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Abstract

The contribution of a-melanocyte-stimulating hormone (a-MSH) treatment, an active fragment of adrenocorticotropic hormone (ACTH),
to the recovery of postischemic cardiac function, infarct size, the incidence of reperfusion-induced ventricular fibrillation and apoptotic cell
death was studied in ischemic/reperfused isolated rat hearts. Rats were subcutaneously injected with 40, 200 and 400 pg/kg of a-MSH, and
12 h later, hearts were isolated, perfused and subjected to 30 min of ischemia followed by 120 min of reperfusion. Thus, after 120 min of
reperfusion, with the concentration of 200 pg/kg «-MSH, coronary flow, aortic flow and left ventricular developed pressure were
significantly improved from their control values of 14.6 £ 0.6 ml/min, 7.5 £ 0.5 ml/min and 9.1 £ 0.4 kPa to 20.2 £ 0.4 ml/min (p<0.05),
31.5 4+ 0.9 ml/min (p<0.05) and 15.9 & 0.6 (p <0.05) kPa, respectively. With the doses of 40, 200 and 400 pg/kg of a-MSH, infarct size
was reduced from its control value of 38 + 5% to 33 + 6% (NS), 17 + 3% (p<0.05) and 19 + 4% (p <0.05), respectively. The reduction in
the incidence of reperfusion-induced ventricular fibrillation followed the same pattern. It is reasonable to assume that a reduction in infarct
size, in the a-MSH-treated myocardium, resulted in a reduction as well in apoptotic cell death. Although we did not specifically study the
exact mechanism(s) of a-MSH-afforded postischemic protection, we assume that this protection may be related to a-MSH-induced
corticosterone release and corticosterone-induced de novo protein synthesis, which reflected in the recovery of postischemic cardiac function
in isolated hearts. Thus, interventions that are able to increase plasma corticosterone or glucocorticoid release may prevent the development

of ischemia/reperfusion-induced damage.
© 2003 Elsevier Science B.V. All rights reseved.

Keywords: o-MSH (melanocyte-stimulating hormone); Ischemia; Reperfusion; Corticosterone; Heart, rat

1. Introduction

Myocardial reperfusion by transluminal angioplasty,
thrombolytic therapy and bypass surgery has emerged the
fundamental strategy in the management of acute ischemic
episodes. Furthermore, it is well known that spontaneous
reperfusion after coronary artery spasm or thrombosis is a
common event in humans with coronary artery diseases. In
the past three decades, intensive research was done, and the
results confirmed that reperfusion, restoration of flow,
nutrition and oxygen to the previously ischemic tissue
triggers sudden metabolic, electrophysiological, morpholog-
ical and functional changes (Hearse et al., 1978; Hearse and
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Bolli, 1992). The mechanisms underlying the genesis of
ischemia/reperfusion-induced myocardial damages are com-
plex and not clearly understood. It is highly possible that a
number of interacting mechanisms combine to determine the
extent of reperfusion-induced damage including o and P
receptors (Sheridan et al., 1980), ions (Curtis et al., 1993;
Opie, 1991) and their exchangers (Avkiran et al., 2001),
fatty acids and phospholipids (De Groot et al., 1993; Van
der Vusse et al., 1994), free radicals (Bolli, 1988), various
gene regulations (Kolbeck-Ruhmkorff and Zimmer, 1995;
Keating and Sanguinetti, 2001; Simkovich et al., 2002) and
apoptotic signals (Maulik et al., 1998; Suzuki et al., 2002).
Recently, the concept has been introduced that a-melano-
cyte-stimulating hormone (a-MSH) may protect renal cells
and tissues against ischemia/reperfusion-induced injury
(Chiao et al., 1997). a-MSH (1-13 amino acids) is an
active fragment of adrenocorticotropic hormone (ACTH, 1—
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39 amino acids), and it has been reported that ACTH and its
fragments (in various degree) including o-MSH have a
prompt and sustained resuscitating effect in conditions of
severe tissue hypoxia, either due to hypoperfusion including
hemorrhage shock (Bertolini et al., 1986, 1987), cardiogenic
shock (Noera et al., 1991), splanchnic artery occlusion-
induced shock (Squadrito et al., 1999) or to prolonged
respiratory arrest. Relatively little attention, to our knowl-
edge, has been paid on the effects of ACTH and its frag-
ments, especially a-MSH, on the recovery of postischemic
cardiac function. However, it is of interest to note the
finding of Bazzani et al. (2001) studying the antiarrhythmic
and antiapoptotic effects of ACTH and [Nle*, p-Phe’Jo-
melanocyte-stimulating hormone. These authors (Bazzani et
al., 2001) showed, for the first time, that melanocortin
peptides significantly reduced the incidence of ventricular
tachycardia and ventricular fibrillation, ischemic area and
apoptotic cell death under in vivo conditions in a rat model
of cardiac ischemia/reperfusion. The aim of our study was
not to analyze what is the action mechanism(s) of a-MSH to
protect ischemic/reperfused myocardium, but the following
endpoints were studied: thus, we report that (i) a-MSH
improved postischemic cardiac function (contractility and
aortic flow), (ii) reduced myocardial infarct size and the
incidence of reperfusion-induced ventricular fibrillation and
(iii) attenuated apoptotic cell death.

2. Materials and methods
2.1. Isolated working heart preparation

Sprague—Dawley rats (320—350 g) were anesthetized
with ether then intravenous heparin (500 IU/kg) was
injected. After thoracotomy, the heart was excised, the aorta
was cannulated and the heart was perfused (at 37 °C)
according to the Langendorff method for a 5-min washout
period at a constant perfusion pressure equivalent to 100 cm
of water (10 kPa). The perfusion medium consisted of a
modified Krebs—Henseleit bicarbonate buffer (millimolar
concentration: sodium chloride 118, potassium chloride 4.7,
calcium chloride 1.7, sodium bicarbonate 25, potassium
biphosphate 0.36, magnesium sulfate 1.2 and glucose 10).
The Langendorff preparation was switched to the ‘working’
mode following the washout period as previously described
by Yamamoto et al. (1984) and modified by Tosaki and
Braquet (1990).

2.2. Induction of regional and global ischemia

After a 10-min aerobic perfusion of the heart, the left
main coronary artery was occluded, a suture mounted on a
curved needle was placed under the origin of the main
descending coronary artery and the ends of the suture were
passed through a small plastic tube. Myocardial ischemia
was induced by clamping the plastic tube onto the surface of

the heart with a surgical clamp. Reperfusion was initiated by
releasing the snare. The prevention of hearts from drying out
during myocardial ischemia, the thermostated glassware was
covered and humidity was kept at a constant level (90%—
100%). In order to avoid the high incidence of reperfusion-
induced ventricular arrhythmias, hearts were initially reper-
fused in Langendorff mode, and potassium concentration
was relatively high in the perfusion buffer (Curtis and
Hearse, 1989). Infarct size was measured in hearts subjected
to coronary artery occlusion (regional ischemia) in drug-free
and a-MSH-treated groups. a-MSH (Sigma, Budapest,
Hungary) was subcutaneously injected 12 h before the
isolation of hearts and the onset of ischemia/reperfusion.

For the measurement of cardiac function (heart rate,
coronary flow, aortic flow, left ventricular developed pres-
sure), the incidence of reperfusion-induced ventricular
fibrillation (VF) and DNA laddering for apoptosis, a model
of global cardiac ischemia was used. Thus, after 10-min
aerobic perfusion of the heart, the atrial inflow and aortic
outflow lines were totally clamped at a point close to the
origin of the aortic cannula. Reperfusion was initiated by
unclamping the atrial inflow and aortic outflow lines. An
epicardial electrocardiogram (ECG) was recorded by two
silver electrodes attached directly to the heart. ECGs were
analyzed to determine the incidence of ventricular fibrilla-
tion. If ventricular fibrillation was registered at the begin-
ning of reperfusion, hearts were defibrillated and myocardial
function was recorded. The heart was considered to be in
ventricular fibrillation if an irregular baseline was apparent
on the ECG. The heart was considered to be in sinus rthythm
if normal sinus complexes occurring in a regular rhythm
were apparent on the ECG. Before ischemia and during
reperfusion, the values of heart rate, coronary flow and
aortic flow were registered. Left ventricular developed
pressure, defined as the difference between left ventricular
systolic and end-diastolic pressure, was recorded by the
insertion of a catheter into the left ventricle via the left
atrium and mitral valve.

2.3. Determination of infarct size

Hearts for infarct size measurement were perfused, at the
end of each experiment, with 30 ml of 1% triphenyl
tetrazolium solution in phosphate buffer (Na,HPO, 88
mM, NaH,PO, 1.8 mM) via the side arm of the aortic
cannula then stored at —70 °C for later analysis. Frozen
myocardial tissue was sliced transversely (Schultz et al.,
1997) in a plane perpendicular to the apico-basal axis into 1-
mm thick sections, weighted, blotted dry, placed in between
microscope slides and scanned on a Hewlett-Packard Scan-
jet 5p single pass flat bed scanner (Hewlett-Packard, Palo
Alto, CA). Using the NIH Image 1.61 image processing
software, each digitized image was subjected to equivalent
degrees of background subtraction, brightness and contrast
enhancement for improved clarity and distinctness. Risk as
well as infarct zones of each slice were traced and the
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respective areas were calculated in terms of pixels. At the
end of each experiment, the risk area was determined by
Evans blue (Mocanu et al., 2000), and the intact ventricular
tissue stained in red by triphenyl tetrazolium while the
infarct area (white) was unstained by triphenyl tetrazolium.
The areas were measured by computerized planimetry soft-
ware and these areas were multiplied by the weight of each
slice, then the results summed up to obtain the weight of the
risk zone (g) and the infarct zone (g). Infarct size was
expressed as the ratio, in percent, of the infarct zone to the
risk zone.

2.4. DNA fragmentation

Apoptosis is very well characterized biochemically by
the cleavage of genomic DNA into nucleosomal fragments
of 180 bp or multiples thereof that are readily detected as a
DNA ladder by gel electrophoresis (Roche, Mannheim,
Germany). Genomic DNA was isolated from untreated and
a-MSH-treated hearts to carry out DNA laddering. Briefly,
cardiac tissues (about 60 mg) were pelletted in eppendorf
tubes using 1000g for 5 min, and supernatants were
removed. Three hundred microlitres of lysis buffer [10
mM EDTA, 0.5% sarcosyl, 50 mM (fris-hydroxymethyl)-
aminomethane, pH = 8.0] were added and vortexed, then 60
ul of proteinase K (from a stock solution) were added to
each sample. Mixtures were vortexed and incubated for 2 h
at 55 °C, then binding buffer (300 ul) was used and samples
were further incubated for 20 min at 72 °C in the presence
of 150 pl of isopropanol. Gel loading buffer (5 pl) was used,
and DNA samples were electrophoresed on a 1.8% agarose
gel with ethidium bromide. DNA laddering was visualized
and photographed under ultraviolet transillumination.

2.5. Measurement of plasma corticosterone

After 30 min and 12 h of the injection of 200 ng/kg o-
MSH, blood samples were collected in heparinized glass
tubes, and plasma corticosterone levels were analyzed
fluorimetrically as described by Zenker and Bernstein
(1958).

2.6. Statistical analysis

The values for myocardial function, infarct sizes and
corticosterone levels (n=6 in each group) were all
expressed as the means + standard error of the mean
(S.E.M.). Two-way analysis of variance was first carried
out to test for any differences between the mean values of all
groups. If differences were established, the values of a-
MSH-treated groups were compared with those of the drug-
free control group by multiple #-test followed by Bonferroni
correction. For the distribution of discrete variables such as
the incidence of ventricular fibrillation which follows a
nonparametric distribution (non-Gaussian distribution), an
overall chi-square test for a 2 X n table was constructed

followed by a sequence of 2 X 2 chi-square tests to compare
individual groups. For the study of the incidence of reper-
fusion-induced ventricular fibrillation, »=12 hearts were
necessary in order to make comparison between the drug-
free and a-MSH-treated groups. A change of p<0.05
between the drug-free control and treated groups was
considered to be significant.

3. Results

Fig. 1 shows the antiapoptotic effect of a-MSH detected
by agarose gel electrophoresis. Thus, DNA fragmentation
was not seen under aerobic control perfusion (Fig. 1, lane
1). However, in hearts subjected to 30 min of global
ischemia followed by 120 min of reperfusion, DNA ladder-
ing (Fig. 1, lane 2) was detected in the drug-free myocar-
dium. In rats treated with 40, 200 and 400 pg/kg of a-MSH,
and hearts were excised, isolated and subjected to ischemia/
reperfusion, DNA fragmentation was reduced (Fig. 1, lanes
1, lanes 3, 4 and 5) indicating by the intensity of lanes.
Thus, with the use of 200 and 400 pg/kg of a-MSH, the
fragmentation of DNA was completely abolished in the
ischemic/reperfused myocardium.

Fig. 2 shows the infarct size in drug-free controls and
groups treated with various doses of (40, 200 and 400 pg/
kg). Thus, with the does of 200 and 400 ng/kg of a-MSH,
infarct size was significantly reduced from its control value
of 38 £ 5% to 17 £ 3% and 19 £ 4%, respectively (Fig. 2).
The lowest concentration of a-MSH (40 pg/kg) failed to
significantly reduce the infarct size in comparison with the
drug-free control value.

Table 1 shows the cardiac function obtained in rats
pretreated with various doses of a-MSH, and hearts were
isolated and subjected to 30 min of global ischemia fol-

1 2 3 4 5

1. Nonischemic, aerobe control
2. IS/RE, drug-free control
3. IS/RE, 40 ug/kg MSH
4. IS/RE, 200 ug/kg MSH
5. IS/RE, 400 ug/kg MSH

Fig. 1. DNA ladders were visible in agarose gel electrophoresis of DNA
from the sample of ischemic/reperfused myocardium (lane 2). Rats were
treated with 40 pg/kg (lane 3), 200 pg/kg (lane 4) and 400 pg/kg (lane 5) of
o-MSH, and hearts were isolated and subjected to ischemia/reperfusion.
The fragmentation of DNA was not observed in hearts of rats treated with
200 and 400 pg/kg of a-MSH. Ischemia: IS, reperfusion: RE.
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Fig. 2. The effect of «-MSH on the reduction of infarct size (%) in hearts
subjected to 30 min of coronary artery ligation, followed by 2 h of
reperfusion. N=6 in each group, means + S.E.M., *p <0.05 in comparison
with the drug-free control value.

lowed by 120 min of reperfusion. Thus, our results show
that 40 pg/kg of a-MSH did not significantly change the
preischemic or postischemic cardiac function (heart rate,
coronary and aortic flow rates and left ventricular developed
pressure). However, the increase of a-MSH dose from 40 to
200 and 400 pg/kg, a significant increase was observed in
aortic flow and left ventricular developed pressure before
the induction of ischemia (Table 1, preischemic values).
During reperfusion (Table 1), the postischemic cardiac
recovery, including coronary flow, aortic flow and left
ventricular developed pressure, was significantly improved
in hearts treated with 200 and 400 pg/kg of a-MSH,
respectively. Interestingly, heart rate was not significantly
changed either before the onset of ischemia or during
reperfusion in a-MSH-treated groups in comparison with
the drug-free control values.

Fig. 3 shows the incidence of reperfusion-induced ven-
tricular fibrillation in hearts, obtained from rats treated with
various doses of a-MSH, subjected to 30 min of ischemia
followed by 120 min of reperfusion. It is reasonable to
believe that the improvement in postischemic cardiac func-
tion (Table 1), in a-MSH-treated groups, reflected in a
significant reduction in the development of reperfusion-

Table 1
The effect of a-MSH on cardiac function in ischemic/reperfused hearts

100 -
90
80 -
70 -
60 -
50 -
40
30 . *
20
ziininl
0 1) L) 1
0 40 200 400
o-MSH (ug/kg)

Incidence (%) of VF

Fig. 3. The effect of various doses of a-MSH on the incidence of
reperfusion-induced ventricular fibrillation in isolated ischemic/reperfused
hearts. «-MSH was injected subcutaneously, and after 12 h of injection,
hearts were isolated and subjected to 30-min ischemia, followed by 120 min
of reperfusion. The incidence (%) of reperfusion-induced ventricular
fibrillation was recorded. N=12 in each group, *p<0.05 compared to the
drug-free control value.

induced ventricular fibrillation. Thus, our results show
(Fig. 3) that the incidence of reperfusion-induced ventricular
fibrillation was significantly reduced from its drug-free
control value of 92% to 83%, 17% (p<0.05) and 25%
(p<0.05) with the concentrations of 40, 200 and 400 ng/kg
of a-MSH, respectively.

After 30 min and 12 h of the injection of 200 pg/kg of a-
MSH, plasma corticosterone level was significantly
increased from its drug-free control value of 90 + 11 to
248 £ 16 (p<0.05) and 144 £ 14 pg/l (p<0.05). Thus,
after 12 h of the injection of a-MSH, plasma corticosterone
concentration (144 £ 14 pg/l) was still at a significant level
in comparison with the drug-free control value (90 &+ 11 pg/
1), but this value was about 50% less compared to the o-
MSH-induced corticosterone level at 30 min (248 + 16 pg/l).

4. Discussion

Reperfusion of the previously ischemic myocardium has
long been known to cause additional damage so called

Groups Preischemic values After 60-min RE After 120-min RE
HR CF AF LVDP HR CF AF LVDP HR CF AF LVDP
Control 3002 25.7+0.5 488+13 17.2+05 293+3 17.6+08 23.8+13 103+0.5 275+2 146+0.6 75+05 9.1+04
o-MSH 295+5 245406 51.8+1.3 180+0.6 289+7 179+05 242+04 109+03 275+3 148+03 88+06 9.8+03
(40 pg)
«-MSH 298+5 254+0.7 602+3.5" 209+1.1° 291+3 235+£0.7* 39.5+1.0" 14.8+0.6" 282+2 20.2+0.4" 31.5+0.9" 159+ 0.4°
(200 pg)
o-MSH 290+3 249+04 63.5+25" 21.7+£0.8" 290+ 5 22.7+0.8* 37.9+0.9" 143+04" 277+4 20.5+0.6 33.5+3.0" 163+ 1.4°
(400 pg)

N=06 in each group, means = S.E.M. HR: heart rate (beats/min), CF: coronary flow (ml/min), AF: aortic flow (ml/min), LVDP: left ventricular developed

pressure (kPa), RE: reperfusion.
#p<0.05 compared to the drug-free control group.
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reperfusion-induced injury (Tennant and Wiggers, 1935). A
better understanding of the factors responsible for the
development of reperfusion-induced damages would be
expected to facilitate assessment of their clinical relevance
and therapeutic approaches of their prevention. Many fac-
tors have been suggested to play a critical role in ischemia/
reperfusion-induced damage, and at present, the relative
importance of these factors is uncertain and sometime
controversial. However, it is reasonable to assume that a
change in only one pathological factor or signal transduction
mechanism, e.g., by pharmacological intervention, into the
appropriate physiological direction could suppress or inter-
fere with other pathological pathways leading to the recov-
ery of postischemic cardiac function.

The goal of our experiments was to study whether a-
MSH treatment could afford cardiac protection against
ischemia/reperfusion-induced injury. Thus, we studied that
(1) -MSH is able to improve postischemic cardiac function,
(ii) to reduce myocardial infarct size and the incidence of
reperfusion-induced ventricular fibrillation and (iii) to
attenuate apoptotic cell death. However, the primary aim
of our investigation was not to study the action mecha-
nism(s) in rats treated with a-MSH, but to clarify the
outcome and final endpoints (cardiac function, infarct size,
ventricular fibrillation and apoptotic cell death) of reperfu-
sion-induced injury in the myocardium. In our study, thus,
the action mechanism(s) of a-MSH remains on speculation
and the possible explanation is based on previous inves-
tigations (Van Bergen et al., 1995; Versteeg et al., 1998). It
is important to note that drugs, which can slow down heart
rate, are able to protect the ischemic-reperfused myocardium
(Tosaki et al., 1988; Bernier et al., 1989). The results of our
study have shown that a-MSH inhibits reperfusion-induced
damage, and the protective effect of a-MSH was unrelated
to any change in heart rate. Although not conclusive in our
studies, a-MSH was given before the induction of ischemia,
and this would lead us to suggest that a major component of
the protection of a-MSH may occur as a result of its action
during the preceding period of ischemia. It is often justified
on the grounds that time must be allowed for the interven-
tion to reach the tissue and must be available to act before
the critical early moments of ischemia and reperfusion.
Thus, acceptable evidence for ischemia/reperfusion injury
could only be obtained from additional studies in which a-
MSH is given at the onset of reperfusion. This conclusion
could be supported by the fact that in hearts obtained from
rats treated with 200 or 400 pg/kg of a-MSH, the preische-
mic values of aortic flow and left ventricular developed
pressure were significantly increased in comparison with the
corresponding drug-free control values.

Apoptosis frequently occurs in both chronic and acute
tissue injury and the signal and molecular mechanisms
responsible for this form of cell death are not precisely
known. In our present study, we did not investigate whether
free radicals (Von Harsdorf et al., 1999), tumor necrosis
factor-a (Kurrelmeyer et al., 2000), protein kinase (Gottlieb

et al., 1994), caspases (De Moissac et al., 2000; Mocanu et
al., 2000), p53 (Bialik et al., 1997; Leri et al., 1998), p38
mitogen-activated protein kinase (Bogoyevitch et al., 1996;
Ma et al., 1999) and calcium (James et al., 1996; Valente et
al., 1998) signal mechanism mediate apoptotic cell death,
although these mediators have been suggested and fre-
quently cited as important culprits. The data, as one of the
endpoints of our study, show that «-MSH at concentrations
of 200 and 400 p/kg reduced the apoptotic cell death. One of
the possible explanations of a-MSH- induced antiapoptotic
mechanism could be based on the finding of Jo et al. (2001),
who emphasized that a-MSH significantly reduced Fas and
Fas ligand protein expression leading to the protection of
ischemic/reperfused tissue. a-MSH-induced protection
against apoptotic cell death was reported by Jo et al.
(2001), and the same protection was detected by another
active fragment of ACTH, a melanocortin peptide, in the
studies of Bazzani et al. (2001).

It is reasonable to assume that a reduction in apoptotic
cell death limits infarct size in a-MSH-treated subjects
because apoptotic cell death was detected, beside the
necrotic cells, in the infarcted area (Maulik et al., 1998;
Elsasser et al., 2000; Jonassen et al., 2000). However, it is
not clear and is not the aim of our present study to what
extent of apoptosis and necrosis individually contribute to
the development of myocardial infarction, and probably
both of them, a “necro-apoptotic” mechanism contributes
to the development of reperfusion-induced injury and cell
death. On the other hand, «-MSH and melanocortin peptides
have been shown to inhibit inflammation under many
experimental conditions, such as arthritis, inflammation
and ischemia (Wikberg, 1999). The antiinflammatory effects
of a-MSH and melanocortin peptides are often associated
with a reduced production of proinflammatory cytokines,
such as interleukin-la, interleukin-1p, interleukin-6 and
tumor necrosis factor-a (Luger et al., 1997; Lipton et al.,
1998), and with an enhanced genesis of the antiinflamma-
tory interleukin-10 and of the angiogenic factor interleukin-
8 (Luger et al., 1997). Thus, it is reasonable to believe that
endogenous antiinflammatory mediators such as a-MSH
could contribute to the reduced release of inflammatory
mediators in the heart and other organs (Airaghi et al., 1995,
2000) in humans. Furthermore, it is also possible that other
action mechanisms of a-MSH and melanocortin peptides
could be involved in the cardioprotective activity, as is the
case for various cardiovascular effects of ACTH fragments,
particularly under conditions of circulatory shock (Bertolini,
1995; Guarini et al., 1999) and hypoxia/reoxygenation
induced by prolonged respiratory arrest (Guarini et al.,
1997).

One of the objectives of our study was to ascertain
whether the antifibrillatory effect observed during reperfu-
sion was a direct consequence of the actions of a-MSH
during the reperfusion period or whether they were secon-
dary to some effects operative during ischemia. The drug
was subcutaneously injected to rats 12 h prior to the
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isolation of hearts and the induction of ischemia/reperfu-
sion, therefore, this would lead us to support that antifi-
brillatory effect of a-MSH during reperfusion may occur, at
least in part, as a result of its action during the preceding
period of cardiac ischemia. It is of interest to note the
finding of Vecsernyes et al. (2000), indicating that a-MSH
pretreatment could increase the concentration of cortico-
sterones in blood and, as a consequence, corticosterones
could protect the ischemic/reperfused tissues (Valen et al.,
2000a, b; Pearl et al., 2002) probably via heat shock protein
72 and free radical mechanisms. The fact that free radical
mediated mechanism is involved in melanocortin peptide-
induced cardiac protection is elegantly proven in the elec-
tron spin resonance study of Bazzani et al., (2001). The
antifibrillatory effect of «-MSH would be precisely
approached in an additional study designed with the drug
administration at the moment of reperfusion. However, in
the studies of Guarini et al., (2002), it was suggested that
melanocortins could protect the myocardium and reduce the
incidence of arrhythmias via the stimulation of melanocortin
receptor-3 (Guarini et al., 2002).

In conclusion, the finding of the present study demon-
strates that melanocortin peptides, i.e., a-MSH, signifi-
cantly attenuate the consequences of myocardial ischemia/
reperfusion. However, there is a clear need for further
extensive and careful investigation in the field of ische-
mia/reperfusion-induced injury in order to precisely clarify
the action mechanism(s) of a-MSH, an active fragment of
ACTH, including arrhythmias, apoptotic and necrotic cell
death and cardiac function. Furthermore, these results are
rather exciting, because they could disclose a new thera-
peutic approach in the treatment of ischemia/reperfusion-
induced injury.
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