
Suppression of poly (ADP-ribose) polymerase activation by
3-aminobenzamide in a rat model of myocardial infarction:
long-term morphological and functional consequences

1,2Lucas Liaudet, 1EÂ va SzaboÂ , 1Leonid Timashpolsky, 1LaÂ szloÂ ViraÂ g, 3Attila CziraÂ ki &
*,1,2Csaba SzaboÂ

1Inotek Corporation, Suite 419 E, 100 Cummings Center, Beverly, Massachusetts, MA 01915, U.S.A.; 2Department of Surgery,
New Jersey Medical School, UMDNJ, Newark, New Jersey, NJ 01703, U.S.A. and 3Heart Institute, PeÂ cs University, Faculty of
Medicine, PeÂ cs, Hungary

1 Recent studies demonstrated that inhibition or genetic inactivation of the enzyme poly (ADP-
ribose) polymerase (PARP) is bene®cial in myocardial reperfusion injury. PARP activation in the
reperfused myocardium has been assumed, but not directly demonstrated. Furthermore, the issue
whether pharmacological PARP inhibition a�ords long-term functional bene®t in the reperfused
myocardium has not been explored. These questions were addressed in the present study.

2 In a rat model of myocardial ischemia (1 h) and reperfusion (up to 24 h), there was a marked
and signi®cant activation of PARP in the ischemic borderzone, as determined by poly(ADP-ribose)
(PAR) immunohistochemistry. PAR localized to the nuclei of myocytes and in®ltrating mononuclear
cells. In the core of the infarction, necrotic tissues and di�use PAR staining were observed. PARP
activation remained markedly detectable 24 h after reperfusion. The PARP inhibitor 3-
aminobenzamide (20 mg kg71 intraperitoneally 10 min before reperfusion, and every 2 h thereafter
for 6 h) markedly reduced the activation of the enzyme in myocytes.

3 3-aminobenzamide signi®cantly protected against myocardial morphological and functional
alterations at 24 h post-reperfusion. Notably, infarct size was reduced, circulating creatine kinase
activity was attenuated, and myocardial contractility (dP dt71) was restored by 3-aminobenzamide.

4 Our results demonstrate a signi®cant and prolonged activation of PARP in the reperfused
myocardium, localizing to the necrotic area and the ischaemic borderzone. Furthermore, the studies
demonstrate that PARP inhibition a�ords long-term bene®cial morphological and functional e�ects in
the reperfused myocardium. These data strengthen the notion that pharmacological PARP inhibition is
a viable novel experimental approach for protection against myocardial reperfusion injury.
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Introduction

Poly (ADP-ribose) polymerase (PARP), also known as poly

(ADP-ribose) synthetase (PARS) is an abundant nuclear
enzyme of eukaryotic cells. DNA single-strand breaks have
been shown to induce the activation of PARP. Activated PARP

catalyses an energy consuming cycle by transferring ADP
ribose units to nuclear proteins. The results of this process are a
rapid depletion of the intracellular NAD+ and ATP pools

which slows the rate of glycolysis andmitochondrial respiration
leading to cell necrosis (see: SzaboÂ et al., 1996; 1998; Le Rhun et
al., 1998; Ha & Snyder, 1999; SzaboÂ , 2000).
PARP has recently been proposed to play a role in the

pathogenesis of myocardial reoxygenation injury. Myocardial
reperfusion injury in vitro or in vivo have been shown to be

ameliorated by pharmacological inhibitors of PARP (Gilad et

al., 1997; Thiemermann et al., 1997; Zingarelli et al., 1997;
Bowes et al., 1998a, b; Docherty et al., 1999; Grupp et al.,
1999), and in genetically engineered mice, which lack

functional PARP enzyme (PARP7/7) (Zingarelli et al.,
1998; Pieper et al., 2000; Yang et al., 2000).

Although the activation of PARP in the reperfused

myocardium has been assumed in previous studies, the
phenomenon has not yet been directly demonstrated, nor
has the localization of PARP activation been de®ned or its
time-course delineated. The issue whether or not pharmaco-

logical PARP inhibition a�ords long-term functional bene-
®cial e�ects in the reperfused myocardium in vivo has not yet
been addressed either. The aim of the present study was to

address these questions. Addressing these issues has obvious
implications for designing novel, innovative approaches for
the experimental therapy of heart attacks.
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Methods

The investigation conformed to the Guide for the Care and

Use of Laboratory Animals published by U.S. National
Institutes of Health (NIH Publication No. 85-23, revised
1985) and was performed with the approval of the local
Institutional Animal Care and Use Committee.

Surgical preparation

Male Wistar rats (Charles River) (111 animals in total)
weighing 300 ± 330 g were anaesthetized with intraperitoneal
(i.p.) thiopentone sodium (60 mg kg71). The animals were

either tracheotomized (2 h reperfusion, protocol 1, see below)
or intubated (23 h reperfusion, protocol 2, see below) under
direct vision with polyethylene tubing (PE 205) and placed on

mechanical ventilation (75 strokes min71, tidal volume
(Vt)=8 ml kg71, inspired fraction of oxygen (FiO2)=0.5)
using a Harvard model 683 rodent respirator (Harvard
Apparatus, Holliston, MA, U.S.A.). A positive end-expira-

tory pressure of 5 cmH2O was applied to minimize
atelectasis. The animals were placed on controlled heating
pads, and core temperature measured via a rectal probe was

maintained at 378C. In the 23 h reperfusion protocol (see
below), the animals were given an analgesic (buprenorphine
0.25 mg kg71 subcutaneously) just prior to surgery, and a

second identical dose 6 h later.

Myocardial infarction model

Coronary artery ligation was performed as previously
described (Maclean et al., 1976; Horstick et al., 1999).
Following a left thoracotomy at the fourth intercostal space,

the pericardium was opened and the heart brie¯y exterior-
ized. The left anterior descending (LAD) coronary artery was
then ligated by an intramural 6.0 silk suture. Immediate palor

of the left ventricular free wall was indicative of successful
occlusion. It is worth mentioning that the procedure of heart
exteriorization may by itself induce myocardial ischaemia,

that could result in a phenomenon of preconditioning. As
previously reported (Horstick et al., 1999) the time required
to complete the procedure is critical in determining the
occurrence of such alterations, and it is advised that the

duration of the surgical procedure does not exceed 120 s. In
our laboratory, the procedure is realized in 90 s, and the time
elapsed from the pericardiotomy to the ligation of the LAD

and repositioning of the heart is less than 20 s.
One hour of myocardial ischaemia was followed by 2 or

23 h of reperfusion, depending on the experimental protocol

as detailed below. In the animals used in the 23 h reperfusion
protocol, the chest wall was closed in layers using 4.0 silk
suture, and the animals were rapidly weaned from the

ventilator and placed in cages with free access to food and
water.

Measurements

Determination of left ventricular function Analysis of left
ventricular performance was done in rats exposed to 24 h of

myocardial ischaemia-reperfusion. The animals were re-
anaesthetized with thiopentone sodium (60 mg kg71, i.p),
tracheotomized and mechanically ventilated (Vt=8 ml kg71,

75 strokes min71, FiO2=0.21). A microtip catheter transdu-
cer (Millar Instruments, Houston, TX, U.S.A.) was inserted
into the right carotid artery and advanced into the left

ventricle under pressure control. The pressure signal was
continuously recorded using a MacLab A/D converter (AD
Instruments, Mountain View, CA, U.S.A.), and stored and
displayed on an Apple Macintosh personal computer. The

left ventricular systolic and end-diastolic pressures were
measured and the maximal slope of systolic pressure
increment (dP dt71 max), an index of contractility, was

calculated. After these measurements, the catheter was pulled
back into the aorta for the measurement of arterial blood
pressure.

Determination of myocardial infarct size Area at risk (AAR)
and infarct size were determined using the triphenyl

tetrazolium chloride (TTC)-Evans blue technique (Zingarelli
et al., 1997). At the conclusion of the experiment, the animals
were killed by exsanguination. The chest was opened and the
ascending aorta cannulated in situ with polyethylene tubing

(PE 90), and the left ventricle was retrogradely lavaged with
5 ml of 10 mM phosphate bu�ered saline (PBS) at 378C.
Then, the ligature around the LAD was retightened and the

heart perfused through the aortic cannula with 0.3 ml of 2%
Evans blue. The area at risk was therefore determined by
negative staining. The hearts were then immediately washed

with water, trimmed o� right ventricle and atria, and frozen
at 7208C for 20 min followed by sectioning into 6 ± 7
transverse slices. The blue (i.e. perfused) and non-blue (i.e.

AAR) portions of left ventricle were then separated. The
sections of ischaemic left ventricle were then incubated in a
2% solution of TTC stain in 10 mM PBS (pH 7.4) at 378C for
20 min. The non-infarcted zone was coloured brick red due to

the formation of a precipitate resulting from the reaction of
TTC with dehydrogenase enzymes. Loss of these enzymes
from infarcted myocardium prevents formation of the

precipitate; thus the infarcted area within the risk region
remained pale yellow (i.e., necrotic area). The myocardial
slices were dissected using microsurgical methods and weighed

by an investigator (E.S) blinded to the treatment adminis-
tered. The three colours (white, red and blue) represent the
infarction area, non-infarcted ischaemic area, and non-
ischaemic area, respectively. The non-infarcted ischaemic area

and the necrotic area together yield the area of risk. The
normal, area at risk and infarcted areas were then expressed
as percentage values according to conventional methods (area

at risk/left ventricle and infarcted area/area at risk).

Determination of serum creatine phosphokinase activity (MB

fraction) Creatine phosphokinase (myocardial speci®c MB
fraction, CKMB) activity was measured in the serum using a
commercial kit obtained from Sigma (St Louis, MO, U.S.A.)

according to the manufacturer's instructions.

Immunohistochemical analysis of PARP activation in the
reperfused myocardium In a subset of animals (see below,

experimental protocols), hearts were harvested at the
conclusion of the experiments and para�n-embedded for
PAR immunohistochemistry, which was performed as

previously described (Liaudet et al., 2000). Para�n sections
(3 mm) were depara�nized in xylene and rehydrated in
decreasing concentrations (100, 95 and 70%) of ethanol
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followed by a 10 min incubation in PBS (pH7.4). Sections were
treated with 0.3% hydrogen peroxide for 15 min to block
endogenous peroxidase activity and then rinsed brie¯y in

10 mM PBS. Non-speci®c binding was blocked by incubating
the slides for 1 h in PBS containing 2% horse serum. Mouse
monoclonal anti-poly(ADP-ribose) antibody (Alexis, San
Diego, CA, U.S.A.) and isotype-matched control antibody

were applied in a dilution of 1 : 100 for 2 h at room
temperature. Following extensive washing (565 min) with
PBS, immunoreactivity was detected with a biotinylated horse

anti-mouse secondary antibody and the avidin ± biotin ±
peroxidase complex (ABC) both supplied in the Vector Elite
kit (Vector Laboratories, Burlingame, CA, U.S.A.). Colour

was developed using Ni-DAB substrate (95 mg diaminobenzi-
dine, 1.6 g NaCl, 2 g nickel sulphate in 200 ml 0.1 M acetate
bu�er). Sections were then counterstained with nuclear fast red,

dehydrated and mounted in Permount. Photomicrographs were
taken with a Zeiss Axiolab microscope equipped with a Fuji
HC-300C digital camera.

Experimental protocols

Protocol 1 (1 h ischemia/2 h reperfusion) Forty rats were

used in this protocol. The animals were assigned to receive an
i.p. injection of 3-aminobenzamide (20 mg kg71; 3-AB group)
or vehicle only (isotonic saline, 1 ml; control group), given

10 min before reperfusion and repeated 2 h later. The
perioperative mortality was 30% (12 animals) and was not
di�erent between groups (see results). Among the surviving

animals, 10 rats in each group were used for the
determination of infarct size, and four animals in each group
were used for immunohistochemical studies.

Protocol 2 (1 h ischemia/23 h reperfusion) Seventy-one rats
were used in this protocol. The animals received an i.p.
injection of either 3-AB (20 mg kg71; 3-AB group) or vehicle

only (isotonic saline, 1 ml; control group), given 10 min
before reperfusion and repeated 2, 4 and 6 h later. A third
group of rats had the same surgical preparation as the other

animals, except that the suture around the LAD was not
ligated (sham group). The total mortality was 44% (31
animals), and was comparable between 3-AB and control
groups, while no animal died in the sham group (see Results).

All the surviving animals (n=15 animals in the 3-AB and
control groups and n=10 in the sham group) were used for
the determination of haemodynamic parameters. A subset of

animals (n=11 rats in the 3-AB and control groups) was also
used for the determination of infarct size, and another subset
(four animals in each group) was also used for immuno-

histochemical studies.

Materials

3-aminobenzamide and all other chemicals were purchased
from Sigma chemicals (St-Louis, MO, U.S.A.), unless
otherwise stated.

Data analysis

All values in the ®gures and text are expressed as mean+
standard errors of the mean (s.e.mean) of n observations,
where n represents the number of animals studied. The area

at risk and infarct size were compared between 3-AB and
control groups of rats exposed to LAD occlusion by unpaired
t-test. The data of CKMB, as well as all the haemodynamic

data were compared by analysis of variance between the
sham, control and 3-AB groups of rats. When the relevant F-
value was signi®cant at the 5% level, further pair-wise
comparisons were made using the Bonferroni multiple-

comparison procedure. A value of P50.05 was considered
signi®cant.

Results

Mortality

Twelve animals died in protocol 1, from which seven died

during ischaemia before any treatment and ®ve died after

Figure 1 Immunohistochemical localization of PARP activation.
Poly(ADP-ribose) formation, an indicator of PARP activation, as
determined in whole heart sections (a) from rats exposed to 1 h
ischaemia and either 2 or 23 h reperfusion. In both conditions, a
massive staining is evident in the left ventricular free wall of control
animals. The staining was clearly reduced in rats treated with 3-
aminobenzamide. Higher magni®cation (640) shows that PARP
activation was mainly located in the nuclei of myocytes in the peri-
infarction (border) zone. In the infarcted myocardium, severe
architectural alterations are coexisting with a more di�use pattern
of PAR staining. Treatment with 3-AB attenuated PARP activation
in the border zone, while limiting PAR formation in the infarcted
myocardium. Immunohistochemical pictures represent n54 sections
per group.
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reperfusion, including three control rats, and two rats treated

with 3-AB. In protocol 2, no death was observed in the 10
sham rats. Thirty-one deaths occurred in the 61 animals
exposed to LAD occlusion. Twelve animals died before
reperfusion and any treatment. Nineteen rats died during the

23 h of reperfusion, including 11 control animals and eight
animals treated with 3-AB (P=NS, chi-square test).

Patterns of myocardial PARP activation in reperfusion
injury: effect of 3-aminobenzamide

Whole hearts sections from representative animals in both 3-
AB and control groups are shown in Figure 1a. A massive
staining indicative of PARP activation was evident in the left
ventricular free wall of control animals (left panel), both after

2 h (top) and 23 h (bottom) reperfusion. The intensity of
staining was markedly reduced in the hearts from rats treated
with 3-AB, independently from the duration of reperfusion

(right panel).
Figure 1b shows three distinctive histological patterns

noted in hearts from rats exposed to 2 h reperfusion (control

group, top sections; 3-AB group, bottom sections). Sections
from the ventricular septum (left panel), illustrate the normal

myocardial architecture, with absence of PAR staining. The

peri-infarction (border) zone (middle panel) shows an intense
PAR staining, mostly located in the nuclei of cardiac
myocytes. A more di�use PAR staining is apparent in the
necrotic area (right panel), where the myocardial architecture

is severely altered. Treatment with 3-AB suppressed the
nuclear staining in the peri-infarction zone and also
attenuated the staining in the infarcted area. Similar results

were obtained in hearts harvested from rats exposed to 23 h
myocardial reperfusion (not shown).

Effect of 3-aminobenzamide on infarct size and serum
creatine ± phosphokinase activity

Area at risk and infarct size measured in the short-term

experiments (protocol 1) are illustrated in Figure 2a. AAR
was not statistically signi®cantly di�erent between controls
(42.6+3.9%) and 3-AB-treated rats (45.1+3.1%). In con-

trast, infarct size was signi®cantly reduced in rats treated with
3-AB (in per cent of AAR: 52.1+4.9% vs 67.2+3.5%,
P50.05). Similar observations were made in rats exposed to

the long-term experiments (protocol 2), as shown in Figure
2b. AAR was comparable between control and 3-AB groups,

Figure 2 3-aminobenzamide reduces myocardial infarct size. Rats were exposed to 1 h LAD occlusion followed by 2 h (a) or 23 h
(b) reperfusion. Area at risk (AAR) and infarct size were determined using the triphenyl-tetrazolium chloride (TTC)-Evans blue
technique. Treatment of the animals with 3-AB (20 mg kg71 i.p. 10 min before reperfusion, 2 h later, and in the 24 h group every
2 h thereafter for 6 h) signi®cantly reduced infarct size (expressed as a percentage of the area at risk), both after 2 or 23 h
reperfusion. *P50.05 control vs 3-AB (unpaired t-test; n=10± 11 animals in each group).
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while the infarct size was reduced in 3-AB animals (in per
cent of AAR: 47.1+5.6% vs 62.0+3.8%, P50.05). In
agreement with these ®ndings, the increase in serum CKMB

activity observed in the control group was signi®cantly
reduced by 3-AB treatment (Sham: 246+27 UI l71; control:
597+60 UI L71, P50.05 vs sham; 3-AB: 381+47 UI l71,
P50.05 vs control, P=NS vs sham), as depicted in Figure 3.

Effect of 3-aminobenzamide on haemodynamic
parameters following myocardial ischaemia-reperfusion

In the control group of rats, myocardial contractility
(assessed by dP dt71 max) was signi®cantly reduced when

compared to sham animals (3670+278 mm Hg s71 vs
5800+211 mm Hg s71). Treatment with 3-AB suppressed
this systolic dysfunction (5125+150 mm Hg s71; P50.05 vs

controls; P=NS vs sham). Furthermore, the signi®cant
decreases in left ventricular maximal systolic pressure and
mean arterial blood pressure complicating the course of
myocardial infarction in control rats were also prevented in

animals treated with 3-AB. Finally, a moderate increase in
left ventricular end-diastolic pressure was noted after
myocardial infarction in both treatment groups, which tended

to be less pronounced in the 3-AB-treated animals (but this
di�erence did not reach statistical signi®cance) (Figure 4).

Discussion

Recent studies demonstrated that pharmacological inhibition
or genetic inactivation of PARP attenuates myocardial
necrosis in the acute and delayed stages of myocardial
infarction (see Introduction), and that several mechanisms

account for these cardioprotective actions. Experimental
studies using isolated heart preparations (Thiemermann et
al., 1997; Grupp et al., 1999; Pieper et al., 2000; Szabados et

al., 2000) have shown that this protection was related to a
reduced catabolism of myocardial NAD+ as well as
preservation of the myocardial ATP stores. In addition, in

vivo studies have indicated that these bene®cial e�ects were
associated with a suppression of neutrophil in®ltration in the
absence of functional PARP (Zingarelli et al., 1998; Yang et
al., 2000), as well as with a down-regulation of in¯ammatory

mediator production (Yang et al., 2000).
The current study is the ®rst one to directly demonstrate

that PARP is activated in the reperfused myocardium. The

time-course of PARP activation is rather prolonged: it is
present at 2 h after the start of reperfusion, and is still
present as late as 24 h after reperfusion. This delayed pattern

of PARP activation may be related to the continuing
presence of free radical and oxidant production in the
reperfused myocardium (which would, therefore, maintain a

continuing trigger for DNA single-strand breakage). Alter-
natively, it is conceivable that a massive, early DNA single-
strand breakage, which remains unrepaired for prolonged
periods of time, is responsible for the prolonged pattern of

PARP activation. The fact that PARP activation is a
continuing process which is present even in delayed
myocardial reperfusion would suggest that it is worthwhile

to test, in future studies, whether or not delayed administra-
tion of PARP inhibitors (e.g. several hours after the start of
reperfusion) would continue to exert cardioprotective e�ects.

The site of the most pronounced PARP activation is the
area of necrosis and peri-infarct zone (latter zone is likely to

coincide with the area at risk). Most of the staining was seen
in cardiac myocytes, indicating that the heart tissue itself,
rather than the in®ltrating mononuclear cells, is the main site

of PARP activation (and related pathophysiological pro-
cesses). The reduction in PAR staining in the 3-aminobenza-
mide-treated animals directly demonstrates that the dosing

regimen of the PARP inhibitor is su�cient to suppress PARP
activation in the heart. A more di�use staining pattern can be
seen in the area of necrosis: this pattern is likely to re¯ect the

fact that the cellular content (and thus the poly-ADP-
ribosylated proteins, which were initially localized in the
nucleus) are now more-or-less uniformly distributed in the
necrotic area, due to myocardial necrosis and the associated

breakdown of the cell membrane permeability. Because
PARP activation triggers cellular necrosis due to cellular
energetic collapse (ViraÂ g et al., 1998; Ha & Snyder, 1999), we

believe that the primary mode of PARP inhibitors' protective
e�ects is related to a direct inhibition of myocyte necrosis in
myocardial reperfusion. The peri-infarct zone (AAR), which

contains viable cells, in which PARP is markedly activated, is
the likely site of the PARP inhibitors' bene®cial e�ects in vivo.

In a prior study in thymocytes exposed to cytotoxic

oxidants, the protection against cell necrosis by PARP
inhibitors was also associated with a signi®cant increase in
the portion of the apoptotic cells (ViraÂ g et al., 1998). Further
studies will be required to determine whether PARP

inhibition results in a similar tendency in the present in vivo
model. The frequently employed TUNEL assay (terminal
deoxynucleotidyl transferase dUTP nick-end labelling) essen-

tially only recognizes free DNA ends, and thus will detect
both DNA single-strand breakage (i.e. necrotic or pre-
necrotic cells, where PARP can become activated) and

Figure 3 E�ect of 3-aminobenzamide on serum CKMB after
myocardial infarction. Serum creatine-phosphokinase (myocardial
speci®c MB fraction, CKMB) was measured in sham rats (n=10) as
well as in rats exposed to 1 h LAD occlusion and 23 h reperfusion. A
signi®cant increase in CKMB activity was observed after myocardial
infarction in control rats (n=15), which was signi®cantly reduced by
treatment with 3-AB (20 mg kg71 i.p. 10 min before reperfusion and
every 2 h thereafter for 6 h, n=15). {P50.05 vs sham; *P50.05
control vs 3-AB (ANOVA followed by Bonferroni).
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DNA double-strand breaks (i.e. apoptotic cells). Thus,

TUNEL staining, alone, will not be helpful in distinguishing
between the pre-necrotic and the apoptotic populations of cells.
The second novel conclusion of the current study is that

the reduction of myocardial necrosis by PARP inhibition
translates into functional improvement of the heart, especially
when considering left ventricular contractility, in a chronic
therapeutic regimen. Myocardial infarction was, indeed,

associated with a signi®cant systolic dysfunction (reduced
dP dt71), that was suppressed by 3-AB. In contrast, the
moderate diastolic dysfunction complicating myocardial

infarction (increased left ventricular end-diastolic pressure)
was not signi®cantly in¯uenced by 3-AB. This ®nding is
somewhat expected from prior short-term, functional in vitro

studies, where contractile function was improved in hypoxic/
reoxygenated Langendor� hearts in the presence of PARP
inhibitors (e.g. Docherty et al., 1999; Grupp et al., 1999).

Nevertheless, the current ®ndings are reassuring, in the
context of designing potential future therapeutic approaches
with novel pharmacological inhibitors of PARP.
It is noteworthy that the bene®cial e�ects of 3-AB were not

associated with a signi®cant improvement in survival after

myocardial infarction. Since most of the deaths occurring in

this setting are related to the development of ventricular
®brillation, this suggests that 3-AB, in spite of its positive
in¯uence on myocardial morphology and function, did not

reduce electrical instability and the incidence of malignant
ventricular tachyarrhythmias. However, it should be pointed
out that the model used in the present study (1 h ischaemia)
was particularly severe. We can not rule out that a shorter

ischaemic period might have revealed stronger e�ects of the
drug, notably regarding survival. Further studies will be
necessary to address this issue as well as the potential e�ects

of PARP inhibitors on post-infarction ventricular arrhyth-
mias.
Taken together, the current work (1) directly demonstrates

the prolonged and con®ned activation of PARP in the
reperfused myocardium and (2) demonstrates that pharma-
cological inhibition of PARP provides both morphological

and functional improvements in a rat model of myocardial
reperfusion injury. These observations, coupled with the facts
that (3) in the absence of functional PARP there is a down-
regulation of pro-in¯ammatory mediators and adhesion

molecules, and (4) there is suppression of neutrophil

Figure 4 E�ect of 3-AB on haemodynamic parameters after myocardial infarction. Control rats (n=15) exposed to 1 h LAD
occlusion and 23 h reperfusion had a severe reduction in dP dt71 max, left ventricular systolic pressure (LVSP) and mean blood
pressure (mean BP), as well as a signi®cant increase in left ventricular end-diastolic pressure (LVEDP) when compared to sham-
operated animals (n=10). Treatment with 3-AB (20 mg kg71 i.p. 10 min before reperfusion and every 2 h thereafter for 6 h, n=15)
signi®cantly reduced the left ventricular systolic dysfunction, restored normal blood pressure, and blunted the increase in LVEDP.
{P50.05 vs sham *P50.05 control vs 3-AB (ANOVA followed by Bonferroni).
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in®ltration into the reperfused heart in the absence of
functional PARP, support the view that potent and selective
PARP inhibitors ± which can be viewed as agents which

interrupt several, interrelated pathways of myocardial
reperfusion injury ± should be further explored in the
context of experimental therapy of heart attacks.
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supported by a grant from the ADUMED foundation, Switzer-
land.
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