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The effects of Z13752A, a combined ACE/NEP inhibitor, on
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1 The effects on the responses to coronary artery occlusion of a combined ACE/NEP inhibitor
(Z13752A) were examined in anaesthetized dogs.

2 Al hinfusion of Z13752A (128 ug kg~' min~"' intravenously) decreased arterial blood pressure
(by 11+3%:; P<0.05) and increased coronary biood flow (by 12+4%. P<0.05). There were no
other significant haemodvnamic changes.

3 ZI13752A inhibited both NEP and ACE enzymes both in dog plasma and in tissue (lung ACE;
kidney NEP). Pressor responses to angiotensin I in vivo were inhibited and systemic vasodilator
responses to bradykinin were potentiated.

4 When the left anterior descending coronary artery was occluded for 25 min, Z13752A markedly
reduced the severity of the resultant ventricular arrhythmias. No ventricular fibrillation (VF)
occurred (compared to 7.16 in the controls: P<0.05), and ventricular tachvcardia (VT) was reduced
(VT in 2/9 dogs treated with Z13752A cp. 16/16 of controls; episodes of VT 0.2+0.1 c.p. 10.7+3.3;
P<0.05). .

5 Reperfusion of the ischaemic myocardium led to VF in all control dogs but occurred less
frequently in dogs given Z13752A (survival from the combined ischaemia-reperfusion insult 67%
c.p. 0% in controls: P<0.05).

6 Z13752A reduced two other indices of ischaemia severity; epicardial ST-segment elevation and
inhomogeneity of electrical activation.

7 These protective effects of Z13752A during ischaemia and reperfusion were abolished by the
administration of icatibant (0.3 mg kg~'. i.v.) a selective antagonist of bradykinin at B. receptors:
the ischaemic changes in dogs given both icatibant and Z13752A were similar to those in the
controls. '

8 We conclude that this ACE/NEP inhibitor is effective at reducing the consequences of coronary
artery occlusion in this canine model and that this protection is primarily due to potentiation of

released bradykinin.
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Introduction

The cardioprotective effects of ACE inhibition in myocardial
ischaemia are well documented in both experimental animal
models (Parratt. 1994: Linz er al.. 1995: Liu er al.. 1996) and in
clinical situations (e.g. Lonn er al.. 1994: [kram, 1996). and a
clear role for bradvkinin in mediating these protective effects
has been demonstrated based mainly on studies in which its
effects on bradvkinin (B,) receptors were untagonized
(Scholkens er «l.. 1989: Linz er al.. 1990: Martorana er ul..
1990: 199i: Ehring er al.. 1994: Liu er al.. 1996: Shimada &
Avkiran. 1996).

There have been relatively few studies with inhibitors of the
other major enzvme responsible for kinin degradation. neutral
endopeptidase 24.11 (NEP: Erdds & Skidgel. 1989). This is a

*Author for correspondence: E-mail: vegh v pheol.szote.u-szeged.hu

membrane bound metaliopeptidase present in endothelial cells
(Graf er al.. 1995) and in (rat) cardiomyocytes (Piedimonte er
al.. 1994) which has a high affinity for a variety of vasoactive
peptides including substance P. bradykinin. atrial natriuretic
peptide and endotheiin (for references see Graf ez al.. 1995). In
the heart this is a particularly important enzyme responsible
for kinin degradation (Piedimonte er af.. 1994: Yang er dl..
1997: Kokkonen e¢r af.. 1999) but there are few studies dealing
with the effects of inhibition of this enzyme. especially under
conditions of ischaemia. In rat hearts inhibition of neutral
endopeptidase increases myocardial blood flow (Maxwell er
al.. 1993). reduces infarct size (Yang er al.. 1997) and prevents
isoprenaline-induced myocurdial hypopertusion (Piedimonte
et al.. 1994). effects mediated primarily through inhibition of
kinin breakdown. .
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The paucity of studies involving NEP inhibition. especially
in large animal models. is surprising in view of the considerable
evidence for the cardioproteciive eflects of both administered
and endogenously produced kinins. Kinins reduce ischaemia-
induced cell necrosis (Daniell ¢ al.. 1984: Noda er al.. 1993;
Richard er al.. 1993). enhance recovery of contractile function
after a period of ischaemia and reperfusion (Grocott-Mason ¢t
al.. 1993: Ehring et al.. 1994) and have a particulariy
pronounced efiect in reducing the severity of ischaemia and
reperfusion-induced ventricular arrhythmias (Tobe er al.. 1991:
Végh er al.. 1991a). Further there are studies suggesting a role
for bradykinin release in the protection of the heart afforded
by ischaemic preconditioning (Végh er ai.. 1994: Wall er ai..
1994: Goto er al.. 1995: Parratt er al.. 1995: 1997: Bouchard er
al., 1998) and by cardiac pacing (Kaszala er al.. 1997).

In the present study we have examined the effects of a
combined ACE/NEP inhibitor Z13752A (N-[(2S)-3-mercap-
10-2-phenylmethylpropionyi}-4-(2-thiazolyl)-L-phenylalanine:
Pradella er al.. 1998: Morazzoni e1 /.. 1998a) on the responses
of anaesthetized dogs to acute coronary artery occlusion. with
particular reference to ischaemia and reperfusion-induced
ventricular arrhythmias. Z13752A is a newly developed
ACE'NEP inhibitor with an 1Cs, of 3.2 nM on ACE and of
1.8 nM on NEP (Morazzoni er al.. 1998a). Z13752A has been
found to potently inhibit plasma and tissue ACE, as well as
ussue NEP activity in various in virre and in vivo experiments.
Z13752A resulted in a long lasting antihypertensive efiect in
both SHR and DOCA-sait hyperiensive rats after intravenous
or oral administration (Morazzoni er al., 1998b; Pradella er al.,
1998). A preliminary account of these results was presented at
the Fourth European Congress of Pharmaceutical Sciences in
Milan (Morazzoni er al.. 1998a, b: Pradella er al.. 1998) and at
the World Congress of the International Society for Heart
Research (Rastegar er al.. 1998).

Methods

Evaluation of the effects of Z13752A on plasma and
tissue ACE and NEP activities

These experiments were performed at the Zambon Group in
Milan, Italy, using beagle dogs of either sex and weighing
between 8-12 kg, anaesthetized with sodium pentobarbitone
(30 mg kg~! i.v.) Following experimental preparation for the
measurement of arterial blood pressure and heart rate and also
collecting blood, Z13752A was infused for 3 h at a flow rate of
0.5 ml] min~—' in six dogs in a dose of 0.3 mol kg~' min~' (i.e.
128 uyg kg~' min~') and in eight dogs in a dose of
1.0 gmol kg~ min~' (426 ug kg’ min~'). In a further six
and eight dogs respectively, captopril 0.3 ymol kg~' min~'
(65 pg kg~! min~') or vehicle (saline plus NaOH 0.1 N) was
infused for 3h at a flow rate of 0.5 mlmin~' The
haemodynamic efiects were measured at various times over
the 3 h observation period and blood samples (3 ml) for the
determination of plasma ACE were collected every 30 min. At
the end of the experiments. and before sacrificing the animals.
the left kidnev was removed for the measurement of tissue
NEP activity and an apical portion of the lung for the
determination of tissue ACE activity. These tissues were
immediately frozen in liquid nitrogen. ACE activity. both in
the plasma and in the lung homogenates in the presence of
300 mMm NaCl and using [H*}-hippuryl-glvcyl-givcine as the
substrate, was determined by a radiochemical method
according to Ryan and colleagues (1977). NEP activity was
determined in kidnev homogenates at pH 7.6 containing 0.1%

Triton X-100 by using specirophotometric kinetic deiermina-
tion in which ghiarvi-ala-ala-phe-2naphiyviamide was the
reaction substrate (Orlowsky & Wilk. 1981).

In vivo swdies in anaesthetized dogs

Mongrel dogs with 2 body weight in excess of 17 kg (see Végh
et al.. 199]a) were anaesthetized with a mixture of chioralose
and urethane (60 and 200 mg kg~'. i.v. respectivelv). and
ventilated with room air using a Harvard Respirator at a rate
and volume sufficient to maintain arterial blood gases and pH
within normal limits (Végh er al.. 1992). The animals were
thoracoromized at the fifth intercostal space and the anterior
descending branch of the left coronary artery (LAD) prepared
for occlusion just proximal to the first main diagonal branch.
This gives an area at risk. as assessed by infusing blue V dye
into the occluded artery at the end of the experiment, of
around 35-42% (see Results).

Blood flow was measured on both the anterior
descending (LAD) and circumflex (LCX) branches of the
left coronary ariery (Doppler flow probe: Triton. U.S.A.
and a 2.0 mm electromagnetic flow probe anached to a
Statham SP 2202 flowmeter, respectively). Epicardial ST-
segment changes and the degree of inhomogeneity of
electrical activation were measured from the left ventricular
wall distal to the occlusion site using a ‘composite’
electrode described previously (Williams er al., 1974; Végh
er al.. 1987; 1992). This gives a summarized recording of R-
waves from 30 epicardial measuring points. In the
adequately perfused and oxygenated myocardium all sites
are activated almost simultaneously, resulting in a single
Jarge spike. However, following occlusion, widening and
fractionation of the summarized R-waves occurs indicating
that adjacent fibres are not simultaneously activated
because of inhomogeneity of conduction. We expressed this
as the greatest delay in activation (ms) within the ischaemic
area. This refiects, in part, local changes in myvocardial
blood fiow. The composite electrode also contains four
unipolar electrodes by which epicardial ST-segment changes
are measured and meaned within the ischaemic area.

All these parameters, together with a limb lead electro-
cardiogram, systemic arterial and left ventricular (LV) systolic
(S) and end-diastolic (ED) pressures (Statham P23XL
transducers) and LVdP/dt were recorded on an exght channel
Medicor R81 recorder.

Ventricular arrhythmias during 2 25 min coronary artery
occlusion (i.e. ischaemia) were assessed and analvsed as
outlined previously (Végh er al., 1992) i.e. 10tal ventricular
premature beats (VPBs), the incidence and number of episodes
of ventricular tachycardia (VT) and the incidence of
ventricular fibrillaion (VF). At the end of the period of
ischaemia the area supplied by the occluded vessel was rapidly
reperfused. The only reperfusion arrhythmia that was
determined was VF. Survival (from the combined ischaemia-
reperfusion insult) was defined in terms of those dogs which
were predominantly in sinus rhythm 10 min after the
commencement of reperfusion.

Although these experiments were carried out in Szeged
the protocol complied with U.K. Home Office regulations
(Project Licence No. 60/00307).

Experimental protocol
There were fonr groups of animals. Nme dogs were infused

with Z13752 a dose of 128 ug kg™' min~' intravenously
over a ,Kh’ pch&d.., t the end of this infusion time the left
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Figure 1 Experimental protocol for the studies involving Z13752A.
and its modification by icatibant. an antagonist of bradykinin at B2
receptors. The duration of the Z13752A infusion was 1 h. the
occlusion time was 25 min and icatibant was given 10 min prior 1o
occlusion.

anterior descending coronary artery was occluded for 25 min.
and the artery was then re-opened rapidiy 10 allow reperfusion.
A second group of 11 animals was given icatibant, an
antagonist of bradvkinin at B, receptors. in a dose of
0.3 mg kg™' as an i.v. bolus. 10 min prior 10 coronary artery
occiusion. This dose of icatibant was sufficient to abolish the
protection against ventricular arrhythmias zfforded by
ischaemic preconditioning (Végh er al.. 1994). A third group
of 12 addiuional dogs were also infused with Z13752A. in the
dose given above, and after 50 min (i.e. 10 min prior to
coronary arterv occlusion) were also given icatibant. The
responses were compared with those of 16 control dogs which
were infused with a similar volume (60 ml) of the vehicle for
1 h and then subjected to coronary artery occlusion followed
by reperfusion. The protocol for these four groups is illustrated
in Figure 1.

In order to determine the effect of Z13752A on the
blood pressure responses to angiotensin I (Al). angiotensin
I1 (A2) and bradykinin. separate groups of dogs were given
either Al and A2 (in doses of 5. 10. 15 and 20 ng kg™’
intravenously, »=11) or bradykinin (in doses of 0.1, 0.25,
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(a) Plasma ACE activity in anaesthetized dogs given intravenous infusion of vehicle (saline+~NaOH IN: n=6). Z13752A

in doses of 0.3 ymol kg~' ml™" (128 pg ke ~' ml~': n=6) and 1.0 umol kg™’ mI~' (426 pg kg™’ ml~': n=6) and of captopril in a

dose of 0.3 umol kg™’ ml~" (65 ug ke~ ml™': n=6) over a period
vehicle controls. (b) Ex vivo determination of tissue ACE and NEP
foliowing intravenous infusion of vehicle (saline—NaOH IN: n=8),

of 3 h. Values are means =s.e.mean: *P<0.05 compared to the
activities. measured in the lung and in the kidney. respectively,
Z13752A in doses of 0.3 umol kg™' ml~' (128 pg kg™’ ml™*;

n=6) and 1.0 gmol kg~' ml~' (426 pg kg~ ' ml~': n=8) and of captopril in 2 dose of 0.3 ymol kg ™' mI™' (65 ug kg™ mI~};

n=6) over a period of 3 h. Values are means=+s.e.mean: *P<0.05

compared to the vehicle controls.
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0.5 and | ug kg~': n=4) both before and at the end of the
1 h infusion period of ZI13752A. These responses were
compared to those in control dogs given either Al and A2
(n=6) or bradykinin (n=4), in the doses outlined above,
put in which Z13752A was replaced by infusion of the
vehicle.

Statistical evaluation

All the data were analysed statistically as previously described
(Végh er al.. 1992) ie. data were expressed as means
(+s.e.mean) and the differences berween means were
compared by analysis of variance (ANOVA for repeated
measures) or the Student’s r-test as appropriate. A one-way
ANOVA was undertaken to determine whether or not there
were significant haemodynamic differences between the
groups. Ventricular premature beats were compared by using
the Mann-Whitney Rank Sum test. and the incidence of
arrhvthmias was compared using the Fisher Exact test.
Differences between groups were considered significant when
P<0.05.

Results

The effect of Z13752A4 on plasma and lung ACE and on
kidner NEP activities

The effects of two doses of Z13752A. in comparison with
captopril and vehicle controls, were examined on plasma ACE
activiry (Figure 2a) and on tissue ACE and NEP activities
(Figure 2b). Both doses of Z13752A completely inhibited
plasma ACE activity within the first 30 min of the infusion and
this inhibition was maintained throughout the entire infusion
period (Figure 2a). Following a 3 h infusion of the 0.3 and
1.0 gmol kg~ min~' doses of Z13752A, both lung ACE and
kidnev NEP activities were markedly reduced (Figure 2b)
whereas captopril (0.3 ymol kg~' min~') inhibited ACE
activity in the lung but was without effect on renmal NEP
activity (Figure 2b). Infusion of the vehicle did not influence
the activity of either of these enzymes (Figure 2b).

Haemodynamic effects of Z13752A

At the end of a 1h infusion of Z13752A (total dose
7.68 mg kg~') the only significant haemodynamic changes,
immediately prior to coronary artery occlusion, were reduc-
tions in arterial blood pressure (systolic 129+4 to
117+ 3 mmHg; diastolic 80+3 to 71 +4 mmHg; mean 97+3
to 86+3 mmHg; P<0.05) and in negative LVdP/dtm.,
(3242+150 to 2879+252 mmHg s~': P<0.05) and a slight
increase in coronary blood flow (and a reduction in coronary
vascular resistance; Figure 3). There were no significant
changes in LVEDP (5.6+0.6 to 5.3+0.3 mmHg). in heart
rate (142 +6 10 138 =8 beats min~') or in positive LVdP/dt
(3666 =151 to 3333+225 mmHg s~'). In control dogs a 1 h
infusion of the vehicle resulted in no significant haemodynamic
changes.

Angiotensin and bradykinin responses before and after
Z137524

In a separate group of dogs the effects of intravenous bolus
injections of angiotensin and bradykinin were examined prior
to. and at the end of, an infusion of Z13752A in the doses
outlined above. These responses were compared to those

obtained from control dogs in which the ZI13732A was
replaced by the vehicle. The results are illustrated in Figures

4 and 3. The vasodepressor response 1o bradykinin was
significantly augmented at all dose levels (Figure 4),
g
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Figure 3 Changes in diastolic coronary blood flow and resistance
induced at the end of a | h infusion of Z13752A in a dose of
128 pug kg~' min~'. There is an increase in biood flow in both the
circumflex (LCX) and anterior descending (LAD) branches of the left
coronary artery and a decrease in coronary vascular resistance.
Values are means=s.e.mean: *P<0.05 compared to the identical
values before giving Z13752A.
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Figure 4 Changes in blood pressure induced by bolus injections of
bradykinin in control. vehicle treated dogs (upper panels) and in dogs
before and after the administration of Z13752A (lower panels).
Values are means=s.e.mean: *P <0.05 compared to the values before
giving Z13752A. =P<0.05 compared to the values of the vehicle- -
treated controls.
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parliculnrl) so with the lowest doses (100 and 230 ng kg™ '). In
contrast. angiotensin |1 responses were significantly reduced
and those 10 angiotensin 11 slightly potentiated (Figure 3).

Maodification of the haemodynamic efiects of Z137524
by icaribani

Jcatibant was given. in a dose of 0.3 mg kg~' i.v. in two series
of experiments (see protocol Figure 1). The only significant
haemodynamic effects of icatibant were a slight (441 mmHg)
increase in mean arterial pressure (95=3 to 99 =3 mmHg) and
a reduction in heart rate (of 4+1 beats min~' from 153=7
beats min~'). When given 10 dogs infused for 1 h with
Z13752A there was a small. but significant (P <0.05). increase
in mean arterial blood pressure (of 5+1 mmHg) and a
decrease in LVdP/din,,, (positive of 336=130 mmHg s %:
negative of 80+150 mmHg s~') and in heart rate (of 5+2
beats min~"). These icatibant-induced changes were somewhat
more pronounced in dogs given Z13752A than in dogs not
infused with this drug.

Haemodynamic changes induced by coronary artery
occlusion in control dogs, and in dogs given icatibani,
Z13752A or Z13752A4 1ogether with icaribant

The results are shown in Table 1. In all dogs coronary artery
occlusion resulted in decreases in arterial blood pressure and
LVdP/dty.,,. The marked increase in LVEDP was significantiy
(P<0.05) less marked in dogs given Z13752A (from 5.3+0.3
to 13.7+ 1.5 mmHg) than in either the controls (increase from
6.0+0.3 to 18.4+0.6 mmHg) or in dogs given icatibant. either
alone (from 4.0 +0.4 to 20.1 0.8 mmHg) or in the presence of
Z13752A (from 5.3+0.7 to 18.4=+1.1 mmHg). The Iless
pronounced increase in LV filling pressure (and the less
marked reduction in negative LVdP/dt,,.,) following occiusion
in dogs given Z13752A was not apparent in dogs infused with
the drug and then given icatibant (Table 1).

Occlusion of the anterior descending coronary artery led to
an immediate and sustained increase in blood fiow (maximal at
2 min) in the other major (circumfiex) branch of the left
coronary artery. This compensatory blood fiow increase was
unaffected by Z13752A. whether or not icatibant had been
administered (Table 1).

Effects of Z137524. of icatibant and of a combination of
Z137524 and icatibant on ventricular arrhythmias
Jollowing coronary ariery occlusion and reperfusion

In this canine model occlusion of the left anterior descending
coronary artery leads 10 pronounced ventricular ectopic
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Figure 5 Changes in blood pressure induced by bolus injections of
angiotensin 1 and angiotensin II in vehicle-treated control dogs
(upper panels) and in dogs before and after the administration of
Z13752A (lower panels). Values are means=s.e.mean; *P<0.05
compared to the values before giving Z13752A. #P<0.05 compared
to the values of the vehicle-treated controls.

Table 1 Effects of occlusion of the LAD in dogs. pretreated with either saline (controls), the ACE/NEP inhibitor Z13752A (128 pug

kg™ min~’

i.v.), the antagonist of bradykinin at B2 receptors (icatibant 0.3 mg kg™') or combination of both drugs. Values are

means=+s.e.mean of the maximum change (3—5 min) after occlusion

Conrrol Z13752a Icaribant Z13752A+ Icatibant
(n=16) m=9) m=11) (n=12)
Initial value  Change Initial value Change Initial value Change Initial value Change
Arterial blood pressure
systolic (mmHg) 12545 —14+2* 11743 — 1343~ 114+4 —20+5* 131+4 —1542*
diastolic (mmHg) 90+4 —13+1" 7143 —T42% 81+4 —19+4* 92+3 —1342*
mean (mmHg) 102+4 —13+3* 86+3 —942* 92+4 —19+1* 105+3 — 142"
LVSP (mmHg) 12847 —16+3* 12345 —13+4* 108 +4 —20+4* 117+3 —15+2*
LVEDP (mmHg) 6.0+0.3 12.7+0.6% 5.34+0.3 83+1.5% 4.0+04 16.0+1.2%¢ 5.3+0.7 14.1+09*
LVdP/dimax:
(= ve:mmHg Ty 26224216 —644+99* 3666+252 —6354+264* 3315+274 —624=+139* 3275+213 —1134+160*
(—ve:mmHg s=Y) 20144242 —641+116% 2879+252 —165+13]1& 2748+278 —551+106 3126+ 320 —487+133*
Heart rate (beats min™') 13544 1+1 138+8 342 149+7 542 157+6 10+3*
Coronary (LCX) diastolic
biood fiow (ml min~") 82+8 143> 23+18 21 +3* 82+4 35+8*% 9949 40x4%
Coronary (LCX) diastolic
resistance (mmHg ml ™"
min~") 1.13+0.12 —0.23+£0.05* 0.70+0.12 —=0.21+0.01* 1.04+0.03 0.30+0.66* —0.98=0.08 =—0.4]=x0.06*

*P<0.05 vs initial (value pre-occlusion): #P<0.05 vs controls.
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Figure 6 The distribution of ventricular arrhythmias in control
dogs. and in dogs infused with Z13752A. with and without icatibant.
during 2 25 min coronary artery occlusion followed. at the end of
this period. by reperfusion. The ACE/NEP inhibitor markediy
reduced the severity of these arrhythmias and 6/9 dogs survived the
combined ischaemia-reperfusion insult. This protective effect was
reversed by icatibant suggesting a role. in the protection. for
bradyvkinin.

activity. In the 16 control dogs in this study all had ventricular
premature beats (with a mean of 353+79 over the 25 min
occlusion period) and all exhibited VT at some stages during
the period of ischaemia. Seven of the dogs fibrillated, usually
between 14 and 17 min of the commencement of the occlusion.
The distribution of these arrhythmias is illustrated in Figure 6
and the results are summarized in Figure 7.

These ischaemia-induced arrhythmias were much less
pronounced in dogs given Z13752A (Figures 6 and 7).
Although all but one of these dogs had some ventricular
ectopic activity (mean of 91 =41 premature beats: P<0.05 vs
control). VT occurred in only two of these nine dogs (P<0.05
vs control) and in both these cases was extremely short-lived
(Figure 6). There was no VF during occiusion (P<0.05 vs
control).

This marked protection was not seen in dogs infused with
Z13752A and then given icatibant (Figures 6 and 7). In these
dogs there was again marked ventricular ectopic activity
(number of VPBs: 541 +256: P<0.05 v Z13752A alone) and a
high incidence of (100%) and large number of episodes of VT
(32.2+£26.8: P<0.05 v Z13752A alone). Arrhythmia severity
in these dogs during ischaemia was thus no different to that
seen in the controls. Furthermore, seven out of these 12 dogs
(58%: P<0.05 v ZI13752A alone) fibrillated during the
occlusion. Apart from an increase in the number of episodes
of VT (to 22.5+13.8). arrhyvthmia severity afier icatibant

alone wuas not significantly different 10 that in the controls
(Figures 6 and 7).

VF occurred following reperfusion in all the control dogs
that survived the ischaemic period (Figures 6 and 7) but was
less in those dogs given Z13752A (3/9 vs 9'9. P<(.05: Figure
5). This protecuive effect of Z13752A was abolished by
icatibant (reperfusion VF 3°5). Survival from the combined
ischaemia-reperfusion insult was thus markedly increased by
Z13732A compared 1o controls (67% vs 0%: P<0.05) and this
increase in survival was abolished by icatibant (survival 0%.
P<0.05 vs Z13752A alone).

Effect of Z13752A, of icatibant and of a combination of
Z137352A and icatibant, on coronary artery occlusion-
induced changes in epicardial ST-segment elevation and
in the degree of inhomogeneity of electrical activation
within the ischaemic area

In control dogs subjected to coronary artery occlusion, the ST-
segment recorded from the epicardial electrocardiograms
increased within 1 min of the onset of the ischaemia. peaked
at 5 min (Figure 82) and was sustained at this level throughout
the 25 min occlusion period. There were similar changes in
conduction delay as assessed by the degree of inhomogeneity
of electrical activation within the area of ischaemia (Figure
8b). These changes were significantly less marked, and the
onset slower. in dogs given Z13752A (Figure 8a.b). Icatibant
reversed the protective effect of Z13752A on the degree of
inhomogeneity. at least over the initial 15 min (Figure 8b) and,
again initially, the ST-segment changes in this group of dogs
were similar to that in the controls (Figure 8a).

Area ar risk in dogs subjected 10 coronary artery
occlusion

There was no significant difference between the four groups in
the area at risk from necrosis (i.e. supplied by the occluded
artery). These were 38.5+2.0% in the controls, 41.4+2.6% in
the dogs infused with Z13752A, 40.8+2.5% in the icatibant
group and 45.7+0.8% in the dogs given both Z13752A and
icatibant. There were also no significant differences between
groups in respect to the weight of the dogs, or in gender
distribution. The body weights were 272+14 kg in the
controls. 28.8+0.5 kg in the Z13752A group, 26+1.3 kg in
the icatibant alone group and 28.9+1.1 kg in the dogs given
both Z13752A and icatibant.

Discussion
The present studies demonstrate that the intravenous
administration of the combined ACE/NEP inhibitor

Z13752A markedly reduces the detrimental changes that result
from coronary artery occlusion and reperfusion in a well
documented canine model. Especially pronounced was the
marked suppression in the severity of both ischaemia and
reperfusion-induced arrhythmias; no dog given the drug
fibriliated during the occiusion period and two-thirds of the
dogs survived the combined ischaemia-reperfusion insult. This
degree of protection against arrhythmias is similar to that
previously shown in this model with ischaemic preconditioning
(Végh er al.. 1990 and reviewed by Parratt & Végh, 1994:
1998). by cardiac pacing (Vegh er al., 1991b) and following the
local intracoronary infusion of bradykinin (Vegh er al., 1991a).

There has been just one study. in Lewis inbred rats, that has
examined the effects of an inhibitor of neutral endopeptidase
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Figure 7 A summary of the effects of Z13752A, with or without icatibant, and of icatibant alone in comparison with control (saline
infused) dogs. on ventricular arrhythmias resulting from coronary artery occlusion and subsequent reperfusion. VPBs = ventricular
premature beats: VT = ventricular tachyvcardia: VF = ventricular fibrillation (during occlusion and reperfusion) and SUR = survival.
The marked anuarrhythmic effect of Z13752A is abolished by icatibant. Values are means+s.e.mean; *P<0.05 c.p. controls.

24.11 on myocardial reperfusion injury (Yang ez al., 1997).
Using the Ciba-Geigy inhibitor CGS 24392 these authors
showed a reduction in infarct size which was similar to that
resulting from ramiprilat administration. This protection was
abolished by icatibant but unaffected by the ANF receptor
antagonist HS-142-1. Their conclusion was that the infarct size
reduction following NEP inhibition was mediated by kinins.
Yang and colleagues (1997) did not examine arrhythmia
severity during coronary occlusion although they did attempt
to examine whether reperfusion arrhythmias were modified by
CGS 24592. However, the model used (30 min coronary artery
occlusion and then reperfusion) is inappropriate to examine
these arrhythmias since they are inconsequential after this
particular period of ischaemia (Kane ez al.. 1984). The fact that
the ventricular premature complexes which did arise following
reperfusion were reduced, albeit not significantly, by this NEP
inhibitor is again suggestive of a role for kinins in
cardioprotection. In contrast to the findings of Yang and
colleagues (1997) and to our previous (Végh er al., 1991a; 1994)
and also to our present work, bradykinin has been found to
facilitate, rather than alleviate reperfusion arrhythmias in
guinea-pig and human myocardial ischaemia models (Hatta er
al., 1999). According to this study bradykinin released during
myocardial ischaemia accumulates at syvmpathetic nerve
endings and facilitates exocytotic and carrier mediated
noradrenaline release which contribute to coronary vasocon-
striction and to the generation of ventricular arrhythmias
following reperfusion. This unfavourable effect of bradykinin
was abolished by the bradvkinin B. receptor antagonist.
icatibant (Hatta er al., 1999). However. icatibant was not abie
1o inhibit noradrenaline release unless enalaprilate or a
combined kininase I and kininase II inhibitor was present.
indicating that under these conditions endogenous bradykinin
levels at the nerve endings may not be high enough to facilitate
ischaemic noradrenaline release. Although the explanation for

this effect of bradykinin is still not known, most of the
available evidence supports the idea that the potential
beneficial (protective) effect of bradykinin depends on the site
of the predominant bradykinin formation in the heart.

The cardioprotective effect of elevated levels of bradykinin
resulting from inhibition of cardiac NEP activity has been
recently demonstrated in isolated human cardiac membranes
(Kokkonen er al., 1999). In these preparations, in which there
is a low enzymatic actvity of ACE, bradykinin metabolism is
mediated mostly by NEP. These results suggest that inhibition
of cardiac NEP activity could be cardioprotective by elevating
the local concentration of bradykinin in the heart.

As with the Yang and colleagues (1997) study, albeit in a
quite different model of ischaemia-reperfusion injury, the
most likely explanation for the protective effects of Z13752A
in the present experiments is potentiation of the cardiopro-
tective effects of bradykinin by inhibition of its breakdown.
Although ACE inhibition presumably plays a role, since
Z13752A inhibits both enzymes (Figure 3b), the evidence
from the IC50 values (0.0032 um against ACE; 0.0018 uM
against NEP; Morazzoni er al., 1998a) and from the present
experiments showing a more marked potentiation of
bradykinin vasodilator than of inhibition of angiotensin
vasopressor responses in the presence of Z13752A (Figure
5), suggests a predominant effect on neutral endopeptidase
24.11. Indeed. responses to angiotensin II itself were
potentiated by the drug (Figure 5), as in the human studies
of Richards er al. (1992). an effect attributed by them to
reduced angiotensin II clearance. The fact that the
protection against arrhythmias was completely abolished by
icatibant. a selective antagonist of bradykinin at B,
receptors. and that this drug also abrogated the changes
in ST-segment elevation and in the degree of inhomogeneity
of electrical activation within the ischaemic area, both
indices of ischaemia severity, again supports the view that
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Figure 8 (a) Changes in epicardial ST segment during a 25 min occlusion of the left anterior descending coronary artery in
anaesthetized dogs given saline, Z13752A. icatibant and Z13752A in the presence of icatibant. The administration of the ACE/NEP
inhibitor leads to a reduction in the severity of the ischaemia, an effect reversed by icatibant. Values are means+s.e.mean: *P <0.05
c.p. control group. (b) Changes in the degree of inhomogeneity of electrical activation during a 25 min occlusion of the left anterior
descending coronary artery in control dogs, in dogs given Z13752A, in dogs given icatibant and in dogs given Z13752A in the
presence of icatibant. The reduction in this index of the severity of ischaemia is reduced by Z13752A and. again. this is reversed by
icatibant. Values are means=+s.e.mean; *P<0.05 c.p. contro! group.

the cardioprotection observed is largely kinin-mediated. We
do not know if this protection, like that afforded by
bradykinin itself (Végh er al., 1993), is ultimately due to
nitric oxide (NO) and prostacyclin generated and released as
a result of an effect of bradykinin on endothelial B,
receptors (Parratt er al., 1997). However. it is known that
NEP inhibition leads to an increase in NO production in
canine isolated coronarv microvessels. and that this is
mediated by kinins (Zhang er al.. 1998).

Besides kinin breakdown, NEP is also concerned with the
breakdown of other pepuides such as endothelin (Sokolovskv
er al., 1990) and atrial natriuretic peptide (ANP). ANP
when infused intravenously in the model we have used in
the present study also reduces arrhythmia severity during

occlusion and reperfusion (Végh er al.. 1998) and could
conceivably play a role in the cardioprotective effects of
Z13752A. Although selective ANP receptor antagonists are
available we have no means of examining such a role for
ANP in this particular large animal model. The finding that
icatibant abolishes the cardioprotection resulting from
Z13752A administration however would argue against this
possibility. as does the study of Yang and colieagues (1977)
showing that the protective effects of the NEP inhibitor
CGS 24592 are unaffected by ANP receptor blockade.

We believe that these results add weight to the
hypothesis (Parratt & Vegh, 1996) that bradyvkinin acts as
an endogenous myocardial protective substance (Parratt,
1994) and that it plays a role in the protection of the
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myocurdium afforded by ischaemic preconditioning. This
hypothesis. the evidence for which has been recenily
reviewed (Parratt  er a@l. 1997). suggests that’ brief
(preCOndmonm") periods of ischuemia result, like clinical
coronary angioplasty. in the enhanced reiease of bradykinin
from the heart. This then acts on endothelial B: receptors
and stimulates the generation and release of other
mediators which. like bradykinin itself. are able to protect
the heart against the consequences of prolonged ischaemia.
That NO is a particularly important mediator is borne out
by the marked attenuation of the cardioprotective effects of
pradykinin. given by intracoronary administration. by
inhibitors of the L-arginine-NO pathway (Végh er al.
1993). It would be interesting to determine if NEP
inhibition potentiates andjor prolongs the antiarrhythmic
effects of ischaemic preconditioning. Like similar previous
studies involving adenosine potentiation this would reguire
using a sub-threshold preconditioning stimulus and an
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Abstract

The aim of the present study was to examine the effects of atrial natriuretic peptide (ANP) on
the responses to coronary artery occlusion. In chioralose-urethane anaesthetised mongrel dogs
either saline (controls) or human synthetic ANP was infused intravenously (10 pug kg' +0.1 ug
kg™ min™), starting 30 min before and continuing 10 min during a 25 min occlusion of the left
anterior descending coronary artery (LAD). ANP infusion resulted in a fall in mean arterial
blood pressure (by 17+ 2 mmHg, P < 0.65), a transient (max. at 5 min) increase in coronary
blood flow (by 24 + 5 ml min "', P < 0.05) and a reduction in coronary vascular resistance (by
0.27 £ 0.05 mmHg miI” min”, P < 0.05). When the LAD coronary artery was occluded there
was a less marked elevation in left ventricular end-diastolic preésure (LVEDP) in the ANP-
treated dogs than in the controls (9.0 = 0.9 vs 12.2 + 0.8 mmHg, P < 0.05). Compared to the
controls, ANP reduced the number of ventricular premature beats (VPBs, 26 £ 12 vs 416 + 87,
P < 0.05), the number of episodes of ventricular tachycardia per dogs (VT, 0.7+ 0.3 vs 124 %
4.2, P < 0.05) and the incidences of VT (45% vs 100%, P < 0.05) and ventricular fibrillation
(VF 18% vs 57%, P < 0.05) during occlusion. Reperfusion of the ischaemic myocardium at the
end of the occlusion period led to VF in all the control dogs (survival from the combined
ischaemia-reperfusion insult was therefore 0 %) but VF followiﬁg reperfusion was much less in
the dogs given ANP (survival 64%; P < 0.05). The severity of myocardial ischaemia, as
assessed from changes in the epicardial ST-segment and the degree of inhomogeneity, was
significantly less marked in dogs given ANP. We conclude that ANP protects the myocardium
from the consequences of myocardial ischaemia, resulting from acute coronary artery occlusion

and reperfusion in anaesthetised dogs.
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1. Introduction

Several substances are released from the heart in the very early stages of myocardial ischaemia
and these almost certainly contribute to the severity of the phasel arrhythmias that arise soon
(minutes) after the onset of the coronary artery occlusion. Some of these substances may be
protective and reduce arrhythmia severity; these ‘endogenous myocardial protective
substances’ include adenosine, prostacyclin, plasma kinins and nitric oxide [1]. One possible
mechanism of the protective effects of some of these substances (e.g. nitric oxide) is mediated
through elevation of cGMP; a hypothesis, first put forward by Opie in 1982 [2]. This
hypothesis is supported by studies in which cGMP derivatives, with the ability to penetrarte
cardiac cells, have also shown to be protective during ischaemia; [3]. In addition, one of the
proposed mechanisms for the antiarrhythmic effects of ischaemic preconditioning is elevation
of cardiac myocyte cGMP levels as a result of bradykinin-triggered nitric oxide generation by

endothelial cells, an example of endothelial-myocyte cross-talk [4].

Another possible means by which myocardial cGMP level can be increased, albeit by a
different mechanism, is by elevating plasma levels of atrial natriuretic peptide (ANP). This can
be achieved by cardiac pacing [S], by inhibiting ANP breakdown using angiotensin converting
enzyme (ACE) or neutral endopeptidase enzyme (NEP) inhibitors [6] or by infusing exogenous
synthetic ANP. This peptide hormone is synthesized, stored and released primarily from adult
mammalian atrial myocytes [7], but is also found in normal ventricular tissue (when it co-exists
with the related peptide BNP [8]) and in a variety of extracardial tissues, including aorta, lung
and brain [9]. It is secreted into the circulation in response to a variety of stimuli, including
atrial stretch (e.g. in response to volume loading [10]), acute hypoxia [11] and following

administration of a variety of endogenous vasoactive substances such as acetylcholine,
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adrenaline, dopamine [12] and endothelin [10]. Endogenous plasma ANP levels are also
elevated in a number of pathological states, including congestive heart failure, ischaemic heart

disease [13] and pulmonary hypertension [14].

ANP has a wide range of potent biological effects, including vasodilation, natriuresis and
inhibition of the renin-angiotensin-aldesterone system [7]. In particular ANP, causes transient
vasodilation of coronary resistance vessels with an increase in coronary blood flow [15-16].
Recently Takata and colleagues [17] found that the administration of ANP in dogs led to a
significant elevation in plasma ¢cGMP and prevented reperfusion arrhythmias. Ischaemia-

induced ventricular arrhythmias, however, were not measured.

The aim of the present study was to determine in a well documented canine model of
ischaemia and reperfusion [18-19] whether infusing exogenous synthetic ANP, presumably by
elevating ¢cGMP, protects against the severe consequences of myocardial ischaemia and
particularly against those life-threatening ventricular arrhythmias that result from coronary

artery occlusion.



2. Material and Methods
2.1. In vivo studies in anaesthetised dogs

These were similar to those already described in detail elsewhere [18]. In brief, mongrel dogs
of both sexes with a mean body weight of 24.2 + 1.4 kg were anaesthetised with a mixture of
chioralose and urethane (60 and 200 mg kg™ i.v., respectively) and ventilated with room air
using a Harvard Respirator at a rate and volume sufficient to maintain arterial blood gases and

pH within normal limits [19].

The animals were thoracotomised at the fifth intercostal space.and the anterior descending
branch of the left coronary artery (LAD) prepared for occlusion just proximal to the first main
diagonal branch. This gives an area at risk, as assessed by infusing blue V dye into the occluded
coronary artery at the end of the experiment, of around 38-46 % (see results). The circumflex
branch of the left coronary artery (LCX) was also dissected free for the measurement of
coronary blood flow by means of a 2.0 mm electromagnetic flow probe attached to a Statham
SP2202 flowmeter. Epicardial ST-segment changes and the degree of inhomogeneity of
electrical activation were measured from the left ventricular wall distal to the occlusion site
using a ‘composite’ electrode described previously [20, 21]. This gives a summarised recording
of R-waves from 30 epicardial measuring points. In the adeq;.lately perfused and oxygenated
myocardium all sites are activated almost simultaneously, resulﬁné in a single large spike.
However, following occlusion, widening and fractionation of the summarized R-waves occurs
indicating that adjacent fibers are not simultaneously activated because of inhomogeneity of
conduction. We expressed this as the greatest delay in activation (ms) within the ischaemic

area. This reflects, in part, local changes in myocardial blood flow.
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All these parameters, together with a limb lead electrocardiogram, systemic arterial and left
ventricular systolic and end-diastolic pressures (Statham P23XL transducers) and LV

dP/dtne were recoreded on an eight channel Medicor R81 recorder.

Ventricular arrhythmias during a 25 min coronary artery occlusion (i.e. ischaemia) were
assessed and analysed as outlined previously [19], i.e. total ventricular premature beats (VPBs),
the incidence and number of episodes of ventricular tachycardia (VT) and the incidence of
ventricular fibrillation (VF). At the end of this period of ischaemia the area supplied by the
occluded vessel was rapidly reperfused. The only reperfusion arrhythmias that was determined
was VF. Survival, from the combined ischaemia-reperfusion insult, was defined in terms of
those dogs which were predominantly in sinus rhythm 10 min.a.fter the commencement of

reperfusion.

2.2. Experimental protocol

The experimental protocol is illustrated in Figure 1. Two groups of dogs were used. In eleven
dogs human synthetic ANP (Sigma) was given in a dose of 10 ng kg™ as an intravenous bolus
injection followed by infusion of 0.1 ug kg™ min™ over a period of 40 min, commencing 30
min prior to, and 10 min during, the 25 min occlusion of _the LAD. The responses were
compared with those of fourteen control dogs which were givén a similar volume of saline and
then subjected to coronary artery occlusion for 25 min. The artery was then re-opened rapidly
to allow reperfusion. All heamodynamics were recorded continuously and measurements were

made at one min intervals during the first 5 min of an intervention (i.e. infusion of ANP or



saline, or coronary artery occlusion) and then at five min intervals by recording changes on a

higher paper speed (100 mm™).

2.3. Ethics

Although these experiments were carried out in Szeged, the protocol complied with UK.

Home Office regulations (Project Licence No. 60/00307)

2.4. Statistical evaluation

All the data were expressed as means + S.E.M.,, and differences between means were
compared by a Student’s t-test corrected for multiple comparisons using a two way ANOVA.
Ventricular premature beats were compared by using the Mann-Whitney Rank Sum test, and
the incidences of arrhythmias (such as of the VI, VF and survival from _the combined
ischaemia-reperfusion insult) were compared using the Fisher Exact test. Differences between

groups were considered significant when P < 0.05.



3. Results

3.1 Haemodynamic effects of intravenous ANP

The maximum haemodynamic changes which occurred during the 30 min infusion of ANP are
illustrated in Figure 2. Thus, ANP resulted in significant reductions in arterial blood pressure
(systolic 119 £ 7 to 98 + 7 mmHg; diastolic 77 + 5 to 62 + 5 mmHg, mean 91 + 6to 74 £ 6
mmHg, P < 0.05) and in positive and negative LVdP/dtmax (3417 £ 117 to 3155 + 177 mmHg
s'and 2875 + 258 to 2534 + 217 mmHg s, respectively, P < 0.05). There were no significant
changes in heart rate (134 + 5 to 135 % 4 beats min™*, Figure 2) or in LVEDP (5.6 + 0.3 to
5.6 £ 0.3 mmHg). The most marked haemodynamic effect of ANP was a transient increase (of
24 + 5 ml min”, from 110 % 10 to 134 + 13 ml min™) in left circumflex diastolic coronary
blood flow and a decrease in the coronary resistance (of 0.27 + 0.05 mmHg ml™ min™, from
0.78 % 0.11 to 0.51 + 0.09 mmHg mi" min") measured 5 min after the onset of the ANP
infusion (Figure 3). All of these haemodynarr;ic changes, however, returned to the initial values

prior to the commencement of the coronary artery occlusion.

3.2. Haemodynamic changes induced by coronary artery occlusion in control dogs and in

dogs given ANP

These results are summarised in Table 1. Occlusion of the LAD resulted in similar decreases in
arterial blood pressure and in positive dP/dtm. in both the controls and the ANP treated dogs.
However, the marked increase in LVEDP and the decrease in negative dP/dty,,, observed in

control dogs during ischaemia were significantly less pronounced in dogs given ANP.



Occlusion of the LAD resulted in an immediate and sustained increase in biood flow through
the other major (circumflex) branch of the left coronary artery. This compensatory increase in
blood flow of this artery was significantly greater if the LAD was occluded in the presence of

ANP (Tabie 1).

3.3. Effect of ANP on ventricular arrhythmias following coronary artery occlusion and

reperfusion.

The distribution of ventricular arrhythmias resulting from coronary artery occlusion and
reperfusion in control and ANP treated dogs is illustrated in Figure 4 and the total arrhythmia
severity is summarised in Figure 5. In this canine model occlusion of the LAD coronary artery
for 25 min leads to severe ventricular arrhythmias [18]. In this study, there was a mean of 416
+ 87 VBPs in the control dogs during coronary artery occlusion, and all dogs exhibited VT at -
some stages during the period of ischaemia with a mean of 12.4 £+ 4.2 episodes of VT per dog.
Eight of the 14 dogs (57 %) fibrillated during the occlusion period and the remaining six dogs
(43 %) fibrillated following reperfusion of the ischaemic myocardium. Thus, no control dog

~ survived the combined ischaemia-reperfusion insult.

These ischaemia and reperfusion-induced arrhythmias were much less pronounced in dogs
given ANP (Figure 4). There was a mean of only 26 + li’. VPBs (P < 0.05) during the
occlusion and only 5 out of 11 dogs had VT with a mean of 0.7 £ 0.3 VT episodes (P < 0.05
compared to controls). Furthermore, only two dogs (18%), treated with ANP fibrillated

during the occlusion period; two additional dogs fibrillated during reperfusion. Thus, survival



from the combined ischaemia-reperfusion insult in the ANP-treated dogs was 64% (P < 0.05

versus control; Figure 5).

3.4. Effect of ANP on coronary artery occlusion-induced changes in epicardial ST-segment
elevation and in the degree of inhomogeneity of electrical activation within the ischaemic

area.

In control dogs subjected to coronary artery occlusion, the ST-segment (Figure 6) and the
degree of inhomogeneity of electrical activation (Figure 7), both recorded from the epicardial
surface of the myocardium distal to the occlusion site, increased _rapidly within the first 5 min
of the onset of ischaemia. These changes were significantly less marked in dogs given ANP

(Figures 6 and 7).
3.5. Area at risk in dogs subjected to coronary artery occlusion

There was no significant difference between the groups in the area at risk from necrosis (i.e.
supplied by the occluded artery). These were 45.3 £ 2.6 % in the controls, 44.6 + 2.3% in the
dogs infused with ANP. There were also no significant differences between groups in respect
to the weight of the dogs, or in gender distribution. The body weights were 24.2 + 1.6 kg in

the controls and 23.8 + 0.8 kg in the ANP group.
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4, Discussion

These results in anaesthetised dogs show that the intravenous administration of ANP resulted in
marked cardioprotective effects. There was a significant reduction in the severity of both
occlusion and reperfusion-induced ventricular arrhythmias and in the two measured indices of
ischaemia severity, epicardial ST-segment elevation and the degree of inhomogeneity of

electrical activation, a measure of conduction delay within the ischaemic area.

As shown previously [15, 16, 22] ANP in this species results in a slight increase in coronary
blood flow and a somewhat more pronounced reduction in coronary vascular resistance [23,
24). The question arises as to whether this coronary vascular effect is r&spbnsible for the
reduced ischaemia severity as assessed, for example, by modifications of the
electrocardiographic effects of coronary artery occlusion; i.e. the less marked delay in
conduction within the ischaemic segment following ANP infusion. The effect of ANP on
intramural vessels, [25] resulting via more favourable redistribution of flow to the
subendocardium under conditions of ischaemia may well have contributed to the protection
observed. We did not attempt to assess changes in blood flow within the ischaemic region itself
because the haemodynamic effects of microsphere injection during this vulnerable, early (25
min) period following the onset of ischaemia might well have modified arrthythmia severity;
studies involving biood flow measurements during ischaemi;, have usually been performed
much later during the ischaemic period at a time when these early life-threatening (phase 1)

ventricular arrhythmias have diasppeared and when sinus rhythm has been re-established.

We believe, especially in view of the rather moderate effect of ANP on coronary flow

observed in the present study (Figure 3), that a more likely explanation for the profound
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protection is an ANP-induced increase in myocardial cGMP. The present study did not
attempt to measure tissue cGMP levels, because this would require myocardial biopsy samples
to be taken before and during the occlusion, creating an additional ischaemic focus which
would modify ischaemia-induced arrhythmia severity. There is a recent evidence, reported by
Takata and colleagues [17] that ANP infusion increases plasma cGMP and this contributes to
the suppression of reperfusion-induced ventricular arrhythmias. Increases in plasma and

vascular cGMP levels following ANP administration have also been described [16, 26].

In view of Opie’s 2] original suggestion regarding the relation between cardioprotection and
cGMP levels, it is of interest that one proposal for the pronounged and acute antiarrhythmic
effects of brief periods of coronary artery occlusion (ischaemic preconditioning [18, 19]), and
also of the delayed protective effects of cardiac pacing [27], invol\_/es the release of substances
that lead ultimately to an increase in myocardial levels of cGMP [28]. This hypothesis, the
evidence for which has been recently reviewed [29, 30] proposes that the initial trigger for this
protection is the early release, possibly from coronary vascular and endocardial endothelial
cells, of bradykinin [4] which then stimulates the release of other endothelium-derived
mediators such as prostacyclin and nitric oxide (NO). The latter, by diffusing to cardiac
myocytes, stimulates soluble guanylate cyclase and elevates cGMP, leading to a reduced influx
of calcium and to an increased activity of a cGMP stimulated phosphodiesterase and hence
reduced levels of .cAMP. It is proposed that this alteration in .the balance of cGMP/cAMP in
favour of cGMP leads to protection against phasel arrhythmias. The evidence for this
hypothesis [30] includes abolition of the protection by blockade of bradykinin B2 receptors, by
inhibiion of NO synthesis and by methylene blue, and also by the direct measurement,

following preconditioning, of myocardial cGMP levels [51]. The present results with ANP
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would seen to further support such a hypothesis; elevating cGMP, albeit by the activation of a

different (particulate) guanylate cyclase enzyme is as protective as ischaemic preconditioning.

The precise mechanism of the protective effects of elevating cGMP in the myocardium, by
whatever means, are unclear, but may involve a decrease in calcium influx [32] and reduction
in cAMP level described above, and the opening of ATP sensitive K™ channels, an effect that
has been reported following elevated cGMP levels, at least in vascular smooth muscle [33].
There is a good deal of eﬁdence [34, 35] that the opening of these channels, especially in
mitochondria, is cardioprotective and may be involved in the protection afforded by ischaemic
preconditioning [36, 37]. The process of this protection would thus involve mediator release
(e.g. NO, ANP), elevation of cGMP levels and, by transduction mechanisms (PKC? tyrosine
kinase?) at present ill-defined, would ultimately lead to the opening of mitochondrial Karp
channels. This seems to be a valid working hypothesis for a number of procedures leading to

protection of the myocardium against ischaemia.
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Figure Legends

Figure 1. The experimental protocol outlining the procedures performed in the two groups of

anaesthetised dogs.

18



Figure 2. Hemodynamic effects [mean arterial blood pressure (MABP), heart rate (HR) and LV
dP/dtms] of ANP, given in a dose of 10 pg kg™ as intravenous bolus injection followed by
infusion of 0.1 ug kg” min. Data are presented were measured at baseline (open columns)
and when maximum changes occurred during the infusion prior to coronary aretry occlusion

(filled columns). Values are means + s.e.m.; P < 0.05 cp pre-drug values.
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Figure 3. Changes in diastolic coronary blood flow and resistance measured before (open columns) and
5 min after the onset of an infusion of ANP (filled columns). There is a transient increase in
left circumflex diastolic coronary blood flow and a decrease in the coronary vascular

resistance. Values are means +s.e.m.; P < 0.03 cp to the values before giving ANP.



Figure 4. The distribution of ventricular arrhythmias in control dogs, and in dogs infused with ANP,
during a 25 min coronarv artery occlusion followed, at the end of this period , by reperfusion.
ANP markedly reduced the severity of these arrhythmias and 7/11 dogs survived the
combined ischaemia-reperfusion insult. Data are presented as ventricular premature beats
(VPBs; light grey columns), ventricular tachycardia (VT; hatched columns) and ventricular

fibrillation (VF; filled columns) during occlusion and reperfusion.




Figure 5. A summary of the effects of ANP (fille histograms), in comparison with control (saline
infused) dogs (open histograms), on ventricular arrhythmias resulting from coronary artery
occlusion and subsequent reperfusion. VPBs = ventricular premature beats; VT = ventricular
tachycardia; VF = ventricular fibrillation (during occlusion and reperfusion) and survival.

Values are means + s.e.m. from 11 dogs; P < 0.03 cp to controls (n = 14).



Figure 6. Changes in epicardial ST-segment (mV) during a 25 min occlusion of the left anterior
descending coronary arterv in anaesthetised dogs given either saline (filled circles) or ANP
(filled squares). The administration of ANP led to a reduction in the severity in this index of

myocardial ischaemia. Values are means +s.e.m.; ‘P < 0.05 cp to controls.



Figure 7. Changes in the degree of inhomogeneity of electrical activation (ms) during a 25 min occlusion
of the left anterior descending coronary artery in anaesthetised in control dogs (filled circles)
and in dogs given ANP (filled squares). ANP significantly reduced this index of the severity of

ischaemia. Values are means +s.e.m.; P < 0.05 cp to controls.
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Table 1.

Hacmodynamic changes following coronary artery occlusion in dogs, pretreated with either saline or atrial

Arterial blood pressure
systolic (mmHg)
diastolic (inmHg)
mean (mnmHg)

LVSP (inmHg)

LVEDP (mmHg)

LVdP/dt,.x
(+ve:mmHgs™)
(-ve:mm Hg s*)

Heart rate (beats min™ )

LCX diastolic blood flow
(m! min™)

LCX diastolic resistance

(mmHg ml 'min’)

natriuretic peptide (10 pg kg" +0.1pg ke min~' i.v.)

CONTROL (n=14)

initial value

118 £ 4.1
84 4.1
96 + 4
123 + 8

550+043

2359 £ 157
2655 + 231
154 £5
82+8

1.13£0.12

change

-14 1 2.5*
-12 + 3%
-12 & 3%
-15 & 4%
12.00 + 0.79*

-589 + 127*
-630 + 135*
5+1
14 & 3*

-0.23 £0.12

ANP (n=11)

initial value

104 £ 6
705 °
81 5

109 + 4

5.00 +£0.00

3221 £ 174
2592 £ 226
1375
104 + 8

0.72 £0.1

change

-9 2%

7 k2%

-8 k4%

9 4 2%
9.00 £ 0.9*#

-512 £ 95*
-278 + 73%it
31
33 & 6*

-0.23 + 0.05*

Values are means + s.e.m. * P <0.05 cp initial value; # P <0.05 cp control group. For abbreviations see text.
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Abstract

Bacterial endotoxin reduces the severity of ventricular arrhythmias which occur when a coronary artery is occluded several hours later.
We have now examined in anaesthetised dogs the effects on ischaemia and reperfusion-induced arrhythmias. of a non-toxic derivative
component of the endotoxin molecule of the lipid-A (monophosphory! lipid-A). This was given intravenously, in doses of 10 and 100 ng
kg™!. 24 h prior to coronary artery occlusion. Arrhythmia severity was markedly reduced by monophosphoryl lipid-A. During ischaemia,
ventricular premarure beats were reduced from 315 + 84 in the vehicle controls to 89 = 60 (with the lower dose of monophosphoryl
lipid-A) and 53 :+ 23 (P < 0.05) with the higher dose. The incidence of ventricular tachycardia was reduced from 75% to 25% ( P < 0.05)
and 31% (P <0.05), and the number of episodes of ventricular tachycardia from 13.4 + 4.9 per dog to 1.1+ 1.1 (P <0.05) and
1.2 + 0.9 (P <0.05) after doses of 10 and 100 pg kg™, respectively. The incidence of venmicular fibrillation during occlusion and
reperfusion in the control group was 96% (15/16), i.e.. only 6% (1/16) dogs survived the combined ischaemia~reperfusion insuit
Monophosphory! lipid-A (100 p.g kg~') significantly reduced the incidence of occlusion-induced ventricular fibrillation (from 50% to
7%:; P < 0.05). and increased survival following reperfusion to 54% (P < 0.05). Monophosphoryl lipid-A also sigmificantly reduced
ischaemia severity as assessed from ST-segment elevation recorded from epicardial electrodes as well as the degree of inhomogeneity of
electrical activation within the ischaemia area. There were no haemodynamic differences prior to coronary occlusion between vehicle
controls and monophosphory] lipid-A-treated dogs. These results demonstrate that monophosphoryl lipid-A reduces arthythmia severity
24 h after administration. Although the precise mechanisms are still unclear. there is some evidence that nitric oxide and prostanoids
(most likelv prostacyclin) may be involved because the dual inhibition of nitric oxide synthase and cyclooxygenase enzymes by
administration of aminoguanidine and meclofenamate abolished the marked antiarthythmic protection resulted from monophosphoryl
lipid-A treatment 24 h previously. © 1999 Elsevier Science B.V. All rights reserved.

Kewwords: Bacterial endotoxin: Monophosphoryl lipid-A: Ventricular arrhythmias: Ischaemia: Reperfusion: Nitric oxide (NO): Aminoguanidine;
Meclofenamate

1. Introduction ular arrhythmias (Wu et al., 1994. 1996) and the depressed
recovery of contractile function which follows a prolonged
period of ischaemia and reperfusion (Brown et al., 1989;
McDonough and Causey, 1994). The most likely explana-
tion for this paradoxical effect of endotoxin lies in its
ability. cytokine mediated, to induce a niwric oxide syn-
thase (iNOS) in a variety of cells including blood vessels
(Julou-Schaeffer et al., 1990: Stoclet et al.. 1993) and

The administration of lipopolysaccharide (endotoxin)
derived from Escherichia coli results in a delayed protec-
tion of the heart against various consequences of acute
myocardial ischaemia including necrotic cell death (Row-
land et al.. 1996: Wu et al., 1996), life-threatening ventric-

" Comresponding author. Tel.: + 36-62-455-673: fax: + 36-62~454-565: cardiac myocytes (Schulz et al.. 1992, 1995). This induc-
-mail: vesh@phcol.szote.u-szeged.hu tion (Radomski et al.. 1990), as wel) as the cardioprotec-

4314-2099 /99 /5 - see front matter © 1999 Elsevier Science B.V. All rights reserved.
“il: S0014-2999(99)00557-9
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tive effects of endotoxin (Wu et al.. 1994. 1996). are
dexamethasone-sensitive. The result of this enzyme induc-
tion is a markedly increased generation of nitric oxide
(NO) especially under conditions of ischaemia. There is
evidence both for the release of NO during ischaemia
(Depre and Hue, 1994; Node et al.. 1995; Zweier et al..
1995) and for the ability of NO to reduce arrhythmia
severity under conditions of ischaemia and reperfusion
(recently reviewed by Parrart and Végh, 1996, 1997).

Much of the biological activity and toxicity of endo-
toxin resides in the lipid-A component of the molecule
(Madonna et al., 1986) and there have been various suc-
cessful attempts to detoxify it (e.g., Takayama er al.,
1981). For example, monophosphoryl lipid-A (Qureshi et
al., 1982; Takayama et al., 1984), which differs struc-
turally from lipid-A by the absence of a phosphoester at
the reducing end of the diglucosamine residue, is about a
thousand tmes less toxic than the parent endoroxin
molecule yet retains the tumour regression properties of
bacterial lipopolysaccharide and the ability to induce toler-
ance to endotoxin itself (Astiz et al., 1995). It also reduces
myocardial ischaemic damage in dogs (Yao et al., 1993a.b),
rabbits (Baxter et al., 1996; Elliont er al., 1996) and rats
(Wu et al., 1998) when administered 24 h prior to is-
chaemia and enhances the recovery of contractile function
in rabbit hearts following a prolonged period of ischaemia
and reperfusion (Zhao et al., 1996). Aunention has been
drawn to similarities between the delayed effects of endo-
toxin and monophosphoryl lipid-A and those of ischaemic
preconditioning (Parratt and Szekeres, 1995; Przyklenk et
al., 1996).

Up to the present, there have been no studies on the
possible antiarrhythmic effect of monophosphoryl lipid-A
in a large animal model of ischaemia-~reperfusion. The
purpose of the present study was to examine whether this
compound, when given 24 h prior to an ischaemic episode,
reduces the severity of those life-threatening ventricular
arrhythmias that occur as a result of coronary artery occlu-
sion and subsequent reperfusion. A preliminary account of
these studies was given to the Bologna meeting of the
International Society for Heart Research (Végh et al.,
1996). We have also attempted to examine the possible
mechanisms involved in the antiarrthythmic effect of
monophosphoryl lipid-A by inhibiting the formation of NO
(with aminoguanidine) and of cardioprotective prostanoids
(with sodium meclofenamate) such as prostacyclin.

2. Material and methods
2.1. Animals and experimental design

These have been described in detail elsewhere (e.g..
Végh et al., 1992) and will only be briefly described here.

Mongrel dogs of both sexes, and with a mean body weight
of 21.5+ 0.9 kg were anaesthetised with a mixture of

chloralose and urethane (60 and 200 mg kg~'. respec-
tively. given intravenously). and ventilated with room air
using a Harvard respirator at a rate and volume sufficient
10 maintain arterial blood gases and pH within normal
limits (Végh et al.. 1992). The temperature was measured
from the oesophagus and maintained by a heating pad
between 36.8°C and 37.5°C.

A thoracotomy was performed at the fifth intercostal
space and the anterior descending branch of the left coro-
nary artery prepared for occlusion just proximal to tbe first
main diagonal branch. Epicardial ST-segment changes and
the degree of inhomogeneity of activation were measured
from the left ventricular wall distal to the proposed coro-
nary artery occlusion with unipolar electrodes and a com-
posite electrode, respectively as previously described (Végh
et al., 1992). The composite electrode gives a summarised
recording of R-waves from 30 epicardial measuring points.
In the adequately perfused and oxygenated myocardium,
all sites are activated almost simultaneously resulting in a
single large spike. However, following coronary artery
occlusion, widening and fractionation of the summarised
R-wave occurs, indicating that adjacent fibers are not
simultaneously activated because of inhomogeneity of con-
duction. We expressed inhomogeneity of conduction as the
greatest delay in activation (in ms) within the ischaemic
area.

After a suitable stabilisation period (between 0.5 and 1
h), the anterior descending branch of the left coronary

artery was occluded for a period of 25 min and after this-

time the ischaemic myocardium was rapidly reperfused.
Dogs that were alive and predominantly in sinus rhythm
10 min later were designated as survivors from the com-
bined ischaemia-reperfusion insult. In all dogs, Evans blue
dye (or patent blue V dye) was infused into the occluded
anterior descending branch to estimate the area at risk; this
was expressed as a percentage of the left ventricular free
wall together with the septum. Ventricular arthythmias
during ischaemia and reperfusion were analysed as previ-
ously described (Végh et al., 1992), following, in general,
the recommendations laid down at the ‘Lambeth Conven-
tions’ (Walker et al., 1988) except that no distinction was
made between couplets and salvos. which were included as
single ventricular ectopic (premature) beats, and that ven-

-tricular tachycardia was defined as a run of four or more

ectopic beats at a rate faster than the resting sinus rate. In
addition, we determined the number of episodes of ventric-
ular tachycardia during coronary artery occlusion in each
dog and the incidences of ventricular fibrillation both
during occlusion and following reperfusion at the end of
the occlusion period.

Systemic arterial blood pressure and systolic as well as
end-diastolic left ventricular pressures were measured us-
ing suitably calibrated Statham P23XL transducers and
recorded by a six channel haemodynamic system (System-
6. Triton Technology. USA). They were recorded, together
with left ventricular d P/dr and the output from the epi-
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cardial and composite electrodes. on an eight channel
Medicor R81 recorder. Heart rate was calculated from a
limb lead electrocardiogram.

2.2. Experimental protocol

Monophosphory! lipid-A was given in doses of either
100 pg kg™' (n=13) or 10 pug kg~' (n=8) by intra-
venous injection 24 h prior to anaesthesia and coronary
artery occlusion. We used a towal of 16 vehicle-treated
control dogs suitably spaced among those given
monophosphoryl lipid-A.

In order to examine the possible mechanisms of
monophosphoryl lipid-A, two additonal groups of dogs
were included in this stdy. These dogs were given 100
pg kg~! monophosphoryl lipid-A similar to that described
above but, 24 h later, in five of these dogs, aminoguani-
dine. a relatively selective inhibitor of iNOS activity (e.g.,
Kis et al., 1999b) was administered in a dose of 50 mg
ke™! 30 min prior to the coronary artery occlusion. In six
other dogs, in addition to aminoguanidine, meclofenamate,
an inhibitor of cyclooxygenase (2 mg kg~', intravenously
20 min before the occlusion) was also given. The dose of
aminoguanidine used completely abolished the protection
against ventricular arrhythmias resulting from cardiac pac-
ing. 24 h before an ischaemia—reperfusion insult (Kis et
al., 1999b). Similarly, the dose of meclofenamate used
markedly reduces the antiarrhythmic effect of ischaemic
preconditioning, induced by brief coronary artery occlu-
sions. in anaesthetised dogs (Végh et al., 1990). Although
the experiments were carried out in Szeged, the protocol
complies with UK Home Office Regulations (Project Li-
cense No. 60% /00307).

2.3. Sratistical analysis

The data were expressed as means (+S.E.M.) and
differences between means were compared by analysis of
variance (ANOVA for repeated measures) or the Student’s
r-test as appropriate. A One-way ANOVA was undertaken
to determine whether or not there were significant haemo-
dynamic differences between the groups. Ventricular pre-
mature beats were compared by using the Mann—~Whitney
Rank Sum test, and the incidences of ventricular tachycar-
dia, ventricular fibrillation, and survival from the com-
bined ischaemia—reperfusion insult, were compared using
the Fisher Exact test. Differences between groups were
considered significant when P < 0.05.

2.4. Drugs and materials

Monophosphoryl lipid-A was kindly provided in am-
pules by Drs. Gary Ellion and Pawricia Weber of RIBI
Immunochem Research, Hamilton. Montana. This was al-
ready dissolved in a mixture of 40% propyleneglycol, 10%
ethanol and 50% water for injection. Aminoguanidine as

the hemisulphate salt and meclofenamate as meclofenamic
acid sodium salt were purchased from Sigma.

3. Resulits

3.1. Haemodynamic effects of monophosphoryl lipid-A and
of coronary artery occlusion

The administration of monophosphoryl lipid-A had little
effect on any haemodynamic parameter when measured,
under anaesthesia. 24 h later (Table 1). Thus, there were
no significant differences between monophosphoryl lipid-
A-treated and control dogs with respect to arterial blood
pressure, heart rate, left ventricular end-diastolic pressure
or left venwicular d P/dr,,,, (positive or negative). There
was also no significant difference between the groups in
the haemodynamic effects of coronary artery occlusion.
which were similar to those previously described in detail
(Végh et al, 1992). For example, in the high dose
monophosphoryl lipid-A group there were slight (less than
10 mm Hg) decreases in mean arterial pressure (e.g.,
90 + 5 to 86 + 4 mm Hg; P < 0.05) and in left ventricular
dP/dt,,, (from 3135+ 196 to 2923 + 293 mm Hg s~*
(positive) and from 3042 + 141 to 2792 + 222 mm Hg s™!
(negative) and increases in heart rate (from 152+ 8 to
164 + 8 beats min~'), and in left ventricular end-diastolic
pressure (from 5.3 + 1.1 to 18.8 + 1.6 mm Hg; P < 0.01).

3.2. Haemodynamic changes following aminoguanidine,
aminoguanidine together with meclofenamate administra-
tion and of coronary artery occlusion in monophosphoryl
lipid-A-treated dogs

Aminoguanidine. given in a dose of 50 mg kg~!, 30
min prior to coronary artery occlusion in five dogs treated
with 100 ng kg~' monophosphoryl lipid-A 24 h previ-
ously, significantly increased arterial blood pressure (from

Table 1
Haemodynamic parameters in anaesthetised dogs 24 h after the adminis-
tration of monophosphoryl lipid-A (MLA: 10 or 100 pg kg™' iv.) orits

*  wvehicle control

MLA
10 pgkg™ 100 ug kg™! Vehicle
(n=38) (n=13) {n=16)
Arterial blood pressure (mm Hg)
Systolic 129+7 11447 121+8
Diastolic 946 78£5 817
Mean 1067 905 94 =7
Heart rates 15444 139=2 163=8
(beats min~"')
LVEDP 5.8=0.5 7.3+£09 50=12
(mm Hg)
LVdP/de,,, 21824188 31351196 2755=353
(mmHgs™")




84 A. Végi et ul. / European Journal of Pharmacology 382 (1999 §1-90

119 =11 to 135+ 12 mm Hg systolic. from 86 + 8 1o
96 + 9 mm Hg diastolic, and from 97 = 9 to 109 = 10 mm
Hg mean: P < 0.05) and positive d P /dr,,,, (from 3467 =
248 1o 4055 £ 246 mm Hg s~': P < 0.03). without sub-
stantially influencing the other haemodynamic parameters.
Similarly. in dogs treated with monophosphoryl lipid-A
(100 pg kg™', 24 h before the occlusion) but given
aminoguanidine together with meclofenamate prior to oc-
‘clusion. the only significant changes were increases in
arterial blood pressure (from 133 = 6 10 156 = 6 mm Hg
systolic, from 82 +35 to 121 =7 mm Hg diastolic and
from 107 £ 4 to 133 = 7 mm Hg mean: P < 0.05) and in
positive d P/dr,,, (from 2673 + 288 to 3305 + 280 mm
Hg s~'; P <0.05). These returned to initial values prior to
the commencement of the coronary artery occlusion.
Occlusion of the left anterior descending coronary artery
resulted in similar haemodynamic changes in all the groups.
For example. in dogs treated with aminoguanidine. or with
aminoguanidine, together with meclofenamate, there were
decreases in mean arterial blood pressure of 14 +3 and
15+3 mm Hg, respectively and in left ventricular
dP/dt,,, of 677 =143 and 590 + 98 mm Hg s~' (posi-
tive) and of 600 + 143 and 495 + 90 mm Hg s~' (nega-
tive), respectively. There was also similar increases in
heart rate (of 5+ 3 and 10 + 4 beats min~', respectively)

MLA 10 pg kg
1 [ I 5 I EEREEE
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and in left ventricular end-diastolic pressure (of 14 = 1 and
15 =+ 1 mm Hg, respectively).

3.3. Effects of monophosphoryl lipid-A on venrricular ar-
rhvthmias; comparison with conrrols

Coronary artery occlusion in the 16 vehicle control dogs
led to pronounced ventricular ectopic activity commencing
within 2-3 min of the onset of the occlusion and with a
characteristic distribution of arrhythmias in two phases:
phase la from 0-8 min and phase 1b from around 11-25
min. There was a somewhat quieter period in most of the
dogs, between 7 and 11 min with rather few ventricular
ectopic beats during this period. The distribution and time
course of these arrhythmias in each of these dogs is shown
in Fig. 1. In 8 of the 16 dogs fibrillated during the
occlusion period, characteristically between 12 and 18
min, and nearly all the dogs had several episodes of -
ventricular tachycardia. Only 1 of the 16 dogs survived the
ischaemia-reperfusion insult (i.e., 6%). The summarised
effects of coronary artery occlusion on arrhythmia severity
are shown in Fig. 2.

Prior treatment with monophosphoryl lipid-A, at both
dose levels, reduced the severity of ventricular arrhythmias
that occurred during ischaemia and reperfusion. There was

1
2
3
4|
5
6
7
8
9

|:5W:z

0 - 10 15 . 20 2
Duration of occiusion (min)

3 VPBs VT HH VF

Fig. 1. The distribution of ventricular arrhythmias during a 25-min occlusion of the left anterior descending coronary artery (LAD) in anaesthetised dogs
treated with monophosphoryl lipid-A (10 or 100 wg kg ™', 24 h prior to occlusion) or the appropriate vehicle controls. The figures show the time course in
each of the treated and vehicle control dogs of ventricular arrhythmias presenting as premarture (ectopic) beats (VPBs: stippled bars). ventricular
tachycardia (VT: cross-hatched bars) and ventricular fibrillation (VF: black bars). There are usually two distinct phases of arrhythmias in the controls
(phase 1a from 3-10 or 11 min: phase Ib from 10 or 11-20 min) whereas phase 1a arrhythmias are not present in dogs treated with monophosphoryl
lipid-A (100 g kg™ '). To the right of each figure is shown the response to reperfusion: i.e.. those dogs that fibrillated during reperfusion (black bars) and
those that survived (open bars). Thus. survival from the combined occlusion-reperfusion was 1 /16 in ths controls but 7 /13 in dogs given the higher dose

of monophosphory! lipid-A.
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Fig. 2. Ventricular arrhythmias in anaesthetised dogs subjected to coronary artery occlusion after treatment with monophosphoryl lipid-A 10 pg kg™’
(cross-shaded histograms), 100 pg kg™ (vertically shaded histograms) or the appropriate vehicle (open histograms). VPBs are the total number of
ventricular premature beats during the occlusion period, VT = ventricular tachycardia, VF = ventricular fibrillation. Also shown is the survival from the
combined ischaemia-reperfusion insult. * P < 0.05 compared to the vehicle controls.

a marked reduction in the number of ventricular premature
beats which occurred during the occlusion period (from
315+ 84 in conwols 1o 89 + 60: P> 0.05 and 53 + 23;
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P <0.05) in dogs treated with 10 and 100 mg kg™’
monophosphoryl lipid-A, respectively), a significant reduc-
tion in the occurrence of ventricular tachycardia (from
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Fig. 3. Ventricular arrhythmias in anaesthetised dogs subjected to coronary artery occlusion after treatment with monophosphory] lipid-A 100 pg kg™’

{verticaily shaded histograms). and then given either aminoguanidine (stippled histograms) or aminoguanidine and meciofenamate (hatched histograms). as

well as the appropriate vehicle (open histograms). VPBs are the total number of ventricular pre /ﬁ;i‘gg}@\during the occlusion period, VT = ventricular

tachycardia, VF = ventricular fibrillation. Also shown is survival from the combined isch; o‘o}fa:pmperfuﬁ% insult. *P < 0.05 compared to the vehicle
-3

controls.
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75% 10 25%: P> 0.05. and 10 31%: P < 0.05) and in the
number of the episodes of ventricular tachycardia (from
13.4 = 4.9 episodes per dog 1o less than two episodes in
dogs given monophosphory] lipid-A: P < 0.05). There was
also a significant (P < 0.05) reduction in the incidence of
ventricular fibrillation during occlusion with the higher
dose of monophosphoryl lipid-A (from 50% to 7%: Fig.
2). Of particular interest is the fact that of the 13 dogs
given the higher dose of monophosphory! lipid-A. six had
less than six ectopic beats during the whole of the occlu-
sion period and two of them had no ectopic beats whatso-
ever. Such a marked antiarrhythmic effect is rare even in
dogs subjected to ischaemic preconditioning (Végh et al.,
1992). The times during occlusion when these arrhythmias
occurred in monophosphoryl lipid-A-treated dogs is com-
pared to the vehicle controls in Fig. 1. Monophosphoryl
lipid-A also markedly altered the distribution of ventricular
premature beats during the occlusion period; there was
almost no activity during phase la but a significant shift in
the distribution of these arrhythmias to the later occlusion
time (phase 1b; Fig. 1). Nevertheless. pronounced ventricu-
lar ectopic activity had largely disappeared before the end
of the occlusion period. Ventricular fibrillation during
reperfusion was also significantly reduced by the 100 pg
kg~' dose of monophosphoryl lipid-A (Fig. 2) and sur-
vival from the combined ischaemia—reperfusion insult was
thus increased (54% vs. 6% in the controls; P < 0.05).
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3.4. The severiry of ventricular arriivthmias following inhi-
bition of inducible nimric oxide synthase and cyvclooxy-
genase enzymes in monophosphorvl lipid-A-treated dogs

In a further 11 dogs treated with the 100 pg kg™’ dose
of monophosphoryl lipid-A. either aminoguanidine alone.
or aminoguanidine together with meclofenamate. were ad-
ministered prior 10 coronary artery occlusion. The results
are summarised in Fig. 3. Whereas inhibition of the iNOS
acuvity with aminoguanidine only attenuated the protec-
tive effect of monophosphoryl lipid-A, dual blockade of
both the iNOS and cyclooxygenase enzymes completely
abolished the protection against arrhythmias. Thus. com-
pared 10 the monophosphoryl lipid-A alone, in the pres-
ence of aminoguanidine, there was only tendency for
increases in the number of ventricular premature beats
(from 89 = 60 10 214 =+ 60), in the number of episodes of
ventricular tachycardia (from 0.8 £ 0.6 to 1.3 = 0.8) and in
the incidence of ventricular tachycardia (from 25% to
40%). Furthermore. the incidence of ventricular fibrillation
(1/5) and survival (1/5) from the combined ischaemia—
reperfusion insult were not significantly different in dogs
treated with aminoguanidine from those not given
aminoguanidine. However, when meclofenamate was given
in addition 1o aminoguanidine, the number of venwicular
premature beats and episodes of ventricular tachycardia
was increased 10 522 + 246 and to 17.3 + 10.9, respec-
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Fig. 4. Changes in the epicardial ST-segment (mV) during a 25-min coronary artery occlusion in dogs given 24 h previously. monophosphoryl] lipid-A 100

we ke™! (filled circles). 10 pg kg™' (filled triangles) or 100 pg kg~

monophosphory] lipid-A and then either aminoguanidine (open squares) or

aminoguanidine and meclofenamate (filled squares). as well as the appropriate vehicle control (open circles). *P < 0.05 compared to the vehicle controls.
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Fig. 5. Changes in the degree of inhomogeneiry of electrical activation (ms) during a 25-min coronary artery occlusion in dogs given 24 h previously,
monophosphoryl lipid-A 100 pg kg™' (filled circles), 10 pg kg~' (filled miangles) or 100 pg kg™' monophosphoryl lipid-A and then either
aminoguanidine (open squares) or aminoguanidine and meclofenamate (filled squares), as well as the appropriate vehicle control (open circles). * P < 0.05

compared to the vehicle controls.

tively, values not significantly different from the controls
(315 + 84 and 11.3 + 7.6, respectively). In the presence of
aminoguanidine and meclofenamate, 66% of the dogs fib-
rillated during occlusion, and no dog survived following
reperfusion (Fig. 3).

Neither aminoguanidine (Kis et al., 1999a,b) nor
meclofenamate (Wainwright and Parratt, 1991) modify
arrhythmia severity resulting from coronary artery occlu-
sion.

3.5. Effects of monophosphoryl lipid-A on indices of is-
chaemia severiry

In the controls, coronary artery occlusion led to marked
epicardial ST-segment elevation (maximal at 10 min) and
to increases in the degree of inhomogeneity of electrical
activation within the ischaemic area (maximal at 5 min).
These changes are illustrated in Figs. 4 and 5 respectively.

Treatment with monophosphoryl lipid-A markedly re-
duced these indices of ischaemia severity (Figs. 4 and 5).
Aminoguanidine alone, or in combination with meclofena-
mate, attenuated or reversed these protective effects of
monophosphoryl lipid-A.

There was no difference berween the area at risk be-
tween any of the groups (40.1 = 1.3% in the dogs given
the higher dose of monophosphory] lipid-A. 39.1 = 1.7%
in those given the lower dose of monophosphory] lipid-A,
40.7 = 0.7% in the vehicle controls, 41.2 + 1.1% in dogs

given 100 pg kg~' monophosphoryl lipid-A and
aminoguanidine, and 40.8 = 2.6 in dogs given this higher
dose of monophosphoryl lipid-A and then aminoguanidine
and meclofenamate).

4. Discussion
4.1. Cardioprotection by monophosphoryl lipid-A

These results show that the prior administration of this
non-toxic derivative of the lipid-A component of the endo-
toxin molecule markedly reduces the severity of ischaemia
(and reperfusion)-induced ventricular arrhythmias in a ca-
nine model of ischaemia-reperfusion. The most likely
explanation for this antiarrhythmic effect is that ischaemia
severity, as demonstrated from recordings of the ST-seg-
ment of the epicardial electrocardiogram and from changes
in the degree of inhomogeneity of electrical activation
within the ischaemic area. is much less marked in the
monophosphoryl lipid-A-treated dogs than it is in the
vehicle controls. This. despite the fact that the area at risk
from infarction is almost identical and that there is no
evidence that monophosphoryl lipid-A increases coronary
collateral blood flow (Mei et al.. 1996). We did not
invesugate whether this very early reduction in ischaemia
(and arrhythmia) severity would lead to a decrease in the
area of the ischaemic zone thart ultimately becomes necrotic.
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Others have shown in doses somewhere between the two
that we have used in the present study. that monophospho-
ryl lipid-A does reduce infarct size. when given several
hours prior to coronary artery occlusion in dogs (Yao et
al.. 1993a.b: Przvklenk et al.. 1996) and in rabbits (Baxter
et al., 1996: Elliott et al.,1996). These effects on infarct
size have been recently summarised and reviewed by
Gross (1998). The delayed effects of monophosphoryl
lipid-A are thus rather similar to those of endotoxin itself,
which both reduces arrhythmia severity and myocardial
ischaemic damage when given several hours prior to coro-
nary artery occlusion in rats (Wu et al.. 1996), although in
doses considerably higher than those used in the canine
and rabbit studies. This presumably reflects the differences
in sensitivity to endotoxin, and thus to monophosphoryl
lipid-A, between these species.

4.2. Relation of monophosphorvy! lipid-A with other forms
of delayed cardioprotection; possible role of NO

There are striking similarities between the effects of
monophosphoryl lipid-A administration and the delayed
cardioprotection associated with ischaemic preconditioning
and with cardiac pacing (Parrart and Szekeres, 1995; Végh
and Parratt, 1998). All these manifestations of ischaemic
injury (arrhythmias, cellular damage, depressed recovery
of contractile function) are beneficially modified both by
monophosphoryl lipid-A and by ischaemic preconditioning
perhaps suggesting that similar mechanisms are involved.
Indeed, the reason why the cardioprotective effects of
endotoxin were examined initially (Wu et al., 1994) was
that one hypothesis for the antiarrhythmic effects of is-
chaemic preconditioning involves the formation of NO
from endothelial cells, the generation of which is stimu-
lated by bradykinin release (reviewed by Parratt and Végh,
1996, 1997). There is also recent evidence that the en-
hanced recovery of contractile function from a period of
ischaemia that results from delayed preconditioning is also
NO-mediated (Bolli et al., 1997, 1998). Because it is
well-known that bacterial endotoxin induces NO synthase
(see Section 1), and because both the antiarrhythmic ef-
fects of preconditioning (Végh et al., 1994) and of bacte-
rial endotoxin (Wu et al., 1994, 1996) are attenuated by
dexamethasone, it is possible that this delayed cardiopro-
tection by monophosphoryl lipid-A is also NO-mediated.
There is recent direct evidence for this. Zhao et al. (1997)
have recently demonswrated in rabbits that the ability of
monophosphoryl lipid-A to reduce infarct size is prevented
by the prior administration of aminoguanidine, a reason-
ably selective inhibitor of the inducible isoform of NO
synthase. However, unlike studies with endotoxin itself,
increased iNOS activity was only demonstrated following
ischaemia: levels were not increased in left ventricular
samples taken prior to coronary artery occlusion. These
changes in activity were also rather small and much less
marked than the increases that occur in the heart and

vessels following the administration of bacterial endotoxin.
Similarly, Maulik et al. (1998) reported that in hearts,
isolated from monophosphoryl! lipid-A-treated rats. the re-
covery from ischaemia—-reperfusion injury was markedly
improved and this was due to an expression of the iNOS.

However, in the present experiments. we have found
that aminoguanidine given to dogs treated with monophos-
phoryl lipid-A, in a dose that significantly attenuated the
andarrhythmic protection resulting from cardiac pacing
(Kis et al.. 1999b), only slightly modified the protective
effect of monophosphoryl lipid-A (Fig. 3). Even a higher
dose of aminoguanidine (100 mg kg~'; data not shown)
was unable to reverse the protection resulted from
monophosphoryl lipid-A treatment. However, when in ad-
dition to aminoguanidine sodium meclofenamate, an in-
hibitor of the cyclooxygenase pathway. was given the
antiarrhythmic protection resulting from monophosphoryl
lipid-A was completely abolished. Neither aminoguanidine
nor meclofenamate, when given to dogs not treated with
monophosporyl lipid-A, modify the severity of ventricular
arrthythmias resulting from coronary artery occlusion
(Wainwright and Parratt, 1991; Kis et al., 1999b). These
results indicate that endogenous substances other than NO
such as prostanoids derived from cyclooxygenase activa-
tion are also involved in the antiarrythmic effect of
monophosphoryl lipid-A. Further, it is likely that
monophosphoryl lipid-A represents stronger stimulus for
myocardial protection than does cardiac pacing, since the
dose of aminoguanidine which almost completely abol-
ished the protective effects of cardiac pacing against ar-
rhythmias (Kis et al., 1999a) only slightly attenuated the
antarrhythmic effect of monophosphoryl lipid-A.

The tme course for the protection afforded by
monophosphoryl lipid-A has not been examined in the
present study. If there are parallels with endotoxin itself,
then one would expect that the time course of protection,
against both arrhythmias and infarct size, would follow
that for the induction of the enzyme. In the endotoxin
studies referred above (Wu et al., 1994, 1996), the time
course of cardioprotection by bacterial endotoxin was in-
deed examined: protection, at least against arrhythmias,
was apparent 4 h after intraperitoneal injection, was maxi-
mal at 8 h, still present at 24 h but had disappeared 48 h
after administradon. We also do not know whether re-
peated administration of MLA would protect the my-
ocardium for a longer period of time. In other studies of
delayed cardioprotection against ventricular arrhythmias,
for example, that induced by cardiac pacing, the time
course of the protection is similar to that described for
endotoxin but can be prolonged by repeating the precondi-
tioning stimulus at a time when the protection afforded by
the initial stimulus has faded (Kaszala et al., 1996: Kis et
al.. 1999a). It would be interesting to determine whether it
is possible to maintain and prolong protection against
life-threatening ventricular arrhythmias by repeating the
monophosphoryl lipid-A stimulus.
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There are other possible explanations for the beneficial
effects of monophosphory! lipid-A. In both dogs (Mei et
al., 1996) and rabbits (Elliont et al.. 1996), the protection
induced by monophosphoryl lipid-A in reducing myocar-
dial ischaemic damage is abolished by drugs (glibencla-
mide and 5-hydroxydecanoate) that block the ATP-sensi-
tive potassium channels (reviewed by Gross. 1998). This
again is similar to studies with ischaemic preconditioning
(reviewed by Parrant and Kane, 1994 and by Grover, 1996)
although there is uncertainty as to whether the antiarrhyth-
mic effects of ischaemic preconditioning involve these
channels (Végh et al., 1993).
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Abstract

The effects of the intracoronary administration of isosorbide-2-mononitrate (ISMN; 3 pg kg™
min"'), a major metabolite of isosorbide dinitrate, were examined in chloralose-urethane
anaesthetized dogs before and during a 25 min, acute occlusion of the left anterior descending
coronary artery. The only significant haémodynamic effects of ISMN administration were a
slight (-11 + 2 mmHg) decrease in arterial blood pressure and a decrease (< 12 %) in diastolic
coronary vascular resistance. Coronary occlusion in the presence of ISMN led to a markedly
reduced incidence and severity of ventricular arrhythmias compared to those in control, saline-
infused dogs. There were fewer ectopic beats (62 £ 35 v 202 % 72; P< 0.05), a lower incidence
(25 % v 75 %; P< 0.05) and number of episodes (0.7 = 0.4 v 4.3 £ 2.1; P< 0.05) of ventricular
tachycardia and fewer dogs fibrillated during the ischaemic period (17 % v 82 %; P< 0.05).
More dogs given ISMN survived the combined ischaemia-reperfusion insult (50 % v 0 %; P<
0.05). Changes in ST-segment elevation (recorded by epicardial electrodes) and in the degree of
inhomogeneity of electrical activation within the ischaemic area were much less pronounced
throughout the occlusion period in dogs given ISMN. These results add weight to the
hypothesis that the previously reported antiarrhythmic effects of ischaemic preconditioning, and

of the intracoronary administration of nicorandil, involve nitric oxide.

Key Words: isosorbide-2-mononitrate, myocardial ischaemia, ventricular arrhythmias,

ischaemic preconditioning, nitric oxide, reperfusion
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1. Introduction

In two recent studies [1, 2] designed to analyse the effect of opening Karp channels (with
cromakalim and nicorandil given by local coronary infusion) on the consequences of coronary
artery occlusion, and especially arrhythmia severity, the conclusion was reached that opening
these channels prior to ischaemia does not greatly influence the ischaemic process in
anaesthetised dogs. The fact that the administration of nicorandil, but not cromakalim, actually
benefited the ischaemic myocardium was attributed to its ability to donate nitric oxide (NO). If
this conclusion is valid then other drugs with a similar ability to donate NO should also reduce
the consequences of coronary artery occlusion in the same canine'ischaemia-reperﬁlsion model.
Further, such studies would bear on the hypothesis that NO is involved in the protection against
ischaemia-induced arrhythmias afforded by ischaemic preconditioning [3, 4, 5, 6] an hypothesis
the depends on the generation of NO by coronary vascular endothelial cells as a result of early,
ischaemia-induced bradykinin release [7, 8]. This hypothesis has yet to be directly tested, at least
in the experimental model in which it was initally proposed, by infusing an NO-donor locally
into the blood supply to the potentially ischaemic myocardium. We have tested these possibilities
by examining the effects on the ischaemic canine myocardium of isosorbide-2-mononitrate
which, in isolated bovine coronary arteries acts, like NO itself, by elevating cyclic GMP through

the cysteine-dependent stimulation of soluble guanylate cyclase [9].

The 5-and 2-mononitrates of isosorbide, which are the main metabolites of isosorbide dinitrate
[10] were onginally studied as alternatives to conventional antianginal drugs, the potential
clinical advantage being that they are just as effective as the parent compound [11] yet have

longer elimination half-lives [12]. More recently a combination of oral isosorbide mononitrate

(93]
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and captopril has been shown to reduce the incidence of ventricular arrhythmias in the early
phase of acute clinical myocardial infarction [13]. The vascular effects of isosorbide-2-
mononitrate are basically similar to those of the parent compound [14, 15], but the drug is
particularly interesting in that it has been shown to be more active than the parent isosorbide
dinitrate, or the 5S-mononitrate metabolite, in inhibiting platelet aggregation and thromboxane

generation [16] partially through its ability to synergize with prostacyclin [17].

There have been two previous canine studies examining the effects of isosorbide-2-mononitrate,
both of which used a conscious dog model [18, 19]. These sl;owed, as expected, that the
compound reduced arterial blood pressure, and the electrocardiographic (ST-segment)
consequences of intermittent and brief coronary artery occlusions [18], and increased heart rate
and plasma renin activity [19]. There have been no studies designated to determine the effects of
this compound on coronary vascular resistance, or on the severity of ventricular arrhythmias
during periods of coronary artery occlusion and reperfusion, although there is one study [20]
which showed that isosorbide-2-mononitrate reduced mortality in rats after an acute myocardial
infarction, an effect that might have been the result of a reduction in the incidence of ventricular

fibnllation.
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2. Methods
2.1. Animals and experimental design

We uséd mongrel dogs, of either sex, and with a body weight excess of 17 kg (mean 26.7 + 5.8
kg), anaesthetised with a mixture of chloralose and urethane (60 and 200 mg kg? iv,
respectively). The anaesthesia was maintained by the administration of an additional slow
injection of the same anaesthetics (dose volume of 0.5 ml kg™) when it was necessary. The dogs
were ventilated with room air using a Harvard Respirator at a rate and volume sufficient to
maintain arterial blood gases and pH within normal limits [21]. A thoracotomy was performed
at the fifth intercostal space and the anterior descending branch of the left coronary artery
(LAD) prepared for occlusion just proximal to the first diagonal branch and a silk thread was
placed around it. Myocardial ischaemia was produced by tightening the thread around the
coronary artery by means of a plastic tube pushed gently to the myocardial surface. The
occlusion was kept for 25 min. After this time the coronary artery was rapidly reperfused by
pulling the tube from the myocardial surface and loosening the thread around the coronary

artery.

In twelve dogs a side branch of this artery, proximal to the occlusion, was catheterised, using a
thin polyethylene catheter (internal diameter 2 mm), for the intracoronary administration of
isosorbide-2-mononitrate, which was given in a dose of 3 pg kg” min™ by means of slow
infusion pump (rate 0.5 ml min™), commencing 20 min before the occlusion and maintained
throughout the entire occlusion period. This dose was calculated from that used in a previous

study [15]. We have also considered our previous studies with nicorandil and cromakalim and



tried to select a dose of isosorbide-2-mononitrate which produced a similar increase in coronary
blood flow. The coronary artery was then occluded for 25 min, followed by rapid reperfusion. A
further twelve dogs which were given saline for the same period and rate, and subjected to
coronary artery occlusion and reperfusion served as controls.

Polyethylene catheters (internal diameter 5 mm) were inserted into the right femoral artery for
monitoring arterial blood pressure, into the left ventricle (for the measurement of left ventricular
systolic and diastolic pressures and left ventricular dP/dt) and the right femoral vein (for
anaesthetic administration). Blood flow w;vas measured with an electromagnetic flow probe
coupled to a Statham SP 2202 flowmeter. Epicardial ST-segment changes and the degree of
inhomogeneity of electrical activation were measured from the left ventricular wall distal to the
occlusion site using a composite electrode described previously. [21]. This electrode gives a
summarised recording of R-waves from 30 epicardial measuring points; in the adequately
perfused and oxygenated myocardium all sites are activated virtually simultaneously, resulting in
a large single spike. However, following occlusion, widenning and fractionation of the
summarized R-waves occurs, indicating that adjacent fibres are not activated simultaneously
because of inhomogeneity of conduction. We expressed this degree of inhomogeneity as the
delay in activation (ms) within the ischaemic area at different times during the occlusion. All
parameters, together with a limb lead electrocardiogram, were recorded on an eight channel
Medicor R81 recorder. Ventricular arrhythmias were assessed as described previously {21, 1]. In
brief, the total number of ventricular premature beats, the mcidence and number of episodes of
ventricular tachycardia (defined as a run of four or more ventricular premature beats at a rate
faster than the resting heart rate), and the incidence of ventricular fibrillation were assessed.
Because there is some evidence that the area at risk can modify the severity of ventricular
arthythmias following coronary artery occlusion, this was measured at the end of each

experiment by injecting patent blue V dye into the re-occluded coronary artery; it was expressed
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as a percentage of the left ventricular wall together with the septum. There were no significant
differences between the two groups in respect to body weights (controls, 26 = 3 kg and
isosorbide-2-mononitrate treated dogs 25 = 3 kg) and in the area at risk (controls, 36.7 + 2.8 %

and isosorbide-2-mononitrate treated dogs 35.4 £ 2.1%).

2.2. Ethics

Although these experiments were carried out in Szeged, the protocol complied with UK. Home

Office regulations (Project Licence No. 60/00307).

2.3. Statistics

All data are expressed as means + s.e.m. and the differences between means were compared by
Student’s ¢ test. Ventricular premature beats were compared using the Mann-Whitney U test and
were presented as mean + s.e.m. for sake of simplicity. For comparison of incidences of
arrhythmias (ventricular tachycardia, ventricular fibrillation and survival from the combined
occlusion-reperfusion insult) the Fisher exact probability test was used. Differences between

groups were considered significant when P was < 0.05.
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3. Results
3.1. The haemodynamic effects of intracoronary isosorbide-2-mononitrate

The intracoronary infusion of isosorbide-2-mononitrate resulted in a slight reduction in mean
arterial blood pressure (96 + 2 mmHg prior to infusion and 86 + 3 mmHg; P < 0.05 immediately
before coronary artery occlusion, i.e. after 30 min of infusion), in left ventricular systolic
pressure (from 114 = 5 mmHg to 103 + 5 mmHg; P < 0.05). There were no significant changes
in positive left ventricular dP/dtm. (2625 + 229 to 2530 + 240 mmHg s™), end-diastolic pressure
(5.2 0.4t0 5.6 +0.3 mmHg) or heart rate (130 +5to 132+ 6 b.eats min™). There was also no
effect on the epicardial ST-segment or on the degree of inhomogeneity of electrical activation
(69 £ 5 ms to 72 £ 6 ms). Diastolic coronary vascular resistance decreased slightly but
significantly from 5 min after the onset of infusion (from 0.64 = 0.06 to 0.60 = 0.05 mmHg mi™
min at this time; P < 0.05), and especially just prior to coronary artery occlusion (e.g. 0.57 £
0.04 mmHg ml™" min, P < 0.05 at 20 min). This decrease in resistance was due both to an
increase in coronary blood flow (of 12 % from the control flow (diastolic) of 139 + 11 ml min™)
and to a reduction in coronary perfusion pressure. These changes were quantitatively similar to

those observed in the previous study with nicorandil {1].
3.2. Haemodynamic changes after coronary artery occlusion
In both saline control and isosorbide-2-mononitrate-treated groups the left anterior descending

coronary artery was occluded for a period of 25 min; after this time the myocardium was rapidly

reperfused. In control dogs coronary artery occlusion resulted in a slight reduction in arterial
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blood pressure (from 108 + 5 to 102 + 7 mmHg; P < 0.05), in left ventricular dP/dtma (posttive
2806 + 361 to 2534 = 358 mmHg s™; P < 0.05 and negative 3885 = 417 to 3389 + 393 mm Hg
s!; P <0.05) and a marked increase in left ventricular end-diastolic pressure (from 5 + 1 to 20 +
1 mmHg; P < 0.05). Heart rate was unchanged. Similar changes were observed following
coronary artery occlusion in those dogs in which isosorbide-2-mononitrate was given prior to
and during the occlusion, except that the increase in left ventricular end-diastolic pressure was

significantly less pronounced (S £ 1 to 13 +2 mmHg; P < 0.05) than in the control group.

3.3. Severity of myocardial ischaemia following coronary artery occlusion; the effect of

isosorbide-2-mononitrate

We used two indices to assess the severity of myocardial ischaemia; ST-segment elevation
electrocardiograms recorded from the epicardial surface, and the degree of inhomogeneity of
electrical activation, both measured within the ischaemic area. The changes observed are shown
in Figures 1 and 2. In control dogs coronary artery occlusion resulted in a significant ST-
segment elevation recorded from the epicardial electrodes and a marked increase in the degree
of inhomogeneity of electrical activation within the area supplied by the occluded vessel.
Administration of isosorbide-2-mononitrate markedly reduced both the elevation in ST-segment

(Figure 1) and in the degree of inhomogeneity of electrical activation within the ischaemic area

(Figure 2).
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3.4. Effects of isosorbide-2-mononitrate on the incidence and severity of ischaemia and

reperfusion-induced ventricular arrhythmias

In control dogs, occlusion of the left anterior descending coronary artery for 25 min resulted in
severe ventricular arrhythmias; the distribution of these arrhythmias in each dog is shown in
Figure 3, and the results are summarised m Figure 4. There were 202 = 72 VPBs over the 25
min occlusion period (Figure 4). The incidence of ventricular fibrillation was 82 % (most of
these dogs fibrillated between 15 and 20 min of the ischaemia; Figure 3), and 75 % of the
animals exhibited ventricular tachycardia with a mean of 4.3 + 2.1 episodes per dog (Figure 4).
The two dogs that survived the occlusion period fibrillated within 1-2 min of reperfusion; thus in

the control group there were no survivors from the combined ischaemia-reperfusion insult.

In contrast, the severity of ventricular arrhythmias was markedly reduced in those dogs which
received intracoronarily isosorbide-2-mononitrate (Figures 3 and 4). Compared to the controls,
the number of ventricular premature beats was markedly suppressed (62 £ 35, P < 0.05), there
were fewer episodes of ventricular tachycardia (0.7 = 0.4; P < 0.05), and lower incidences of
ventricular tachycardia (25 %; P < 0.05) during coronary artery occlusion. Furthermore, in dogs
treated with isosorbide-2-mononitrate only 2 dogs out of 12 (17%; P < 0.05) fibrillated during
occlusion (Figures 3 and 4). When the ischaemic myocardium :was rapidly reperfused another 4
dogs fibrillated (40 %; P < 0.05), thus the survival from the combined ischaemia-reperfusion
insult was 50 % in the isosorbide-2-mononitrate treated dogs (compared to 0 % in the controls;

P < 0.05).
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4. Discussion

These studies demonstrate that the local intracoronary administration of the NO donor
isosorbide-2-mononitrate reduces the severity of the ischaemic changes which result from
coronary artery occlusion. It is this reduction in the degree of ischaemia that is probably
responsible for the marked suppression of arrhythmias that result, in this model, from both
coronary artery occlusion and reperfusion, rather than a more direct antiarrhythmic effect of the
drug. Although there are no published studies with isosorbide-2-mononitrate, those with
intravenous nitroglycerin in closed-chest, chloralose anaesthetised dogs, revealed no direct effect
on ventricular fibrillation threshold in the normal myocardium [22, 23], although it did partiaily
inhibit the decrease in ventricular fibrillation threshold that results from coronary artery
occlusion [24], especially if the hypotensive effect is prevented by phenylephrine [23]. This
particular combination also markedly reduced the incidence of spontaneous ventricular
fibrillation during occlusion of the left anterior descending coronary artery in conscious dogs; in
this study the effects of nitroglycerin alone were not examined [25]. Nitroglycerin also reduced
the incidence of complex ventricular arrhythmias which occurred in patients with ischaemic
heart disease during treadmill exercise [26] and following acute myocardial infarction [27]. In
contrast, it seems to be ineffective in reducing arrhythmia severity during occlusion and
reperfusion in anaesthetised rats [28, 29]. More recently, howéver, Bilinska and colleagues [30]
have found that both nitroglycerin and the NO donor SIN-1 mimic the protective effect of
ischaemic preconditioning on reperfusion arrhythmias in rat isolated hearts. Because of the
pronounced effects of isosorbide-2-mononitrate on the ischaemic myocardium demonstrated in
the present study, and the additional beneficial effects of this drug outlined in the Introduction

(eg. pronounced inhibition of platelet aggregation), it would be worthwile exploring the effects
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of this particular NO donor under those clinical conditions of ischaemia that might result in life-

threatening ventricular arrhythmias.

The mechanism of these beneficial effects of NO donors has been ascribed, albeit without
supportive experimental evidence, to coronary vasodilatation [23]. In the present study the
increase in blood flow following local isosorbide-2-mononitrate administration was significant
but quite small (< 20 %) and this degree of coronary vasodilatation seems unlikely to explain the
very marked arrhythmia suppression. As one might expect, the elevated left ventricular filling
pressure that results from ischaemia was less than in control dogs also subjected to coronary
artery occlusion. This would presumably result in an increase in subendocardial driving pressure
under these conditions [31], despite the slight reduction in coronary artery pressure. However,
our previous studies [1, 2] with levcromakalim and nicorandil would argue against this mild
degree of coronary vasodilatation being a major factor responsible for the reduction in
arrhythmia severity; locally administered levcromakalim increased coronary blood flow to a
similar extent to that in the present studies with isosorbide-2-mononitrate yet failed to influence
either the severity of the ischaemic changes following coronary artery occlusion or ischaemia-

induced ventricular arrhythmias.

There are two repercussions of the present results. First, it supports the argument [1] that the
suppression of ventricular arrhythmias by nicorandil is due to its ability to donate nitric oxide to
the ischaemic myocardium rather than to any effect on K rp channels. Second, the results bear
on the hypothesis that the pronounced antiarrhythmic effects of ischaemic preconditioning in
this species, induced either by brief periods of coronary artery occlusion or by cardiac pacing,

are due to bradykinin-mediated nitric oxide release, probably from coronary vascular endothelial
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cells [4, 8]. Up to the present evidence for this hypothesis [8] is primarily pharmacological. The
protection is prevented (i) by drugs that block bradykinin B2 receptors, stimulation of which
leads to nitric oxide release [7], (ii) by inhibitors of the L-arginine-nitric oxide pathway [3] and
(iii) by the local intracoronary administration of methylene blue, an inhibitor of soluble guanylyl
cyclase [32]. There is also evidence which comes from studies in which the release of these
mediators and the resultant increase in mypcardial c¢GMP have been measured [7]. The present
studies, no provide direct evidence that, in the same canine model as that used for our previous
preconditioning studies, the local intracoronary administration of a NO donor leads to the same
characteristics of myocardial protection as that of preconditioning itself, that is, a reduction in
epicardial ST-segment elevation, a decrease in the inhomogeneity of electrical activation within
the ischaemic area and a markedly reduced severity of ventricular arrhythmias. Whether this
protection is due to an increase in myocardial cGMP, and a resultant decrease in calcium entry,
or to some ability of NO donors to protect endothelial cells against the consequences of
ischaemia [33], and thus conserve their ability to produce endogenous protective mediators,

warrants further investigation.
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Figure legends

Figure 1. Changes in ST-segment elevation (mV), recorded from epicardial electrodes, after
coronary artery occlusion in control dogs and in dogs given isosorbide-2- mononitrate 3 pg kg™
min™ by intracoronary infusion. Isosorbide-2-mononitrate markedly reduced the extent of ST-
segment elevation following coronary arte;ry occlusion. * P < 0.05 in comparison with value in

untreated control dogs. Values are means + s.e.m.
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Figure 2. Changes in the inhomogeneity of electrical activation (in ms) within the area supplied
by the left anterior descending coronary artery when this artery is occluded (at time zero). The
marked increase in inhomogeneity that occurs in control dogs was reduced by isosorbide-2-
mononitrate 3 pg kg™ min™ given by intracoronary infusion. “ P < 0.05 in comparison with value

in untreated control dogs. Values are means + s.e.m.
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Figure 3. The distribution of ventricular arrhythmias; ventricular premature beats (VPBs),
ventricular tachycardia (VT) and ventricular fibrillation (VF) during a 25 min occlusion of the
left anterior descending coronary artery in anaesthetised dogs; this was followed by reperfusion.
Ten of the 12 controls fibrillated during the occlusion, and all but three had a period of
ventricular tachycardia. None of these controls survived the combined ischaemia-reperfusion
insult. These arrhythmias were markedly suppressed by ISMN (isosorbide-2-mononitrate). Thus,
only two dogs fibrillated during the occlusion period, three exhibited a brief period of

ventricular tachycardia and there was a 50 % survival from the ischaemia-reperfusion insuit.
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Figure 4. The incidence of ventricular arrhythmias during a 25 min occlusion of the left anterior
descending coronary artery in anaesthetised dogs. Shown are the number of ventricular
premature beats (VPBs), the number of episodes and incidence of ventricular tachycardia (VT),
the incidence of ventricular fibrillation (VF) and survival from the combined ischaemia-
reperfusion insult in control dogs and in dogs given isosorbide-2-mononitrate 3 pg kg™ min™ by
intracoronary infusion. Isosorbide-2-mononitrate markedly reduced arrhythmia severity and

increased survival from the ischaemia-reperfusion insulit.
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ANTIBODIES AGAINST MYOSIN IN SERA  Sa38

OF PATIENTS WITH IDIOPATHIC
PAROXYSMAL ATRIAL FIBRILLATION
Jean-Michel Maixent, Franck Paganelli, Jorge Scaglione,
Samuel Lévy. Dept of cardiology, Facuity of Medicine,
Marseille France

This study investigated the presence of antibodies in sera
of patients with idiopathic paroxysmal atrial fibrillation.
Circulating autoantibodies against myosin have been
detected in patients with idiopathic  dilated
cardiomyopathy, myocarditis and other cardiac diseases.
An SDS-PAGE procedure, followed by Western blotting
with homogenates and membrane fractions of human left
ventricular and atrial specimen as antigens, was used to
analyze sera of 7 patients with idiopathic paroxysmal
atrial fibrillation and 5 age-matched control subjects.
Cardiac immunogiobulin G reactivity against myosin
heavy chain were detected in 5 of 7 patients (71 %) as
compared to oniy one of the 5 (20 %) control subjects
(p<0.05). All 5 patients who showed reactivity against
myosin heavy chain had also in their sera cardiac specific
reactivity which exhibited both reactivities to ventricuiar
and atrial cardiac myosin heavy chain isoforms.This
study demonstrated the presence of circulating
immunoreactivity against myosin in patents with
idiopathic paroxysmal atrial fibrillation. A cardiac
specificity of this immune reaction could be specified.

GENETIC AND ALLELIC HETEROGENEITY
IN FRENCH FAMILIES WITH LONG QT
SYNDROME

Pascale Guicheney'. Claire Donger', Myriam Berthet',
Isabelle Denjoy?, Pascale Richard’, Bernard Hainque’.
Ketty Schwartz!, Philippe Coumel*. ' INSERM U133,
Hopital Pitié-Salpétriere. * Service de Cardiologie.
Hoépital Lariboisiere, *Service de Biochimie. Hopital
Pitié-Salpétriere, France.

Four disease loci have been reported for congenital
Long QT svndrome (LQTS) on chromosomes 11p15.5
(LQT1), 7¢35-36 (LQT2), 3p21-24 (LQT3), and
4q25-27 (LQT4). Three morbid genes have been
identified : two potassium channels, KVLQT! and
HERG for LQT1 and LQT2 respectively, and a sodium
channel SCN3A for LQT3. By linkage analysis and
mutation detection. we determined that LQTS was due
to missense mutations in KVLQT1 or HERG in 20 and
5 LQTS families. respectively. The morphoiogical
aspect of the QRS compiexes was evaiuated from the
24 hour electrocardiographic recordings for all the
propositus. The T-wave patterns clearly differed
between the two groups. KVLQT1 mutations were
associated with wide-based monophasic T-waves while
HERG mutations were associated with abnormal
biphasic T-wave patterns. Phenorype-genotype
2nalyses showed a great phenotypic variability
symptoms or not. number of syncopes. sudden death)
-mong the patients even with the same mutation
suggesting that other factors than the mutation itself
influence the risk of sudden death.
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NA,K-ATPASE AND MITOCHONDRIAL Sas7
ATPASE ACTIVITIES DURING PACING-
INDUCED ATRIAL FIBRILLATION

Odile Barbey, Karine Robert, Alain Gerbi, Philippe
Ricard, Samuel Lévy, Jean-Michei Maixent. Dept of
cardiology, Faculty of Medicine, Marseille France

The purpose of this study was to examine the effects of
atrial fibrillation on ATPase activities in a sheep model
of sustained atrial fibrilation induced by temporary
pacing at a rate of 600 beats/min through the high right
atrium. Nine aduit sheep were assigned to the control
group (n=3) or to the atrial fibrillation group (n=6).
Anterior right atrium and apex of left ventricie specimen
were removed for membrane isolation and measurements
of enzymatic activity and expression of catalytic a-
subunit of the Na K-ATPase by immunodetection. All
sheep developed muitiple episodes of sustained and
reproducible atrial fibrillation defined as lasting 2 S min
with a mean total duration of 110 min over 2 2 hour
period. The atrial and ventricular F, -F; -ATPase activity
became both activated (p<0.05) without significant
modification of Na,K-ATPase activity or expression of
its catalytic subunit. These results may provide a
biochemical basis of atrial fibrillation-induced cardiac
cellular alterations

CAN THE ALREADY PRECONDITIONED as9
MYOCARDIUM BE ADDITIONALLY S
PROTECTED BY PRECONDITIONING 'AT A
DISTANCE"? =

Ali M. Rastigar, Végh Agnes, Julius Gy. Papp, James
Parratt. Dept of Pharmacology, A. Szent-Gyorgyi Med.
Univ. Szeged, Hungary.

The myocardium can be preconditioned by partial or
complete occlusion of an adjacent coronary artery (Przyklenk
er al., 1993). We have investigated in pentobarbitone
anaesthetised dogs, whether the myocardium, aiready
preconditioned by brief LAD coronary artery occlusions,
can be further protected if the LCX artery is also partially
constricted. Preconditioning was induced by two 5 min
occlusions of the LAD, with a 30 min interval between
followed 50 min later by a third 5 min occlusion. In some
dogs. berween the second and third occlusions, the LCX was
partially constricted for 20 min. In both groups the first
occlusion of the LAD resulted in a more marked eievation in
epicardial ST-segment (16.6=0.6 and 17.9=1.5 mV) and
increase in the degree of inhomogeneity (190=13 and
199+10 msec) than the second occlusion (ST-segment:
10.6+1.3 and 12.8=1.2 mV, inhomogeneity: 115+9 and
140+16 msec. respectively, P<0.05). In the presence of
LCX constriction, the third occiusion further increased both
parameters (20.1+1.3 mV, 209+ 16 msec) cf 10.3+1.2 mV
and 115+8 msec (P<0.05) in the absence of LCX
constriction. We conclude that constricting the LCX does
not yield additional protection to the aiready preconditioned
area; rather the ischaemic changes are worsened.

Supported bv rthe Hungarian Scientific Research Foundation
(OTKA), rhe Brinsh Council and the Hungarian Cultural and
Educarion Ministry.
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EFFECT OF A CALCIUM-SENSITIZING AGENT, 317
LEVOSIMENDAN, ON THE POST-CARDIOPLEGIC
INOTROPIC RESPONSE OF THE ISOLATZD GUINEA PIG
HEART

A. Lzznner, S. Genace. F. Colesky. Depr Medical
Physigicgy. Univ. of Stellensosch Faculty of Meaicine; MRC
Exp. 3icl. Pregramme. Tygerderg, Rep. of Scuth Africa,

Myocardial contractiity dunng reperiusion after caronary
artery bypass graft operations is_ oftén depressed,
partizuiany in patients ireated with Ca’"- and p-adrenergic
blockers and inotopic support may be reguired for
resumztion of funcicn. In this swdy the effects of
levosimendan, a Ca™" sensitizing agent. on the inotropic
response of hear's after normothermic cardioplegic arrest
was svaluated. Metheds: Isolated perfusad working guinea
pig hearts were subjected to normathermic (45 min, 37°C)
cardicplegic arrest. using St Thomas Hospital solution no. 2.
Dose-respanse curves with levasimendan (10° 407 M) were
congucred dunng reperfusion in the presence and absence
of nifedipine (10° M) and propranalol (107 M). Results:
Normgcthermic cardicpiagic amrest for 45 min caused a 3 a67%
reducton in cardiac output during reperfusion. This was
prevented campietely by prior simultaneous administration of
the bicckers. Levesimendan (10°-107 M) causes a dose-
dependent improvemant in functional performance in the
absence of the blockers. reaching a maximum at 10" M
(133% increase in cardiac output). in the presence of the
blockers a 100 fold higher dosage of levosimendan was
requirec o initiate stimulation of contracility. Congclusions:
Although levosimencan was abie to significantly stmuiate
centactility after normothermic cargiopiegic arrest the
desace has to be increased in the presence of B- and
Ca""nicexars.

2-ISOSORBIDE MONONITRATE REDUCES THE = 318
gg\SEQUENCES OE(')IéSCHAEMIA
NAESTHETISED D

Ka:aun Gvorgy. Agnes Végh, Mohamed Ali Rastigar, Juiius

app,  James R. Parramt. Depts. of Pharmacology. A.
Sz::xt-Gvorzvx Med. Univ. Szsged. Hungary. Univ.
Strathcivde. Glasgow. UK.

We have shown prev jously, that nicorandil. a nitric oxide
(NO\ donor and k opener, bur not chromaicaiim. a pure
activaror. E:kedlv reduced the severity of
Veﬁg.nar arrhythmias in 2 canine model of ischaemia-
reperfusion. The presemt experiments were dssigned to
examine. whether “isosoroide 2-mononitrate (2-ISMN), a
niic oxide donor, modifies the severs conseguences or
myocardial ischaemia. rasulting from a 25 min occlusion and
reperfusion of the left anterior descending coronary artery
(LAD). In chloralfse-ur thane anaesthetised mongrel dogs,
2-ISMN (3 ug kel min~!. n = 12) or saline (comrol group,
n = 12) was infused mtracoronanl\ 20 min prior to and
then throughour the sntire 25 min occlusion peziod. 2-ISMN
r=sulted in a siight reduction in arterial blood pressure (-11
= 2 mmHg. P < 0.05). withour modifving heart rate,
coronary biood flow or coronary resistance. Compared to
the controls. occlusion of the LAD in the presenc- of 2-
ISMN r=sulted in a reduced number of VPBs (62 = 35 vs
200 = :- P < 0.05) and episodes of VT (0.7 = 0.5v. 43
: 2 i, P < 0.05). and lower mcxu:nc:s of VT 725 % vs 58
< 0.05)and VF (17 % vs 92 %. P < 0.05). Survival
t*ar' the comnmed ischaemia-reperfusion insult was also
incraased (50 % vs 0 . P < 0.051. In dogs given 2-ISMN,
the =picardial ST-segmem elevarion and degree of sleztrical
inhomogansizy wers less marked than in the controls. We
conzlude from thase results that as with nicorandil. the
cardioprotactive effects ars mainly dus to the ability of 2-
ISMN o donate NQ to the 1schasmuc myocardium.
Suggoried ov the Hungarian Sciensific " Researci: Foundation
(O7RA). the Brusii Counci! and the Hunearian Cultural and
Ezucanon Minstry 1No 14 and FKFP 1290 (997).

NITROGLYCERINE (NTG)-DERIVED NO OPENS 2iE
KatP CHANNELS VIA A cGMP-INDEPENDENT

MECHANISM IN THE RAT HEART.

Tamas Csont. Zoitan Szilvassy®. & Peter Ferdinandy. Dests
Biocnem., “Medicine i, Aldert Szent-Gvorgyl Mec. Unw..
Szeged. Hungary

We have recently demonstated a direct myocargiai anu-
ischemic action of NTG (3JP 15:1128-1131, 1995). Now. we
examined if this effect is mediated by N7TG-agenved NO,
involves cardiac ¢cGMP system and activation of KaT=-
channeis. Isolated working nearts of male Wistar rats were
subjected to_10-min coronary occiusion in the presence of
soivent, 107 M NTG, 10° M methylene blue, 10° M
glibenciamide, the combination of NTG +~ methylene biue, ana
NTG + glibenclamise (n=7 in each group). Neither compounc
affected preischemic myocardial function and coronary flow.
During coronary occlusion, NTG improved ischemic aortic flow
from its control value of 20.4=1.2 to 33.5=1.5 mU/min (p<0.05)
and decreased laciate dehydrogenase reiease from 212454 =
32:18 mUimin/g. Cardiac NO content assessed by eiectron
spin resonance analysis of N-methyl-glucoseamine-dithio-
carbamate-Fe’-NO compiex was markedly increased after
NTG administration. however, NTG failed to change
significantly cardiac ¢cG MP concentration (control: 0.042+0.008.
NTG: 0.038+0.008 pmoi/mg) measured by radicimmunoassay.
In the presence of the NC Scavenger metnylene blue, tne
anti-ischemic effect of NTG was innibited. Similarly to
methylene blue, the KaTP-biocker glibenclamide abolished the
anti-ischemic effect of NTS. It is concluded. that NTG denvea
NC opens KaTP-channeis via a cGMP inaependent
mechanism. thereby ieading to an anti-iscnemic effect in the
rat heart. (Supported by grants from OTKA S18946, D23738:
OMF2 05201950616: FK=® 1284/1997. and the Mungarian
Space Res. Office)

EFFECTS OF NITRIC OXIDE SYNTHASE IN- 320
HIBITION OF DIFFERENT TIME COURSE ON
INFARCT SIZE IN RAT HEART

Hitoshi Matsuoka. Kaoru Shimada. Hitoshi Hasegawa.
Hiroyuki Tsuva. Fukiko Kinno. Ken Terara, Mamoru Miura
Second Depr of Intern Med. Akita University, Akita. Japan

Nitric oxide(NO) has been demonstrated both protective and
delererious effects during acute phase of reperfusion (Rep)
following myocardial ischemia. However. roles of NO in
subacute phase of Rep remains unknown. To investigate roles
of NO during acute and subacute phase of Rep. 30 male 12
wesek Sprague-Dawley rats were divied into 3 grouptGris.
The left coronary artery was occluded for 30 min followed
by 24 br of Rep. In Gr N. 50 mg/hr of N-nitro-L-arginine
methylester (L.-NAME) was administersd intravenousiy be-
ginning 15 min before coronary occlusion until 15 min afner
Rep. In Gr NP. L-NAME was administered intravenously (50
mg/hr) from 30 min until 90 min after Rep. thereafter {30
mv'k./dav; intraperitoneally until 24 hours after Rep. In Gr
C. rats were served as control. Biood pressure and heart rate
were measured. At 24 hr of Rep rats were sacrificed ané the
heart was axcised. Histological infarct size (IS) was deter-
mined. Inducible NO synthase (iNOS} was examined his-
tochemically. There were no differences in rate pressure prod-
ucts during ischemia and Rep among these groups. Signifi-
cant IS reduction was obrained in Gr N (14.5=1.9% l(p<0 03,
but IS was similar in Gr N 140.024.9%-1 compared with Gr C
(+7.525.0%). Immunohistochemical staining for iNOS r=2
vealed positive reactivity in the damaged mvocyites in =:x..z'
Gr. These results sugges: that NO produced in acute phase o
Rzp are more deletenious than NO producad in subacute pn..se
of Rep in relation to Rep injury in rat hean,
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ISCHEMIA MODULATES DISCONTINUOUS 13
ACTION POTENTIAL CONDU CTIO.\'

Ronaid W, Jovneri. Ronald Wi jidars=-. Z. Etienne
Verheijek=-. Ram Kumarl. Davié Goioci. Anton: van
Ginneiien-. ané Habo Jonws-n -The C:ulur-n H

Heant Center. Emory Univ ersm Azianta. GAL USA.
2Dept. of Meg. P'wsxonom anc Sports Mad.. Urrech:
University. and * * Academic Medicai Canter, University

of Amsterdam. Dept. of Physioiogy. The Netheriands.

Background: lschemia may occur in tissue with prior
injury and spatially inhomogeneous membrane
properties and cail-ceil coupling. Changss in action
potential (AP) conduction with ischemia. which can be
associated with release of catechoiamines. may be
pardcularly important in tissue with discontinuous
conduction. Methods and Results: We slecmically
coupled isoiated guinez pig ventricular myocytes to 2
mathematical modei of a venuicular myocyte to assess
alterations in required coupiing conduczance (G, )ior
AP conduction when the rsai c2ll was exposed to
hypoxia. acidosis. and eievated (K7}, to simulate
ischemia. The “ischemic’ " soiution mcr-...sed criical
G, from 6.220.1 to0 7.4=0.2 nS (1 =11, p<0.05) anc
decreased maximum conduction delay from 31=1 10
23=1 ms (n =11, p<0.03). Ischemic solution pius i
uM noradrenaiine decreased critical G, from 3.9=C.2 10
5.0=0.1 nS {» =8. p<0.05) and incrsased maximum
conduction delay from 31=2 10 §4=4 ms (n =8,
p<0.05). Conclusions: Reiease of catechoiamines
with ischemia. in 2 semting of partally uncoupled csi
may play a major roie in producing lonz conducton
delays which may allow resnwant pathways.

DOES INHIBITION OF BRADYRININ 15
CATABOLISM MODIFY THE SEVERITY

OF ARRHYTHMIAS IN MYOCARDIAL ISCHAEMIA

Mohamed Ali Rasazar Agnes Végh. Julius Gy. Papp. ~James

dio Semeraro. ~Francesco Marchini.

Depts. of Pharmacoloz\ A. Szem-Gvorgyi Med. Univ.
Szeged. Hungary. “Univ. Scathclyde. Glasgow, UK and
+Zambon. Milan. Iraly.

It is well documented thar bradykinin (BK) is involved in the
cardioprotective effect of ischasmic precondidoning. It is also
established that angiotensin-converting snzyme (ACE) and
peutral endon-nudase (NEP) are the two main snzymes
invoived in BK degradation. The present swdv aimed to
examine whether Z13752A. a dual ACE/NEP inhibitor
modifiss the severity of ventricuiar arrhytimias resuldng
from a 25 min occiusion and rsperfusion of the left aprerior
dscmdmz coronary artery ( -\IP\ m anasth:nsed dogs.
Zl.ﬂ:"_A was mxuscd (128 ugke 'min -1 n=12) 60 min
prior to a 23 min ocslusion of “the LAD. Zl.n_iA resulted in
a fall in arterial blood pressurs (-11=3 mmHg. P<0.05) and
a reduction in the resistance of the TAD and left circumflex
(LCX) coronary arteriss (by 12 % and 16 %. respectively: P
<0.05). Compared 1 the contmls =201 occlusion of the
LAD following Z13725A acministration, resulied in a
reduced numosr of \'PBs {91=41 vs 390=74, P<0.05) and
VT episodss (0.8=0.3 v. 9.0=1.9. P<0.05) and lower
incidences of VT i326 vs 100%. P<0.05) and VF (Z5% vs
40%. P<0.05). Survival from the comoined .sc:xa...'ma-
teperfusion insult was also insreased (50% vs 0%. P< 0.03).
The occlusion-inducsd epicardial ST-segment sjsvatior and
the degres of inhomogeneiry. wers aiso less marked in
213733A treated dogs. Thasz results indicare. thar dual
blockade of ACE and NEP provides marked protsction
against thz ssvars consequanzss of myczardial ischasmia.
perhaps sievating BK isvels and-or proionging the
protective effec: of BK.

nv ne Sciennic Reseoren Fuuncion :amu the Brush

G;yugr;y ung ime funvencr Cauurg. ong SJucstion Mimstre iNe i< enc FKFP
675,
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ACTION POTENTIAL LENGTHENING 14
OPPOSES REPERFUSION ARRHYTHMIAS

Amira Ponce Zumino. Gusiavo Baiardi. Otto Schanne,
Elena Ruiz Pexich. Dept. of Physiology, Univ. of
Cuyvo, Mendozz. Argentina.

Action potenna lengthening delays I, recovery irom
inactivation and may mmrec.ly alleviate Na loading
during ischemiz and reperfusion. We investigared the
effects of blocidng I, with Ba** (100 uM) on the
electrical response to regional ischemia and reperfusion
in ten spontaneously beating rat hearts.
Transmembrans potantals and the ECG were recorded.
In the conwols. the resting potendal (RP) depolarized
by 13 # 0.7 mV during ischemia. Reperfusion
inducsd venmricuiar tachyarrhythmias within 1 min in
00% of hearts. Ba™* lengthened the action porendal
duration (APD,o) irom 78.5 == 3 t0 144.8 + 24 ms and
enhanced ischemic depolarization (23.8 = 1.8 mV).
The acdon potential upswokes were notched. The
combined duradon of tachycardia and fibrillation
episodes on repsriusion decreased from 319 + 47 s
(over 10 min of observaton) w0 49 = 15 s. All the
hearts recoversd sinus rhythm. Our dam show that
modulation of I, by changes in APD may significantly
modify arrhvthmogenesis on reparfusion.

Supported by CONICET and CTUNC.

HEART FAILURE ARRHYTHMIA MECHANISMS 16
Douglas L. Jones. Dznts Phvsiology & Medicine, University
Western Ontaric London. Ontario. Canada, N6A 5C1

Despits frequent arshvthmia and sudden death, anempts to study
arrhythmia mechznisms in HF patients have been unsuccessul
dus to the inabiliny to inducs arrinthmia using =lecrical
stimularion. W2 found that the rapidly paced dog hearz mods! of
HF. is prone to asrhyvthmia. appareatiy ot dus to resnry or
automaticiry. suggssting that miggersd activiry inducad
afterdepoiarization may play a role. We determined the
susceptivility of the HF dog to trigeered activiry slicited by the
administration of ¢=sitm chioridz (CsCl). HF was producsd by
pacing the hoarts 2z 240 beats/min for 3-4 wesks, At reswudy, the
minimal dose of CsC. which produess ventricular tachycardia
was significantiv iowsr in the HF than the conrrol dogs
(1.02=0.02 vs 1.2!=0.07 mMol/kg, p<0.03). Epicardial mapping
during CsCl-induczd venricular tachveardia showed aczivation
patterns consistaat with multifocal origin. In in viere
microslectrods studies. within 30 minutes. CsCi supsrfusion (5
mMol/L) produzez wrigasred activity in 7 of 8 Purkinje fibres
from + HF dogs and venmicuiar myasytes from 2 HF dogs. In
contrast. CsCl inducsd rigeersd activiy in oniy 1 of $ Purkinje
fibers {ram the is of + conwrol dogs even with continuous
superitsion for ug 1o 60 minutes (p<0.01). A siowed pazing
stimulus increzssd tiia number of sariv afterdepolarizations.
Thess results Exmonsirate that he pacing-induced HF dog has an
mersassd san 1@ \'T ductorr =d activiy induced by
CsCi. Funhamuore, this sugpssts that iriggerzsd activity may play
an impenan: ro arrinthmogenesis of hears faiiure.
Supported by i Hoan 2nd Swroks Foundation of Omario
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Mohamed Ali Rasticar, Agnes Végh. Julius Gy. Papp,*James R. Parratt
Department of Pharmacology, Albert Szent-Gvorgyi Medical University Szeged, and
*University of Strathclvde, Glasgow, UK.

THE ANTIARRHYTMIC EFFECTS OF ANP IN A CANINE MODEL OF
ISCHAEMIC-REPERFUSION

The effects of atrial natriuretic pepide (ANP) was examined in chloralose-urethane
anaesthetised mongrel dogs. After thoracotomy, human synthetic ANP was infused
intravenously (10ug kg” + 0.1ug kg! min , n=12), 30 min before and 10 min after
the 25 min occlusion of the left anterior descending coronary artery (LAD). Control
dogs (n=20) were subjected to simply a 25 min occlusion of the LAD. followed by
reperfusion. ANP infusion resulted in a fall in mean arterial blood pressure (-17 =2
mmHg, P<0.05) and a moderate reduction in diastolic coronary resistance (-0.11
=0.06 mmHg ml" min, ns). During ischaemia, the increase in LVEDP was less
marked in the ANP treated than in the control dogs (9.0 = 0.9 vs 12.7 = 0.6 mmHg, P
<0.05). Compared to the controls, in the presence of ANP , there was a reduced
number of VPBs (129 = 99 vs 390 = 74, P<0.05) and episodes of VT (4.3 =35 vs.
9.0 = 1.9, P <0.05) , a lower incidences of VT (50% vs 100%, P< 0.05) and VF (17%
vs 40%, P<0.05) during occlusion. Survival from the combined ischaemia-reperfusion
insult was also increased (58% vs 0%, p<0.05). The severity of myocardial ischaemia,
assessed from changes in epicardial ST-segment and degree of inhomogeneity, were
significantly less marked in dogs given ANP. We conclude. that ANP may protect the
myocardiom against the severe consequences of myocardial ischaemia, resulting from
coronary artery occlusion and reperfusion in canine.

Témavezets : Dr. Végh Agnes
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NA+/K* ATPase a ISOFORMS AND 17
ARRHYTHMIAS IN THE EARLY STAGES OF

GUINEA PIG HEART FAILURE.

pascal Trouve. Francois Carré. Chrisiophe Leciercq.

Damien Bonast. Thierry Dakhii and Danieie Chariemagne.

INSERM UiZ7. Hopital Lariboisidrs. Paris. France.

We studied the 2xprassion of Na*/K™ ATPase « isoforms
and arrhytitmias in the 2ariv stages of guinea pig (GP)
neart faiiure. Laft ventricuiar hyperrophy was induced by
apdominal aortic stenosis (AS) for 6. 12 and 20 months.
Anatomica! and haemodynamic data indicated the
developmeni of heart failure after 20 months of stenosis
isham-operated vs. AS group) LV/Bwt (1.6=0.2 vs.
2.5=0+6mg/g. p<0.01), RV/Bwr (0.4=0.06 vs.
0.5=0.1mg/g. p<0.05). mean arterial pressure (531%16 vs.
T2=16mmHg. p<0.05). LVEDP (13£2 vs. 20=7mm Hg,
p<0.05). Hoiter monitoring showed a high frequency of
. atrio-ventricuiar biock and occurrence of supraventicular
and ventricuiar arrhythmias in hypertrophied hearts.
mRN\A leveis of a2 and a3 Na*/K+ ATPase isoforms
ware increased after 6, 12 ané 20 months of AS (+80%.
+320%, +193%. p<0.05 and +60%. +287%. +119%.
respectively. both p<0.05). Western biot analysis
demonstratec &1 and ¢2 isoforros in GP heart for the first
time and an increased level of &2 protein at 12 and 20
months of stenosis (+340% and +220% respectivly,
p<0.05). in conclusion. we have demonstrated
upregulation of a2 and a3 Na*/K* ATPase isoforms in
the =arly stages of GP hear: failure associated with an
increased incidence of arrhythmias. These two events
should be correlated.

THE ROLE OF MITOCHONDRIAL GENES IN 19
VENTRICULAR FIBRILLATION

Arpad Tosaki. Peter Ferdinandy”. Dipak K. Das™, ingoif E.
Biasig™. Scnool of Med., Debrecen and Szegec®, Hungary,
Univ. Connecticut™, USA, and Inst. Molecularpharmacol.”™”,
Serlin, Germany.

Ischemia/reperfusion stimulates expression of several early
response genes and stress protein genes like proto-oncogenes
and heat-snock proteins. Sequencing of 28 confirmed positive
clones showed that mitochondrial-encoded genes constituted
a major part of upreguiated genes in isoiated rat heans (n=6
in sach group) subjected to 30 min global ischemia followed
by 2 hours of reperfusion. The expression (upregulation) of
AT synthase subunit 6 (ATPase §) and cytochrome oxidase
subunit 11l (C Ill), using Northern biot. has been detect=d after
30 min of ischemia followed by reperfusion in nonfibrillated
hearts. These genes were downregulated in fibrillated
myocardium. Thus, upon reperfusion, the reiative band
intensity of ATPase 6 and T Il were increased from
corresponding nonischemic control values of 6x10~x0.5x10"
and 2.9x10~20.3x10™ pixel units to 7.3x10£0.4x10™ (NS) and
S.x10%£0.4x10* (p<0.05) pixe! units, respectively, in
nonfibrillated myocardium. In fibrillated myocardium, the
downregulation of these genes were detected. Thus, in
fibrillated myocardium. the band intensity of ATPase € and C
I‘Il was reducecd from their noniscnemic control values of 6x10°
20.5x10 and 2.9x10~20.3x10™ pixel units to 0.6x10~25.2x10*
anc 1.2x10%z0.3x10* pixel units. respectively. These results
have been confirmed using polymerase chain reaction (PCR)
:e:nnmue. The expression of these mitochondrial genes was
he same in soth nonfibrillated and Sbrillated diabetic heants.
Pur Fesults show that the aforementioned mitocnondria genes
;?“_ 2lay an grucial roie in the regulation of ventricular
‘idrillation ir: the 1scnemic/reperfuses myocardium. (Susported
?y grﬁnzf_frem OTKA F19946: OMFS 05201950515; FKFP
12841857 anc Volkswagen Stifiung 1771-183)
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SPATIAL DISORGANISATION OF THE 18

CARDIAC INTERCELLULAR JUNCTIONS
IN DILATED CARDIOMYOPATHY.

Sawa Kosun. Steran Hein. Jutia Schaper.
Max-Pianck-Institute. Bad Nauheim. Germany

The purpose of this siudy was to :nvesiizziz the
distribunion patiern of jascia acierens TA).
desmosomes (D! and gap junctions (GJ) in pauenis with
dilated cardiomyopathy. Laft ventricular sampias from
six expianted hearis obinined at transplantation were
immunoiabelled for proteins forming FA iN-cadherin).
D ( desmopiakin) or GJ (connsxin 43) and examined by
confocal iaser microscopy. Altered pansms of cardiac
interceliular junction distribution were opservec in areas
featsring myoribre disarray and at the myocardial
interface with areas of replacement fibrosis. In the laner
areas. connexin 43 GJ. as well as immunoiabsilad D.
were arranged in Jongitudinally orientatad arravs along
the iateral sarcoiemma. forming aberrant side to side
connections. This abnormality extended in paralie! with
increasing myocardial scarring. Severe junctional
abnormaiities were detected in zones of myofibre
disarray. including random distribution of GIJ. side to
side GJ and D, intersecting megadisk structures
conuzining FA. D and GJ. Mvocardial areas fre= from
structurai damage have a normal patern of the
distripurion of immunoiabelled FA. D and GJ.
Conclusion. The disorganisation of the interceliular
junctions associated with myocardial scarring and
myoiibre disarray may play an imporiant role in the
development of a ventricular arrthvthmogenic substrate
in patients with dilated cardiomyopathy.

THE ANTIARRHYTHMIC EFFECTS OF ANP IN 20

2 C.-\N{’Z_\fEEM%D_EL OF IEICHAE\/IIA-I}“EIPERELSI&N
gnes Végh. Mohamed Ali Rastigar. Julius Gv. Papp,
“James K. Parrant. Depts. of Pharmacology, A. Szemt-
Gyorgyi Med. Univ. Szeged, Hungary and ~Univ.
Srrathclvde. Glasgow. UK.

The effects of amial natrjurstic pepride (ANP) were
examined in chloraiose-urethans anaesthetised mongrei dogs.
After thoracoiomy, h svithetic  ANP_ was infused
intravenously (10 ug kg-! = 0.1 ug kel mirrl: n = 12), 30
min before and for 10 min after the 25 min occlusion of the
left anterior descending coronary artery (LAD). Comtrol
dogs (n = 20) were simply subjected 10 a 25 min occiusion
of the LAD. followed by reperfusion. ANP infusion resulted
in a fall in mean arterial blood prassure (- 17 = 2 mmHg, P
< 0.05) and a slight reducrion ‘P dia.s}olic coronary
resistance «- 0.11 &= 0.06 mmHg mi~! min"!. ns). During
ischaemia. the increase in LVEDP was less marked in the
ANP rreared dogs than in the controls (9.0 = 0.9 vs 12.7 =
0.6 mmHg. P < 0.05). Compared 1o the controls. ANP
reduced the number of VPBs (129 = 99 vs 390 = 74. P <
0.05) and episodes of VT (4.3 = 35v.9.0 = 19.P <
0.05), and there were lower incidences of VT (50 % vs 100
%. P < 0.05) and VF (17 % vs 40 %. P < 0.05) during
occlusion. Survival from the combined ischasmia-
reperfusion insult was also incrsased (58 % vs 0 %. P <
0.05). The severity of myocardial ischaemia. assessed from
changes in epicardial ST-segmemt and degree of
inhomogsneiry. wers significantly less marked in dogs given
ANP. We conclude that ANP may proiect the myocardium
against the severs consequences of myocardial ischasmia.
resulting from: coronary antery occlusion and reperfusion.
Supportec by the Hungarian Scientific Research Foungarion
(OTRA|. the Bruisit Council and :he Hungcrian Cuiturs! and
Educarior: Ministrv (No 1+ and FKFP 1290.'1997).
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PRECONDITIONING WITH SEROTONIN PROTECTS AGAINST
ISCHEMIA-REPERFUSION INJURY IN ISOLATED RAT HEARTS

Kovics A, Tihanyi K, Marké B, Egyed A, Széndsi G
EGIS Gyogysaergydr RT, Budapest, Hungary

The substantial serotonin (5-HT) content in the heart may be invoived in the
pathogenesis of cardiac ischemic injury. In fact, prereamment with 5-HT
prolonged time to conmactwre (TTC) during global ischemia that was
completely abolished by the 5-HT,, antagonists ketanserine and cinanserine in
isolated rat hearts. Moreovex, the application of the above 5-HT,, antagonists
led to a greater functional recovery from global ischemia during reperfusion,
and systemic S-HT depletion was aiso cardioprotective. Qur hypothesis was
that preconditioning (PC) with 5-HT also contributes to better recovery of
contractile function during reperfusion in S-HT depieted hearts. Therefore, we
tested if PC with 5-HT improves functional recovery in rat hearts, and PC with
ischemia (I) and phenylephrine (PHE) was also performed for comparison.
Isolated rat heants were subjected to three cycles of 5-min global ischemia or
vehicle/drug infusion, separated by two cycles of 5-min reperfusion (REP) and
a single 10-min REP before a 25-min prolonged ischemia. The hearts were then
reperfused for 30 min and left ventricular deveioped pressure (LVDP) and end-
diastolic pressure (EDP) were measured at the end of REP. Results are shown
in the Table. (* = p <0.05 vs. vehicle 0.2 uM ascorbic acid).

Vehicic ]| IPC 5-HT PHE
1uM | 0.1 uM JOnM 1uM | 0.1 puM
[TIC__ | 84&13| 46203 | 74413 | 6.420.5 | 7330.7| 1132 | 74305
[LVDP | 4924 | @334 | 577 | 8340 | 6624 | 8244 | 66=7
EDP 534 3765 | 4843 363 | 43%7 365 | 4546
Compared to the vehicie 5-HT at 0.1 pM exerted the same protective effect at
the end of the REP as did IPC or PHE at 1 pM. The dose-response curve for 5-
HT was beil shaped suggesting that the proischemic effect of 5-HT at high
concentration may have compeasared for PC. In conclusion, 5-HT induces PC
at low concentration in isolated rat hearts. Since protein kinase C (PKC) plays a
central role in PC, we suppose that 5S-HT PC activated phospholipase C-inositol
phosphate-diacylglycerol-PKC cascade at myocardial 5-HT,, receptors.

Psg . -

METABOLIC PROTECTION BY ADENOSINE OF THE HYPOXIC AND
REPERFUSED MYOCARDIUM

mw&vmmw«u
Orvostudoményi Egyetem Gybtgyszerani Imtézete, Debreeen,
Mngymmig.

The influsnce exerted on the hypoxic and reperfused myocardium by adenosine
was investigated in electrically driven left atrial myocardium and in isovolumically
perfused Langendorff heart preparations of guinea pigs. The zim of our work was
to study the effect of an in vivo methyixanthine treatment on the hypoxia-tolerance
of the myocardium in vitro.

Methods: mechanical activity of left atrial myocardium was measured in guinea
pigs wemed ip. once daily for 10 days with solvent or aminophylline (APH, 25
mg/kg ip). In Langendorff preparations, adenosine (15uM) orfand 8-phenyl-
theophylline (8-PT) was present in the putrient solution during the full
experimental period. The experiments were terminated by freezeclamping the
ventricles used for biochemical determinations. The prevention of the hypoxia-
induced changes in parameters measured was regarded as criterion of
cardioprotection.

Resuits: in left atrial myocardium obmined from APH-treated guinea pigs, no
change in the hypoxia-induced decrease of mechamical activity and the rate of
recovery under reoxygenation could be detected. In Langendoff heart preparations
adenosine significantly increased myocardial ATP, phosphocreatine and glycogen,
moderated lactate production and effectively prevented the hypoxia-induced
changes of these parameters. In vitro, 8-PT blocked all of the salutary effect of
endogenous and exogenous adenosine.

Conclusion: in addition to the known favourable effect of adenosine on the
coronary perfusion, a receptor-mediated metabolic protectiorn may also conwibute
‘o the increase of the hypoxia-tolerance of the myocardium. The methylxanthines
as potentially risk factors in the development of ischemic heart diseases, - on the
basis of these experiments - cannot be justified.

Supported by grants from OTKA (T 016 848) and ETT (307/96)
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INHIBITION OF BRADYKININ CATABOLISM REDUCES THE
SEVERITY OF VENTRICULAR ARRHYTHMIAS RESULTING FROM
ISCHAEMIA-REPERFUSION IN ANAESTHETISED DOGS
Rastigar MA, Végh A, Papp JGy, *Parrant JR, “Semeraro C, "Marchini F
Departments of Pharmacology, A. Szent-Gydrgyi Medical University Szeged,
Hungary, *University of Strathclyde, Glasgow, UK and “Zambon, Milano,
Italia

It is well documented that bradykinin (BK) is involved in the cardioprotective
effect of ischaemic preconditioning. It is also established thar angiotensin.
converting enzyme (ACE) and neutral endopeptidase (NEP) are the two main
enzymes invoived in BK degradation. The present study aimed to examine
whether Z13752A, a dual ACE/NEP inhibitor modifies the severity of
ventricular arrhythmias resulting from a 25 min occlusion and then
reperfusion of the left anterior descending coronary artery (LAD) in
chloralose-urethane anaesthetised mongrel dogs. Z13752A was infused (128
ug kg min® iv, n = 12) 60 min prior to occlusion of the LAD. Then the
infusion was stopped and dogs were subjected to a 25 min occlusion and then
reperfusion of the LAD. Z1372SA resuited in a fall in mean arwerial blood
pressure (-11 + 3 mmHg, P < 0.05) and 2 reduction in the resistance of the
LAD and lef circumflex (I.CX) coronary arteries (by 12 % and 16 %,
respectively; P < 0.05). Compared %0 the controls (n = 20), occlusion of the
LAD following Z13725A administration, resulted in a reduced number of
VPBs (91 £41 vs 390 + 74, P < 0.05) and VT episodes (0.8 £03 v. 9.0 1.9,
P <0.05) and lower incidences of VT (42 % vs 100 %, P < 0.05) and VF (25
% vs 40 %, P < 0.05). Survival from the combined ischaenmia-reperfusion
insult was also increased (50 % vs 0 %, P < 0.05). The occlusion-induced
epicardial ST-segment elevation and the degree of electrical inbomogeneity
were also significantly less marked in Z13752A treated dogs than in the
controls. These results indicate that dual blockade of ACE and NEP provides
marked protection against the severe consequences of myocardial ischaemia,
perhaps by elevating BK levels and/or prolonging the protective effect of BK.
Supported by the Hungarian Scientific Research Foundation (OTKA), the
British Council and the Hungarian Ministry of Culture and Education (No 14
and FKFP 1290/1997). .
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ATRIAL NATRIURETIC PEPTIDE INFUSION REDUCES THE
SEVERITY OF VENTRICULAR ARRHYTHMIAS IN A CANINE MODEL
OF ISCHAEMIA-REPERFUSION

Végh A, Rastigar MA, Papp JGy, *Pamart JR

Departments of Pharmacology, A. Szent-Gy#rgyi Medical University, Szeged,
Hungary and *University of Strathelyde, Glasgow, UK

The effects of atrial namjuretic peptide (ANP) on the severity of ventricular
arhythmias resuiting from coronary artery occlusion and reperfusion were
examined in chioralose-urethane ansesthetised mongrel dogs. After
thonnotomy,humansymhencANPwumﬁxsedmavmly(IOpgkg"+
0.1 pg kg’ min; n = 12) 30 min before and for 10 min after the 25 min
occlusion of the leﬁ anterior descending coronary artery (LAD). Conwol dogs
(a = 20) were simply subjected w saline infusion and then occlusion of the

- LAD, followed by reperfusion. ANP infusion resulted in a fall in mean arterial

blood pressure (<17 % 2 mmHg, P < 0:05) and a slight reduction in diastolic
coronary resistance (-0.11 £ 0.06 mmHg ml* min®, ns). During ischaemia, the
increase in LVEDP was less marked in the ANP treated dogs than in the
controls (9.0 + 0.9 cp 12.7 £ 0.6 mmHg, P < 0.05). Compared to the contxols,
ANP reduced the number of VPBs (129 + 99 cp 350 = 74, P < 0.05) and
episodes of VT (4.3 = 3.5 cp 9.0 £ 1.9, P < 0.05), and there were lower
incidences of VT (50 % cp 100 %, P < 0.05) and VF (17 % cp 40 %, P < 0.05)
during occlusion. Survival from the combined ischaemia-reperfusion insuit
was also increased (58 % cp 0 %, P < 0.05). The severity of myocardial
ischaemia, assessed from changes in epicardial ST-segment and degree of
inhomogeneity, was significantly less marked in dogs given ANP. We
conclude that ANP may protect the myocardium against the severe
consequences of myocardial ischasmia, resuiting from coronary artery
occlusion and reperfusion.

Supported by the Hungarian Scientific Research Foundation (OTKA), the
British Council and the Hungarian Ministry of Cuiture and Education (No 14
and FKFP-1290/1997)
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Does ACE or NEP inhibition provide additional protection to ischaemic preconditioning?

Mohamed AlifRastEga =r Agnes Vegh, Julius Gy. Papp, *Jemes R. Parratt. Depts. of Pharmacology and
Pharmacotherapy, A. Szent-Gyorgyi Med. Univ. Szeged, Hungary, *Univ. Strathclyde, Giasgow, UK.

The aim of the present study was two fold: first to analyse the time-course of the antiarrhythmic protection
induced by a single brief (5min) preconditioning (PC) ischaemic episode, and second whether this
protection when it has already faded can be enhanced or prolonged by increasing bradykinin leveis either
with the ACE inhibitor enalaprilate or with the dual ACE/NEP inhibitor Z13752A. Nine groups of chioralose~
urethane anaesthetised dogs were used. Control dogs (n=16) were infused for 60 min and then subjected
to a 25 min occlusion of the left anterior descending coronary artery (LAD), followed by reperfusion. In the
time course study, dogs were preconditioned by a single 5 min occlusion of LAD and then at various times
afterwards, ( 5 min, n=9; 15 min, n=8: 3Q min, n=8; 60 min, n=12, respectively) these dogs were subjected
to prolonged ischaemia. in two further groups either Z13752A, (128 ug kg-1 min-1, n=8) or enalaprilate (5
ug kg-1 min-1, n=10) was infused over 60 min, prior to occlusion of the LAD. Preconditioned dogs with a
60 min reperfusion were also given Z13732A (n=12), and enalaprilate (n=14). Compared to the controis,
ventricular premature beats (VPBs: 353 £ 79 v. 83 £ 37, 72 £ 27, 32 = 9), ventricular tachycardia episodes
(VT: 10.7 £ 3.3 v.1.6 = 0.7, 0.25 £ 0.16, 0.38 £ 0.18); the incidences of both VT (100% v.62%, 25%, 37%)
and ventricular fibrilation (VF: 44% v 0% in all groups) were markedly reduced, and survivals (0% v. 83%,
38%, 38%) were increased when the reperfusion intervals between the PC occlusion and prolonged
occlusion were 3, 10 and 30 min, respectively. However, the protection was abolished when the time
interval between PC and the prolonged ischaemia was increased to 80 min, (VPBs: 273 = 87, VT: 8 + 4,
VT1: 58%, VF: 17%, survival: 17%). Z13752A and enalaprilate given alone, before 25 min occlusion of the
LAD significantly reduced the severity of ventricular arrhythmias (VPBs: 91 = 40, 103 + 42, VT: 0.22 £ 0.15,
1.8 £ 1.2, VT: 22%, 44%, VF: 0%, 30%, survival: 67%, 50%. respectively). Howeveér, when these drugs were
infused in PC dogs with 60 min reperfusion, Z13752A provided no further protection, (VPBs: 56 = 24, VT:
0.33 = 0.18: VT: 25%, VF: 8.3%, survival: 33%, P> 0.05), whereas, enalaprilate attenuated rather than
prolonged the protective effect of PC, (VF3s: 252 £ 73, VT: 2.5 = 1.2, VT: 54%, VE: 38%, survival: 0%). We
conciuded from these resuits that niether enalaprilat nor the dual ACE/NEP inhibitor Z13752A, was able to
provide additional protection to ischaemic Preconditioning.
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Mohamed Ali Rastigar. J. Gy. Papp. F. Marchini. L. Pradella. *J. R Parratt.
A. Végh

Dept. of Pharmacologr and Pharmacotherapy. A. Szent-Gyérgyi Medical

University, Szeged: *University of Strathclvde. Glasgow, UK.; "Zambon
Milan, Iraly

INVOLVMENT OF BRADYKININ IN THE ANTIARRHYTHMIC
EFFECT OF Z-13752A, A NOVEL NEUTRAL ENDOPEPTIDASE
INHIBITOR

We -have shown previously that Z13752A, dual ACE-NEP inhibitor
markedly reduced the severity of ventricular arrhvthmias resulting from a 25
min occlusion and reperfusion of the left anterior descending coronary artery
in anaesthetised dogs.Now we hypothesized that inhibition of NEP/ACE by
Z13752A a novel NEP/ACE inhibitor would afford cardioprotection to
ischemic myocardium and may modify ischaemia-induced ventricular
arrhythmias and these ffects are mediated by kinins.

Four groups of chloralose-urethane anaesthetised mongrel dogs were ased,
group 1: Twenty animals were given saline, group 2: Ten animals 0.3 mgkg™
iLv bolus of icatibant (Hoe-l-w ) lnmnreceptor amtagonist, 10 min b..fore
prolonge occlusion, group 3: Nine dogs were given 128 u.gkg .min™
Z13752A in an iv infosion, over a 60 min period. immediady prior 10 a 25
min occlusion of the left antinior decending branch of coronary artery (LAD).
group. To test whether the effect of Zl.ﬂSZA could be suppressed by blocking
kinins, icatibant was aammxsteted 1o twelve dogs, befor LAD occlusion.

To see 128 pg.kg™ .min™ iv bolus of Zl3"52A can inhibite both NEP and
ACE, we studied effect of Z13752A on blood-pressure responce to intravenous
Angiotensin I and angiotensin II by comparing to enalaprilate {ACEi).

Z13752A signiﬁcant!y reduced mmnber of VPBs (90.8 = 40.5) and
episodes of VT (0.22 = 0.15) and lower incidence of VT (22%) and VF (0%),
compared to the controls (VPBs:390 £ 74, P<0.05; episodes of VT:9 = 1.9,
P<0.05; incidence of VT:100% , P<0.05 and VF 40%), survival from the
combined ischaemia-reperfusion insuit was also increased significantty
following Z13752A (68% vs 0% , P<0.05) treatment and it was also significan
reduction in ST-segment elevation and degree of elecirical inhomogenity
during 25 min occlusion in Z15752A group.

If we give kinin receptor antagénist icatibant, before occlusion. result is not

significant different by comparing to- control. Cardicprotective effect of
Z13752A are blocked by icatibant

Thus NEP participates in catabolism: of kinins in the heart: inhibiton of
NEP may increase cardiac kinins. which are responsible for the
cardioprotective effect of Z13752A.

Supervisor: Agnes Végh, PhD
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THE ROLE OF BRADYKININ IN THE Theg
ANTIARRH

R N T NE ABOLISHING THE ANTIARRHYTHMIC EFFECT OF Th7g

ISCHAEMIC PRECONDITIONING BY CAPTOPRIL IN

A64

PASOREFIRASE INHIBITER 707808 o . o
0 i i s us . .
D ma?co al, ml;opr%nm Pﬂﬁlllla. Jla\.ms RY._GPqnn,
ts. of Pharmacolo mnaeozhex?y Szent-Gyorgyi
Mee%. Uniy. Szeged, gungary Univ. of Strathclyde, Glasgow,
UK. and " Zambon, Milan, Italy
We have shown previously that Z13752A, a dual ACE/NEP
inhibitor y reduced the severity of ventricular
arrhythmias resulting from a 25 min occlusion and reperfusion of
the " left anterior descending coronary LAD) in
anaesthetised dogs. Now we have examined whether ykinin
plays a role in this protective effect of Z13752A. For this
s¢. in chloralose-urethane anaesthetised dogs, icatibant (0.3
Egz’_ﬁ iv.) was given 10 min before occlusion of the LAD,
cither jn the absence (n=10) or in the presence of Z13752A (128
min"* iv. infusion, over a min od prior to the
occlusion, n=12). Control (n=20) and Z13752A treated dogs (n
= 9) were given cither saline or Z13752A infusions (as above),
and simply subjected t0 a_25 min occlusion-reperfusion insuit.
Compnu(y:otheeomls. Z13752A reduced the mumber of VPBs
591 +41 vs. 390+74, P<0.05) and episodes of VT (0.2‘;19.2 vs.
.1+1.9, P<0.05) and there were lower incidences of VT (22%
vs. 100%, P<0.05) and VF (0% vs. 40%, P<0.05) during
occlusion. Survival from the comb: 2
insult was increased (68% vs. 0%, P<0.05) following Z13752A
administration. Although icatibant irself did not intluence the
severity of ventricular

Gl ke L oahs Enbes

(P<0. %ighelhaninthell 52A
wmgmwmmmemls.lnme 3 b
no dog treated with Z13752A survived the combined occlusion-

on_insult. We concluded from these results that the
marked antiarrhythmic of Z13752A is mediated through
Supported by the Hunmgarian Sciemtific Research Foundation
{4 ), the British uncil and the Hungarian Ministry of
Culture and Education.

INVESTIGATION OF THE ANTI- AND Th71

PROARRHYTHMIC EFFECT OF LINOLEIC
ACID RICH DIET IN RABBITS .

!stvén Ba%é, Andrds Farkas, Istvin Lepran,
ulius Gy. Papp. Degt of Phammacology and
Phammacctherapy, A. Szent-Gyérgyi Med. Univ.,
Szeged, Hungary )

New-Zealand white rabbits were fed controi peilet
or a diet supplemented with 10% sunflower seed il
SSO, containing 58% linoleic acid) for one month.
ocardial ischaemia was produced by ligating the
first branch of the left circumflex coronary artery for
10 min, followed by 10 min of reperfusion. The SSO
diet significantly increased the number of animals
developing no a mias during the 10 min myo-
cardial ischaemia (53% vs 17% in controi animals,
P<0.05). Aiso, SSQ diet significantly decreased the
incidence of ventricular fibrillation and increased
survival (7% vs. 73% and 100% vs. 36% in control
animals, respectively, P<0.05) as well as the num-
ber_of animais without any arrhythmia during re-
erfusion (60% vs. 0% in the control group,
<0.05). In ancther set of experiments animals
were administered cumulative doses of D-sotalol (3,
10 and 30 mg/kg, i.v.) during ay-adrenergic recep-
tor stimulation with phenylephrine (15 ug/kg/min).
Torsade de pointes developed in 60% of control
animals vs. 9% in animais fed SSO diet (P<0.05?.
Our results suggest that SSO diet may not only
protect against arrhythmias during myocardial
ischaemia but can also decrease the proarrhythmic
potency of class il antiarrhythmic drug 3
Supported by OTKA Grant No. T 22300.

RATS
Istvén teprin,_ Gydrgy Portik, Julius Gy. Papp,
Dapartment of Pharmacology and Pharmacotherapy,

Albert Szant-Gydrgyi Med. Univ., Szeged, Hungary

The aim of the present experiments was to investigate
whether reflex activation of the renin-angiotensin
system during preconditioning contibutes to the
protection against ischaemia-reperfusion induced
arrhythmias. In anaesthetized, artificially ventilated rats
the left main coronary artary was ligated for 6 min,
followed by reperfusion. A single preconditioning
ischaemia, i.e. occluding the corcnary artery for 2 min,
10 min before the test ischaemia, markedly decreasad
the incidence of ventricular fibrillation (VF; 33% vs. 88%
in control ischaemia-reperfusion) and ventricular
tachycardia (VT; 48% vs. S4%), and increased the
survival rate (SR; 86% vs. 29%). Captopril pretreatment
(10 mgrkg orally, 1 h prior to test ischaemia) alone did
not influence significanty the occurrence of VF, VT and
SR (81%, 86% and 19%, respectively). Howaver,
captopril pretreatment significantly abolished the
protection by praconditioning, increased the-incidence
of VF and VT (56% and 75%, respectively) and
decreased SR (50%). These results suggest that
production of angictansin il due to the reflex activation
of the renin-angiotensin m during ischaemic
preconditioning may contribute to the development of
the protection against ischaemia-reperfusion induced
arrhythmiasintherat -

This work was supported by OTKA (T 22300) and ETT
(06-127) grants.

NO-DEFFICIENT HEART ISPRONETOLOW Th72

K"-INDUCED VENTRICULAR FIBRILLATION

Narcis Tribulova, Mordechai Manoach*, Ludmila Okro-
hlicova, Rado Stetica, Dezider Pancza, Iveta Bernatovs,™
Olga Pechanova**, Institute for Heart Research & **Inst.
of Normal and PatholPhysiol., SAS, Bratisiava, Slovakis,

*Dept. of Physiology Tel Aviv University, Tel Aviv, Israel
Long lasting NO-defficiency is accompanied by structus

ral remodeling and myocardial fibrosis of the rat heart,
which might deteriorate intercellular communication at
the gap junctions and facilitate arrhythmias. We investi-'
gated vulnerability of L-NAME treated (40mg/kg daily
in drinking water for 4-Sweeks) rat hearts to low K-
induced ventricular fibrillation (VF). The hearts were
perfused in Langendorff mode at 37°C and 65mmHg
:with oxygenated Krebs-Henseleit (5.4mM K") solution
‘followed by K* defficient (0.8mM K") one. Atrial and
 ventricular ECG and incidence of VF were continuously
) monitored. K* defficient perfusion induced sustained VF
1in 83% of LANAME treated rats in comparing to 33% of
‘nontreated hearts. VF preceeded hypokalemia-related
! chemical (SDH, PhPh, S-NC) and gap junction conne-
i xin43 alterations, which were heterogenously distribut-
! ed within myocardium and more pronounced in NO-de-
. fficient hearts.Results indicate that long lasting inhibit-
: ion of NO production renders the heart more vulnerable.
to low K*-induced malignant ventricular arrhythmias.

i subcellular injury of the cardiomyocytes, enzyme histo- .
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INVOLVEMENT OF BRADYKININ IN THE ANTIARRHYTHMIC EFFECT OF Z-13752A, A NOVEL NEUTRAL

ENDOPEPTIDASE INHIBITOR + L= . ,
Mohamed Ali Rastigar. Julius Gv. Papp. —Francesco Marchi=i —Lorenzo Pradella. ~James R. Parratt and Agnes Végh ,

eparument of ogy narmacotherapy, A. .>z==-3yorgy1 Meaical Umviversity Szeged, Hun , University of
Strathelyde, Glasgow, UK. and T Zambon, Milan, Italy gary o
We have shown previously that Z13752A, a dual ACE/NEP miibitor markedly reduced the severity of ventricular arthythmias resulting
from a 25 min occlusion and reperfusion of the left anterior descending coronary artery (LAD) in anaesthetised dogs. Now we have
examined whether bradykinin plays a role in this protective eff== of Z13752A. For this purpose, in dogs anaesthetised with chloralose
and urethane, icatibant, 2 bradykinin B2 receptor antagonist, was given intravenously in a dose 1of 0.—31mg kg™*, 10 min before the
occlusion of the LAD, both in the absence (n=10) and in the presence of Z13752A (128 ug kg™ min™" iv. infusion, over a 60 min
period just prior to the occlusion, n=12). Control (n=20) and Z13752A treated dogs (n=9) were given either saline or Z13752A
nfusions (as above), and simply subjected to a 25 min occlusion-reperfusion insult. Compared to the controls, Z13752A markedly
educed the number of the ventricular premature beats (VPBs; 9141 vs. 390:+74, P<0.05) and episodes of ventricular tachycardia
(VT; 0.2+£0.2 vs. 9.1+1.9, P<0.05) and there were lower incidences of VT (22% vs. 100%, P<0.05) and ventricuiar fibrillation (VF:
0% vs. 40%, P<0.05) during occlusion. Survival from thke combined ischaemia-reperfusion insult was increased (68% vs. 0%,
P<0.05) following Z13752A administration. Although icatibaz: itself did not influence the severity of occlusion/reperfusion-induced
ventricular arthythmias (VPBs: 524166, VT episodes: 25.0=10.1. VT %: 73 %, VF%: 45 %, survival: 9 %), it markedly anenuated
the antiarrhythmic effect of Z13752A. Thus, the number of VPBs (632+300) and episodes of VT (22.5+13.8), the incideénces of VT
(100%) and VF (58%) during occlusion were significantly (P <0.05) higher than in the Z13752A treated dogs and these were similar to
that in the controls. In the presence of icatibant no dog treated with Z13752A survived the combined occiusion-reperfusion insult. We
concluded from these results that the marked antiarrhythmic effec of Z13752A is mediated through bradykinin.
Supported by the Hungarian Scientific Research Foundation /OTKA), the British Council and the Hungarian Ministry of Culture and

canon.

ANTIARRHYTHMIC EFFICACY - OF ANALOGUES OF LIDOCAINE, PROCAINAMIDE AND PROPRANOLOL
CONTAINING THE QUATERNARY NITROGEN AND FRAGMENTS OF K .xrr CHANNEL BLOCKERS.

D.RajZiené Siené, 1 Stankeviciené, A Stankevicius .

Institute of Cardiology, Kaunas Medical University, Kaunas 3007, Sukilefiu 17, Lithuania N

It was estimated, that the quaternization of aliphatic amino function of lidocaine (T), procainamide (II), propranolo} (III), quinidine
(1V) increased the acute toxicity and antiarrhythmic effect in comparison with their tertiary analogues. We synthesized the structural
analogues of I-IV and bretylium, containing fragments of K arp channel blockers. The analogues of I, containing 4-methyl, alkoxy,
alkoxycarbonyl, acetylamino, p-toluenesulfonamido and methanesulfonamido substituents in the anilide fragment were constructed. On
the calcium chloride-induced arrhythmia model in rars the quaternary ammonium compounds showed the greater antiarrhythmic
efficacy in comparison with tertiary analogues, I-IV, bretylium and in most cases prolonged the survival rate of animals by 60-90
percent against 10 percent in control. The ammmonium derivatives of I, containing 4-methyl- , p-toluenesulfonamido- or 4-
methanesulfonamidoanilide fragment and allyl, benzyl, butyl or heptyl radicals in ammonium function, demonstrate the most efficacy
on the strophantin mode! in guinea-pigs. They fully protected from ventricular tachycardia and ventricular fibrillation and also
increased arrhythmogenic treshold for strophantin. It was established, that quaternary nitrogen atom is associated with greater
antiarthythmic efficacy which depends upon the structure of the cation function and on its compatibility with other pharmacophores as
well In conclusion, the presence of fragments of K arp channel blockers remarcably increased the antiarhythmic potency and
decreased the acute toxicity of compounds. Derivatives of I, containing the 4-methanesulfonamido group in anilide fragment, exhibit
the greater antiarrhythmic effect and significantly lesser acute toxicity in comparison with 4-methylanilide analogues.

GENE EXPRESSION RELATED TO FIBRILLATION IN ISCHEMIC/REPERFUSED ISOLATED RAT HEARTS

T. Patald, P, Kovacs, Z. Szilvassv®, I. E. Blasig** A Tosaki
Dept. Pharmacology, and Ist Dept. Internal Med., School of Medicine, Nagyerdei kat. 98, 4032-Debrecen, Hungary; *Dept.
Pharmacol, School of Medicine, Pecs, Hungary; **Inst. Mol. Pharmacol, Berlin, Germany

The up- and down-regulation of mitochondrial genes related to ventricular fibrillation (VF) in ischemic/reperfused nondiabetic
and diabetic myocardium were studied. We have done subtractive screening, Northern blotting, and reverse transcription
polymerase chain reaction (RT-PCR) of mitochondrial genes expressed after 30 min ischemia followed by 120 min of
repetfusion in hearts developed VF or did not show VF. Cardiac function was also monitored. ATP synthase subunit 6 and
cytochrome oxidase Il showed an expression after 30 min ischemia in both nondiabetics and diabetic myocardium. Upon
reperfusion, the down-regulation of these genes was only observed in fibrillated hearts. A reduction in the expression of mRNAs
was not seen in nonfibrillated myocardium. Cardiac function showed no correlation between the up- or down-regulation of these
mitochondrial genes in nondiabetic and diabetic ischemic/reperfused hearts. Northern biotting and RT-PCR confirm an increase
in mRNA levels of the genes studied after 30 min ischemia, and a decline throughout an additional two-hour period of
reperfusion in both fibrillated nondiabetic and diabetic myocardium. Qur data suggest that ATP synthase subunit 6 and
cytochrome oxidase II may play a critical role in arthythmogenesis and the stimulation of the expression of ATP synthase
subunit 6 or cytochrome oxidase IIl may prevent the development of VF in both diabetic and nondiabetic myocardium.
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A “DELAYED RECTIFIER™ KALIUMARAM GYORS ES LASSU
KOMPONENSE EGESZSEGES HUMAN KAMRAI
5ZIVIZOMSEJTEKEN

lost Norbert, Virig Lidszi6, Varrd Andrds, Opincariu Miki6s, Szécsi Jinos,
Papp Gyula i
Farmokol6giai és Farmakoterdpiai Intézet és Szivscbészeti Ondlls Oszeily.
Szent-Gydrgyi Albert Orvostudomdnyi Egyetem. Szeged

Elekeroft=iologia. szivizom alapkutards

JelentGs eliérések tapasztalhaték a kiildnb6zé eml6sik szivébol izoldlt ~dela-
yed rectifier” kiliumdramokban (lc). Az eddig ismert humdn adatok olyan be-
teg szivekbd] szrmaznak, ahol 2 mérések sorin az Iy miajdonsdgait jelentdsen
megvaltoziaté Cd™-t és Ba™-t haszndltak. Ezént kisérleteink célja az I¢ aktivd-
cids és deaktivicids kinetikai tulajdonsdgainak vizsgdlata volt 16 egészséges
humdn bal kamrdbél izol4lt 32 szivizomsejten a patch-clamp technika cgész-
sejtes konfigurdcidja segitségével 35 °C-on. A kaicium dram (L)) gétlésdhoz
nifedipint haszndltunk, . -

Minden sejtben regisztriltunk egy E-4031 s2enzitiv farokdramot, amit az fr-
4ram gyors komponensének (I,) tekinthetiink. Ezen dram fesziiltség-dram kar-
akterisztikéja magasabb fesziiltségeknél mér nem emelkedett tovibb (“inward
rekeifikdcio™. Az dram -10 mV-ndl kezdert aktivdlédni, maximumit
(02720.07 pA/pF, n=10) +20 mV-ndl érte eL. Az I,.-dram akrivécids kinetika-
janagyon gyors voit (¢ = 36.6 £ 32 ms, 30 mV-on, n=§), a deaktivicids gorbe
pedig viszonylag lassii id6alland6jii kétexponenciilis fiiggvénayel volt illeszt-
het§ (¢t = 600.0 £ 53.9 ms és t, =6792 £ §75.7 ms, 40 mV-on, n=6). Forskolin
jeleniétében egy E-4031 inszenzitiv és chromanoi 293B szenzitiv dramot fi-
gyeltink meg. Ezt az dramot tekintjiik az Ix-dram lassii komponensének (L.
Az I, iram maximalis énéke 0.20640.035 pA/pF (amit 50 mV-odl ért el, n=6),
ez az Iy-dram 75%-nak felel meg. Az dram aktivicios id64lland6ja viszonylag
laswit (t=1096.3£126.5, 50 mV-on, n=6), deaktiviciés id6illand6)a viszonylag
gyors voit (t=109.9+11.6 ms, 40 mV-on, n=5).

Eredményeink arra utalnak, hogy az egészséges humén kamrdban a “delayed
rectifier” kéliumdramnak mind a gyors. mind a lassii komponense jelen van. A
mért Iy legjobban a kuryasziven meghatdrozott Ix-dramhoz hasonlit, viszont je-
lentdsen eltér a tengeri malacban meghatdrozott Iy-dramtdl. ValGszindsithetd,
hogy az I fontos szerepet jétszik a humén kamra repolarizicidjinak frekven-
ciafiiggd moduldldsiban.

A munka az OTKA T 020604 és az FKFP 1025/97 témogatdsdval készilt.

" APITVARI NATRIURETIKUS PEPTID (ANP) HATASA

+. AKORONARIA OKKLUZIO ES REPERFUZIO OKOZTA KAMRAI

**ARITMIAKRA ALTATOTT KUTYAKBAN .

+* Mohamed Ali Rastigar, Papp Gyula, *James R. Parrart, Végh Agnes

. Szent-Gydrgyi Albert Orvostudoményi Egyetem, Farmakoldgiai és

- Farmakoteripiai Intézet, Szeged; *Department of Pharmacology, Univ.
Strathclyde, Glasgow, UK.
Arrhythmia, iszkémia, miokardidlis protekcié

Jelen kisérleteink célja az volt. hogy megvizsgdljuk vajon az ANP milyen m6-
don befolydsolja az iszkémia-reperfiizié sorin megjelend kamrai aritmidk si-
lyossdgdt altatott kutydkban. Kloral6z-uretin keverékével altatort kutyikbana
mellkast megnyitotruk. majd a bal coronaria arteria descendens anterior dgd-
nak (LAD) 25 perces okklizidja el6it 30 perccel, ill. azt kijvetGen 10 perecel,
intravéndsan szintetikus uman ANP-t (10 pg kg* + 0.1ug kg* min®, n=11) in-
funddltunk. A kantroll dllatokban csak 25 perces LAD okkkizidt ill, azs ko-
vetden reperfiiziGt végezriink. Az ANP infiizié az artérids kozépnyomist
-1742 mmHg, P < 0.05) és a diasztolés korondnia reziszienciit (-0.1120.06
mmig mi* min, P > 0.05) mérsékelten csdkkenterte. Az ANP-vel kezelt ku-
tydkban a koszoniér okkl(izi6 harisdra bekivetkezd balkamrai végdiasztolés
nyomds emeikedés kisebb voit. mint a kontoll csoport dllataiban (9.040.9 v.
12.7 £0.6 mmHg, P <0.05). Osszehasonlitva a kontroll csuporttal, az ANP-vel
kezelt dllatokban az okkhizié alast kevesebb kamrai extrasystole (2612 v.
390£74, P < 0.05), kevesebb kamrai tachikardids epiz6d (0.7+0.3 v. 9.0£1.9, P
< 0.05) jelent meg. Az ANP-vel kezelt dllatokban ugyancsak szimonmevden
csokkent a kamrai tachikardia (45% v. 100%, P < 0.05) valamint 3 kamrafib-
nilldcid (VF; 18% v. 40%. P < 0.05) okklizi6 alani gyakorisiga. és szignifikin-
San emelkedett a tilélés arinya (64 % v. 0 %, P < 0.05). Kisérleteinkben a2 isz-
kémia silyossdgdt két paraméterrel jellemeztiik; az epikardidlis ST-szakasz
emelkedés valamint az elektromos aktivicié inhomogenitdsdnak iszkémia ha-
tsdra bekivetkezd valtozdsival: Mindkét paraméternek a koszoniér akklizié-
R bekgvetkez viltozisa szignifikinsen kissebb volt az ANP-vel kezelt ku-
tydkban, mint a kontroll dllatokban. Eredményeinkbdl arra kdvetkez:etiink,
Rogy az ANP jelent6s ménékben csikkenti a koszoniér okklizi6 illerve repes-
20 sordn megjelend kamrai aritmidk sulyossigdr

Ke..r.'ﬂlf az OTKA, a British Council és a Magyar Mivelddési és Kazokeardsi
Minisztérium (FKFP 129011997) témogatdsdval.
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FAST AND SLOW DELAYED RECTIFIER POTASSIUM CURRENTS
IN UNDISEASED HUMAN VENTRICULAR MYOCYTES

N. fost, L. Virdg, M. Opincariu, J. Széesi. A. Vard. J. Gy. Papp

Depariment of Pharmacology and Pharmacotherapy and Department of
Cardiac Surgery, Albert Szent-Gyorgyi Medical University, Szeged. Hungary
Elecrrophysiology, myocardial basic research

There are large inter-species variations in the cardiac delayed rectifier potassi-
um current (Ic). The very few available data regarding I in man originate from
diseased hearts in the presence of Cd* and Ba* which cations fundamentaily
alter the properties of Iy. Therefore, the characteristics of Ik (including activa-
tion and deactivation kinetics) were studied in 32 myocytes isolated from 16
undiseased human left ventricle, by applying the whole cell configuration of
the patch-clamp technique at 37 C°. Nifedipine was used to biock I,

The E-4031 sensitive rapid component of Ig (Is,) was found to be present in all
myocytes. The current-voltage relationship of the Iy, tail current showed appa-
rent inward rectification. The activation of the current started at -10 mV and re-
ached its maxirnal amplirude (0.2740.07 pA/pF, n=10) at 20 mV. The activati-
on of the Iy, was fast (t=36.6t3.2 ms, at 30 mV, n=6) with relatively slow bi-
exponential deactivation kinetics (1,=600.0+53.9 ms and (,=6792+875.7 ms, at
-40 mV, n=6). In the presence of forskolin an E-4031 insensitive and chroma-
nol 293B sensitive tail current, which represented the slow component of I
(Ic.), was also obsesved. The maximal ampiitude of I, tail was 0.206+0.035
pA/pF at 50 mV, n=6, ie. 75 % of the amplitude of I.. The time constant for
activation of Ix, was rather slow (t=1096.8£126.5 ms, n=6) and for deactivati-
on it was relatively rapid (t=109.9t11.6 ms, n=6).

It is concluded that both I¢, and I, exist in undiscased human ventricle. The re-
corded I resembled I; detected in dog ventricular myocytes but substantially
differed from I; measured in myocytes from guinea pig ventricle. Iy, and L,
probably play an important role in the frequency dependent and pharmacologi-
cal modulation of repolarization in human ventricle,

This work was supported by OTKA T 020604 and FKFP 1025197 grams.

ATRIAL NATRIURETIC PEPTIDE (ANP) REDUCES THE
SEVERITY OF VENTRICULAR ARRHYTHMIAS RESULTING
FROM CORONARY ARTERY OCCLUSION AND REPERFUSION

IN ANAESTHETISED DOGS .

M. A. Rastigar, J. Gy. Papp, *I. R. Pamrart. A. Végh

Depantment of Pharmacology and Pharmacotherapy, A. Szemt-Gyéreyi Med.
Univ, Szeged, Hungary and Department of Pharmacology *Univ. Strathclyde,
Glasgow. UK.

Arrhythmias, ischaemia, myocardial protection

The aim of the present study was to examine whether atrial narriuretic peptide
(ANP) reduces the severity of ventricular arrhythmias in a canine model of is-
chaemia-reperfusion. In chioralose-urethane anaesthetised mongrei dogs. after
thoracotomy, human synthetic ANP was infused intravenously (10ug kg' +
0.1ug kg* min® , n=11), 30 min before and 10 min after the 25 min occlusion
of the left anterior descending coronary artery (LAD). Control dogs (n=20) we-
re simply subjected to a 25 min occlusion of the LAD, followed by reperfusi-
on, ANP infusion resuited in a fall in mcan arerial blood pressure {-1712
mmHg, P<0.05) and a moderate reduction in diastolic coronary resistance (-
0.1120.06 mmHg mi”* min,P>0.03). During ischaemia, the increase in left vent-
ricular end-diastolic pressure was less marked in the ANP treated than in the
control dogs (9.0 = 0.9 vs 12.7 £ 0.6 mmHg, P <0.05). Compared to the cont-
rols, in the presence of ANP, there was a reduced number of ventricular pre-
marure beats (2612 vs 390+74, P<0.05) and episodes of ventricular rachicar-
dia (0.7320.3 vs 9.021.9, P <0.05), lower incidences of VT (35% vs 100%. P<
0.05) and VF (18% vs 40%, P<0.05) during occlusion. Survival from the com-
bined ischaemia-reperiusion insull was also increased (64% vs 0%, P<0.05).
The severity of myocardial ischaemia, assessed from changes in epicardial ST-
segment and degree of inhomogeneity, were significantly less marked in dogs
given ANP. We conclude that ANP may protect the myocardium against the
severe consequences of myocardial ischaemia, resulting from coronary artery
occlusion and reperfusion.

Suppuorted by the Hungarian Scientific Research Foundation (OTKA), the joint
grant of the British Council and the Hungarian Ministry of Culture and Edu-
cation ( FKFP 129011997).
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