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1 Forty anaesthetized dogs were subjected to left circumflex coronary artery ligation followed by
reperfusion. Molsidomine was randomly administered to 20 dogs (50 gg kg- I as an i.v. bolus - 15 min
prior to coronary occlusion - followed by an infusion of 0.05 ptg kg- min i). Standard electrocar-
diographic leads 2 and 3 were continuously recorded to measure ST segment and AR% changes and to
document both the number of ventricular premature beats and the onset of ventricular fibrillation;
aortic pressure and cardiac output were measured; thromboxane B2 plasma levels, platelet aggregation
produced by ADP, and molsidomine plasma levels were determined before and at 10, 30 and 75 min
after the start of the drug protocol.
2 Molsidomine protected the treated animals from early (10 min) post-ischaemic ventricular
fibrillation (0 of 20 vs 6 of 20, P = 0.0202), reduced the incidence of overall post-occlusion ventricular
fibrillation (3 of 20 vs 10 of 20, P = 0.0407) and improved the total survival rate (P = 0.0067).
3 In molsidomine treated dogs: mean aortic pressure and the rate-pressure product were lowered
10 min after the start ofthe drug; immediate post-occlusion (3 min) ST segment changes (0.82 ± 0.52 vs

1.52 ± 0.78 mV, P< 0.025) and AR% changes (37 ± 50 vs 90 ± 84%, P < 0.025) were less marked;
the number of ventricular premature beats was lowered and finally, a progressive decline of platelet
aggregation produced by ADP was achieved after 75 min of drug infusion.
4 These results were obtained in the presence ofmean plasma levels of molsidomine ranging from 20
to 28 ng ml-'.
5 The time-action curve of the antifibrillatory effect of molsidomine parallels those at the level of
post-ischaemic electrocardiographic changes.

Introduction

Molsidomine (N-ethoxycarbonyl-3-morpholine-syd-
nonimine) is an effective long-acting antianginal drug
(Guerchicoff et al., 1978; Majid et al., 1980; Detry et
al., 1981; Baudry, 1982; Balakumaran et al., 1983;
Balestrini et al., 1984), which possesses similar
haemodynamic properties to those of nitrates (Guer-
chicoff et al., 1978; Majid et al., 1980; Detry et al.,
1981). In addition, from one randomized trial it was
concluded that molsidomine may be a useful adjunct
to P-adrenoceptor blocking drugs in patients with
coronary artery disease (Balestrini et al., 1984). This
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synergistic action is comparable to that previously
demonstrated for long-acting nitrates (Russek, 1968).
Other potentially useful pharmacological properties
of molsidomine have been described in the dog. These
include: a coronary collateral vasodilator action in
hearts with coronary insufficiency (Hirata & Kikuchi,
1970), improved endocardial blood flow (Berdeaux et
al., 1978), a reduction of both occlusive coronary
artery thrombosis and myocardial ischaemia (Fiedler,
1982), decreased infarct size after coronary artery
ligation (Fiedler et al., 1982), and an anti-ischaemic
effect following controlled reduction of coronary
perfusion as assessed by ST segment changes in
multiple unipolar epicardial leads (Nitz & Martorana,
1985). Finally, a reduction in the incidence of post-
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reperfusion ventricular fibrillation in a non-controlled
study was observed after left anterior descending
coronary artery ligation in 8 dogs (Nitz & Martorana,
1985). Whether molsidomine is capable of preventing
post-occlusion ventricular fibrillation and of reducing
the mortality rate in acute coronary artery occlusion
models, though of potentially clinical relevance, has
not been previously ascertained.

Therefore, the potency of molsidomine at prevent-
ing post-occlusion ventricular fibrillation and at im-
proving the outcome in dogs was investigated. For this
purpose a canine model left circumflex coronary
artery ligation and continuous standard electrocar-
diographic recordings was devised in order both to
control factors of variability which may affect the
significance of the results and to obtain clinically
applicable parameters (Jouve et al., 1985, 1986a,b).

Methods

Surgical preparation

A constant time schedule was maintained during all
phases of this investigation. Anaesthesia was induced
in 40 mongrel dogs of either sex (9 to 14kg) by
intramuscular injection of levomepromazine
(0.5mgkg-') followed 30min later by intravenous
administration of sodium pentobarbitone
(10 mg kg- '). After endotracheal intubation, ventila-
tion was maintained (with 1:1 oxygen and nitrous
oxide) using a Logic 5 respirator with respiratory rate
adjusted to 20 strokes min-' and a tidal volume of
20 ml kg- . Pancuronium bromide (0.1 mg kg- ') and
atropine sulphate (0.01 mg kg-') were injected in-
travenously. A catheter inserted into a peripheral vein
was used for drug or saline administration. A left
thoracotomy was performed at the level of the fourth
intercostal space. The pericardium was incised parallel
to the phrenic nerve and raised to form a cradle in
which the heart was supported. A catheter (20g,
38mm) was introduced at the level of the anterior
aspect of the ascending aorta. This catheter was
connected to an Elema-Schdnander transducer
(O- 300 mmHg) using a Vygon bolt extensor (tested at
40kgcm-1) for aortic pressure recording and blood
sampling. Arterial gases and pH were determined after
thoracotomy and several times thereafter and re-
mained in the normal range (90< Pao2< 160 mmHg;
25< Paco2<35mmHg; 7.38 <pH <7.44). A
Swan-Ganz catheter (SF) was advanced through the
superior vena cava to the pulmonary artery for
determination of cardiac output which was obtained
in duplicate using 5 ml cold saline injections and a
model 9538 A Edwards Laboratories computer. The
left circumflex coronary artery was prepared for
occlusion after careful dissection at a site 1 to 5mm

away from its origin using a braided thread (Teflene
2.0) mounted on a half round-curve needle
(Archimed 2.0). Acute coronary occlusion was perfor-
med in these animals 25 to 30 min after left
thoracotomy, that is 30 to 35 min after the induction of
intravenous anaesthesia.

Electrocardiographic monitoring

The dogs were restrained in a fixed position (Hill,
1968). Needle limb electrodes were immediately inser-
ted within I min of pentobarbitone anaesthesia and a
standard frontal 6 lead electrocardiogram recorded on
a jet-ink electrocardiograph (Elema-Sch6nander:
Mingograf81) which allowed a paper speed of 2.5 to
1000mm s -. Continuous electrocardiographic recor-
ding of standard leads 1, 2 and 3 was performed.
Moreover, a contourographic display of lead 2 was
obtained (Torresani et al., 1983). This was aimed at
providing a synoptic view of electrocardiographic
changes and documenting the stability of the record-
ing. R wave amplitude in mm (1Omm = I mV) was
measured from the isoelectric line to the zenith of
Rwave (AR% changes from baseline values). ST
segment elevation in mV was measured perpendicular
to the isoelectric line and 60 ms after the beginning of
R wave or the nadir of Q wave when present. These
measurements were performed at a paper speed of
100mms-' every 60s throughout the experiments
starting 1 min before ligation. Each data point re-
presented a mean of 5 to 10 consecutive beats to negate
respiratory influences (David et al., 1982). Both
R wave and ST segment were measured in all recorded
leads. However, to facilitate clinical correlation,
R wave and ST segment amplitude data were only
presented from leads 2 and 3 (mean data).

Post-occlusion arrhythmias were monitored elec-
trocardiographically with continuous recordings from
0 to 60 min after left circumflex coronary artery
occlusion. Animals which survived 60 min post-
occlusion were considered to be survivors of early
phase ventricular arrhythmias. After that time, reper-
fusion was achieved by cutting the thread around the
previously occluded artery. A 20 min post-reperfusion
electrocardiographic monitoring was performed: dogs
which survived were considered to be occlusion-reper-
fusion survivors.

Haemodynamic monitoring

Aortic pressure was continuously recorded in all
experiments. Cardiac output was determined in the
control state, before and 5 min after left circumflex
coronary artery occlusion and at 30 and 60 min
thereafter. Standard formulae were used to calculate
systemic vascular resistance and rate-pressure
product.
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Platelet studies

Platelet-rich plasma (PRP) was obtained by cen-
trifugation of citrated blood (0.011 M) at lOOg for
10 min. Platelets were counted. Aggregation of adjus-
ted PRP using the photometric method (Born, 1962)
was studied in the presence of adenosine 5'-pyrophos-
phate (ADP, final concentration 2.5 fM). The intensity
of platelet aggregation was measured before and
10 min after the start of the drug protocol and 15 and
60 min after left circumflex coronary artery occlusion.
The plasma levels of thromboxane B2 (TXB2), a

stable metabolite of thromboxane A2, were inves-
tigated by means of a sensitive radioimmunoassay
technique as previously described (Jouve et al., 1984).
Blood samples were drawn from the Vygon bolt
extensor connected to the aortic catheter and collected
in EDTA (0.034 M, 0.01 vol./l vol.) containing tubes.
After immediate centrifugation (4000 g for Omin at
4C) the resulting plasma samples were frozen until
further processing. Dosages from the collected plasma
samples were ascertained before and Omin after the
start of drug protocol and 15 and 60 min post-
occlusion, respectively.

Experimental protocol

Forty unidentified 2 ml vials containing either 4mg of

molsidomine (n = 20) or the vehicle alone (n = 20) had
been prepared previously by Hoechst Laboratory,
Paris, France and randomly coded. Thus, the study
was conducted blind until the results had been collec-
ted. Fifteen to 20 min after the induction of anaesth-
esia, i.e. at the end of the surgical preparation, the
contents of the vials were diluted in 200 ml of 0.9%
saline. Then, a bolus of 2.5 ml kg-' i.e. 50 fig kg-' of
molsidomine, when present, was started by use of a
precalibrated infusion pump. The infusion was contin-
ued throughout the experiment.

In order to evaluate the plasma levels of mol-
sidomine achieved with this protocol, plasma samples
were obtained from 20 consecutive animals. The
samples were drawn from the Swan-Ganz catheter and
collected in heparin (Li Heparin 143 USP units)
containing tubes. After immediate centrifugation
(4000g for 10 min at 4'C) the resulting plasma samples
were frozen until further processing. A high-perfor-
mance liquid chromatographic method for the
analysis of N-ethoxycarbonyl-3-morpholine-sydnon-
imine compound was used (Dell & Chamberlain,
1978). The drug was extracted from the plasma into
1-2 dichlorethane and the analysis was carried out on
a reversed-phase column, the column effluent being
monitored by u.v. absorption at 312 nm. The sen-
sitivity of the method ranges from 2 to 3 ng ml-'.

Survival rate P = 0.0067

Occlusion

60

Time of onset of ventricular fibrillation (min)

Reperfusion

80

Figure 1 Number and time of onset of ventricular fibrillations after left circumflex coronary artery occlusion are
shown in molsidomine-treated and control dogs. P values, as calculated with Fisher's exact test, at 10 and 60 min after
occlusion are indicated. The survival rate is calculated for the overall occlusion-reperfusion period with the modified
Wilcoxon test.
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Data analysis

All continuous parameters expressed as mean± stan-
dard deviation (s.d.) were analysed by a one-way
analysis of variance. To analyse the effect of mol-
sidomine on the incidence of ventricular fibrillation
following coronary artery occlusion periods of time
were defined apriori, based on data indicating that this
arrhythmia peaks during the first 10 min post-
occlusion and then decays exponentially (Kaplinsky et
al., 1979; Menken et al., 1979). In addition, the effect
of treatment on post-reperfusion ventricular fibrilla-
tion was also assessed. For these purposes the bilateral
Fisher's exact test (Fiegel, 1956) was used at either
10 min or 60 min post-occlusion and at the end of the

reperfusion period. Finally, to assess the effect on total
survival the modified Wilcoxon test (Burdette &
Gehan, 1970), which takes into account the exact date
on onset of ventricular fibrillation after the start of
experiments, was performed.

Results

Effect of treatment on mortality

The onset of ventricular fibrillation was always coin-
cident with death since electrical defibrillation was not
performed. Of the 40 animals used in this randomized
study, 13 fibrillated during the 60 min post-occlusion

Figure 2 (a) Contourographic display of standard lead 2 in a control dog subjected to left circumflex coronary artery
ligation (to be read from below upwards). Note the stability of the electrocardiographic recording. Parasitic spikes may
be seen in the middle part due to dissection of the left main trunk. Following left circumflex coronary artery occlusion
ST segment elevation appears and R wave amplitude increases: these changes preceded the occurrence ofan early phase
ventricular fibrillation. R, T, P denote specific electrocardiographic waves. R' and R" denote the 2nd and 3rd QRS
complex respectively which imbricate in the contourographic display. (b) Leads 1, 2, 3 and unipolar right ventricle
(uRV) electrocardiographic recordings at the baseline and (c) I min 30 s and (d) 2 min 30 s after left circumflex coronary
artery (LCC) occlusion in the same dog.
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period and 12 on reperfusion (Figure 1). In the
molsidomine-treated group, 3 out of 20 fibrillated
during the occlusion period (15%) as compared to 10
in the control group (50%) (P = 0.0407, Fisher's exact
test). During the first 10 min following left circumflex
coronary artery occlusion no animal showed signs of
ventricular fibrillation in the treated group as com-
pared to 6 cases in the control group (30%)
(P=0.0202, Fisher's exact test). On release ven-
tricular fibrillation ensued in 7 of the 17 remaining
molsidomine-treated dogs (41%) and in 5 of the 10
remaining controls (50%) (P = 0.9614, Fisher's exact
test). A highly significant difference was observed
between treated animals and controls in the total
survival rate (P = 0.0067). Thus, these data show that
molsidomine prevented ventricular fibrillation during
the entire post-occlusion period and improved out-
come in this model after left circumflex coronary
artery occlusion and reperfusion.

Electrocardiographic monitoring

A synoptic view of post-ischaemic changes that follow
left circumflex coronary artery occlusion are presented
in a contourographic display of lead 2 (Figure 2) from
a representative control animal and include: a short
lasting decrease of R wave amplitude reaching its
nadir within 30 s along with an increase in ST segment;
an increase in R wave amplitude preceding the onset of
early (3 min) post-occlusion ventricular fibrillation.

Post-occlusion ST segment changes are presented in
Table 1 in both treated and control animals further
subdivided according to the occurrence of ventricular
fibrillation during the 60 min post-occlusion period.
Significant differences in mean ST segment elevation
were present at 3 min post-occlusion. These include: a

lower mean ST segment in the 20 molsidomine-treated
dogs as compared to the 20 controls (0.82 ± 0.52 vs
1.52 ± 0.78 mV, P< 0.025) and a higher intragroup
mean ST segment elevation in control animals which
further fibrillated (1.98 ± 0.71 vs 1.00 ± 0.52mV,
P = 0.01). At 5min post-occlusion no significant
intergroup differences were present. However, in-
tragroup differences were observed between those
animals which further fibrillated and those which did
not, both in controls (1.90 ± 0.56 vs 1.21 ± 0.53 mV,
P< 0.05) and in molsidomine-treated dogs
(1.97 ± 0.17 vs 0.95 ± 0.65 mV, P <0.025). At 10, 15,
30 and 45min post-occlusion significant intragroup
differences were still present in control animals
(Table 1). At 60 min post-occlusion, i.e. just prior to
the release, ST segment elevation was 0.53 ± 0.17 in
controls and 0.32 ± 0.27 mV in molsidomine-treated
dogs (NS).

Post-occlusion AR% changes are summarized in
Table 2. At 3 min post-occlusion, an intergroup dif-
ference was observed between control and mol-
sidomine-treated dogs (90 ± 84 vs 37 ± 50%,
P<0.025). At the same time AR% changes were
higher in controls which further fibrillated (127 ± 63
vs 44 ± 45%, P< 0.01). The same holds true at 5 min
post-occlusion in the control group (Table2). After
that time neither intra nor intergroup differences
persisted.
The total number of ventricular premature beats in

the control group during the post-occlusion period
was 2915 as compared to 1865 in the molsidomine-
treated group. The number of ventricular premature
beats per minute per dog during the early (0-10 min)
post-occlusion phase was 4.24 ± 3.6 in molsidomine-
treated dogs as compared to 14.34 ± 4.28 in controls
(P <0.02). After this period and until 60 min post-

Table 1 ST segment elevation (mV) during the left circumflex coronary artery occlusion period in dogs

Time post-occlusion (min)
10 15 30 45 60

Vehicle-treated
Total
With VF

Without VF

1.52 ± 0.78
1.98 ± 0.71

P< 0.01
1.00 ± 0.52

Molsidomine-treated
Total
With VF

Without VF

0.82 ± 0.52A
1.27 ± 0.39

P< NS
0.80 ± 0.51

1.11 ± 0.70
1.97 ± 0.17

0.025
0.95 ± 0.65

1.03 ± 0.84
1.53 ± 0.63

NS
0.94 ± 0.84

0.85 ± 0.84
0.95 ± 0.25

NS
0.84 ± 0.88

0.58 ± 0.54
1.20 ± 0

NS
0.55 ± 0.53

0.40 ± 0.28 0.32 ± 0.27

0.40 ± 0.28 0.32 ± 0.27

VF = ventricular fibrillation during the post-occlusion period.
Values are mean ± s.d.
Ap< 0.025 molsidomine vs vehicle.

3 5

1.44 ± 0.63
1.9 ± 0.56

0.05
1.21 ± 0.53

1.34 ± 0.61
2.08 ± 0.35

0.01
1.05 ± 0.41

1.07 ± 0.38
1.50 ± 0.42

0.05
0.94 ± 0.26

0.74 ± 0.27
1.50 ± 0

0.01
0.66±0.12

0.64±0.31
1.50 ± 0

0.01
0.55 ± 0.16

0.53 ± 0.17

0.53 ± 0.17
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Table 2 AR% changes during the left circumflex coronary artery occlusion period in dogs

Time post-occlusion (min)
10 15

58 ± 52
92 ± 58
NS

42 ± 39

68 ± 57
109 ± 52

NS
55 ± 52

34 ± 50
80±0
NS

29 ± 50

30 45 60

22± 46
20± 0
NS

22± 48

22 ± 48

22 ± 48

Molsidomine-treated
Total
With VF

Without VF

37 ± 50A
85 ± 47

P< NS
35 ± 50

48 ± 61
65 ± 68
NS

46 ± 59

64 ± 74
75 ± 74
NS

63 ± 74

41 ± 62
0±0

NS
46 ± 63

37 ± 70
0±0

NS
39 ± 71

21 ±42 9±24

21 ±42 9±24

VF = ventricular fibrillation during the post-occlusion period.
Values are mean ± s.d.
Ap< 0.025, molsidomine vs vehicle.

occlusion the total number of ventricular premature
beats was 1903 in controls and 1272 in the mol-
sidomine groups (P <0.02). On release an increased
number of ventricular premature beats was noted.
However, no significant difference was noted between
the remaining control and molsidomine-treated dogs.

decline in the intensity of platelet aggregation during
the occlusion period was observed which reached
significance at 60 min post-occlusion (Figure 3). On
the other hand, no significant change occurred in
TXB2 plasma levels either in control or in molsidomine
treated groups (Figure 4).

Haemodynamics

Baseline heart rate, mean aortic pressure, cardiac
output, systemic vascular resistance and rate-pressure
product were not significantly different in controls as

compared to molsidomine-treated dogs (Table 3).
After 10 min infusion of molsidomine, mean aortic
pressure and rate-pressure product significantly de-
clined in the presence of a virtually unchanged mean

heart rate. A non-significant fall (15.5%) in cardiac
output was noted as a consequence of molsidomine
infusion. Following 5 min of left circumflex coronary
artery occlusion, mean aortic pressure and cardiac
output significantly declined in both control and
molsidomine groups. In addition, a significant reduc-
tion of rate-pressure product remained at significantly
lower levels as compared to baseline values. However,
no significant intergroup difference was noted. Final-
ly, the haemodynamic parameters did not show fur-
ther changes during the following 30 min.

Platelet studies

No significant change was observed in platelet count
either in the control or the molsidomine groups during
the occlusion period. In addition, no significant
change occurred post-occlusion in the intensity of
platelet aggregation to 2.5 fiM ADP in controls. By
contrast, in molsidomine-treated dogs a progressive

P < 0.02
t30 NS
Q) ~~~NS

NS

0~

<20

C N1

0

.2 10-

'1 2 3 4

Figure 3 Intensity of platelet aggregation to 2.5 pM
ADP measured just before (1), at 10 (2), 30 (3), and 75 (4)
min after the start of the drug protocol. (3) and (4) are

respectively 15 and 60 min after left circumflex coronary
artery occlusion. Stippled columns represent mean con-

trol responses and open columns represent mean respon-
ses of platelets from molsidomine-treated dogs. Vertical
lines indicate s.d.

3

Vehicle-treated
Total
With VF

Without VF

90 ± 84
127 ± 63

P< 0.01
44±45

S

51 ± 39
81 ± 25
0.05

36 ± 36
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Figure 4 Aortic thromboxane B2 plasma levels
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after the start of the drug protocol. (3) and (4) are

respectively 15 and 60 min after left circumflex coronary

artery occlusion. Stippled columns represent mean con-

trol values and open columns represent mean levels in
molsidomine-treated dogs. Vertical lines indicate s.d.

Molsidomine plasma levels

Of the 20 dogs in which plasma samples had been
collected for determining the dosage ofmolsidomine, 9
had received the drug. The plasma levels were, respec-
tively, 28 + 16, 24 ± 14 and 20 ± 6ngml-' at 10, 45
and 75 min after the start of molsidomine infusion.

Discussion

The results of this randomized study demonstrate that
molsidomine prevents ventricular fibrillation follow-
ing left circumflex coronary artery occlusion in the
anaesthetized dog and improves overall occlusion-
reperfusion survival in this model. These effects
appear to follow the antifibrillatory action of the drug
during the early (0-10min) post-occlusion period.
The time-action curve of this early antifibrillatory
effect of molsidomine parallels those at the level of
post-ischaemic electrocardiographic changes which
are lowered and those against ventricular premature
beats which are less in treated as compared to control
dogs. These results need to be considered with regard
to the experimental setup, taking into account the
relevance of standard electrocardiographic changes as
an index of pathophysiological precursors of life-
threatening ventricular arrhythmias (Kaplinsky et al.,
1979; Menken et al., 1979; David et al., 1982; Jouve et
al., 1986a) and the reported effects of molsidomine in
improving directly or indirectly the oxygen supply in
ischaemic areas ofthe left ventricle (Hirata& Kikuchi,
1970; Berdeaux et al., 1978; Fiedler, 1982; Fiedler et
al., 1982; Nitz & Martorana, 1985; Kukovetz &
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Holzman, 1985). In contrast, the antiplatelet effects of
the drug do not seem to contribute importantly to
these effects of the drug.

Experimental design

Experiments in preventing sudden death are fraught
with factors of variability. These include: the type and
level of anaesthesia (Duchene-Marullaz et al., 1982),
the latency from thoracotomy to ligation (Hiatt et al.,
1973), the level of coronary occlusion (Allen & Laadt,
1950), the time in which the occlusion is achieved
(Harris, 1950) and the degree of native collateral
development (Meesmann et al., 1976).
A deep surgical anaesthesia was obtained with a low

dose of sodium pentobarbitone since intramuscular
pre-anaesthesia with levomepromazine was used
(Geary et al., 1981). The small amount ofatropine was
aimed at counteracting baroreceptor reflex-mediated
bradycardia following activation ofmechanical recep-
tors in the infero-lateral wall of the left ventricle
(Thames et al., 1978). As a result of this anaesthetic
protocol, high levels of heart rate were prevented
(Manders & Vatner, 1976). Indeed, heart rate on
occlusion was similar to that observed in conscious
dogs sedated with morphine (Starnes et al., 1982).
Finally, the occlusion was performed on a 1:1 oxygen
and nitrous oxide mixture which has been shown to
have no depressant effect on left ventricular perfor-
mance and cardiac output (Van Trigt et al., 1984). The
constant time schedule, the occlusion of the left
circumflex coronary artery at its origin, thus including
all branches running to the lateral and inferior wall of
the left ventricle (Moore, 1930), and finally the
randomization were designed to mitigate factors of
variability. As a result of this procedure the observed
50% incidence of ventricular fibrillation in the control
group accords with the 54.12% (92 of 170 control
dogs) observed previously after left circumflex coron-
ary artery occlusion in anaesthetized dogs
(Jouve et al., 1986a,b). In addition, this figure is
similar to the 53% incidence of ventricular fibrillation
obtained after left circumflex coronary artery
occlusion in conscious dogs (Starnes et al., 1982).

Electrocardiography

Since anaesthesia was used high quality standard
multiple electrocardiographic recordings (Hill, 1968;
David et al., 1982) were obtained throughout the
experiments. The stability of recordings has been
controlled by contourography as displayed in
Figure 2. These recordings allowed the measurement
ofST segment and R wave changes in those electrocar-
diographic leads which directly explore the acute
ischaemic area. Delayed ST segment and AR% chan-
ges were observed in molsidomine-treated dogs. Alth-

ough there is some controversy as to the sensitivity and
specificity of ST segment and R wave changes for
either localization or quantification of myocardial
ischaemia (Franz et al., 1984; Kent et al., 1973), it has
been known for a long time that acute myocardial
infarction patients with higher ST segment elevation
exhibit more ectopic activity (Nielsen, 1973). Further-
more, in patients with variant angina the higher the
elevation of ST segment during an ischaemic attack,
the greater the risk of sudden death during the follow-
up (Miller et al., 1982; Previtali et al., 1983). In
addition, in a study using multiple simultaneous leads
(X,Y,Z,2,V5) in the dog it was observed that an
increase of 25% or more in the sum of R wave
amplitudes after coronary occlusion accurately
predicted the occurrence of malignant arrhythmias
including ventricular fibrillation (David et al., 1982).
Finally, the left circumflex coronary artery occlusion
canine model, using ST segment and AR% changes at
3 and 5 min post-occlusion allowed the prediction of
ventricular fibrillation with a high sensitivity and a
good specificity (Jouve et al., 1986a,b). Thus, the
delayed ST segment elevation and AR% changes
observed in molsidomine treated-dogs might reflect an
anti-ischaemic effect of the drug, accounting for both
the antifibrillatory action and the reduced number of
ventricular premature beats observed in the present
investigation. This interpretation fits with previous
experiments in which a coronary collateral vasodilator
action in hearts with coronary insufficiency (Hirata &
Kikuchi, 1970), improved endocardial flow (Berdeaux
et al., 1978), decreased infarct size after coronary
artery ligation (Fiedler et al., 1982), and a significant
anti-ischaemic effect after left anterior descending
coronary artery controlled reduction of perfusion, as
assessed by ST segment changes in multiple unipolar
leads (Nitz & Martorana, 1985), have been documen-
ted with molsidomine. These results are also in
accordance with clinical data showing that mol-
sidomine reduces electrocardiographic signs of
myocardial ischaemia in patients with coronary heart
disease undergoing ergometric testing (Detry et al.,
1981).
The effects of molsidomine are prominent in the

first few minutes following left circumflex coronary
artery occlusion. Since it is well known that the
incidence of ventricular fibrillation peaks during the
first few minutes after myocardial ischaemia and then
decays exponentially (Kaplinsky et al., 1979), it seems
reasonable to conclude that the absence of ventricular
fibrillation during the first 10 min post-occlusion in
treated dogs might be related to the anti-ischaemic
effect of the drug.

Haemodynamics

The main change observed is that molsidomine sig-
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nificantly reduced the rate-pressure product after
10min infusion and prior to left circumflex coronary
artery occlusion. The rate-pressure product reflects
myocardial oxygen consumption (Gobel et al., 1978).
In fact, as reported in previous experiments this effect
was associated with an oxygen sparing action of the
drug (Hirata & Kikuchi, 1970; Berdeaux et al., 1978;
Fiedler, 1982). In particular, a normalization of ST
segment displacements in unipolar epicardial leads has
been found to parallel the decrease of preload in a
canine model of ischaemia using a dosage of the drug
similar to that administered in this investigation (Nitz
& Martorana, 1985). Indeed, molsidomine is known to
possess similar haemodynamic properties to those of
nitrates (Majid et al., 1980). In addition, its active
metabolite SIN-l which carries a free nitroso group
relaxes vascular smooth muscle by direct stimulation
of guanylate cyclase (Kukovetz & Holzmann, 1985).
As in the case of nitrates these effects may participate
in the anti-ischaemic action of the drug (Vatner &
Heyndrickx, 1975). Further studies are, however,
necessary to clarify the relationship between the anti-
ischaemic, antifibrillatory and left ventricular
haemodynamic effects of molsidomine since these
issues were not specifically investigated here. It was, in
fact, decided not to interfere mechanically with the
vigorously beating heart in situ when dealing with a
protocol aimed at assessing the antifibrillatory effect
of a drug. The 15.5% fall in cardiac output was not
significant. Since it has been documented by Fiedler
(1982) that no depressant effect ofmolsidomine on left
ventricular haemodynamics follows a 0.10mgkg-'
bolus dose of the drug, the non-significant effect of
molsidomine on cardiac output presented here might
be ascribed to its well known action on preload (Nitz&
Martorana, 1985).

Platelet studies

Neither left circumflex coronary artery occlusion nor
molsidomine modified aortic TXB2 plasma levels.
Although it has been pointed out that the changes in
TXB2 plasma levels following acute myocardial
ischaemia are best seen in the venous blood draining
away from the ischaemic zone (Coker et al., 1981;
Walinsky et al., 1984), the involvement of thrombox-
ane A2 in the arrhythmias occurring during acute
myocardial ischaemia is controversial (Coker et al.,
1982; Burke et al., 1982). Our results do not support
the view that the aortic thromboxane plasma content
may play a contributory role to post-reperfusion
ventricular arrhythmias. In addition, aortic TXB2
plasma content was not decreased by molsidomine
although its haemodynamically effective metabolite
SIN-1 has been shown to inhibit thromboxane A2

formation in vitro (Block et al., 1982). On the other
hand, an antiplatelet effect of molsidomine was
observed, as assessed by the intensity of platelet
aggregation to 2.5 fiM ADP. Even so, this effect
observed in another study (Darius et al., 1982) was
only relevant after 75 min infusion ofthe drug. Thus, it
seems that the antiplatelet effects of molsidomine do
not contribute to its early antifibrillatory action
following acute ischaemia.

Antifibrillatory effect

In a previous study dealing with left anterior descend-
ing coronary artery occlusion in 20 dogs, molsidomine
was found to reduce the incidence of post-reperfusion
ventricular fibrillation (Nitz & Martorana, 1985).
However, in that study no episode of ventricular
fibrillation was observed on occlusion, a fact which is
in keeping with the 7% incidence of ventricular
fibrillation obtained after occlusion of the left anterior
coronary artery in a large group of98 consecutive dogs
(Balke et al., 1981). Thus, the antifibrillatory action
after reperfusion observed in 8 molsidomine-treated
dogs might be ascribed to the limitation of the infarct
size (Hale et al., 1984). Our data indicate that mol-
sidomine prevents ventricular fibrillation following a
massive ischaemic insult. However, no reduction of
post-reperfusion ventricular fibrillation was observed.
Although this could result either from methodological
differences or from the scant number of animals at the
moment of the reperfusion, this point deserves further
investigation. Indeed, at the moment of reperfusion
treated animals and controls were not comparable as
they were at the beginning of the experiments. This
further complicates the applicability of statistical
analysis along with the interpretation of the result.
The incidence of post-ischaemic ventricular fibrilla-

tion in this randomized study was reduced in the
presence of molsidomine plasma levels similar to the
peak achieved in humans after a single oral dose of the
drug (Dell & Chamberlain, 1978). Our data lend some
support to the hypothesis that interfering with acute
ischaemic myocardial insults may prevent the onset of
life-threatening ventricular arrhythmias. Further in-
sight along these lines may be fruitful and deserves
attention in relation to predisposing pharmacological
strategies aimed at preventing sudden death.

The authors gratefully acknowledge J.C. Gallie for measur-
ing molsidomine plasma levels, J.C. Lemarie for his assis-
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788 J.-P. CANO et al.

References

ALLEN, J.B. & LAADT, J.R. (1950). The effect of the level of
the ligature on mortality following ligation of the circum-
flex coronary artery in the dog. Am. Heart J., 39,
273-278.

BALAKUMARAN, K., HUGENHOLTZ, P.G., TIJSSEN, J.P.G. &
CHADHA, D.R. (1983). Molsidomine, an effective long-
acting anti-anginal drug. Eur. Heart J., 4, 655-661.

BALESTRINI, A.E., MENZIO, A.C., CABRAL, R., FELDMAN,
R., MERCOGLIANO, C., FLICHTENREI, D., ALBERA, H.P.
& VAZQUEZ, A. (1984). Penbutolol and molsidomine
synergism in angina pectoris. A double blind ergometric
trial. Eur. J. clin. Pharmac., 27, 1-5.

BALKE, C.W., KAPLINSKY, E., MICHELSON, E.L., NAITO, M.
& DREIFUS, L.S. (1981). Reperfusion ventricular
tachyarrhythmias and duration ofmyocardial ischaemia.
Am. Heart J., 101, 449-458.

BAUDRY, C. (1982). The antianginal effect ofmolsidomine in
prolonged oral therapy. A double-blind, crossover, ran-
domized study. Acta cardiologica, 37, 23-30.

BERDEAUX, A., TATO, F., HO, S., BOISSIER, J.R. &
GIUDICELLI, J.F. (1978). Molsidomine, debits coronaires
regionaux et segment ST au niveau du myocarde sain et/
ou ischemique chez le chien. J. Pharmac. (Paris), 9,
219-234.

BLOCK, H.U., FORSTER, W. & HEINROTH, I. (1982). SIN-1
Hauptmetabolit von Molsidomin, hemmt die Prostaglan-
dinen peroxidanalogon (U-46619)- und Arachidonsaure
(AA) -induzierte Plattchenaggregation sowie die Throm-
boxanbildung in Plattchen. Arzneim Forsch., 32,
189-194.

BORN, G.V.R. (1962). Aggregation of blood platelets by
adenosine diphosphate and its reversal. Nature, 194,
927-929.

BURDETTE, W.J. & GEHAN, E.A. (1970). Planning and
analysis of clinical studies. p. 72. Springfield: Charles C.
Thomas.

BURKE, S.E., ANTONACCIO, M.J. & LEFER, A.M. (1982).
Lack of thromboxane involvement in the arrhythmias
occurring during acute myocardial ischaemia in dogs.
Basic. Res. Cardiol., 77, 411-422.

COKER, S.J., PARRATT, J.R., LEDINGHAM, I.McA. &
ZEITLIN, I.J. (1981). Thromboxane and prostacyclin
release from ischaemic myocardium in relation to ar-
rhythmias. Nature, 291, 323-324.

COKER, S.J., PARRATT, J.R. & LEDINGHAM l.McA. (1982).
Evidence that thromboxane contributes to ventricular
fibrillation induced by reperfusion of the ischaemic
myocardium. J. Mol. Cell. Cardiol., 14, 483-485.

DARIUS, H., AHLAND, B., RUCKER, W., KLAUS, W.,
PESKAR, B.A. & SCHROR, K. (1984). The effects of
molsidomine and its metabolite SIN- I on coronary vessel
tone, platelet aggregation, and eicosanoid formation in
vitro inhibition of 12-HPETE biosynthesis. J. cardiovasc.
Pharmac., 6, 115-121.

DAVID, D., MICHELSON, E.L., NAITO, M., SCHAFFEN-
BURG, M. & DREIFUS, L.S. (1982). Increase R-wave
amplitude induced by acute myocardial ischaemia in the
dog. A predictor of malignant ventricular arrhythmias.
Am. J. Cardiol., 50, 844- 848.

DELL, D. & CHAMBERLAIN, J. (1978). Determination of
molsidomine in plasma by high-performance liquid

chromatography. J. Chromatogr., 146, 465-472.
DETRY, J.M.R., MELIN, J., BRASSEUR, L.A., COSYNS, J. &

ROUSSEAU, M.F. (1981). Hemodynamic effects of mol-
sidomine at rest and during submaximal and maximal
exercise in patients with coronary artery disease limited
by exertional angina pectoris. Am. J. Cardiol., 47,
109-115.

DUCHENE-MARULLAZ, P., FABRY-DELAIGUE, R.,
GUEORGUIEV, G. & KANTELIP, P. (1982). Influence of
chloralose and pentobarbitone sodium on atrioven-
tricular conduction in dogs. Br. J. Pharmac., 77,
309-317.

FIEDLER, V.B. (1982). Reduction of occlusive coronary
artery thrombosis and myocardial ischaemia by mol-
sidomine in anaesthetized dogs. Can. J. Physiol. Phar-
mac., 60, 1104-1 11 1.

FIEDLER, V.B., BUCHHEIM, S., GOBEL, H. & NITZ, R.E.
(1982). Effects ofmolsidomine and dopamine infusion on
the size of canine experimental myocardial infarct.
Naunyn-Schmiedebergs Arch. Pharmac., 321, 314-320.

FIEGEL, S. (1956). Nonparametric statistics for behavioral
sciences. p. 94. New York: McGraw-Hill.

FRANZ, M.R., FLAHERTY, J.T., PLATIA, E.V., BULKLEY,
B.H. & WEISFELDT, M.L. (1984). Localization of regional
myocardial ischemia by recording of monophasic action
potentials. Circulation, 69, 593-604.

GEARY, G.G., SMITH, G.T. & McNAMARA, J.J. (1981).
Defining the anatomic perfusion bed of an occluded
coronary artery and the region at risk to infarction. A
comparative study in baboon, pig and dog. Am. J.
Cardiol., 47, 1240-1247.

GOBEL, F.L., NORDSTROM, L.A., NELSON, R.R., JORGEN-
SEN, C.R. & WANG, Y. (1978). The rate-pressure product
as an index of myocardial oxygen consumption during
exercise in patients with angina pectoris. Circulation, 57,
549-556.

GUERCHICOFF, S., VAQUEZ, A., KUNIK, H., DRAJER, S. &
DIAZ, F. (1978). Acute double blind trial of a new anti-
anginal drug: molsidomine. Eur. J. clin. Pharmac., 13,
247-250.

HALE, S.L., LANGE, R., ALKER, K.J. & KLONER, R.A. (1984).
Correlates of reperfusion ventricular fibrillation in dogs.
Am. J. Cardiol., 53, 1397-1400.

HARRIS, A.S. (1950). Delayed development of ventricular
ectopic rhythms following experimental coronary
occlusion. Circulation, 1, 1318-1328.

HIATT, N., RABINOWITZ, B., YAMAKAWA, T., MILLER, A.,
SHEINKOPF, J.A. & WARNER, N.E. (1973). Prevention of
ventricular fibrillation after ligation of circumflex artery.
J. Thorac. Cardiovasc. Surg., 66, 283-286.

HILL, J.D. (1968). The significance of foreleg positions in the
interpretation of electrocardiograms and vectocar-
diograms from research animals. Am. Heart J., 75,
518-527.

HIRATA, M. & KIKUCHI, K. (1970). Coronary vasodilator
action of N-ethoxycarbonyl-3-morpholino-sydnonimine
(SIN-10) in heart with coronary insufficiency in dogs.
Jap. J. Pharmac., 20, 187-193.

JOUVE, R., ROLLAND, P.H., DELBOY, C. & MERCIER, C.
(1984). Thromboxane B2, 6-Keto PGF,, PGE2, PGF2,
and PGA, plasma levels in arteriosclerosis obliterans:



MOLSIDOMINE AND VENTRICULAR FIBRILLATION 789

Relationship to clinical manifestations, risk factors, and
arterial pathoanatomy. Am. Heart J., 107, 45-52.

JOUVE, R., PUDDU, P.E., LANGLET, F., GUILLEN, J.C.,
GAUTIER, T., CANO, J.P. & SERRADIMIGNI, A. (1985).
Epoprostenol (PGI2) prevents postischemic ventricular
fibrillation and improves outcome in a canine model of
sudden death. J. Pharmac. (Paris), 16, 139-157.

JOUVE, R., LANGLET, F., PUDDU, P.E., ROLLAND, P.H.,
GUILLEN, J.C., CANO, J.P. & SERRADIMIGNI, A. (I 986a).
Cicletanide improves outcome after left circumflex
coronary artery occlusion-reperfusion in the dog. J.
Cardiovasc. Pharmac., 8, 208-215.

JOUVE, R., PUDDU, P.E., LANGLET, F., GUILLEN, J.C. &
SERRADIMIGNI, A. (1986b). The left circumflex coron-
ary artery occlusion canine model of sudden death:
methodology and electrocardiographic observations. J.
Electrocardiol., (in press).

KAPLINSKY, E., OGAWA, S., BALKE, C.W. & DREIFUS, L.S.
(1979). Two periods of early ventricular arrhythmias in
the canine acute myocardial infarction model. Circula-
tion, 60, 397-403.

KENT, K.M., SMITH, E.R., REDWOOD, D.R. & EPSTEIN, S.E.
(1973). Electrical stability of acutely ischemic myocar-
dium. Influence of heart rate and vegal stimulation.
Circulation, 47, 291-298.

KUKOVETZ, W.R. & HOLTZMANN, S. (1985). Mechanism of
vasodilatation by molsidomine. Am. Heart J., 109,
637-640.

MAJID, A.P., DE FEYTER, P.J.F., VAN DER WALL, E.E., WAR-
DEH, R. & ROOS, J.P. (1980). Molsidomine in the
treatment of patients with angina pectoris. Acute
hemodynamic effects and clinical efficacy. N. Engl. J.
Med., 302, 1-6.

MANDERS, W. TH. & VATNER, S.F. (1976). The effects of
sodium pentobarbital anesthesia on left ventricular func-
tion and distribution of cardiac output in dogs, with
particular reference to the mechanism for tachycardia.
Circulation Res., 39, 512-517.

MEESMANN, W., GULKER, H., KRAMER, B. & STEPHAN, K.
(1976). Time course changes in ventricular fibrillation in
myocardial infarction: characteristics of acute and slow
occlusion with respect to the collateral vessels of the
heart. Cardiovascular Res., 10, 466-473.

MENKEN, U., WIEGAND, V., BUCHER, P. & MEESMANN, W.
(1979). Prophylaxis of ventricular fibrillation after acute
experimental coronary occlusion by chronic beta-adren-
oceptor blockade with atenolol. Cardiovascular Res., 13,
588-594.

MILLER, D.O., WATERS, D.D., SZLACHCIC, J. & THEROUX,
P. (1982). Clinical characteristics associated with sudden
death in patients with variant angina. Circulation, 66,
588-592.

MOORE, R.A. (1930). The coronary arteries of the dog. Am.
Heart J., 5, 743-749.

NIELSEN, B.L. (1973). ST Segment evaluation in acute
myocardial infarction. Prognostic importance. Am.
Heart J., 85, 338-343.

NITZ, R.E. & MARTORANA, P.A. (1985). The activity of
molsidomine in experimental models ofischaemic cardiac
disease. Am. Heart J., 109, 631-636.

PREVITALI, M., KLERSKY, C., SALERNO, J.A., CHIMIENTI,
M., PANCIROLI, C., MARANGONI, E., SPECCHIA, G.,
COMOLLI, M. & BOBBA, P. (1983). Ventricular tachyar-
rhythmias in Prinzmetal's variant angina: Clinical sig-
nificance and relation to the degree and time course ofST
segment elevation. Am. J. Cardiol., 52, 19-25.

RUSSEK, H.I. (1968). Propranolol and isosorbide dinitrate
synergism in angina pectoris. Am. J. Cardiol., 21, 44-54.

STARNES, V.A., PRIMM, R.K., WOOSLEY, R.L., OATES, J.A. &
HAMMON, J.W. JR. (1982). Administration of prostacy-
clin prevents ventricular fibrillation following coronary
occlusion on conscious dogs. J. Cardiovasc. Pharmac., 4,
765-769.

THAMES, M.D., KLOPFENSTEIN, H.S., ABOUD, F.M. &
MARK, L. (1978). Preferential distribution of inhibitory
cardiac receptors with vagal afferents to infero-posterior
wall of the left ventricle activated during coronary
occlusion in the dog. Circulation Res., 43, 312-315.

TORRESANI, J. PUDDU, P.E., LANGLET, F. & JOUVE, R.
(1983). Contourographic QT interval measurement. J.
Electrocardiol., 16, 417-418.

VAN TRIGT, P., CHRISTIAN, C.C., FAGRAEUS, L., SPAY, T.L.,
PEYTON, R.B., SELLOM, G.L. & WECHSLER, A.S. (1984).
Myocardial depression by anaesthetic agents (Halothane,
Enflurane and Nitrous oxide): quantitation based on end-
diastolic pressure-dimension relations. Am. J. Cardiol.,
53, 243-247.

VATNER, S.F. & HEYNDRICKX, G.R. (1975). Mechanisms of
action of nitroglycerin: Coronary, Cardiac, and Systemic
effects. In Organic nitrates, Hand. exp. Pharmac. vol. 40,
ed. Needleman, P. pp. 131-142. Berlin, Heidelberg, New
York: Springer-Verlag.

WALINSKY, P., SMITH, J.B., LEFER, A.M., LEBENTHAL, M.,
URBAN, P., GREENSPON, A. & GOLDBERG, S. (1984).
Thromboxane A2 in acute myocardial infarction. Am.
Heart J., 108, 868-872.

(Received October 10, 1985.
Revised February 1, 1986.

Accepted March 18, 1986.)


