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A B S T R A C T

Introduction and objectives: Mechanical response to myocardial stretch has been explained by various

mechanisms, which include Na+/H+ exchanger activation by autocrine-paracrine system activity.

Drug-induced changes were analyzed to investigate the role of these mechanisms in the

electrophysiological responses to acute myocardial stretch.

Methods: Multiple epicardial electrodes and mapping techniques were used to analyze changes in

ventricular fibrillation induced by acute myocardial stretch in isolated perfused rabbit hearts. Four

series were studied: control (n = 9); during perfusion with the angiotensin receptor blocker losartan

(1 mM, n = 8); during perfusion with the endothelin A receptor blocker BQ-123 (0.1 mM, n = 9),

and during perfusion with the Na+/H+ exchanger inhibitor EIPA (5-[N-ethyl-N-isopropyl]-amiloride)

(1 mM, n = 9).

Results: EIPA attenuated the increase in the dominant frequency of stretch-induced fibrillation

(control = 40.4%; losartan = 36% [not significant]; BQ-123 = 46% [not significant]; and EIPA = 22%

[P < .001]). During stretch, the activation maps were less complex (P < .0001) and the spectral

concentration of the arrhythmia was greater (greater regularity) in the EIPA series: control = 18 (3%);

EIPA = 26 (9%) (P < .02); losartan = 18 (5%) (not significant); and BQ-123 = 18 (4%) (not significant).

Conclusions: The Na+/H+ exchanger inhibitor EIPA attenuated the electrophysiological effects responsi-

ble for the acceleration and increased complexity of ventricular fibrillation induced by acute myocardial

stretch. The angiotensin II receptor antagonist losartan and the endothelin A receptor blocker BQ-123 did

not modify these effects.

� 2014 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

Estudio experimental de los efectos de EIPA, losartán y BQ-123 sobre las
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R E S U M E N

Introducción y objetivos: Se han implicado diversos mecanismos en la respuesta mecánica al estiramiento

miocárdico, que incluyen la activación del intercambiador Na+/H+ por acciones autocrinas y paracrinas.

Se estudia la participación de estos mecanismos en las respuestas electrofisiológicas al estiramiento

agudo miocárdico mediante el análisis de los cambios inducidos con fármacos.

Métodos: Se analizan las modificaciones de la fibrilación ventricular inducidas por el estiramiento agudo

miocárdico en corazones de conejo aislados y perfundidos utilizando electrodos múltiples epicárdicos y

técnicas cartográficas. Se estudian 4 series: control (n = 9); durante la perfusión del antagonista de los

receptores de la angiotensina II, losartán (1 mM, n = 8); durante la perfusión del bloqueador del receptor

de la endotelina A, BQ-123 (0,1 mM, n = 9), y durante la perfusión del inhibidor del intercambiador

Na+/H+, EIPA (5-[N-ethyl-N-isopropyl]-amiloride) (1 mM, n = 9).

Resultados: EIPA atenuó el aumento de la frecuencia dominante de la fibrilación producido por el

estiramiento (control = 40,4%; losartán = 36% [no significativo]; BQ-123 = 46% [no significativo], y

EIPA = 22% [p < 0,001]). Durante el estiramiento, la complejidad de los mapas de activación fue menor en

la serie con EIPA (p < 0,0001) y también en esta serie fue mayor la concentración espectral de la arritmia

(mayor regularidad): control = 18 � 3%; EIPA = 26 � 9% (p < 0,02); losartán = 18 � 5% (no significativo), y

BQ-123 = 18 � 4% (no significativo).
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INTRODUCTION

The mechanical response of myocytes to stretch has been

explained by various mechanisms, which include the local release

of angiotensin II and endothelin, Na+/H+ exchanger activation,

increased Na+ influx, Na+/Ca2+ exchanger reverse mode activation,

and increased Ca2+ transients.1,2 There is little information on the

role of these mechanisms in the electrophysiological responses to

myocardial stretch (electromechanical feedback) or on pharmaco-

logical modifications of the proarrhythmic effects of stretch.3–10

Inhibition of the Na+/H+ or Na+/Ca2+ exchangers decreases the

slow inotropic response to stretch and the magnitude of Ca2+

transients.1,2,11–14 In turn, in relation to electromechanical

feedback, the Na+/Ca2+ exchanger inhibitor, KB-R7943, reduces

the electrophysiological changes induced by stretch.5 However, it

remains unknown whether these changes are also reduced by the

inhibition of the Na+/H+ exchanger or by blocking the effects of

substances that may be involved in its activation after myocardial

stretch, such as angiotensin II or endothelin.1,15

An experimental model was used to obtain more information

on the mechanisms involved in the electrophysiological responses

to myocardial stretch and its pharmacological modifications. The

characteristics of myocardial activation during ventricular fibril-

lation (VF) can be analyzed to determine the time course of

changes in electrophysiological myocardial properties caused by

acute myocardial stretch applied in the left ventricular free

wall.5,16,17 The objectives of this study were: a) to determine

whether the inhibition of the Na+/H+ exchanger, whose activation

during stretch is a prior step to Na+/Ca2+ reverse mode activation,

also blocks or attenuates electrophysiological responses to stretch,

and b) to determine whether the inhibition of angiotensin II type I

receptors or endothelin A receptors, whose activation is thought to

intervene in the mechanical response of myocytes to stretch, also

modifies the manifestations of electromechanical feedback in the

experimental model.

METHODS

Experimental Preparation

This study fulfilled the recommendations of the European

Union directive 2010/63/EU on animal experimentation. New

Zealand rabbits were premedicated with ketamine, administered

heparin, and killed with sodium thiopental. After the heart was

removed, the aorta was cannulated using a Langendorff system to

perfuse oxygenated Tyrode at 80 mmHg and 37 (0.5) oC.

As described in previous studies,5,16–18 a device was placed in

the left ventricular cavity via the atrium to induce stretch in a

specific area of the ventricular wall. Two multiple electrodes

comprising 121 and 115 stainless steel unipolar electrodes

(interelectrode distance = 1 mm) were positioned in the epicardi-

um of the anterior wall (stretch zone) and the rear wall (nonstretch

zone) (Figure 1). Recordings and stimulation techniques were

similar to those described in the cited studies.

Experimental Series

Four series were studied: a) control (n = 9); b) during perfusion

with the angiotensin receptor blocker losartan (1 mM, n = 8); c)

during perfusion with the endothelin A receptor blocker BQ-123

(0.1 mM, n = 9); and d) during perfusion with the Na+/H+ exchanger

inhibitor EIPA (5-[N-ethyl-N-isopropyl]-amiloride) (1 mM, n = 9).

The concentration of these substances was within the ranges used

in experimental studies,15,19-22 and perfusion was started 15 min

before electrophysiological study.

In each series, 30 min after placing the electrodes, VF was

induced by stimulation at increasing frequencies while coronary

perfusion was maintained. Five minutes after VF was induced,

stretch was applied at longitudinal increments of 12% in the

vertical and horizontal axes of the modified zone.16 Local stretch

was suppressed after 10 min.

Data Analysis

Ventricular Fibrillation Spectral Analysis

The Welch method23 was used to obtain the power spectrum of

the signals recorded with each unipolar electrode located in the

2 study sites. The spectral analysis was performed each minute

before stretch induction, during stretch, and after stretch

suppression (Figure 1). The spectrum corresponded to the first

4 s of each record (4096 points, sampling rate = 1 kHz) The

dominant frequency (DF) in each electrode was obtained by

determining the maximum value of the power spectral density. In

addition, spectral concentration (SC) was calculated as the

percentage of total energy within the DF range (0.5 Hz).

Time-domain Analysis

The methodology described above5,16–18was used to determine

local activation times in each electrode. The median of the

consecutive activation intervals during VF (VV) and the 5th

percentile (P5) in each electrode were determined during 2-s time

windows at baseline, 3 min after stretch induction, and 3 min

after stretch suppression. These 3 time windows were chosen after

performing the spectral analysis, thus enabling the rapid

determination of the moment of maximum effect during stretch

and the time interval until these effects disappeared.

Conclusiones: El inhibidor del intercambiador Na+/H+ EIPA atenúa los efectos electrofisiológicos

responsables de la aceleración y del aumento de la complejidad de la fibrilación ventricular producidos

por el estiramiento agudo miocárdico. Por el contrario, el antagonista de los receptores de la

angiotensina II, losartán, y el del receptor A de la endotelina, BQ-123, no modifican estos efectos.

� 2014 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos

reservados.
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P5: 5th percentile of the consecutive activation intervals
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SC: spectral concentration

VF: ventricular fibrillation

VV: median of the consecutive activation intervals during

ventricular fibrillation
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Activation Maps

As described in previous studies,5,16,17,24 activation maps

during VF were constructed every 100 ms in the 3 time windows

analyzed. Each map was classified according to its complexity: low

(type I), intermediate (type II), or high (type III) (Figures 1 and 2). A

breakthrough pattern was defined as the earliest activation in the

multielectrode area with centrifugal propagation. The conduction
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Figure 1. A.1: outline of the experimental protocol. A.2: location of multiple electrodes and device used for myocardial stretch, and examples of recording and

spectral analysis. B: types of activation maps according to their complexity. C: electrophysiological parameters used. CV, conduction velocity; EIPA, 5-(N-ethyl-N-
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velocity during VF was determined by dividing the distance

between 2 electrodes separated by 5 interelectrode spaces in a

direction perpendicular to the isochrones by the difference

between their activation times (average of 3 calculations)

(Figure 1). The functional refractory period during VF was

determined by calculating the P5 of the VV intervals, where P5

is an estimation of the shortest intervals.16 The wavelength of the

activation process during VF was calculated as the product of

conduction velocity and P5.

Statistical Analysis

Continuous variables are presented as means (standard

deviation) and discrete variables are presented as percentages.

The general linear model was used to analyze differences in each

series (within-subjects differences, repeated measures: baseline,

stretch, poststretch) and to compare the series (between-subjects

differences). The chi-square test was used to analyze differences

between qualitative variables. A P-value of < .05 was used as a

cutoff for statistical significance. The data were analyzed using the

SPSS 19.0 software package.

RESULTS

Effects of Stretch on Activation Frequency During Ventricular
Fibrillation

The Table shows the results of each series. In all series, the DF

significantly increased during stretch. However, the magnitude

of increase was lower in the EIPA series (Figure 3). The

percentage increase from baseline was 40.4% in the control

series, 36% in the losartan series (not significant [ns] vs control),

46% in the BQ-123 series (ns vs control), and 22% in the EIPA

series (P < .001 vs control). The baseline DF was similar in the

control, losartan, and BQ-123 series, but lower in the EIPA series

(P < .01 vs control). No differences were found between the

control, losartan, and BQ-123 series in the maximum DF reached

during stretch, whereas the maximum DF reached was lower in

the EIPA series (P < .0001 vs control). Similarly, after stretch

suppression, significant differences were found between the

control and EIPA series (P < .0001).

The Table also shows the results of calculating VV. A significant

decrease in VV during stretch was observed in the control, losartan,

and BQ-123 series. This decrease did not reach statistical

significance in the EIPA series. At baseline, the VV value was

similar in the control, losartan, and BQ-123 series but higher in the

EIPA series (P < .002 vs control). During stretch, the decrease in VV

was similar in the control, losartan, and BQ-123 series but smaller

in the EIPA series (P < .0001 vs control). After stretch suppression,

VV values were higher in the EIPA series than in the control series

(P < .0001).

During and after stretch, no significant differences were found

in the nonstretch zone in baseline DF and VV values except in the

EIPA series, in which DF was lower and VV was higher after stretch

suppression, reaching similar values to those observed in the

stretch zone.

Effects of Stretch on the Organization of Ventricular Fibrillation

Spectral Concentration

During stretch, SC values decreased in the stretch zone in the

4 series (Figures 2–4). At baseline, no differences were observed

between the control and experimental series. During stretch,

higher SC values were observed in the EIPA series (P < .02) than in

the control series, whereas the decrease observed in SC values was

similar in the losartan, BQ-123, and control series. After stretch, SC

was higher in the EIPA series (P < .02) than in the control series.

During and after stretch, no significant differences in baseline

values were observed in the nonstretch zone, except in the EIPA

series, in which a significant increase was observed in the

poststretch phase.

Activation Maps

In the control, losartan, and BQ-123 series, stretch similarly

increased the complexity of ventricular activation during VF

(P < .0001), which was assessed by the percentage of map types;

there was an increase in type III maps and a decrease in type I and II

maps (Table). Complexity did not increase during the stretch in the

EIPA series. Before stretch, no significant differences were found in

the control, losartan, and BQ-123 series, whereas complexity was

less in the EIPA series (P < .02). During stretch, VF activation

was less complex in the EIPA series (P < .0001) than in the control

series (Figure 4).

During stretch, no significant difference was found in the

percentage of maps with breakthrough patterns compared to

baseline values in the control series (baseline 23%, during stretch

32%, poststretch 26%, ns), the losartan series (baseline 24%, during

stretch 20%, poststretch 31%, ns), the BQ-123 series (baseline 27%,

during stretch 21%, poststretch 18%, ns) and the EIPA series

(baseline 31%, during stretch 22%, poststretch 21%, ns). In all

3 phases, the percentages were similar to those obtained in the

control series.

Effect of Stretch on Electrophysiological Parameters During
Ventricular Fibrillation

Figure 5 shows the P5 values obtained in the 4 series.

During stretch, the P5 values significantly decreased in all series

except in the EIPA series. At baseline, the P5 values were similar

in the control, losartan, and BQ-123 series, whereas the P5 value

was slightly higher in the EIPA series, but without reaching

statistical significance (P < .07). During stretch, the P5 values

similarly decreased in the control, losartan, and BQ-123 series,

whereas the P5 value was higher in the EIPA series (P < .0001)

than in the control series. No statistically significant differences

were found in conduction velocities at baseline and during

stretch except in the EIPA series (Figure 5). No statistically

significant differences were found in the control series at

baseline, during stretch, and after stretch except in the EIPA

series. During stretch, the wavelength of the VF activation

process significantly decreased in the control, losartan, and

BQ-123 series, but not in the EIPA series, whereas the

wavelength remained significantly longer in the EIPA series

than in the control series.

DISCUSSION

The main results of the study are: a) EIPA attenuates the

electrophysiological effects induced by acute myocardial stretch;

and b) losartan and BQ-123 do not modify these effects.

Effects of EIPA

Myocardial stretch increases Na+ influx into the myocyte.

Different mechanisms can be involved,11,14,15,25–28 including

F.J. Chorro et al. / Rev Esp Cardiol. 2015;68(12):1101–11101104



the activity of stretch-activated channels,11,25–28 the triggering

of autocrine-paracrine mechanisms, which activates angiotensin

II and endothelin receptors and activates the Na+/H+ exchang-

er,2,15 and the increase in Na+/H+ activity mediated by

mechanical stimulation.14 In the present study, the Na+/H+

exchanger inhibitor EIPA attenuated the electrophysiological

effects induced by acute myocardial stretch, similar to the way

in which the inhibition of this exchanger attenuates the slow

increase in the contractile force after stretch.2,11,13,14 The effect

of EIPA on the Na+/H+ exchanger and on the increase in Na+

intracellulular concentration decreases Na+/Ca2+ exchanger

reverse mode activation and its effects on electromechanical

feedback. The attenuation of these effects by the Na+/Ca2+

exchanger inhibitor KB-R7943 has been described in previous
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work.5 The decrease in Na+/Ca2+ exchanger reverse mode

activity would reduce Ca2+ influx during stretch and thereby

the changes in cellular electrophysiological properties28–30

and the characteristics of the electrical restitution curve that

relates the action potential duration with the preceding diastolic

interval.31

However, EIPA is not only an Na+/H+ exchanger inhibitor,32,33

and its action on other ionic currents could also be involved

in the effects observed. The frequency-dependent block of the

fast sodium current under the action of EIPA has been described

in previous work.32 Although at a concentration of 1 mM a

slight reduction in the current was observed in this study,

the frequency of rapid activation during VF could increase

this effect. On the other hand, EIPA, in the same manner as

amiloride, may reduce the persistent sodium current and thus

act on the increase in Na+ influx induced by stretch. In the

present study, there was a decrease in arrhythmia and in

conduction velocity in the EIPA series. There was also a decrease
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Figure 3. Dominant frequency during ventricular fibrillation recorded with 1 of the electrodes located in the stretch zone in 1 experiment in each series. The power
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recordings of ventricular fibrillation are shown, although the spectrogram was obtained from data blocks of 4096 points at a 1 kHz sampling rate. BL, baseline; DF,
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in VF complexity before stretch. This effect was more

pronounced in the poststretch phase and was probably due to

a cumulative effect on refractoriness during the drug-perfusion

period.

During stretch in the EIPA series, no increase was observed in

the complexity of the maps and there were no significant changes

in P5 and wavelength. There was a 26% reduction in SC compared

to baseline, although this reduction was lower than that
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observed in the control series (36%). However, during stretch, SC

values were significantly higher than in the control series and

similar to those obtained in the control series before stretch.

These results suggest that EIPA attenuates the reduction in the

regularity and homogeneity of electrograms induced by stretch.

The reduced heterogeneity of the arrhythmia during stretch in

the EIPA series was more evident when there were no significant

changes in the complexity of the activation maps. This behavior

was similar to that observed in other parameters such as P5 and

wavelength. Thus, SC was the parameter most sensitive to

stretch, indicating that the regularity and homogeneity of the

electrograms were also affected by stretch in the EIPA series, but

less than in the control series. If the EIPA-induced modifications

of the effects of stretch are taken into account, the greater

homogeneity of activation during VF could indicate a more

favorable treatment outcome regarding actions aimed at inter-

rupting VF, but it would also be more difficult to induce VF in the

presence of arrhythmogenic factors such as myocardial stretch,

although the analysis of these effects is beyond the scope of this

study.

Effects of Losartan and BQ-123

The slow increase in the contractile force in response to

myocardial stretch has been linked to autocrine-paracrine system

activation, following the observation that it is abolished by

blocking the angiotensin II type 1 and endothelin A receptors.2,15

It has been suggested that the release of angiotensin II induced by

myocardial stretch activates the release of endothelin which,

through intervening mechanisms, leads to Na+/H+ exchanger

activation, thereby leading to an increase in Na+ influx and the

subsequent activation of the Na+/Ca2+ exchanger reverse

mode.1,2,15 The increase in Ca2+ transients would be responsible

for inotropic response to mechanical stretch. Another study also

found that the slow inotropic response to acute stretch in rabbit

papillary muscles was mediated by the activation of angiotensin

type 1 receptors and by its effectors the Na+/H+ and Na+/Ca2+

Table

Dominant Frequency, Consecutive Activation Intervals During Ventricular

Fibrillation, and Types of Activation Maps During Ventricular Fibrillation

Obtained in Each Experimental Series Before, During, and After Stretch

Map types, %

DF, Hz VV, ms TI TII TIII

Control

BL 13.6 � 2.6 78 � 12 7 60 33

ST 19.1 � 3.1a 62 � 9a 2 36 62a

POST 13.1 � 2.4 81 � 9 15 53 32

Losartan

BL 14.7 � 1.5 77 � 7 17 58 25

ST 20.0 � 3.9a 63 � 11a 4 27 69a

POST 14.9 � 2.0 77 � 6 23 52 25

BQ-123

BL 14.8 � 2.1 72 � 8 13 59 28

ST 21.7 � 3.0a 56 � 6a 2 28 70a

POST 14.4 � 2.1 74 � 8 12 58 30

EIPA

BL 10.3 � 1.4b 103 � 17b 20 53 27b

ST 12.6 � 3.1a.b 95 � 21b 28 57 27b

POST 8.7 � 1.1a.b 119 � 16b 33 49 18b

BL, baseline, before stretch; DF, dominant frequency of ventricular fibrillation;

POST, poststretch; ST, during stretch; TI, TII, TIII: type I, II, and III maps; VV, median

of the consecutive activation intervals during ventricular fibrillation.
a Significantly different compared to baseline values.
b Significantly different compared to control series.
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exchangers in reverse mode.34 However, some authors have found

that the slow inotropic response is not abolished by blocking

the angiotensin II receptors12,14,35 or modified by blocking the

endothelin receptors.28 A possible explanation for these discre-

pancies would be differences between species or experimental

designs,2,14 although different mechanisms could result in similar

outcomes.2 The present study investigated whether there were

similarities in the mechanisms involved in mechanical and

electrophysiological responses after acute myocardial stretch. It

was found that blocking angiotensin II type 1 receptors with

losartan and endothelin A receptors with BQ-123 did not modify

VF acceleration or the increase in the complexity of the arrhythmia

produced by myocardial stretch. The activation of angiotensin II

and endothelin receptors does not appear to be involved in the

chain of events leading to the electrophysiological manifestations

of the electromechanical feedback observed in the experimental

model.

Limitations

Any results depend on the characteristics and conditions of

the experimental preparations to which acute myocardial

stretch is applied. The effects of stretch in chronic preparations

and in situ heart preparations can lead to different manifesta-

tions, which are caused by associated neurohumoral reflexes,

among other factors. Potential interspecies differences should

also be taken into account when extrapolating the results

obtained.

CONCLUSIONS

In the experimental model, the Na+/H+ exchanger inhibitor EIPA

attenuated the electrophysiological effects responsible for the

acceleration and the increased complexity of VF induced by acute

myocardial stretch. The angiotensin II receptor antagonist losartan

and the endothelin A receptor blocker BQ-123 did not modify these

effects.
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fibrilación ventricular. Estudio experimental. Rev Esp Cardiol. 2013;66:
177–84.

25. Kim D. Novel cation-selective mechanosensitive ion channel in the atrial cell
membrane. Circ Res. 1993;72:225–31.

26. Kondratev D, Christ A, Gallitelli MF. Inhibition of the Na+-H+ exchanger
with cariporide abolishes stretch-induced calcium but not sodium
accumulation in mouse ventricular myocytes. Cell Calcium. 2005;37:
69–80.

27. Sachs F. Mechanical transduction in biological systems. Crit Rev Biomed Eng.
1988;16:141–69.

28. Youm JB, Han J, Kim N, Zhang YH, Kim E, Joo H, et al. Role of stretch-activated
channels on the stretch-induced changes of rat atrial myocytes. Progr Biophys
Mol Biol. 2006;90:186–206.

29. Calaghan SC, Belus A, White E. Do stretch-induced changes in intracellular
calcium modify the electrical activity of cardiac muscle? Progr Biophys Mol
Biol. 2003;82:91–5.

30. Youm JB, Leem CH, Zhang YH, Kim N, Han J, Earm YE. Modeling of arrhythmo-
genic automaticity induced by stretch in rat atrial myocytes. Korean J Physiol
Pharmacol. 2008;12:267–74.

31. Janvier NC, Boyett MR. The role of Na-Ca exchange current in the cardiac action
potential. Cardiovasc Res. 1996;32:69–84.

F.J. Chorro et al. / Rev Esp Cardiol. 2015;68(12):1101–1110 1109

http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0180
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0180
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0180
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0185
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0185
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0190
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0190
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0190
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0190
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0195
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0195
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0195
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0195
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0200
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0200
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0200
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0200
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0205
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0205
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0205
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0210
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0210
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0210
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0215
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0215
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0220
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0220
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0220
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0225
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0225
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0225
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0230
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0230
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0230
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0230
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0230
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0235
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0235
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0235
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0235
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0240
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0240
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0240
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0245
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0245
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0245
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0245
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0250
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0250
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0250
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0250
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0250
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0255
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0255
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0255
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0260
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0260
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0260
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0260
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0265
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0265
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0265
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0265
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0270
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0270
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0270
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0270
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0270
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0270
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0275
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0275
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0275
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0275
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0280
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0280
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0280
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0285
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0285
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0285
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0290
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0290
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0295
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0295
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0295
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0295
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0300
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0300
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0305
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0305
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0305
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0305
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0305
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0305
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0310
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0310
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0315
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0315
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0315
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0320
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0320
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0320
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0325
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0325
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0325
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0330
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0330


32. Gold MR, Strichart GR. Use-dependent block of atrial sodium current by
ethylisopropylamiloride. J Cardiovasc Pharmacol. 1991;17:792–9.

33. Kleyman TR, Cragoe ES. Amiloride and its analogs as tools in the study of ion
transport. J Membrane Biol. 1988;105:1–21.

34. Neves JS, Castro-Ferreira R, Ladeiras-Lopes R, Neiva-Sousa M, Leite-Moreira AM,
Almeida-Carvalho R, et al. The effects of angiotensin II signaling pathway in the

systolic response to acute stretch in the normal and ischemic myocardium.
Peptides. 2013;47:77–84.

35. Calaghan SC, White E. Contribution of angiotensin II, endothelin 1 and the
endothelium to the slow inotropic response to stretch in ferret papillary
muscle. Pflugers Arch. 2001;441:514–20.

F.J. Chorro et al. / Rev Esp Cardiol. 2015;68(12):1101–11101110

http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0335
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0335
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0340
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0340
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0345
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0345
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0345
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0345
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0350
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0350
http://refhub.elsevier.com/S1885-5857(15)00094-8/sbref0350

	Experimental Study of the Effects of EIPA, Losartan, and BQ-123 on Electrophysiological Changes Induced by Myocardial Stretch
	INTRODUCTION
	METHODS
	Experimental Preparation
	Experimental Series
	Data Analysis
	Ventricular Fibrillation Spectral Analysis
	Time-domain Analysis
	Activation Maps

	Statistical Analysis

	RESULTS
	Effects of Stretch on Activation Frequency During Ventricular Fibrillation
	Effects of Stretch on the Organization of Ventricular Fibrillation
	Spectral Concentration
	Activation Maps

	Effect of Stretch on Electrophysiological Parameters During Ventricular Fibrillation

	DISCUSSION
	Effects of EIPA
	Effects of Losartan and BQ-123
	Limitations

	CONCLUSIONS
	FUNDING
	CONFLICTS OF INTEREST
	References


