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INTRODUCTION

ABSTRACT

The onset of acute myocardial ischemia (Ml) is accompanied by a rapid increase in
electrical instability and often fatal ventricular arrhythmias. This study investigated that
whether oxytocin (OT) can modulate ischemia-induced arrhythmias and considered
relationships between the severity of arrhythmia and the electrocardiogram parameters
during ischemia. OT (0.0001-1 png) was administrated intraperitoneally 30 min
before ischemia. To examine receptor involved, a selective OT-receptor antagonist,
atosiban (ATO), was infused 10 min before OT. OT caused a significant and biphasic
dose-dependent reduction in ectopic heart activity and arrhythmia score. OT doses that
reduced ventricular arrhythmia elicited significant increase in QT interval. OT attenuated
the electrophysiological changes associated with Ml and there was significant direct
relationship between QRS duration and arrhythmia score. ATO treatment reduced
beneficial effects of OT on arrhythmogenesis. Nevertheless, ATO failed to alter OT effects
on premature ventricular contractions. We assume that the ability of OT to modulate
the electrical activity of the heart may play an important role in the antiarrhythmic
actions of OT.
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synthesized and released by the heart, and G-protein-coupled
OT receptors exist in cardiac cells.

Acute occlusion of an epicardial coronary artery leading
to myocardial ischemia (MI) and subsequent necrosis is
accompanied by a rapid appearance of electrical instability
and often fatal ventricular arrhythmias.'! Prevention
of lethal ventricular arrhythmias is a major problem
and important objective of therapeutic intervention
during ML.™

Oxytocin (OT) is one of the cardiac peptides that recently
has been focused in cardiovascular functions.>* OT can be
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OT is also able to modulate electrical and mechanical
activities of atria and exert negative inotropic and
chronotropic effects on rat heart both in vivo and in vitro,
and its protective action on the heart has been proven.”%
In addition, electrocardiogram (ECG) changes suggestive of
cardiac ischemia have been shown in patients undergoing
cesarean section (CS),[''12l which has been attributed
to OT.1314 Nevertheless, studies on the role of OT in
cardiovascular function are limited and the mechanism(s) by
which OT induces its effects has not been fully established.™

Since arrhythmias are one of the major deleterious
consequences of prolonged MI and regarding a
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dose-dependent effect of OT, this study tests the hypothesis
that pretreatment with OT prevents ischemia-induced
arrhythmia. In this study, for the first time, the effects
of various doses of OT and the role of OT receptor on
electrophysiological changes during experimental MI and
the relationship between ECG and antiarrhythmic effect of
OT were investigated.

METHODS

Animals

Male Sprague-Dawley rats weighing 300 + 20 g were housed
under standard conditions (20°C-22°C room temperatures,
12 h light-dark cycle, 40%-50% humidity, free access to food
and water). The experiment was approved by the Animal
Ethics Committee of Medicine School of Tehran University
of Medical Sciences.

Method of arrhythmias induction

Regional ischemia was induced by occlusion of the left
anterior descending coronary artery (LAD).["l After
tracheotomy, animals were mechanically ventilated with
room air supplemented with O, (60-70 strokes/min, stroke
volume 1.2 ml/100 g body weight). Body temperature was
maintained at 37°C + 1°C. A standard limb lead II ECG
was obtained by needle electrodes inserted subcutaneously
and arterial blood pressure was monitored through
carotid artery using a computerized data acquisition
system (PowerLab data acquisition system, four channels,
ADInstruments). Then, left thoracotomy was performed
between the fourth and fifth ribs.

Experimental protocol
The animals were divided into eight groups and all of them
underwent to 25 min ischemia [Figure 1].

Control group (ischemia, 7 =11): animals were subjected to
LAD occlusion. Saline was administered intraperitoneally
30 min before the occlusion. OT groups (1 = 6-8): treatment
with OT in which dose-response effects of OT (0.0001,
0.001, 0.01, 0.1 and 1 pg/0.5 mL, i. p., 30 min before LAD
occlusion) (Sigma Chemical Co. St. Louis, MO, USA) was
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Figure 1: Illustration of the experimental protocols

assessed. Atosiban (ATO) groups (1 = 6-9): to determine
the role of OT receptor in low and high phase of biphasic
dose-response protection and in a dose of maximum effect,
ATO (Sigma Chemical Co. St. Louis, MO, USA) was tested
in 3 groups (OT 0.001, 0.01, and 0.1 ug). ATO was given
(10°M, i. p) 10 min before the OT treatment.

Electrocardiogram parameters

Each ECG was analyzed for QRS complex, ST-segment,
R-R, P-R, and QT interval changes. The QT interval was not
corrected for heart rate (HR) since it is not HR dependent
in rats.["!

Classification of ischemic arrhythmias

The severity of arrhythmias was quantified by using a
scoring system. Here, definition of arrhythmia was based
on criteria described in the Lambeth Conventions (score A,
Curtis).l'"! Arterial blood pressure tracings were used to
confirm ectopic activity type, particularly to distinguish
between the polymorphic ventricular tachycardia (VT)
and ventricular fibrillation (VF). In VT, arterial blood
pressure tracing could still be seen, whereas in VF, it rapidly
dropped almost to zero [Figure 2]. The antiarrhythmic
response for each dose (AS, ) was expressed as the percent
protection (%P ) relative to the arrhythmia score in the
control group (As__ ) according to the equation below.
The arrhythmia score in saline-treated rats was defined
as 0% response (AS =4.9 + 0.1, mean * standard

control
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Figure 2: Simultaneous recording of blood pressure and
electrocardiogram from a control rat during ischemia. (a) Ventricular
tachycardia, (b) ventricular fibrillation, with accompanying drops in
blood pressure toward zero
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error of mean [SEM], n = 11) and the maximum possible
response (100%) was defined as the complete suppression
of arrhythmias (AS = 0).

%Ptest =100 - 100x (Astest/AScontrol)

Exclusion criteria

Data were excluded from the final analysis if mean arterial
blood pressure was <60 mmHg at the end of surgical
procedure or in case of inadequate blood gas.

Statistical analysis

First, all variables were tested for normal distribution using
Kolmogorov test. Parametric tests (repeated measures
ANOVA, and ANOVA with Dunnett and Duncan) as well as
the nonparametric tests (Kruskal-Wallis and Fridman with
Dunn) were used to analysis data. Furthermore, Pearson
correlation coefficient was used to determine the linear
relationship between different variables. The incidences of
VF were compared using the Fisher’s exact test. All data
are expressed as means + SEM; P < 0.05 are considered
statistically significant.

RESULTS

OT significantly reduced ischemia-induced arrhythmia
with lower changes of hemodynamic values than those
in control group with exception a significant drop of
mean arterial pressure (MAP) in the 0.1 and 0.0001 ug

OT-treated groups 10, 15 min, and 1 min, respectively,
after occlusion. In the control animals, the MAP and HR
were dropped (33.5 mmHg and 42 beat/min (P < 0.05)
respectively), 5 min after the coronary occlusion.

Electrophysiological effects of oxytocin

There was no significant difference in ECG parameters
between control and OT groups at the baseline. Ischemia
has markedly prolonged the R-R interval, elevated the ST
segment, and increased QRS duration and QT interval
as compared to the baseline [Table 1]. Administration
of OT 0.001 g significantly prolonged the QT interval;
however, there were no significant changes in cardiac rate
(R-R interval) or ventricular conduction (QRS duration).
OT also reduced ST segment elevation, and this effect was
significant in OT 0.01 ug group.

Oxytocin effects on ischemic arrhythmias

In control group, ischemia caused arrhythmias in the form
of VT and VF with 28% mortality rate. Premature ventricular
contraction (PVC) and VT were seen in all animals [Figure 3]
whereas 64% experienced VF and the average arrhythmia
score (AS) was 4.9 + 0.1 [Table 2].

OT treatment reduces number and durations of any type
of arrhythmias [Figure 3a-c]. Total number of PVCs and
the duration of VT and VF were significantly decreased in
OT 0.01 ug group compared with control group so that VT
and VF incidence were reduced from 100% and 64% in the

Table 1: Alteration of electrocardiogram produced by coronary artery occlusion

Groups n R-R P-R QRS Q-T ST segment
interval (ms) interval (ms) interval (ms) interval (ms) height (mV)
Measures during 15 min baseline
Control 11 153+5 47+2 151 51%3 0.08=+0.01
OT 1 nug 6 1768 49+1 18=1 504 0.04=0.007
OT 0.1 ng 8 159+4 46+2 181 505 0.07+0.004
OT 0.01 pg 6 162+4 49+1 15=1 432 0.04+0.003
OT 0.001 pg 6 185=7 501 192 42+5 0.01=0.007
OT 0.0001 pg 6 180+7 46+3 201 48+5 0.005+0.007
ATO + OT 0.1 pg 9 162=8 47+1 171 48+1 0.07+0.02
ATO + OT 0.01 ng 6 183+6 51+1 15+1 54+4 0.05+0.03
ATO + OT 0.001 ng 7 160=3 48=+1 20=2 45+ 0.03+0.02
Measures during 25 min ischemia
Control 11 165+6* 45x1 20£2% 66+4* 0.26=0.04*
OT 1 ng 6 173%3 491 20=+3 60+6 0.15=0.01
OT 0.1 ng 8 1603 48+2 18+3 52+5 0.17+0.01*
OT 0.01 pg 6 171=9 50+1 15%=0.5 60=+5 0.13+0.01*#
OT 0.001 pg 6 182+6 55+2 17+1 82+6** 0.22+0.1*
OT 0.0001 pg 6 190=14 46+2 20=x2 613 0.2+0.02*
ATO + OT 0.1 pg 9 180=7 48+1 24+1 61+3* 0.2+0.03%*
ATO + OT 0.01 ng 6 190=6 51+1# 18+2 65+5* 0.24=0.03*
ATO + OT 0.001 nug 7 186+8* 50=+1# 20+2 62+2% 0.19+0.03*

Data are presented as mean=SEM. *P<0.05 compared to baseline within groups, **P<0.01 compared to baseline within groups, #*P<0.05 compared to control
group. OT: Oxytocin, ATO: Atosiban, n: Number of animal, SEM: Standard error of mean
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Figure 3: Dose-response curves for oxytocin-induced suppression of ischemia-induced arrhythmias (a) number of premature ventricular
contractions. (b) Sum of durations of ventricular fibrillation and ventricular tachycardia. (¢) Sum of episodes of ventricular fibrillation and
ventricular tachycardia in control and the treatment groups. Data are mean + standard error of mean *P < 0.05, oxytocin versus control. “P < 0.05,
“P < 0.05, and “P <0.05 compared to oxytocin 0.1, oxytocin 0.01, and oxytocin 0.001 ug, respectively. (d) Antiarrhythmic dose-response
curves of oxytocin relative to the arrhythmia score in the control group, as described in the methods section. Each point represents the mean

percent protection + standard error of mean *P < 0.05 and ***P < 0.001

control to 0% in OT 0.01 ug treated animals, respectively.
In spite of a significant drop in VF duration, high and low
dose of OT (1 and 0.0001 ug) was ineffective in protecting
against PVC and VT.

Arrhythmia score

OT effect on arrhythmia severity (AS) is shown as a
percent protection in Figure 3d. Arrhythmia severity
showed a significant decrease when OT was given in doses
of 0.001, 0.01 and 0.1 pg [Table 2]. The most profound
antiarrhythmic protection was observed with the dose of
0.01 ug [Figure 3d].

Effects of atosiban on oxytocin-induced antiarrhythmic
protection

ATO suppressed the OT protective effect [Figure 3a-c] and
markedly increased the incidence of VF [Table 2], but it

cannot prevent beneficial effects of OT on PVC [Figure 3a].
During ischemia, two out of nine rats in ATO + OT 0.1 were
died due to irreversible VF (mortality rate was 22.2%).

Correlation between QRS interval and severity of
arrhythmia

There was significant direct correlation between the two
variables (R?=0.316, P <0.05). There was also a significant
relationship between QRS interval duration and the AS
(R*>=0.128, P < 0.05). Similar direct correlation was seen
between AS and incidence of VF (R? = 0.33, P < 0.05)
[Figure 4a-c].

DISCUSSION

The present study shows that treatment with nonhypotensive
doses of OT before the coronary occlusion results in
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protection against ischemia-induced arrhythmias in
anesthetized rats. Arrhythmia score which is a better
indicator of antiarrhythmic effects was significantly
decreased in OT 0.001 and 0.01 ug and at a dose of 0.01 ug, OT
produced almost complete antiarrhythmic protection (87.6%
maximal protection; AS = 0 equivalent to 100% protection).

Our results confirmed the findings of Feldman et al. who
used OT (1U/kg) to block cyclopropane-epinephrine
arrhythmias in dog!"”! and Panisset and Beaulnes who
demonstrated an OT antiarrhythmic action on arrhythmias

Table 2: Distribution of the arrhythmia score,
the incidence of ventricular fibrillation during
ischemia in control, oxytocin, and atosiban
groups

Groups n Incidence of VF (%) Mean
AS

Control 11 64 4.9+0.1
OT 1 ug 6 60 4.5+0.2
OT 0.1 g 8 12.5% 4+0.1*
OT 0.01 pg 6 o* 0.6+0.2*
OT 0.001 pg 6 0* 3.2+0.4*
OT 0.0001 pg 6 0* 4.7+0.2
ATO + OT 0.1 pg 9 67 5+0.2#
ATO + OT 0.01 pg 6 33 3.8+0.5
ATO + OT 0.001 png 7 17 4.6+0.2%

Data are presented as mean+SEM. *P<0.05 versus control group, *P<0.05,
“P<0.05 and *P<0.05 compared to OT 0.1, OT 0.01 and OT 0.001 ug,
respectively. OT: Oxytocin, ATO: Atosiban, SEM: Standard error of mean,

AS: Arrhythmia score, VF: Ventricular fibrillation

induced by electrical stimulation of rabbit heart.!¥! OT
also suppresses the induced cardiac arrhythmia during
cyclopropane anesthesia for parturition."” Here, we found
that number of PVC, number, and duration of VT were
significantly and biphasic lower in OT groups. OT could
also significantly prevented VE. The antifibrillatory action
of OT has also been reported by Melville and Varma,™!
Beaulnes et al.,” and Covino./*

On the basis of our results and other studies assumed that
OT antiarrhythmic effect is independent of the experimental
models of inducing arrhythmia.

During dose-response studies, we noticed that OT had
a biphasic dose-response curve (U-shaped). OT at the
highest dose (1 ug) did not reduce PVC, VT, and arrhythmia
score (AS). This unfavorable effect may be mediated
through an interaction between exogenous OT and
vasopressin receptors since OT activates V| receptors at high
concentrations. On the other hand, suppressing effect of OT
on VF at any given dose cannot be interpreted through this
mechanism. Because MI is a major cause of sudden death
due to VF®! and OT has a life-saving potential against
ischemia-induced arrhythmias; therefore, it should be
specific notice to antifibrillatory effect of this neuropeptide.

We find that OT reduced arrhythmia severity in a
dose-dependent, biphasic manner where low and high
protective doses located in descending and ascending
limb of the U-shaped curve and optimal efficacy was in
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Figure 4: The relationships between the incidence of ventricular fibrillation (a) and arrhythmia score (b) versus the QRS duration during
ischemia. There was significant correlation between the two variables. (c) Direct correlation between arrhythmia score and incidence of

ventricular fibrillation (R*> = 0.330, P < 0.05)
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between. Szabadi described this concept that the receptor
systems display biphasic dose-responses when a single
agonist has differential affinities for two opposing receptor
subtypes. Since ATO reduced the beneficial effects of OT
on ischemia-induced arrhythmias, the mechanism of OT in
both phases of dose-response curve appears to be related
to the OT receptor activity.

Since ATO cannot prevent beneficial effects of OT on PVC,
we may consider that the effect of OT on low-frequency
arrhythmia was independent of OT receptor activation and
other mechanisms should be involved. In addition, VF was
longer in ATO + OT 0.1 ug than in control group. Itis likely
that by blockade of the OT receptor, concentration of OT
in this group can reach a level which is able to stimulate
vasopressin receptors which are also present in the heart.

The second major finding was the prevention of
electrophysiological changes typically associated with MI
by OT. Svanstrom et al. have reported that the cardiovascular
and ECG changes often observed during CS are related
to OT administration.'”! Jonsson observed magnitude
of changes in ECG, suggestive of MI, is dose-dependent
in healthy women undergoing regional anesthesia.®!
Controversially, Katz confirmed the OT antiarrhythmic
action in man.”*#! In spite of many investigations, there
is still a question of whether or not the ECG changes and
subjective symptoms observed during CS are important
and relevant as signs of ML

The present data show that ischemia has marked effects
on ECG parameters, in particular causing an increase in
the R-R interval, duration of the QRS complex, and ST
elevation, although there was no significant effect on the
P-R interval. The significant increase in the QT interval
was seen in the control group during ischemia compared
to preocclusion values.

Under ischemic condition, as a result of intracellular ATP
depletion and accumulation of ischemic metabolites, the
K,,, channels is likely to open, resulting in the membrane
depolarization and action potential shortening.! Since
opening of K, , channels is limited to an ischemic area,
cellular events lead to electrical heterogeneity within the
heart and generating injury currents between ischemic
and normal cells, which is potentially proarrhythmic.*!
Although some studies have reported shortened action
potential duration (APD) in abnormal tissues,®3" other
studies have shown contradictory results that regional
ischemia in humans and experimental animals created QT
prolongation.3

It is generally believed that the APD in the ventricles
determines the QT interval. Wu et al. have concluded that
although opening of the K, , channel shorten the APD,
it does not shorten the QT interval.®® They reported that

because APD in the nonischemic region may lengthen
after the creation of ischemia, the QT interval on surface
ECG also lengthens. Therefore, the APD shortening in
ischemic region is not associated with QT shortening.*! In
addition, the slowed conduction and repolarization delay
in the rat’s heart could be partly responsible for QT interval
prolongation.® In the present experiment, increase in the
QRS intervals hints that ischemia widen the QT interval
as a consequence of slowed ventricular conduction in the
control group.

It has previously been suggested that OT might lead to
proarrhythmia in circumstances favoring QT interval
increase.® In contrast, our study demonstrated that despite
prolonged QT interval in OT groups, they are resistant
against ischemia-induced arrhythmia and noticeably
prevented VEF.

OT also attenuated the S-T segment elevation induced
by ischemia, that agrees with Klassen et al.*% Because the
duration of the QRS complex reflects the propagation of
the action potential through the ventricles, the observation
that OT has no effect on the duration of the QRS complex
suggests that OT has little effect on the rate of propagation
of the action potential. We supposed that cardiac protection
of OT might be due to effectiveness in restoring impaired
ventricular conduction.

Since the PR interval is prolonged by inhibition the fast
and slow inward current,™! this would appear to rule
out inhibition of these currents as the mechanism of
antiarrhythmic action of OT. Because the changes in the
PR interval were slight and unrelated to the antiarrhythmic
effects of OT.

Moreover, direct correlation was seen between changes in
AS and incidence of VF and QRS interval prolongation,
suggesting that this is the main possible mechanism
involved in our observations; however, exact molecular
mechanism of OT cannot be concluded from the results of
this study.

CONCLUSION

Based on antifibrillatory action and absence of significant
hemodynamic effects, OT can be a potentially important
agent for clinical application. Accordingly, understanding
the mechanism(s) underlying this protection and whether
similar antiarrhythmic aspects are present in humans under
ischemic condition remain to be investigated.
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