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Abstract

Whether cardioprotection by postconditioning (PostC) is gender depeisdeot clear. We
studied the effect of PostC in terms of both infarct size @8y post-ischemic systolic
dysfunction (PSD) reduction.

Isolated male and female rat hearts were subjected to BB-minutes of global ischemia and
120-minutes of reperfusion, with or without PostC (i.e., 5 cycles of Hparfusion/ischemia
immediately after the ischemia).

Surprisingly, after 10-min ischemia, IS and PSD were greatéermale than male hearts (IS:
21+2%vs11+2%; p< 0.01), while PostC attenuated IS and PSD in female hearts only.

After 30-min ischemia IS was smaller in female than mabathg52+2%vs 61+3%; p< 0.05),
whereas PSD was similar in these two groups. PostC reducedd&h genders, though the
effect was smaller (p< 0.05) in females. Yet, PostC reducéa iRSemale, but not in male
hearts. Contracture development paralleled IS in all groups.h€okcthe effects of buffer
perfusion over heart function, additional hearts underwent 150-min buffeusjerf only.
Contractile function of these hearts was not significantly affected iover t

In conclusion IS, contracture and PSD are differently affectegebger, depending on ischemia
duration. Yet, reduction of IS induced by PostC depends on the extenstbimdiited by index-
ischemia. While in female hearts reduction of PSD parallébecdedluction, in male it does not
occur. Results suggest that improvement of systolic function islyndiie to the anti-necrotic

rather than to the anti-stunning effect exerted by PostC.

Word count: 247
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I ntroduction

Two strategies for protecting the heart are ischemic precomidiyy and postconditioning,
which imply the cardioprotection obtained from applying brief episadaayocardial ischemia
and reperfusion either before or after the index-ischemia, riasggcMuch progress has been
made in elucidating the signal transduction pathway behind theirectke role [e.g.
4,6,7,8,11,13,17,19-24,27-29,34-42,45,47,51,52].

The role of “Ischemic Postconditioning” agaimsfarct sizewas first described by Vinten-
Johansen’s group [52]. In such a study the Postconditioning (PostC) proteasl 30 s of
reperfusion followed by 30 s of coronary occlusion, which were rephdatehree cycles at the
onset of reperfusion. In general, PostC can be defined as ittégtmnterruption of coronary
flow in the very early phase of a reperfusion, which leads to caodesion. In their study
Vinten-Johansen and co-workers [52] reported that PostC causes msabkigage of the
myocardium. The infarct size was reduced by ~45% in PostC group czimpéh a group
subjected to an abrupt and complete reperfusion. In multiple spedesadels, PostC reduced
infarct size by ~20-70% versus matched controls with matchledreas [16,49,51,52]. Studies
from our and other laboratories confirmed the infarct size reductiesolated rat heart model
[24,36-42,46).

Virtually in all of the species in which different PostC protsdedve been tested against
infarct size, they have been protective [7,13,22,24,34,49,51,52], including humans [A@&hewit
exception of some works as, for example, a recent work conductedoderd modeby Dow et
al. [12]. However, many other groups observed a cardioprotectivet effdéostC in rodent
models [24,25,36,39-41,47], including mice lacking connexin-43 [21]. We showed thalated

hearts perfused with constant flow the infarct size reduction by PostC iergteat that observed



in the same model perfused at constant pressure [39]. Aging wasoalsidered a condition that
reduces PostC effectiveness against infarct size extension [4].

Yet, it is unclear if there is a beneficial impact of PostGystolic functiorand which are
the putative determinantStudies report either an improvement [45,51,52] or no effect [9,39,42]
on cardiac performance by PostC. To date very few studies testetther PostC attenuates
myocardial stunning in the absence of necrosis. Innamivo study, using models of short
ischemias (i.e. 10-min ischemia) that usually induce stunning with little orlnteet¢h, Couvreur
et al.[9] report that PostC does not prevent myocardial stunning.ryahex vivopreparation of
human atrial appendages, hypoxic PostC seems to attenuate post-isclsdmmcticy [45].

In many animal studies, including the rat, genderdifference in ischemia/reperfusion
injury is observed; however, in other animal studies, particularthe rat, females show less
ischemia/reperfusion injury following infarcting ischemia [15,30-32,5@yMew studies tested
the differences between genders with regard to PostC eére8s. In a study specifically
designed to compare PostC in male and female hearts, Crisostoal [10] reported PostC
protective effect against post-ischemic dysfunction in isolatal® rat hearts after either 20 min
or 25 min ischemia. This protective effect was also preseemiale rat hearts exposed to 20 min
of ischemia, but absent in those exposed to 25 min ischemia. Howesast@no et al [10] did
not measure infarct size. In this respect, it is alsoquéatily intriguing that the above mentioned
study of Dow et al [12] in which PostC was ineffective in redgenfarct size was conducted on
female rats. In such a study it was suggested that gendeberamyonfounder in PostC scenario
[12]. Another confounder, which may influence the outcome of PostC, malgebend-point
considered (e.g. infarct size, contracture development, and postischgstolic dysfunction

[17,29,39,42]). Therefore it is necessary to study multiple end-pointstamaalsly. These is



particularly important if different end-points may influence heather during the period of
observation.

We hypothesize that PostC effectiveness is different agaifestct size reduction in
female and male hearts and that this differences may explaigender difference in post-
ischemic recovery of heart function, as observed in the study of Crisostah@10].

To test this hypothesis we studied the effects of PostC agafiastt size and myocardial
post-ischemic dysfunction in groups of hearts isolated from bothldeamal male rats, which

underwent either long infarcting or short-lasting periods of ischemias.
Materialsand Methods

Animals

Five month old male (n=72; body weight 410-530 g) and female (n= 72; baditwe
275-385 g) Wistar rats received humane care in compliance withuide €r the Care and Use
of Laboratory Animals (NIH Publication No. 85-23, revised 1996) and@oralance with Italian
law (DL-116, Jan. 27, 1992).
| solated heart perfusion

The methods were similar to those previously described [6,35,37-42]. In brief, eaah anim
was anesthetized with urethane (1 g/kg i.p.). The chest was op@meuh after heparin treatment
and the heart was rapidly excised. Isolated rat hearts wevgreelely perfused with oxygenated
Krebs-Henseleit buffer (127 mM NaCl, 17.7 mM NaH{ 6.1 mM KCI, 1.5 mM CaGJ 1.26
mM MgCl,, 11 mM D-glucose and gassed with 95%and 5% CQ). A constant coronary flow
(CF) was adjusted with a proper pump to obtain a typical coronaflyspmr pressure (CPP) of
80-85 mmHg during the initial part of stabilization. Thereaftee same flow level (91
ml/min/g) was maintained throughout the experiment. The hearts electrically paced at 280

bpm and kept in a temperature-controlled chamber (37°C).



A small hole in the left ventricular wall allowed drainage of thebesian flow, and a
polyvinyl-chloride balloon was placed into the left ventricle and caedecto an
electromanometer for recording of left ventricular pressure JLYRe balloon was filled with
saline to achieve an end-diastolic LVP of 5 mmHg. CPP, CF andw&fB monitored to assess
the preparation conditions and to study heart function in pre- andspbstnic periods. LVP
trace was used to measure end-diastolic LVP and to calddastoped LVP as the difference
between systolic LVP and end-diastolic LVP.

Experimental protocols (Fig. 1)

After stabilization period (20 min), hearts underwent 10- or 30-miglabal no-flow
ischemia. In all groups ischemia was followed by 120 min of reperfusihich followed 10- or
30-min of global no-flow ischemia. Pacing was discontinued on initiatiomsafemia and
restarted after the third minute of reperfusion in all groups [24,39-42].

Short-lasting ischemia
Male and Femalerat hearts exposed to 10-min ischemia (Groups 1-4)

While myocardial stunning is the post-ischemic contractildutysion in the absence of
an increase in cell death, global post-ischemic systolic dysfmnict our model may be the result
of both stunning and cell death [2,9]. It has been suggested that 10-hemiacmay induce
post-ischemic myocardial stunning with no or little necrosis [2,9s,thn order to study
functional recovery after ahort-lasting ischemiahearts of the Group IM@ale-Short-lasting-
Ischemia-group n= 10) and hearts of Group Egmale-Short-lasting-Ischemia-group= 10)
were exposed to 10-min ischemia and then to 120 min reperfusion only.

In Group 3 Male-Short-lasting-Ischemia+PostC-group=10) and Group 4Female-

Short-lasting-Ischemia+PostC-groupn=10) after the 10-min global ischemia, the hearts



immediately underwent a protocol of postconditioning. This consisted ofcfrekes of 10-s
reperfusion and 10-s ischemia [36,39-42].

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 reperfusignimaace I/R injury,
which lead to a large infarct size in isolated rat hearts [33B842]. Therefore, in order to study
functional recovery after anfarcting ischemiahearts of thdlale-Infarcting-group(Group 5, n=
22) or Female-Infarcting-grougGroup 6, n= 22) were exposed to 30-min global ischemia and
then to 120 min reperfusion only.

In Group 7 Male-PostC-groupn=22) and Group &¢male-PostC-groum=22) after the
30-min ischemia, the hearts immediately underwent a protocol afgmubtioning. 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 experimerdphnmation, and to
check whether or not significant cardiodepression occurs during oxggebaffer perfusion,
hearts of male§ham Male groupGroup 9, n=8) and femal&ljam Female grougsroup 10,
n=8) rats underwent 150 min of perfusion only.

In all hearts, pressures were monitored throughout the experiments and imarct ar

assessed at the end of the experiment.

Infarct size
At the end of the experiment stained and unstained areas veessed, as previously
described, using a solution of nitro-blue tetrazolium in phosphate b&f88-42]. In brief,

immediately after reperfusion each heart was rapidly remawed the perfusion apparatus and



the left ventricle (LV) was dissected into 2—3 mm circumfeagrgiices. Following 20 min of
incubation at 37°C in 0.1% solution of nitro-blue tetrazolium in phosphate buffer, unstained tiss
was carefully separated from stained tissue by an independemtesbde fact, while unstained
tissue represents the amount of death cells, the stained tiggaserds the viable cells. The
unstained mass was expressed as a percentage of total lattwantnass. In fact, the total left
ventricle mass also corresponds to the risk area because a global isghsmpeformed.

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

All data are expressed as meanstS.E.M. One-way ANOVA and HEewauls Multiple
Comparison Test (for post-ANOVA comparisons) have been used to ecomfect size. One-
way ANOVA for multiple measures (Bonferroni Post test) hanhesed for the analysis of LVP
data. Linear and non-linear fit are assessed between inifzecarsd pressures. A p value <0.05

was considered statistically significant.



Results

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

Male cardiac weight (1482+21; range 1270-1790 mg, n =72) and the cardmolyo
weight ratio (2.67 £0.012; range 2.24 —2.99 mg/g) were similar in all groupgpariments
(infarcted and stunned hearts). Importantly, the risk areal.Vemass, was also similar among
groups (LV weight was 905£17; range 590 —1135 mg).

Female cardiac weight (1117+33; range 1005 —1580 mg, n =72) and the carolaatyt
weight ratio (3.66 +0.010; range 3.03 — 4.08 mg/g) were similar in@llpgrof the two series of
experiments (infarcted and stunned hearts). The risk area, i.enak¥, was also similar among
groups (LV weight was 717+£12; range 510 —1003 mg).

Comparison between all male and female hearts (Table 1) rdvibade the latter had
smaller cardiac weight and risk area (p< 0.01 for both), but highdiacao body weight ratio
(p< 0.01).

Infarct size (Figs 2 and 3)

As can be seen in Fig 2, in heartavidle-Short-lasting-Ischemia grougroup 1) and in
those ofMale-Short-lasting-Ischemia+PostC gro@roup 3), which were subjected to 10-min
ischemia, infarct areas were similar (11+2% and 12+2 % of nigk, aespectively; p= Non
significantvs each other).

For comparative purpose, we also measured the infarct size sh#me group hearts
perfused with buffer onlySham groups In these hearts we found an infarct size of 7+2% in
male group and 8+2% of risk area in female groupNon significantvseach other ands Male-
Short-lasting-lschemia groupsThese infarct areas are similar to those reported in gasim

model of male sham buffer-perfused rat [44] and rabbit hearts [23].



However, surprisingly, in hearts dfemale-Short-lasting-Ischemia groufisroup 2),
which were subjected to 10-min ischemia only, infarct area (21+2% of riskvaasasignificantly
higher than infarct size observed $ham groupsin Male-Short-lasting-Ischemiand Male-
Short-lasting-lschemia+PostC groupgp< 0.01 for all). Yet, in Female-Short-lasting-
Ischemia+PostC groufGroup 4), PostC significantly (p< 0.01 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 slighdies (p<0.05) in
female than male hearts, being 52+2% of risk areBeimale-Infarcting grougGroup 6) and
61+3% inMale-Infarcting group(Group 5). PostC reduced cardiac infarct size botheimale-
PostC group(Group 8 = 40+3% of risk area; p<0.01 Wemale-Infarcting groupand Male-
PostC groupGroup 7= 29+3% of risk area; p< 0.001Male-Infarcting group. However, while
about 50% lesser infarct size betweadale-PostCand Male-Infarcting groupswas observed, a
reduction of about 20% only was observed~emale-PostGvith respect td~emale-Infarcting
group (p< 0.05).

End-diastolic LVP (Table 2; Fig 4)

Contracture development can be defined as an increase in amtviaeh pressure of 4
mmHg above pre-ischemic (baseline) end-diastolic LVP value83[3, Contracture has been
suggested as a very good indicator of I/R injury [17,28]. In this cgspas paradigmatic that
Male-Short-lasting-Ischemia grougGroup 1; Fig 4-Panel B) did not show contracture
development, whereas contracture was increasingly higher ifolllogving groups: Female-
Short-lasting-lschemia groufGroup 2; Fig 4-Panel Afemale-Infarcting grougGroup 6; Fig
4-Panel C) andMale-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-minms&xhe female hearts
(groups 4 and 8; Fig 4 - Panels A and C, respectively), as wellraale hearts subjected to 30-
min of ischemia (group 3; Fig 4 — Panel Dg: contracture was reduced in groups in which PostC
reduced infarct size.

In hearts subjected to 30-min ischemia, while about 50% lesseacmé betweeMale-
PostCandMale-Infarcting groupsvas observed (Fig 4 — Panel D), a reduction of about 25% only
was observed ifremale-PostGnith respect td~emale-Infarcting groupgFig 4 — Panel C)in
other words, PostC protective effects against I/R injury (botiréhkize and contracture) seem
stronger in male than female hearts subjected to 30-min ischemia.

In hearts subjected to 10-min ischemia, as said, an highectisfisga was observed in
female hearts, which also showed contracture development. Only iRetimale-Short-lasting-
Ischemia group, Post@duced contracture by about 10@soup 4 vs Group 2; Fig 4 — Pane).A
No effects of PostC are observed over contracture development irheaats subjected 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.

Developed LVP (Table 2;Fig 5)

Stunning can be defined dghe post-ischemic contractile dysfunction that persists
following reperfusion in the absence of irreversible damage and despitestioeation 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 systolicitumetas evaluated as % of
developed LVP recovery during reperfusion. As can be seen in5Figither 10- or 30-min
ischemia depressed contractile function in all ischemic grougerapared to buffer perfused
(non-ischemic, Sham) hearts. In particular,Female-Short-lasting-Ischemia groug$0-min

ischemia; Fig 5 - Panel A) at the end of reperfusion tveldped LVP recovered by 62+18%



only in Female-Short-lasting-lschemia groupnd by 81+11% inFemale-Short-lasting-
Ischemia+Post@roup (i.e. —38% and —19% developed LVBbaseline level, respectively; p<
0.05vs baseline for both, and p< 0.95each other). It is likely that this difference in developed
LVP recovery is due to the different final infarct size insthévo groups. As a matter of fact, in
Male-Short-lasting-Ischemiand Male-Short-lasting-Ischemia+PostC groups which infarct
size was small and not different between each other, at thef @aderfusion the post-ischemic
depression of systolic function was limited and similar in the gvaups (by about -17% at the
end of reperfusion for both; p<0.@5 baseline level for both; Fig 5; Panel B). Therefore, these
data suggest that PostC does not protect against stuaditiggran).

Yet, in the hearts that underwent 30-min ischemia, the postrschrecovery of systolic
function was improved by PostC in female, but not in male. In paticnl female groups (Fig 5
— Panel C) at the end of reperfusion developed LVP recovered by 58tlB&male-PostC
group vs 38+10% recovery iffemale-Infarcting grougi.e. —42% and —62% developed LWPR
baseline, respectively; p< 0.0% baseline for both, and p< 0.@% each other). In male groups
(Fig 5 — Panel D), despite marked difference in infarct, size developed LVP at the end of
reperfusion was similar iNlale-PostCandMale-Infarcting groups.

Figure 6, summarize the effects of ischemia/reperfusion andCPaistthe end of
reperfusion. As can be seen, contracture parallels infarctnsatkedases. However, post-ischemic
systolic dysfunction seems not correlated to infarct sizet, Yn female hearts, PostC
improvement of systolic function seems stronger than the effecisfanct size. Whereas the
opposite holds true in the male hearts subjected to 30 min ischenotheinwords, systolic
dysfunction is not correlated to the limitation of necrosis, buy i@ correlated with the
persistence of stunning of viable cardiomyocytes. In fact, data shatvat strong linear-

correlation (f = 0.823; p< 0.0001) exist between infarct size and end-diastolic LafRrécture)



at the end of reperfusion (Fig 7A). Yet, a linear correlatidr (.5621; p<0.001) between infarct
size and developed LVP at the end of reperfusion is less eviden7®BFigA better fit (f =
0.7033) between infarct size and developed LVP can be obtained with a renrigeession

(Boltzmann equation).



Discussion
Implication of the findings

We found that infarcts were larger in female than male heatgected to 10-min
ischemia and smaller in female than male hearts subject@@tinin ischemia. Moreover, PostC
protection seems both gender- and infarct size-dependent. In factl@ftin ischemia, PostC
reduces infarct size and improves systolic function only in ietmaarts, in which a larger infarct
size is observed; in male hearts, in which a limited infaret s observed, infarct size and post-
ischemic systolic function are not affected by PostC. Yety &®-min ischemia, PostC reduces
infarct size more in male than female hearts, but improves systolicdometiemale hearts only.

When both stunning and large necrosis are induced by 30-min/120-min IR@sofit is
hard to distinguish whether the impairment of global function is due ¢oosie and/or to
stunning of viable tissue. It is likely that an intricate intetren between the two effects
(necrosis and stunning) influences heart performance. Thus recovienyctbn may not be an
appropriate end-point to consider when large infarct size extension is indudeddxperimental
maneuvers. In fact, in hearts subjected to 30-min ischemia, both itefanthmale hearts, PostC
protects against infarct size extension, but heart contragtitdién is improved in female hearts
only, in which infarct size is smaller. This is also in linghathe 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 irifaize [17,28]. Therefore
myocardial damages/protection are better evaluated by infaret assessment. As for
preconditioning [17,28], systolic function (developed LV pressure) may noh eppropriate
end-point to study PostC protection. The improvement of function duringfusig® in pre-
conditionedrat hearts has been attributed to the reduction of adenosine rlesgethis phase

[17]. On the contrary, ipost-conditionedhearts an accumulation of adenosine has been reported



[24]. These differences may explain our findings of unclear teffiesystolic function by PostC
treatment in infarcted groups (i.e. after 30-min ischemia). Aden@sicemulation in the post-
ischemic phase may affect systolic function because may ¢eadcessive ROS formation. In
fact in post-ischemic phase adenosine by-products are metabblzadnthine-oxidase and
produces ROS [17]. As a matter of fact, stunning is mainlytall®OS and acidosis [2], which
are also integral to the PostC protective signaling [14,26,40,41,48]. Thuspit surprising that
PostC does not protect against stunning. Of course, in the long tenen wtunning

spontaneously recovers after ischemia, the reduced necrosis KBy geosistently improves the
heart function [33,34].

In order to understand the role of PostC on myocardial stunning appeogtugies are
required, in which infarct size is kept at minimum. Our expemimevith short-lasting ischemia
aimed to ascertain the effect of PostC on myocardial stun8ungrisingly, in our model 10-min
ischemia increased infarct size in female hearts. YetCP@stuced infarct size and improved
post-ischemic systolic function in female hearts only. Therefdaga suggest that the
improvement of function is due to the reduction of infarct size raliaer stunning. This seems to
hold true both in female and male hearts. In fact, PostC reducingsiggdsut not stunning, may
(in females) or may not (in males) improve global left verdgrgystolic function during 2-hours
reperfusion. Moreover, the fact that at the end of reperfusion betimfarct size and systolic
dysfunction are greater Female-Short-lasting-Ischemia grotipan other hearts subjected to 10-
min ischemia, and the fact that both infarct size and systoliesi®pn are similar in tHeemale-
Short-lasting-Ischemia+PostC groupMale-Short-lasting-Ischemia groupand Male-Short-
lasting-Ischemia+PostC groupupport the idea that the recovery of function is due to the anti-

necrotic effect observed in female hearts rather than to an anti-stunnirg effec



Our data are in line with those of Couvretral. [9] which used 10- or 30-min ischemia
in canine (gender non specified) and male rabbit models. Thédswsauported that PostC does
not protect against myocardial stunning which follow short period bémsa@ (in this case of 10-
nin ischemia the authors did not check for necrosis). However, thei€ Postocol protected
against infarct size which followed the 30-min ischemia, but inl#isiscase the authors did not
check for post-ischemic function. Here we go further showing tifatat size and post-ischemic
systolic dysfunction can act simultaneously, influencing each other.

The higher is the infarct size the more intricate is therglion between infarct size and
post-ischemic function. In the presence of infarct size higher thano80&& ventricle mass no-
correlation exists between infarct size and global systalnction (Fig 7B); the absence of
correlation might depend on the variable degree of myocardial stunning of the igisinde t

Both contracture and infarct size may be due to calcium-overloadhvireduced by
PostC [49]. It has been suggested that in rodent models contrdettglbpment, rather than
systolic function, may be a more appropriate end-point to study thtecpve effects of
cardioprotective maneuvers [17]. The present study confirms thist of view; in fact
contracture development correlates very well with infara gizall the experimental conditions
(Fig 7A). Our study is also in line with that of Kat al [24] conducted in isolated mouse hearts,
in which PostC reduced contracture during both early and late raparfirssuch a study, PostC
also hastened the early recovery developed pressure, but this impnowkeneot persist at 30-
min reperfusion.

Comparison with previous studies on female hearts

Several studies tested the differences in I/R susceptibdityeen male and female heatrts.

The majority of studies report a better tolerance to I/Rebyale hearts, which has been attributed

to the effects of estrogens [e.g. 15, 30-32,50]. Yet, no differencesfarcti size or in the



incidence of arrhythmias have been reportedvivo and in vitro models of myocardial
ischemia/reperfusion [5,27,43]. Recent studies have also demonstratecndidés in post-
ischemic myocardial function and infarct size between fematk raales [1,2,16,32,46] in
isolated rat hearts subjected to I/R. It seems that themesex difference in the utilization of
specific cardioprotective signaling pathways [5,32]. In our studytness the importance of the
duration of index ischemia: 30-min ischemia damages less thalefetiman male hearts; the
opposite occurs in response to 10-min ischemia. We do not know the ecm@msm(s) for this
difference. We know that after shorter ischemia, reoxygenatstiona/ocytes are in acute
jeopardy of C& overload-induced contracture and necrosis. Yet, after prolonged isghtbei
ability of mitochondria to rapidly restore a normal cellulatestsf energy upon reoxygenation is
reduced. Thus mechanisms related to the control of pH, @aeostasis or myofibrillar €&
sensitivity and mitochondria failure become progressively more imyorta is likely that
cardiomyocytes of pre-menopausal females may be more vulnevable ¢arly ischemic events
and more protect against late ischemic injury. The effect todgen on nitric oxide synthases
and/or PI3-kinase are likely involved [1-5,32]. Also, estrogens have Hemmnsto reduce
ischemia/reperfusion injury under conditions of increased contradilfy32]. They may up-
regulate nitric oxide signaling leading to S-nitrosylation ofypet calcium channels thereby
reducing calcium loading during ischemia and early reperfusion [19;B8ke may also explain
gender differences in ischemia/reperfusion injury, in post-isahepstolic recovery and in PostC
protection. The relationship between estrogen and these mechanisthsthar role in
cardioprotection will require further study.

Very few studies tested the differences between male analdemearts with regard to
PostC effectiveness. Crisostorab al. [10], analyzed post-ischemic function and reported that

PostC is more protective in male than female rat hearts. ticyar, they showed an improved



systolic function in male hearts after either 20 min or 25isghemia. This protective effect was
also present in female rat hearts exposed to 20 min of ischemahdarit in those exposed to 25
min ischemia [10]. Whether these protocols of ischemia/reperfustiuced also infarct size was
not tested by the authors. From our data, it can not be excludethéhdifferences in heart
recovery are differently and non-linearly influenced by diffeedfdcts on infarct size in the two
genders. In the work conducted by Daw al. [12] on female rats PostC was ineffective in
reducing cardiac infarct size induced by either 30- or 45-minrnsichén our model, after 30-min
ischemia PostC is less effective in female than in madethen reducing infarct size. We can not
exclude that this reduced effectiveness in female heartdmape of the reason of the negative
results in the study of Dowt al. [12]. In fact these authors suggested that gender may be
confounder in PostC. We should also keep in mind that 1) infarctssidiéferent in the two
genders even when the same duration of ischemia is used [presisit ) PostC effectiveness
against infarct size critically depends on the duration of teegaling period of index ischemia
rather than on the PostC algorithm/protocol [present study and 29B)dPostC may even be
detrimental depending on the duration of the index ischemia [29]. fohemgender, duration of
index of ischemia, development of necrosis and PostC algorithm malritiéy controlled in
assessing effectiveness of protective effects of postconditiogaigsa the studied end-points of
I/R injury. As a matter of fact in a 2004 editorial Heusch [20] m@mnted that in cardioprotection
studies it is mandatory “to carefully control for confounding variablesuch as the size of the
area at risk, the duration of the preceding ischemic insult, aratarall status. Neglect of these
confounding variables has probably contributed to the failure of tteorslaf experimentally

validated principles of cardioprotection to the clinical arena.”



Methodological considerations

By reducing the number of independent variables to a reasonable miniheumglated
and isovolumically beating rat heart can been used to study the effetts of I/R on heart
contractility and on infarct size [19,35-41,47]. This model excludes gittential confounders
such as collateral vessel (global ischemia), temperature, greddeer-load and heart rate
variations. However, the buffer perfusion may compromise heart é&enactier the time and even
sham-perfused hearts may develop some degree of necrosis (about ti8k apéa in buffer
perfused rat [44, and present study] and rabbit [23] hearts). In our I=uzas, perfused hearts
show that during the period of observation significant effects ort fugaation are absent, despite
an area of necrosis similar to that of male hearts subjdctetD min ischemia and 120
reperfusion. Since the latter group of hearts develop systolic dysfrduring reperfusion, it is
likely that this dysfunction is due to stunning of viable tissue.

By reducing the number of potential confounders, the overall resigtgest that gender
exerts an appreciable influence on PostC cardioprotection (evhinaerms of both infarct size
and post-ischemic systolic dysfunction). Yet, the model allowed to shewmportance of the
duration of index ischemia, since 30-min ischemia damages lefsmhé& than the male hearts,
the opposite occurring in response to 10-min ischemia.

Conclusions

Taken together, our data confirm that gender plays an importantasoléR injury
determinant. Our data also show, for the first time, that gendgs plgpivotal role in PostC
effectiveness against necrosis. While PostC-dependent infagctesimction seems stronger in
males than females, myocardial stunning seems not to beedffieg PostC in both female and

male hearts.



That is, the extension of infarct size depends on the duration of iscleamia, but the
outcomes of ischemias of identical durations are different intbegenders: short duration may
be more detrimental in females, whereas longer duration reaydre detrimental in males.
Contracture development and infarct size are linearly corcetagéh in female and male hearts.
Yet, the post-ischemic systolic dysfunction of the left veldris a result of both stunning and
necrosis and, therefore, the reduction of only one of these two detrlnedieicts may not be
appreciated in terms of developed LVP improvement. In fact PostCimgdoecrosis, but not

stunning, may or may not improve left ventricle systolic function during 2-hours usjerf
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FIGURE LEGENDS

Fig. 1. Experimental design. The isolated, Langendorff-perfused hearts were stabilizeth)(Sta
and subjected to 10 min or 30 min of normothermic global ischemia fdidwy 120-min of
reperfusion. Sham Groups underwent 150-min perfusion only. PostC = postconditionib@ s

reperfusion; | = 10 s ischemia. For further explanation see text.

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 monnedthermic global
ischemia followed by 120 min. Male-Short-lasting-Ischemia grand Male-Short-lasting-
Ischemia+PostC group show a similar and limited infarct sizemakeShort-lasting-lschemia
group shows a significantly larger infarct size, which wagniicantly reduced by
postconditioning (PostC). NS= non significant; Female-Short-lagsicigemia group vs Female-

Short-lasting-Ischemia + PostC group and vs both Male groups = ** p<0.001 for all.

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 monnedthermic global
ischemia followed by 120 min of reperfusion. Postconditioning (Postiices infarct size more
in male than female hearts. Post€Infarcting Group of the same gender: * p<0.01, ** p<0.001.

Male vs female groups: # p<0.05.

Fig. 4. Left ventricular end-diastolic pressure (LVEDP) during ischemia and reperfusion.
For ischemic groups time 0 marks the onset of 120 min reperfusioch ¥ollow 10 min (Panels
A and B) or 30 min (Panels C and D) global ischemia (ischengan®et time —10 or —30,

respectively). Data are expressed as mmHg. Values represent Blgans*



Female-Short-lasting-Ischemia group vs both Sham and Femalel&$tog-Ischemia+PostC
groups: * *p< 0.001 (Panel A). Female-Infarcting group vs Female-P&gp€:0.05 (Panel C).

Male-Infarcting group vs Male-PostC: # # # P< 0.001 (Panel D).

Fig. 5. Developed left ventricular pressure (LVP) during ischemia and reperfusion. For
ischemic groups time 0 marks the onset of 120 min reperfusion, whiolwfd® min (Panels A
and B) or 30 min (Panels C and D) global ischemia (ischemia $egirtime —10 or —30,
respectively). Data are expressed as % change from gbrenisc baseline. Values represent
means*SE.

Female-Short-lasting-Ischemia group vs Sham: ** p< 0.01 (Panel Amale-Short-lasting-
Ischemia group vs Male-Short-lasting-Ischemia+PostC group: * p< B&&e( A). Male-Short-
lasting-Ischemia group and Male-Short-lasting-Ischemia+PostC go&ham: # p< 0.05 (Panel

B). Female-Infarcting group vs Female-PostC: * *P< 0.01 (Panel C).

Fig. 6. Effects of ischemia/reperfusion and PostC at the end of 120 min reperfusion: infarct

size (Panel A), contracture (Panel B) and post-ischemic systolic function (Pandl C). I/R =

groups which underwent ischemia/reperfusion only; PostC = groups whichrwemde
postconditioning protocols and 120-min reperfusion after ischemia. PaliCereinfarct size in
all groups, except 10-min-Male group which already shows thdesnaifarct size. Contracture
development parallels infarct size in all cases. Post-ischgystolic dysfunction is affected by
PostC in female only and also in this case parallels in&zet reduction. Left ventricular end-

diastolic pressure (LVEDP).



Fig. 7. Linear and non-linear (Boltzman equation) correlation between I nfarct size and End-
diastolic left ventricular pressure (LVP) (Panel A) and between Infarct size and Developed
LVP (Panel B) at the end of reperfusion. In Panel A, a very good fit is obtained with both linear
and non-linear correlation. On the contrary, in Panel B, a betisrdiitained with the non-linear

correlation. Left ventricular end-diastolic pressure (LVEDP). For éuréixplanation see text.
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Table 1

Comparison between male and female organ and body weight

E3

Body weight | Cardiac weight] LV weight Cardiac to body
(9) (mQ) (mg) weight ratio
Males 49949 1482+21 90517 2.67 £0.012
Females 327+6* 1117+33* 717+12* 3.66 +£0.010
*= p< 0.01 vs Female.
Table 2
Functional parameters beforeischemia
Group Developed | LVEDP | Perfusion
LVP mmHg Pressure
mmHg mmHg
Male Short-lasting Ischemia 8315 511 85+3
Female Short-lasting Ischemia 82+3 5+1 833
Male Short-lasting Ischemia +PostC 81+4 6+1 8214
Female Short-lasting Ischemia +PostC ~ 79+2 511 8414
Male-Infarcting 831 512 85+1
Female-Infarcting 81+2 5+1 86x1
Male-Infarcting+PostC 81+4 612 8614
Female-Infarcting+PostC 80+3 6+1 8315

Acronyms as in figures.



