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Cardioprotective effects of N-hydroxyguanidine PRS in myocardial
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1 The potential for the N-hydroxyguanidine compound PR5 (N-(3,4-dimethoxy-2-chlorobenzyli-
deneamino)-N'-hydroxyguanidine) as a cardioprotective agent in heart ischaemia and reperfusion
injury was investigated using rat models.

2 Administration of 1-10 mg kg~' of PR5 5 min before 10 min of left coronary artery occlusion,
followed by 20 min reperfusion, strongly inhibited reperfusion burst of arrhythmias and markedly
improved the survival of the animals (e.g. ventricular fibrillation incidence 93 vs 43% (P <0.05);
mortality 47 vs 0% (P<0.05), for controls and for 3 mg kg~! of PR35, respectively).

3 Administration of 3 mg kg=' of PR5 1 min before reperfusion to rats subjected to 10 min
occlusion, 20 min reperfusion was most effective in reducing arrhythmias and decreasing mortality
(43 vs 0%, P<0.05), but effects were also seen when PR5 was administered 0, 1 and 5 min after
start of reperfusion.

4 Coronary occlusion/reperfusion (10—20 min) increased malondialdehyde (MDA) of rat hearts
(0.8840.13 for sham vs 1.45+0.12 nmol mg~" protein for ischaemic; P<0.05). In rats where
3 mg kg! PR5 were administered 1 min before reperfusion the increase was attenuated (MDA
being 1.04+0.12; P<0.05 vs ischaemic).

5 PRS caused a substantial reduction of the infarction size in rats subjected to 180 min left
coronary artery occlusion, followed by 120 min of reperfusion; the necrotic zone being 326 +32 mg
for controls vs 137421 mg for animals treated with 3 x 3 mg kg~' of PR5 (P<0.01).

6 PRS5 reduced the clevation of the ST-segment of the ECGs, as well as caused pronounced
attenuation of the rapid blood pressure drop seen at the start of reperfusion following coronary
artery occlusion.

7 We conclude that the N-hydroxyguanidine PRS5 provides remarkable protection against
ischaemia and reperfusion induced myocardial necrosis and life-threatening arrhythmias. These
effects of PRS are discussed in relation to a recently discovered ability of N-hydroxyguanidines to

function as electron acceptors at the xanthine oxidase enzyme.
Keywords: N-Hydroxyguanidine; ischaemia; reperfusion injury; antiarrhythmic effect; rat heart

Abbreviations: ECG, electrocardiogram; MDA, malondialdehyde; PRS, N-(3,4-Dimethoxy-2-chlorobenzylideneamino)-N'-
hydroxyguanidine; VT, ventricular tachycardia; VF, ventricular fibrillation

Introduction

Ischaemia followed by reoxygenation is associated with oxygen
free radical generation, which is one of the major factors in the
induction of arrhythmias and myocardial damage in the
ischaemia and reperfusion syndrome. Several mechanisms are
involved in the generation of oxygen free radicals (Ar’Rajab et
al., 1996). Among others, the reduction of molecular oxygen
by the xanthine oxidase enzyme (EC 1.1.3.22) during oxidation
of hypoxanthine and xanthine is of crucial importance
(McCord, 1985; Reilly et al., 1991). It is proposed that the
free radical generation is dependent on the ischaemia-induced
conversion of xanthine dehydrogenase to xanthine oxidase by
partial proteolytic cleavage and sulphydryl oxidation (Amaya
et al., 1990; Poss et al., 1996). As a result, the enzyme is unable
to reduce its natural electron accepting substrate NAD ™ and
instead prefers molecular oxygen, which leads to the
generation of oxygen centred radicals (Nishino et al., 1994;
Saugstad, 1996).

* Author for correspondence; J. Wikberg, Pharmaceutical
Pharmacology, BMC, Box 591, S-751 24 Uppsala, Sweden;
E-mail: Jarl. Wikberg@farmbio.uu.se

Various methods have been tried to prevent the
formation of oxygen reactive species during reperfusion.
Thus, according to the =xanthine oxidase hypothesis
inhibitors of the enzyme, such as allopurinol and oxypur-
inol, were reported to decrease radical generation and heart
injury (Castelli et al., 1995; Thompson-Gorman & Zweier,
1990). Also an inhibitor of adenosine deaminase was shown
to reduce the formation of oxygen radicals and to improve
the contractile performance of hearts in vitro, an effect
presumed to be due to the inhibition of the formation of the
reducing substrates for xanthine oxidase (Xia et al., 1996).
Still another approach is to wuse radical scavenging
compounds (Opie, 1989; Flaherty & Weisfeldt, 1988). Lipid
peroxidation inhibitory aminosteroids (lazaroids) have been
shown to protect effectively against heart injury in infarction
models in vivo (Campo et al., 1996; 1997). Earlier much
attention was paid to superoxide dismutase for quenching
superoxide, but its use as a protector against ischaemia and
reperfusion injuries has generally led to disappointment
(Vanhaecke et al., 1991; Watanabe et al., 1993). Recently,
however, it was found that overexpression of superoxide
dismutase in transgenic mice led to reduction of superoxide,
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improvement of heart contractility and reduction of
infarction size in reperfused hearts after ischaemia (Wang
et al., 1998).

In the present study we have evaluated a new possibility
to protect the heart in ischaemia and reperfusion. The
approach originates from our recent finding that an N-
hydroxyguanidine, guanoxabenz (1-(2,6-dichlorobenzylide-
neamino)-3-hydroxyguanidine), an a,-adrenoceptor active
antihypertensive drug (Ledoux er al., 1981), could also act
as an alternative electron acceptor in xanthine oxidase
catalyzed oxidation of xanthine (Dambrova et al., 1998). In
the continuation of these studies we synthesized a novel
series of N-hydroxyguanidines and evaluated their capacity
to function as electron acceptors in bovine milk xanthine
oxidase catalyzed oxidation of xanthine. We then found N-
(3,4-dimethoxy-2-chlorobenzylideneamino)-N'-hydroxyguani-
dine (PRS5), which shows higher activity than guanoxabenz
on the xanthine oxidase and seems to be essentially devoid
of a,-adrenoceptor activity (Dambrova et al. manuscript in
preparation).

Methods

Animals

Male Wistar rats (Latvian State Pharmaceutical Company
‘Grindex’, Latvia) weighing 330—-420 g were housed under
standard conditions (21-23°C, 12 h light-dark cycle) with
unlimited access to food and water. All experimental
procedures were performed in accordance with the regulations
of the Animal Ethical Committee of BaltLASA.

Ischaemia and reperfusion induced heart failure

The experimental procedure was a modification of the
method by Kane et al. (1984). Rats were anaesthetized with
sodium pentobarbital (60 mg kg=! i.p.). The femoral vein
was cannulated to allow administration of drugs. Systemic
blood pressure was registered from the left carotid artery by
a pressure transducer P23 DB (Gould Statham, U.S.A.) and
ECG from a II standard lead on a physiograph DMP-4B
(Narco Bio-Systems, U.S.A.). Rats were intubated through a
tracheotomy and ventilated with room air by a V35kG
respirator (Narco Bio-Systems, U.S.A.) at a pressure of
15 cm H,O and a rate of 55 strokes min~'. The chest was
opened and a sling (6/0 silk Ethicon) was placed around the
left coronary artery. After 10 min the coronary artery was
occluded by applying tension to the plastic tube-silk string
arrangement. The successful occlusion was confirmed by a
decrease in arterial pressure and ischaemia-induced altera-
tions in the ECG. Reperfusion was initiated by removing the
clamp.

Experimental protocols

Three protocols with separate control groups were carried out
as follows:

I Dose effect evaluation of PR5 on rats subjected to 10 min
ischaemia and 20 min reperfusion The rats were randomly
divided into four groups: (1) (n=15) received saline vehicle
(2 ml kg™"); (2) (n=14), (3) (n=14) and (4) (n= 14) received 1,
3 and 10 mg kg—' PR3, respectively. Saline and PR5 were
administered by a single intravenous injection (i.v.) 5 min prior
to the ischaemia.

II Evaluation of the importance of the dosing schedule for the
effects of PRS on rats subjected to 10 min ischaemia and 20 min
reperfusion The rats were randomly divided into five groups:
(1) (n=14) received saline (2 ml kg~'i.v.) at the ninth min of
the occlusion; (2) (n=14) 3 mg kg~ ' i.v. of PR5 at the ninth
min of occlusion; (3) (n=12) 3 mg kg~' i.v. of PRS5 at the
onset of reperfusion; (4) (n=10) 3 mg kg~ i.v. of PRS5 at the
first min of reperfusion and (5) (n=10) 3 mg kg~' i.v. of PRS
at the fifth min of reperfusion.

III The influence of PR5 on functional status and morphology of
the heart in rats subjected to 180 min ischaemia and 120 min
reperfusion The rats were randomly divided into five groups:
(1) (n=15) received saline (2 mlkg~' i.v.) 5 min prior to
occlusion; (2) (n=12) 3 mg kg~' i.v. of PR5 5 min prior to
occlusion; (3) (n=13) rats 3 mg kg~ ' i.v. of PR5 170 min after
occlusion; (4) (n=14) 3 mg kg~ 'i.v. of PRS5 at the fifth min of
reperfusion and (5) (n=13) 3 mg kg~' i.v. of PRS5 at three
times; namely: 5 min prior to occlusion, 170 min after
occlusion and at the fifth min of reperfusion.

Exclusion criteria

Experiments were terminated and data were excluded from the
final analysis if arrhythmias occurred prior to the coronary
artery occlusion; if the mean arterial pressure was less than
60 mmHg prior to occlusion (drug or saline administration),
or if severe arrhythmias or atrioventricular block occurred
during the first 5 min of ischaemia.

Definition of arrhythmias

Definition of arrhythmias were based on criteria described in
the Lambeth Conventions (Walker er al., 1988). Ectopic
activity was categorized as a single ventricular premature beat
(VPB), ventricular tachycardia (VT) or as ventricular
fibrillation (VF). In all experiments the incidence of VT, VF
and mortality (due to terminal ventricular fibrillation sustained
for at least 3 min) was noted.

Quantification of myocardial morphological parameters

At the end of reperfusion of the animals subjected to
experimental protocol III the ligature was re-tied around the
coronary artery and Evans blue (5 mg ml™') was quickly
infused into the left atrium. The heart was then isolated,
weighed and the left ventricle was dissected free from other
structures and weighed. The non-stained myocardium was
isolated, weighed and cut into 1 mm sections. The sections
were incubated in a 0.5% solution of triphenyltetrazolium
chloride (10 min at 37°C). After that the necrotic tissues were
isolated and weighed.

Determination of malondialdehyde (MDA )

The rats were randomly divided into three groups: One
ischaemia and reperfusion control group (i.e. group (1) in
experimental protocol II, n=9); one PRS5-treated group
(i.e. group (2) in experimental protocol II, #=9) and one
sham operated group (n=38), subjected to the same
surgical procedures as experimental protocol II, except
that the suture passed around the left coronary artery was
not tied. The rats were then subjected to 10 min occlusion/
20 min reperfusion, whereafter the chests were reopened,
the hearts excised and the ventricles immediately frozen
using previously cooled clamps. The MDA levels were
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determined according to the method of Ohkawa er al.
(1979).

Statistics

The results are presented as the mean+s.e.mean. Statistical
analysis was performed using ANOVA followed by
Dunnett’s ¢-test; the number of incidence of arrhythmia
and mortality were analysed using Chi-square tests. Results
were considered as significant when P<0.05. The number
of incidences of arrhythmia and Iethality were calculated
in all animals, whereas only the data obtained for the
surviving animals were used in the evaluation of the blood
pressure, heart rate, duration of arrhythmia and morpho-
logical data.

Results

The dose effect relations of PRS5 on rats subjected to
10 min ischaemia and 20 min reperfusion

The experimental protocol I procedures caused disturbances of
the heart rhythm in all control rats, with seven out of 15 rats
dying due to irreversible ventricular fibrillation (Figure 1). As
can be seen from Figure 1, PRS in a dose dependent fashion
reduced the incidence of VT, VF and mortality, the effect being
significant at 3 and 10 mg kg~"' for mortality and fibrillation,
and at 10 mg kg~ ! for tachycardia.

Figure 2A shows the effect on the blood pressure. In
controls the coronary artery occlusion caused an initial drop
in the blood pressure of 20—25 mmHg, with the blood
pressure thereafter slightly recovering. In the saline treated
group the start of reperfusion caused a drastic decrease in
the blood pressure of 45—50 mmHg during the first minutes
of reperfusion, which was then rapidly followed by a
rebound increase in the pressure (Figure 2A). The
administration of 1, 3 and 10 mg kg~ of PR5 caused a
dose dependent and significant inhibition in reperfusion
induced drop in blood pressure, as well as inhibition of the
rebound increase in pressure. As seen from the Figure 2A,
PRS5 did not affect the initial ischaemia-induced blood
pressure drop.

Figure 2B shows the effect of PR5 on heart rate. The two
higher doses of PR5 appeared to cause some drop in heart rate,

which then returned to essentially normal during the course of
the experiment.

Figure 2C shows the effects of PRS5 on the ST-segment
elevation. As expected, the ischaemia caused a progressive
increase in the ST-segment, which then almost normalized
during reperfusion. The PRS5 caused a dose-dependent
inhibition in the ST-segment elevation during the ischaemia
and improved the normalization of ST-segment during
reperfusion; the effects being significant at 3 and 10 mg kg '
of PR5.

The dosing schedule for the effect of PRS5 on arrhythmia
and mortality in rats subjected to 10 min ischaemia and
20 min reperfusion

The next set of experiments was designed to evaluate the
importance for the time point of administration of PR5. Based
on the studies above, we selected a PR5 dose of 3 mg kg~ ' i.v.
The same ischaemia and reperfusion protocol as above was
used, but PR5 was administered at different times (protocol
11).

Also in these tests reperfusion induced VT and VF, as well
as death of many of the control animals. Thus, tachycardia
was observed in all animals, fibrillation in 100% (14/14), and
almost half (6/14) of the animals died (Figure 3). However,
PRS5 had a marked effect on these parameters (Figure 3), the
largest effect being seen when PRS was administered 1 min
prior to reperfusion (Group 2); the incidence of tachycardia
and fibrillation being reduced to 43% (6/14) and 21% (3/14),
respectively, and all (0/14) of the animals surviving (P <0.05).
Similar beneficial effect was seen when PR5 was administered
simultaneously with the start of reperfusion (Group 3).

Figure 4 further amplifies the time course in individual
animals for the occurrence of arrhythmias. Figure 4A shows
data for the controls where VT and VF increased markedly at
the start of reperfusion, and then gradually declined. For the
animals receiving PRS5 1 min prior to reperfusion (Figure 4B)
life threatening arrhythmias became markedly decreased
during the first minutes, and only few occasions of arrhythmias
were registered thereafter.

Effect of PR5 on MDA

Figure 5 shows MDA levels in hearts excised after 10 min
ischaemia and 20 min reperfusion. In the coronary occlusion/
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Figure 1 Effects of PRS on the incidence of ventricular tachycardia (VT) and fibrillation (VF) during a 20 min reperfusion period
following a 10 min left coronary occlusion in rats. PR5 (1, 3 or 10 mg kg~ ") or saline control injections were given i.v. 5 min prior

to the coronary occlusion. (*Indicates P<0.05).
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reperfusion group MDA was significantly elevated compared
to sham-operated animals. For the animals treated with
3mgkg~' of PR5 1 min prior to reperfusion there was a
statistically significant inhibition of the MDA formation
compared to the non-treated ischaemia and reperfusion
animals (P <0.095).
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Influence of PRS on functional status and morphology of
rat hearts during 180 min ischaemia and 120 min
reperfusion

In these tests the rats were treated according to the
experimental protocol III. Results are presented in Table 1
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Figure 2 Effect of PR5 on blood pressure (A), heart rate (B) and ST-segment (C) in rats subjected to 10 min left coronary artery
occlusion followed by 20 min reperfusion. PR5 (1, 3 or 10 mg kg~ ") or saline control injections were given i.v. 5 min prior to the
coronary occlusion. (*Indicates P<0.05; **Indicates P<0.01).
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Figure 3 Effect of 3 mg kg™

of PRS injected at different time points during 10 min left coronary artery occlusion followed by

20 min reperfusion on the incidence of ventricular tachycardia (VT), fibrillation (VF) and mortality during reperfusion. Shown are
saline injected animals (1 Control), animals injected with PR5 on the ninth min of occlusion (2 occlusion 9 min), animals injected
with PRS at the onset of reperfusion (3 reperfusion 0 min), animals injected with PR5 1 min after start of reperfusion (3 reperfusion
1 min), and animals injected with PR5 5 min after the start of reperfusion (5 reperfusion 5 min). (*Indicates P<0.05).

and Figure 6. ANOVA showed that body weights, heart and
left ventricle weights were essentially the same for all the five
different groups (Table 1), indicating that the groups were well
matched. Also the weight of the ischaemic zones caused by the
coronary artery occlusion were of almost the same size (Table
1). However, the weight of the necrotic tissue was markedly
reduced by the treatment with PRS5; the effect being highly
significant (P <0.01) for the Group 2, as well as Groups 3 and
4. Figure 6 shows the data normalized against ventricle and
ischaemic zone weights. The largest reduction of infarction size
is seen for Group 2, followed by Groups 3 and 4.

Figure 7 shows the time course for the deviation of the ST-
segment from the baseline throughout the ischaemia and
reperfusion periods. The ischaemia caused an increase in the
ST-segment, from about 0.1 mV to about 0.5 mV, as expected.
During reperfusion the ST-segment normalized slightly, but it
never returned to the baseline. Administration of PR5 gave a
highly significant attenuation in the increase of the ST-segment
during almost the whole ischaemic period, that extended also
into reperfusion period (Groups 3 and 4). When PR5 was given
3x3 mg kg~ (Group 2) the normalizing effect on the ST-
segment increase was pronounced and highly significant
throughout the whole ischaemia and reperfusion periods
(P<0.0001) (Figure 7).

Discussion

We have here shown that the hydroxyguanidine compound
PRS possesses a remarkable ability to protect the rat heart
during reperfusion. Thus, PR5 strongly inhibited the burst of
arrhythmias associated with reperfusion of ischaemic hearts,
and it markedly improved the survival of the animals. Most
notably, PR5 caused a substantial reduction (i.e. more than 2
fold at the best dosing schedule) of the infarction size, after
180 min of ischaemia followed by 120 min of reperfusion.
These effects were associated with a reduction of the ischaemia
induced elevation of the ST-segment of the ECGs, as well as a
pronounced attenuation of the rapid blood pressure drop seen
at the start of reperfusion, results which further indicate a
strong protective effect by PR5 on the hearts haemodynamic
function and/or its antiarrhythmic effect.

In a previous study we showed that the hydroxyguanidine
guanoxabenz was capable of supporting the oxidation of
xanthine to uric acid both during anaerobic and aerobic
conditions (Dambrova et al., 1998). In subsequent studies we
synthesized a novel series of hydroxyguanidines and found that
PRS5 showed a higher capacity than guanoxabenz to support
the anaerobic oxidation of xanthine by xanthine oxidase
(Dambrova et al. manuscript in preparation). From these
results we hypothesized that PR5 could be useful in protecting
the heart during ischaemia and reperfusion. It is well known
that the ischaemia induces a rapid accumulation of hypox-
anthine and xanthine due to the breakdown of the cellular
ATP-pools due to insufficient oxidative phosphorylation (Xia
et al., 1996; Saugstad, 1996). At the same time the release of
intracellular proteolytic enzymes may cause a conversion of
the xanthine dehydrogenase enzyme to its oxidase form. Upon
the eventual reoxygenation of the tissue a rapid oxidation of
hypoxanthine and xanthine will proceed, followed by the
concomitant massive formation of toxic superoxide radicals
(McCord, 1985). The thus formed free radicals may be
responsible for the various injuries, which include life-
threatening arrhythmias and cell death (Flaherty & Weisfeldt,
1988). However, additional mechanisms may also prevail that
contribute to the damage (Bolli, 1988; Piper et al., 1998).

Thus, if PR5 is administered prior to deprivation of the
blood supply to an organ it might be capable of supporting the
oxidation of the hypoxanthine and xanthine during the
ischaemia. Upon a subsequent reoxygenation there would
then be present less oxidizable substrate (e.g. xanthine and
hypoxanthine) for the xanthine oxidase, which accordingly
would prevent formation of oxyradicals. It is also possible that
in the presence of oxygen the hydroxyguanidine could accept
the electrons generated during the hypoxanthine/xanthine
oxidation, thus preventing the formation of oxyradicals.

Although at present the above described mechanism of
action for PRS5 is only hypothetical, the data of the present
study support the hypothesis. In the present paper we have
observed that the antiarrhythmic effect of PRS5 is observed only
during reperfusion, whereas no significant effect is seen during
coronary artery occlusion. It is well accepted that the
arrhythmias seen at the onset of reperfusion are caused by
the massive formation of oxyradicals (Opie, 1989), thus
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Figure 4 Occurrence of arrhythmia and death (exitus letalis) in individual animals during the course of 10 min ischaemia followed
by 20 min reperfusion. Shown are data for control animals (A) and data for animals treated with 3 mg kg~' of PR5 at the ninth
min of occlusion (B).

1.6 1 indicating that the PRS5 effect is linked to the radicals. It is

interesting to note that PR5 has effect on the ST-segment also
during the occlusion period (Figure 2C and 7). It is possible
that this effect is due to the anaerobic oxidation of the xanthine
oxidase substrates. Moreover, the results for MDA support an
anti-oxidant mechanism for PRS5. Still, of course, further
studies will be necessary to prove the hypothesis for the mode
of action of PRS.

Previous attempts to prevent toxic effects due to oxygen
radical formation associated with ischaemia and reperfusion
have been mainly focused on removing the superoxide or
hydroxyradicals after their production. Thus, for example,
compounds like lazaroids and a vitamin E analogue

' (raxofelast) are shown to prevent lipid peroxidation, possess
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Table 1 Body weight and weight of hearts, left ventricle, ischaemic zone and necrotic zone in rats subjected to 180 min left coronary
artery occlusion followed by 120 min reperfusion

Body weight

Heart weight

Left ventricle

Ischaemic zone

Necrotic zone

Group Treatment (2) (mg) (mg) (mg) (mg)

1 Control 379.7+9.6 1248.3+44.3 880.2+28.0 424.2426.8 325.7+32.4

2 Proph. + Occl. + Rep. 380.3+11.2 1231.6+34.9 873.6+21.0 401.9+19.9 136.5+20.8%*
3 Proph. 382.3+10.2 1229.1+40.0 867.3+26.2 405.1+17.3 206.7 4+ 14.6%*
4 Occl. 377.0+£9.6 1206.3+36.9 854.4+25.8 399.6+18.3 211.04£20.9%*
5 Rep. 379.6+8.3 1218.6+39.4 855.4+26.6 399.0+20.1 259.6+26.8

Shown are data for control rats as well as data for animals receiving 3 x 3 mg kg~! of PRS5, respectively 5 min before occlusion,

170 min after occlusion and 5 min after start of reperfusion (2), animals receiving 3 mg kg~' of PR5 5 min before occlusion (3),
animals receiving 3 mg kg~! of PR35 170 min after occlusion (4), and animals receiving 3 mg kg~! of PR5 5 min after start of
reperfusion (5). **Indicates P<0.01.

Ischemic zone/left ventr. Necrotic zone/left ventr. Necrotic zone/lschemic zone
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= . =L 60-] . B=
40|
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Figure 6 Effects of PRS on ischaemic zone/left ventricular size index, necrotic zone/left ventricular size index and necrotic zone/
ischaemic zone size index in rats subjected to 180 min left coronary artery occlusion followed by 120 min reperfusion. Shown are
data for control animals (1), animals receiving 3 x 3 mg kg~ ' of PRS5, respectively 5 min before occlusion, 170 min after occlusion
and 5 min after start of reperfusion (2), animals receiving 3 mg kg~' of PR5 5 min before occlusion (3), animals receiving
3mg kg~ ' of PR5 170 min after occlusion (4), and animals receiving 3 mg kg~ ' of PR5 5 min after start of reperfusion (5)
ANOVA showed significant effects for necrotic zone/left ventricle F(1,49)=2.18; P<0.01 and necrotic zone/ischaemic zone
F(1,49)=6.03; P<0.0001. (*Indicates P<0.05; **P<0.01).
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Figure 7 Effects of PR5 on ST-segment in rats during 180 min left coronary artery occlusion followed by 120 min reperfusion.
Shown are data for control rats as well as data for animals receiving 3 x 3 mg kg~! of PR35, respectively 5 min before occlusion,
170 min after occlusion and 5 min after start of reperfusion (2), animals receiving 3 mg kg™! of PR5 5 min before occlusion (3),
animals receiving 3 mg kg~' of PR5 170 min after occlusion (4), and animals receiving 3 mg kg~' of PR5 5 min after start of
reperfusion (5). (*Indicates P<0.05, **P<0.01 vs the control).
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1995). Also an inhibitor of adenosine deaminase was shown to
reduce the formation of oxygen radicals, an effect assumed to
be due to the inhibition of the accumulation of the oxidizing
substrates for xanthine oxidase (Xia et al., 1996). It should be
also mentioned, that methylene blue, which is known to inhibit
the generation of oxygen radicals by competing with molecular
oxygen for the reduction of the latter by xanthine oxidase
(Salaris et al., 1991), was recently found to prevent pulmonary
injury after intestinal ischaemia and reperfusion (Galili et al.,
1998), but its eventual effect in the heart has not yet been
evaluated. Moreover, the mechanism of action of methylene
blue is quite uncertain. The compound is also a soluble
guanylate cyclase inhibitor, and it has been found to increase
the incidence of reperfusion-induced ventricular fibrillation
(Pabla et al., 1995).

The N-hydroxyguanidine guanoxabenz have been used as
centrally active antihypertensive drug (Ledoux et al., 1981),
but any possible antiischaemic effect of the guanoxabenz has
not been reported. In the present study we have shown that the
N-hydroxyguanidine PRS5 provides remarkable protection
against ischaemia and reperfusion induced myocardial necrosis
and life-threatening arrhythmias. Since PRS5 can act as an
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