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ABSTRACT
Change of interval-force dependence of rat papillary muscles at acute and course use of amiodarone was investigated.
Methods: The experiments were performed on isolated papillary muscles of Wistar rats. The extrasystolic (0.2 - 1.5 s),
postextrasystolic contractions and post-rest (4 - 60 s) reactions of rat left papillary muscles perfused Krebs-Henseleit
solution with amiodarone (1 μM) and papillary muscles of rat treated amiodarone in dose 20 mg/kg/day for 14 days
were investigated. Results: It has been found that both acute and course use of amiodarone decreases the amplitude of
extrasystolic contraction. At the same time, only acute use of amiodarone leads to additional enhancement of potentialtion of contractile response at extrasystolic impulse and performance of post-rest test. Conclusion was made, that both
acute and course use of amiodarone decreases excitability of cardiomyocytes but only at course use this antiarrythmic
drug increases effective refractory period of myocardium. Acute exposure of amiodarone is accompanied with change
of functional state of cardiomyocyte sarcoplasmatic reticulum.
Keywords: Acute and Course Amiodarone; Sarcoplasmic Reticulum Function; Postextrasystolic and Post-Rest
Contractions; Papillary Muscles of Rat

1. Introduction
Amiodarone is the most effective antiarrythmic drug in
therapy of life-threaten ventricular tachyarrhytmias and
in comparison with other antiarrythmic preparation has
low proarrhytmic activity [1,2]. Effect of amiodarone is
stipulated by its impact on transmembrane ionic currents.
According Vaughn-Williams classification amiodarone is
a class III antiarrythmic drug, which mechanism of action is stipulated by inhibition of outgoing potassium
current leading to prolongation of transmembrane action
potential (AP). Prolongation of AP leads to increase of
effective refractory period of cardiomyocyte ventriculars,
atrium, atrioventricular node, additional conduction ways,
and lengthening of the QT interval on electrocardiogram
(ECG) [3,4]. At the same time drug-induced effects of
amiodarone do not limited by potassium channel blockade but are characterized with integrated effects on electric parameters of caridomyocyte membranes [5]. Amiodarone is able to inhibit partially sodium and potassium
channels as well as to block β-adrenoceptors. It is reputed, that this antiarrhytmic drug shows high antiarrhytmic efficiency owing to this properties. Amiodarone
effect on electric properties of membrane is defined to a
large extent by duration of its use. It may have important
Copyright © 2012 SciRes.

significance at clinical use of the drug. It is shown that
short-term use of amiodarone inhibits fast potassium
currents and long-term use inhibits slow potassium currents [4]. Short-term use of amiodarone leads to decreasing of Na+-K+-ATPase activity [6] and particulate
blockade of incoming sodium and calcium currents that
is accompanied with suppression of Na+-K+-dependent
conductivity and excitability of membranes [7]. Chronic
use of amiodarone influences on expression of ion channel genes [5]. Probably, this property of amiodarone can
lead to “antiarrhytmic” remodeling of cardiomyocytes.
As far as modulation of electrophysiological properties
of cardiomyocytes at action of amiodarone is realized in
dependence on exposure duration, influence of this preparation on inotropic ability of the heart muscle may depend on duration of use of this preparation, too. Mechanism of action of amiodarone and many other antiarrhytmic preparations is considered, traditionally, only
from positions of their impact on ion channels in sarcolemma. Question of effect of antiarrhytmic drugs on
function of intracellular systems, which regulate ion homeostasis in cells, to a large extent remains open. One of
intracellular structure responsible for regulation of calcium homeostasis in heart cells is sarcoplasmic reticulum
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(SR) [8]. Contractile abilities of myocardium depend to a
large extent on functional state of SR. It is shown, that
analysis of single contraction-relaxation cycle of separated heart muscle preparations at change of electric
stimulation mode allows to study the function of SR [9].
This approach is used to estimate ability of cardiomyocyte SR to release and to absorb Са2+. On the basis of
above mentioned the purpose of our investigation was to
study dependence of interval-force of rat papillary muscle at acute and course use of amiodarone.

2. Materials and Methods
2.1. Subject
The study was performed on 32 adult male Wistar rats of
line with mass 200 - 250 g. All procedures with the experimental animals were performed in accordance with
the National Guidance on the Operation of the experimental animals (1977). Papillary muscles were rapidly
isolated from the left ventricle of rat heart. The following
groups of papillary muscles have been studied: I groupintact papillary muscles perfused with Krebs-Henseleit
solution; II group-intact papillary muscles, perfused with
Krebs-Henseleit solution, containing amiodarone in dose
of 1 μМ/l (Sanofi Pharma, France), in 15 min.; III grouppapillary muscles of rats, which obtained preliminary
amiodarone in dose 20 mg/kg/day during 14 days and
perfused with Krebs-Henseleit solution.

2.2. Experimental Procedure
Papillary muscles were placed into the thermostabilized
flow chamber. One end of muscle was fixed to chamber
wall and other end was fastened on the rod of force
transducer (mechanoelectrical transducer 6МХ1С). Perfusion of muscles was performed with Krebs-Henseleit
solution of following composition (in mM): NaCl: 120;
KCl: 4.8; CaCl2: 2.0; MgSO4: 1.2; KH2PO4: 1.2; NaHCO3:
20.0; glucose-10.0 at 36.5˚C. The gas mixture-carbogen
(О2: 95%, СО2: 5%) used to oxygenate solution. Stimulation of muscles was performed with electric pulses of
rectangular shape with duration of 5 ms, applied on two
massive silver electrodes located in perfusion chamber.
Frequency of stimulating pulses was 0.5 Hz.

2.3. Experimental Protocol
Inotropic reaction of papillary muscles on change of electric stimulation mode was studied. The following interval-force dependence were investigated:
1) Extrasystolic test. Change of contraction amplitude
after applying of single extraordinary stimulus on the
background of basic stimulation in 0.2 - 1.5 sec (extrasystolic interval) after beginning of regular stimulating
pulse was estimated [10].
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2) Post-rest test. Change of contraction amplitude after
reinitiation of basic frequency of electric stimulation after its suspension for fixed time from 4 to 60 s was estimated (post-rest test). Mechanical restitution curve was
obtained as dependence between duration of rest period
and amplitude of the first contraction after reinitiation of
stimulation. Restitution curve was used to calculate
t2(T50)-duration of rest corresponding to the first contraction after rest with amplitude increase being 50% of
maximal increase. Index t2(T50) was used to estimate
velocity of Са2+ capture in cardiomyocyte SR. Extrasystolic test and post-rest test are performed after adaptation of papillary muscles to perfusion mode during 60
min [11]. Registration of isometric contraction was carried out with the help of special software. The maximal
voltage-amplitude developed by the muscle was calculated.

3. Statistical Analysis
Data were processed with statistical method, statistical
significance of the obtained result was estimated by the
t-Student’s test and Wilcoxon criterion for paired values.

4. Results
4.1. Inotropic Reaction of Papillary Muscle on
Extrasystolic Exposure
Investigation carried out by us showed that stimulation of
papillary muscles of intact myocardium (the group I)
with extraordinary electric pulse in 0.2 s after beginning
of regular cycle did not caused appearance of extrasystoles, however duration of regular contraction-relaxation
cycle was increased. According to the literature data [10],
that testified that extraordinary electric pulse falls into
phase of absolute refractoriness and therefore additional
extrasystolic contraction did not appear. However, such
exposure induced entry of additional calcium ions into
cardiomyocytes myoplasme that caused lengthening of
contraction-relaxation cycle. Application of electric
stimulus in 0.225 s induced appearance of extrasystoles
with amplitudes of 27% ± 1.42% of value of regular cycle amplitude (Figure 1). As one can see on Figure 1,
the amplitude of extrasystolic contraction increased at
following increasing of time interval between regular and
extrasystolic stimulating pulses. It is known, that electric
stimulation pulse appeared in the 3rd phase of action potential leads to lengthening of action potential plateau in
which time additional quantity of external calcium ions
enters into myoplasm of cardiomyocytes which are accumulated in SR and take part in the first postextrasystolic
contraction-relaxation cycle [10,12,13]. In our experiment such effect became apparent the most obviously in
the time of the shortest extrasystolic interval (0.2 s). In

PP

Modulation of Interval-Force Dependence of Rat Papillary Muscle at Acute and Course Exposure of Amiodarone

344

this case postextrasystolic contraction exceeded amplitude of regular contraction on 23% ± 1.78% (Figure 2).
We observed decreasing of postextrasystolic potentiation
with appearance of independent extrasystole and increasing of its amplitude, at that evidence of post-extrasystolic potentiation became minimal on the longest extrasystolic intervals (Figures 1-2).
Treatment of papillary muscles of intact rats with
amiodarone during 15 min (the group II) caused reliably
decreasing of extrasystole amplitudes induced by extraordinary electric pulses in 0.25, 0.75, 1.0, 1.25, 1.5 s
(р < 0.05, Figure 1). Long-term (course) use of amiodarone (the group III) led to more significant change of inotropic reaction of papillary muscles on extrasystolic exposure. So, extrasystole amplitude was less than in control group on 9% - 12% (р < 0.05, Figure 1). In addition
extraordinary pulse in 0.225 s in this case did not cause
appearance of extrasystoles (Figure 1) that shows on
prolongation of effective refractoriness period. Obtained
results allow to suppose that use of amiodarone decreases
the excitability of the myocardium at that this effect becontrol
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Figure 1. Extrasystolic contraction of rat papillary muscles
on the background of acute and course use of amiodarone.
Notes: ^p < 0.05 and *p < 0.01 are reliability of difference
in comparison with the control, #p < 0.01 is reliability of
difference between groups with acute and course use of
amiodarone. On the ordinate axe: contraction amplitude in
percents in relation to initial values. On the absciss axe:
extrasystolic interval (in seconds).
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Figure 2. Effect of acute and course use of amiodarone on
postextrasystolic contraction of rat papillary muscles. Note:
See Figure 1. *p < 0.01 is reliability of differences in comparison with control and group with course use of amiodarone.
Copyright © 2012 SciRes.

comes apparent in a greater degree at course use.
Amplitude of postextrasystolic contraction in the conditions of acute treatment of papillary muscles with
amiodarone (the group II) exceeded control values (the
group I) on 12 % (р < 0.05) after extrasystolic exposure
rendered in 0.2 and 0.225 s. At the same time, at prolonged use of amiodarone (the group III) these parameters did not differ from control values (Figure 2). These
results may testify about action of amiodarone on SR
functions. Probably, increasing of SR ability to take up
Са2+ occurs and/or leakage current of Са2+ from SR decreases. In addition possibility of more mobilization of
Са2+ from intracellular depot in the time of postextrasystolic contraction is not excluded. So far as we did not
reveal similar effect at course use of amiodarone (the
group III), it is possible to suppose that exposure of
amiodarone of SR function has short-termed character.

4.2. Inotropic Reaction of Papillary Muscle on
the Post-Rest Test
It is known, that suspension of regular electrical stimulation of rat papillary muscles causes accumulation of Са+2
in SR [14,15]. This leads to increasing of amplitude of
the first contraction registered at renewal of regular electric stimulation. Our experiments showed that independently on duration of the post-rest test, amplitude of the
first contraction of intact papillary muscles after rest period (the group I) exceeded the base level and potentialtion of contraction amplitude increased with increasing
of rest duration (Figure 3). However, increasing of contraction amplitude decreased considerably after prolonged rest period. This testifies saturation of SR with
calcium ions. Maximal amplitude of muscle contraction
in the group I after delay in 60 s was 187.8% ± 12.12%
in comparison with amplitude of regular contraction. Perfusion of muscle strips with amiodarone (the II group)
caused considerable increasing of potentiation (Figure 3).
So, potentiation of inotropic response of rat papillary
muscles with short-term treatment with amiodarone (the
group II) was reliably more (р < 0.01) than potentialtion
obtained in the group I on all rest intervals. Maximal
contraction amplitude was 251.2% ± 10.61% that is almost in 2 times more than one in the group I. At the same
time as one can see on Table 1, the time necessary to
achieve half maximum of amplitude increase t(T50) at
acute and course exposure of amiodarone (the II, III
groups) and in the group I did not differ for certain. This
fact can testify that velocity of take up Са2+ in SR from
cardiomyocyte myoplasm after treatment of papillary
muscles with amiodarone remained the same as in intact
papillary muscles. At the same time, post-rest test showed increasing of contraction potentiation on the background of amiodarone (the group II), that testifies large
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Figure 3. Change of dynamics of mechanical restitution of
rat papillary muscles at acute and course use of amiodarone.
Note: *p < 0.01 is reliability of differences in comparison
with the group I and the group with course use of amiodarone (the group II).
Table 1. Influence of amiodarone on t(T50) of rat papillary
muscle.
Groups

t(T50), s

1

I

11.87 ± 0.761

2

II

10.56 ± 0.637

3

III

11.75 ± 0.742

Note: t1(Т50): extrasystolic interval, corresponding to EC amplitude that
equal to the half of regular contraction.

quantity of Са2+, rejected from SR in the moment of the
first contraction after renewal of stimulation. These facts
allowed us to suppose that amiodarone can promote more
effective “retention” of Са2+ in SR and, thereby, to prevent current of Са2+ leakage from SR in the rest period.
Dynamics of mechanical restitution of myocardium of rat
obtained amiodarone in 14 days (the group III) did not
differ significantly from control value.

5. Discussion
It is known that electrophysiological effects of amiodarone are connected with inhibition of both incoming and
outgoing ionic currents [5,16]. One of the effects noted at
course use of amiodarone is decreasing of Na+-K+-ATPase activity in cardiomyocytes [17,18]. In addition long
use of amiodarone leads to electrophysiological remodeling of cardiomyocytes connected with expression of
ion channel genes and proteins [4]. Probably these changes
provide more effective decreasing of the excitability of
the cardiomyocytes than at acute exposure of amiodarone.
In our experiments we obtained that amiodarone acute
in intact myocardium is seemed more effective on SR
function compare with chronic administration. Acute
amiodarone is able to modulate calcium transport in SR
system, potentiating postextrasystolic and post-rest conCopyright © 2012 SciRes.

345

tractions of intact rat papillary muscles. There are convincing data that phenomenon of postextrasystolic and
post-rest contraction is connected with releasing of calcium ions from sarcoplasmic reticulum. At the same time
calculation of coefficients of Са2+ recirculation gives
basis to suppose that amiodarone effects on SR function
is not connected with modulation of activity of SR
Са2+-ATPase and most probably are stipulated by activetion of Са2+ transport from places of capture to places of
ejection inside SR or limitation of Са2+ leakage current
of the same intracellular structure. It is known amiodarone decrease the adenylate cyclase activity and noncompetitive inhibit β-adrenoceptors [19-23]. β-adrenergic
receptor activation enhances of SR calcium leak in cardiac myocytes [24,25], so amiodarone can limitation of
Са2+ leakage current of SR by this way.
Analyzing our results it is possible to suppose that
long-term use of amiodarone leads to balancing of intracellular structures of cardiomyocytes to changed homeostasis of Са2+ and as result inotropic reaction of myocardium on short term suspension of electrical stimulation
and manifestation of phenomenon of increasing of postextrasystole does not differ form values of papillary
muscles which was not exposed to amiodarone exposure.
At that effects of acute and course use of this preparation
on intracellular homeostasis of calcium ions are different.
Course use of amiodarone does not influence practically
postextrasystolic and post-rest potentiation. These data
allow us to suppose that action of amiodarone on functional activity of SR has short term character in intact
myocardium.

6. Conclusion
Course and acute use of amiodarone leads to decreasing
of the exitability of the myocardial cells at that its longterm use increases effective refractory period of myocardium. Acute effect of amiodarone influence on processes
of intracellular homeostasis of calcium ions promoting
more effective “retention” of calcium ions in SR and/or
preventing of Са2+ leakage from SR.
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