study confirms this point of view; in fact con-
tracture development correlates very well with infarct
size in all the experimental conditions (Fig. 7a). Our
study is also in line with that of Kin et al. [24] con-
ducted in isolated mouse hearts, in which PostC re-
duced contracture during both early and late
reperfusion. In such a study, PostC also hastened the
early recovery developed pressure, but this improve-
ment did not persist at 30-min reperfusion.

Comparison with previous studies on female hearts

Several studies tested the differences in I/R suscepti-
bility between male and female hearts. The majority of
studies report a better tolerance to I/R by female
hearts, which has been attributed to the effects of
estrogens e.g. [15, 30–32, 50]. Yet, no differences in
infarct size or in the incidence of arrhythmias have
been reported in vivo and in vitro models of myo-
cardial ischemia/reperfusion [5, 26, 43]. Recent
studies have also demonstrated differences in post-
ischemic myocardial function and infarct size be-
tween female and males [1, 2, 15, 17, 32, 46] in iso-
lated rat hearts subjected to I/R. It seems that there is
a sex difference in the utilization of specific cardio-
protective signalling pathways [5, 32]. In our study we
stress the importance of the duration of index ische-
mia: 30-min ischemia damages less the female than
male hearts; the opposite occurs in response to 10-

min ischemia. We do not know the exact mecha-
nism(s) for this difference. We know that after shorter
ischemia, reoxygenated cardiomyocytes are in acute
jeopardy of Ca2+ overload-induced contracture and
necrosis. Yet, after prolonged ischemia, the ability of
mitochondria to rapidly restore a normal cellular state
of energy upon reoxygenation is reduced. Thus
mechanisms related to the control of pH, Ca2+

homeostasis or myofibrillar Ca2+ sensitivity and
mitochondria failure become progressively more
important. It is likely that cardiomyocytes of pre-
menopausal females may be more vulnerable to the
early ischemic events and more protect against late
ischemic injury. The effect of estrogen on nitric oxide
synthases and/or PI3-kinase are likely involved [1–3,
5, 32]. Also, estrogens have been shown to reduce
ischemia/reperfusion injury under conditions of in-
creased contractility [15, 32]. They may up-regulate
nitric oxide signaling leading to S-nitrosylation of L-
type calcium channels thereby reducing calcium
loading during ischemia and early reperfusion [15,
32]. These may also explain gender differences in
ischemia/reperfusion injury, in post-ischemic systolic
recovery and in PostC protection. The relationship
between estrogen and these mechanisms, and their
role in cardioprotection will require further study.

Very few studies tested the differences between
male and female hearts with regard to PostC effec-
tiveness. Crisostomo et al. [10], analyzed post-ische-
mic function and reported that PostC is more
protective in male than female rat hearts. In particu-
lar, they showed an improved systolic function in
male hearts after either 20 or 25 min ischemia. This
protective effect was also present in female rat hearts
exposed to 20 min of ischemia, but absent in those
exposed to 25 min ischemia [10]. Whether these
protocols of ischemia/reperfusion induced also infarct
size was not tested by the authors. From our data, it
can not be excluded that the differences in heart
recovery are differently and non-linearly influenced
by different effects on infarct size in the two genders.
In the work conducted by Dow et al. [12] on female
rats PostC was ineffective in reducing cardiac infarct
size induced by either 30- or 45-min ischemia. In our
model, after 30-min ischemia PostC is less effective in
female than in male hearts in reducing infarct size.
We can not exclude that this reduced effectiveness in
female hearts may be one of the reason of the negative
results in the study of Dow et al. [12]. In fact these
authors suggested that gender may be a confounder in
PostC. We should also keep in mind that (1) infarct
size is different in the two genders even when the
same duration of ischemia is used [present study], (2)
PostC effectiveness against infarct size critically de-
pends on the duration of the preceding period of in-
dex ischemia rather than on the PostC algorithm/
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protocol (present study and [29]), and (3) PostC may
even be detrimental depending on the duration of the
index ischemia [29]. Therefore gender, duration of
index of ischemia, development of necrosis and PostC
algorithm may be strictly controlled in assessing
effectiveness of protective effects of postconditioning
against the studied end-points of I/R injury. As a
matter of fact in a 2004 editorial Heusch [20] com-
mented that in cardioprotection studies it is manda-
tory ‘‘to carefully control for confounding variables
… such as the size of the area at risk, the duration of
the preceding ischemic insult, and collateral status.
Neglect of these confounding variables has probably
contributed to the failure of translation of experi-
mentally validated principles of cardioprotection to
the clinical arena.’’

j Methodological considerations

By reducing the number of independent variables to a
reasonable minimum, the isolated and isovolumically
beating rat heart can been used to study the acute
effects of I/R on heart contractility and on infarct size
[19, 35–41, 47]. This model excludes other potential
confounders such as collateral vessel (global ische-
mia), temperature, preload, after-load and heart rate
variations. However, the buffer perfusion may com-
promise heart function over the time and even sham-
perfused hearts may develop some degree of necrosis
(about 10% of risk area in buffer perfused rat [44],
and present study and rabbit [23] hearts). In our
hands, sham perfused hearts show that during the
period of observation significant effects on heart
function are absent, despite an area of necrosis sim-
ilar to that of male hearts subjected to 10 min ische-
mia and 120 reperfusion. Since the latter group of
hearts develop systolic dysfunction during reperfu-
sion, it is likely that this dysfunction is due to stun-
ning of viable tissue.

By reducing the number of potential confounders,
the overall results suggest that gender exerts an

appreciable influence on PostC cardioprotection
(evaluated in terms of both infarct size and post-
ischemic systolic dysfunction). Yet, the model allowed
to show the importance of the duration of index
ischemia, since 30-min ischemia damages less the
female than the male hearts, the opposite occurring in
response to 10-min ischemia.

Conclusions

Taken together, our data confirm that gender plays an
important role as I/R injury determinant. Our data
also show, for the first time, that gender plays a piv-
otal role in PostC effectiveness against necrosis. While
PostC-dependent infarct size reduction seems stron-
ger in males than females, myocardial stunning seems
not to be affected by PostC in both female and male
hearts.

That is, the extension of infarct size depends on the
duration of index ischemia, but the outcomes of
ischemias of identical durations are different in the
two genders: short duration may be more detrimental
in females, whereas longer duration may be more
detrimental in males. Contracture development and
infarct size are linearly correlated both in female and
male hearts. Yet, the post-ischemic systolic dysfunc-
tion of the left ventricle is a result of both stunning
and necrosis and, therefore, the reduction of only one
of these two detrimental effects may not be appreci-
ated in terms of developed LVP improvement. In fact
PostC reducing necrosis, but not stunning, may or
may not improve left ventricle systolic function dur-
ing 2-h reperfusion.
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21. Heusch G, Büchert A, Feldhaus S,
Schulz R (2006) No loss of cardiopro-
tection by postconditioning in conn-
exin 43-deficient mice. Basic Res
Cardiol 101:354–356

22. Kerendi F, Kin H, Halkos ME, Jiang R,
Zatta AJ, Zhao ZQ, Guyton RA, Vinten-
Johansen J (2005) Remote postcondi-
tioning: brief renal ischemia and
reperfusion applied before coronary
artery reperfusion reduces myocardial
infarct size via endogenous activation
of adenosine receptors. Basic Res Car-
diol 100:404–412

23. Kim N, Lee Y, Kim H, Joo H, Youm JB,
Park WS, Warda M, Van Cuong D, Han
J (2006) Potential biomarkers for
ischemic heart damage identified in
mitochondrial proteins by comparative
proteomics. Proteomics 6:237–1249

24. Kin H, Zatta AJ, Lofye MT, Amerson
BS, Halkos ME, Kerendi F, Zhao ZQ,
Guyton RA, Headrick JP, Vinten-Jo-
hansen J (2005) Postconditioning re-
duces infarct size via adenosine
receptor activation by endogenous
adenosine. Cardiovasc Res 67:124–133

25. Kin H, Zhao ZQ, Sun HY, Wang NP,
Corvera JS, Halkos ME, Kerendi F,
Guyton RA (2004) Postconditioning
attenuates myocardial ischemia-reper-
fusion injury by inhibiting events in the
early minutes of reperfusion. Cardio-
vasc Res 62:74–85

26. Li Y, Kloner RA (1995) Is there a gen-
der difference in infarct size and
arrhythmias following experimental
coronary occlusion and reperfusion? J
Thromb Thrombolysis 2:221–225

27. Liu Y, Yang XM, Iliodromitis EK,
Kremastinos DT, Dost T, Cohen MV,
Downey JM (2008) Redox signaling at
reperfusion is required for protection
from ischemic preconditioning but not
from a direct PKC activator. Basic Res
Cardiol 103:54–59

28. Lochner A, Genade S, Moolman JA
(2003) Ischemic preconditioning: in-
farct size is a more reliable end-point
than functional recovery. Basic Res
Cardiol 98:337–346

29. Manintveld OC, Te Lintel Hekkert M,
van den Bos EJ, Suurenbroek GM,
Dekkers DH, Verdouw PD, Lamers JM,
Duncker DJ (2007) Cardiac effects of
postconditioning depend critically on
the duration of index ischemia. Am J
Physiol Heart Circ Physiol 292:H1551–
H1560

30. Mendelsohn ME, Karas RH (1999) The
protective effects of estrogen on the
cardiovascular system. N Engl J Med
340:1801–1811

31. Murphy E, Cross HR, Steenbergen C
(2002) Is Na/Ca exchange during
ischemia and reperfusion beneficial or
detrimental? Ann NY Acad Sci 976:421–
430

32. Murphy E, Steenbergen C (2007) Gen-
der-based differences in mechanisms of
protection in myocardial ischemia-
reperfusion injury. Cardiovasc Res
75:478–486

33. Mykytenko J, Kerendi F, Reeves JG, Kin
H, Zatta AJ, Jiang R, Guyton RA, Vin-
ten-Johansen J, Zhao ZQ (2007) Long-
term inhibition of myocardial infarc-
tion by postconditioning during
reperfusion. Basic Res Cardiol 102:90–
100

34. Mykytenko J, Reeves JG, Kin H, Wang
NP, Zatta AJ, Jiang R, Guyton RA,
Vinten-Johansen J, Zhao ZQ (2008)
Persistent beneficial effect of postcon-
ditioning against infarct size: role of
mitochondrial K(ATP) channels during
reperfusion. Basic Res Cardiol 103:472–
484

35. Pagliaro P, Mancardi D, Rastaldo R,
Penna C, Gattullo D, Miranda KM,
Feelisch M, Wink DA, Kass DA, Paol-
occi N (2003) Nitroxyl affords thiol-
sensitive myocardial protective effects
akin to early preconditioning. Free
Radic Biol Med 34:33–43

36. Pagliaro P, Rastaldo R, Penna C, Man-
cardi D, Cappello S, Losano G (2004)
Nitric oxide (NO)-cyclic guanosine
monophosphate (cGMP) pathway is
involved in ischemic postconditioning
in the isolated rat heart. Circulation
110(3):136 (Abstract)

C. Penna et al. 401
Postconditioning cardioprotection and gender



37. Peart JN, Gross ER, Reichelt ME, Hsu
A, Headrick JP, Gross GJ (2008) Acti-
vation of kappa-opioid receptors at
reperfusion affords cardioprotection in
both rat and mouse hearts. Basic Res
Cardiol 103:454–463

38. Penna C, Alloatti G, Cappello S, Gat-
tullo D, Berta G, Mognetti B, Losano G,
Pagliaro P (2005) Platelet-activating
factor induces cardioprotection in iso-
lated rat heart akin to ischemic pre-
conditioning: role of phosphoinositide
3-kinase and protein kinase C activa-
tion. Am J Physiol Heart Circ Physiol
288:H2512–H2520

39. Penna C, Cappello S, Mancardi D,
Raimondo S, Rastaldo R, Gattullo D,
Losano G, Pagliaro P (2006) Post-con-
ditioning reduces infarct size in the
isolated rat heart: role of coronary flow
and pressure and the nitric oxide/
cGMP pathway. Basic Res Cardiol
101:168–179

40. Penna C, Mancardi D, Rastaldo R, Lo-
sano G, Pagliaro P (2007) Intermittent
activation of bradykinin B2 receptors
and mitochondrial KATP channels
trigger cardiac postconditioning
through redox signaling. Cardiovasc
Res 75:168–177

41. Penna C, Mancardi D, Tullio F, Pagli-
aro P (2008) Postconditioning and
intermittent bradykinin induced car-
dioprotection require cyclooxygenase
activation and prostacyclin release
during reperfusion. Basic Res Cardiol
103:368–377

42. Penna C, Rastaldo R, Mancardi D,
Raimondo S, Cappello S, Gattullo D,
Losano G, Pagliaro P (2006) Post-con-
ditioning induced cardioprotection re-
quires signaling through a redox-
sensitive mechanism, mitochondrial
ATP-sensitive K+ channel and protein
kinase C activation. Basic Res Cardiol
101:180–189

43. Przyklenk K, Ovize M, Bauer B, Kloner
RA (1995) Gender does not influence
acute myocardial infarction in adult
dogs. Am Heart J 129:1108–1113

44. Sivarajah A, McDonald MC, Thiemer-
mann C (2006) The production of
hydrogen sulfide limits myocardial
ischemia and reperfusion injury and
contributes to the cardioprotective ef-
fects of preconditioning with endo-
toxin, but not ischemia in the rat.
Shock 26:154–161

45. Sivaraman V, Mudalagiri NR, Di Salvo
C, Kolvekar S, Hayward M, Yap J, Ke-
ogh B, Hausenloy DJ, Yellon DM (2007)
Postconditioning protects human atrial
muscle through the activation of the
RISK pathway. Basic Res Cardiol
102:453–459

46. Staat P, Rioufol G, Piot C, Piot C, Cottin
Y, Cung TT, L’Huillier I, Aupetit JF,
Bonnefoy E, Finet G, Andre-Fouet X,
Ovize M (2005) Postconditioning the
human heart. Circulation 112:2143–
2148

47. Tsang A, Hausenloy DJ, Mocanu MM,
Yellon DM (2004) Postconditioning: a
form of ‘‘modified reperfusion’’ pro-
tects the myocardium by activating the
phosphatidylinositol 3-kinase-Akt
pathway. Circ Res 95:230–232

48. Tsutsumi YM, Yokoyama T, Horikawa
Y, Roth DM, Patel HH (2007) Reactive
oxygen species trigger ischemic and
pharmacological postconditioning: in
vivo and in vitro characterization. Life
Sci 81:1223–1227

49. Vinten-Johansen J, Zhao ZQ, Jiang R,
Zatta AJ (2005) Myocardial protection
in reperfusion with postconditioning.
Expert Rev Cardiovasc Ther 3:1035–
1045

50. Wang M, Baker L, Tsai BM, Meldrum
KK, Meldrum DR (2005) Sex differ-
ences in the myocardial inflammatory
response to ischemia-reperfusion in-
jury. Am J Physiol Endocrinol Metab
288:E321–E326

51. Yang XM, Philipp S, Downey JM, Co-
hen MV (2005) Postconditioning’s
protection is not dependent on circu-
lating blood factors or cells but in-
volves adenosine receptors and
requires PI3-kinase and guanylyl cy-
clase activation. Basic Res Cardiol
100:57–63

52. Zhao ZQ, Corvera J, Halkos ME, Ke-
rendi F, Wang NP, Guyton RA, Vinten-
Johansen J (2003) Inhibition of myo-
cardial injury by ischemic postcondi-
tioning during reperfusion:
comparison with ischemic precondi-
tioning. Am J Physiol Heart Circ
Physiol 285:H579–H588 Erratum in:
Am J Physiol Heart Circ Physiol (2004)
286:H477

402 Basic Research in Cardiology, Vol. 104, No. 4 (2009)
� Steinkopff Verlag 2008


	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Sec7
	Fig1
	Sec8
	Sec9
	Sec10
	Sec11
	Sec12
	Sec13
	Sec14
	Sec15
	Sec16
	Tab1
	Fig2
	Fig3
	Tab2
	Fig4
	Sec17
	Fig5
	Sec18
	Sec19
	Fig6
	Fig7
	Sec20
	Sec21
	Sec22
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33
	CR34
	CR35
	CR36
	CR37
	CR38
	CR39
	CR40
	CR41
	CR42
	CR43
	CR44
	CR45
	CR46
	CR47
	CR48
	CR49
	CR50
	CR51
	CR52


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


