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Objective - To study the effect of propafenone on the
contractile function of  latissimus dorsi  muscle isolated
from rats in an organ chamber.

Methods - We studied 20 latissimus dorsi muscles of
Wistar rats and divided them into 2 groups: group I
(n=10), or control group - we studied the feasibility of
muscle contractility; group II (n=10), in which the contra-
lateral muscles were grouped - we analyzed the effect of
propafenone on muscle contractility. After building a mus-
cle ring, 8 periods of sequential 2-minute baths were per-
formed, with intervals of preprogrammed electrical stimu-
lation using a pacemaker of 50 stimuli/min. In group II,
propafenone, at the concentration of 9.8 µg/mL, was ad-
ded to the bath in period 2 and withdrawn in period 4.

Results - In group I, no significant depression in mus-
cle contraction occurred up to period 5 (p>0.05). In group
II, a significant depression occurred in all periods, except
between the last 2 periods (p<0.05). Comparing groups I
and II only in period 1, which was a standard period for
both groups, we found no significant difference (p>0.05).

Conclusion – Propafenone had a depressing effect on
the contractile function of   latissimus dorsi  muscle isola-
ted from rats and studied in an organ chamber.
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One aspect of myocardial failure syndrome is the pro-
gressive loss of systolic function, and, therefore, dilation of
the cardiac cavities; the results obtained with the pharma-
cological treatment are not totally satisfactory 1-10. In an at-
tempt to increase systolic contraction, pedicled flaps of ske-
letal muscle involving the heart were projected.

In 1985, Carpentier and Chachques 11 reported the first
cardiomyoplasty with successful clinical evolution. Latissi-
mus dorsi (LD) muscle was chosen because it is wide enou-
gh, is conveniently located, and is easily mobilized towards
the inside of the chest.  Another advantage is its long vas-
cular-nervous pedicle, which facilitates electrical conditio-
ning with a pacemaker, and the presence of the thoracodor-
sal nerve specifically developed for cardiomyoplasty 12,13.
This procedure is mainly indicated for patients with New
York Heart Association functional class III congestive heart
failure, because it provides a myocardial compression effect
and also prevents progressive cardiac dilation 11,14,15. Even
though a low degree of atrophy and a drop in tension was
found in LD muscle, resistance to fatigue was significantly
increased when it was electrically conditioned. Adaptation
of the skeletal muscle is confirmed by a complete histologi-
cal transformation, in which the rapid-contraction fibers ac-
quire all the physiological, biochemical, and morphological
attributes of the slow-contraction fibers 13,16-18.

Considering that patients with congestive heart failure
have an increased incidence of arrhythmias and a higher risk
of sudden death, some of them may require antiarrhythmic
drugs. Some large studies about the action of antiarrhyth-
mic drugs showed proarrhythmic effects and a myocardial
depressing effect of some of these drugs, leading to an in-
crease in mortality 19-23. These effects occurred mainly with
drugs of the Ic group 24, such as propafenone, which is fre-
quently used in clinical practice 25-29. Would the skeletal
muscle involving the heart be influenced by the depressing
action of antiarrhythmic drugs? The objective of our study
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was to analyze the effects of propafenone [2’-2 hydroxy – 3 –
(propylamine) – propoxy – 3 phenylpropylfenone chloride].

Methods

We used 10 male Rattus norvegicus of the Wistar
variety, with ages ranging from 18 to 24 weeks, and weight
from 320 to 360 g (mean = 340±14.53 g). They were divided
into 2 groups as follows: group I - 10 LD muscles were
isolated with a mean weight of 1.25±0.09 g and were used as
controls; group II – 10 LD muscles were isolated with a
mean weight of 1.27±0.103 g and were studied after addition
of propafenone to the perfusion solution. We used,
alternately, one of the muscles as group I and that of the
opposite side as group II. The rats were anesthetized with
diethyl ether in a fume cupboard, and their mean time of
anesthetic induction was 14±5 minutes.

We used Krebs-Henseleit solution bubbled in a carbonic
mixture to maintain muscle feasibility (95% O

2
 and 5% CO

2
) 30.

For measurements and recordings, we used the GRAS-
S® transducer (USA) FT 03 model, and a BESE-Bio III bio-
monitor (MG, Brazil).

Electrical stimulation was performed with a BRASCOR
12 pacemaker with the following programming: frequency of
50 stimuli/minute, pulse amplitude of 20 mA, and pulse width
of 0.5 milliseconds.

We used the Cleveland Clinic Foundation model
(USA) organ chamber with a volume capacity of 25 mL for
the nourishing solution and a thermoregulated bath, HC-
FM-USP model (SP, Brazil).

We isolated the LD muscles bilaterally and implanted
pacemaker electrodes in 2 distinct anatomical planes. In the
superior surface of the muscle, 1 electrode was fixed along
the extension of that plane with 3 suture stitches (nylon 5-0)
and connected to the positive pole of the electrical stimu-
lator. In the inferior surface of the muscle, the 2nd electrode
was fixed along the entire circular extension of the ring and
connected to the negative pole.

The muscular ring was modeled using the interposi-
tion of an acrylic tube, which was surrounded by the LD
muscle. After the electrodes were positioned, the mold was
removed, and the insertion of the muscle in the scapula was
sectioned. Then, the muscle ring was fixed in the organ
chamber by traction straps in the inferior rod and in the ten-
siometer, in its superior part (fig. 1) 30. The mean time elap-
sed from muscle dissection and isolation until its posi-
tioning in the organ chamber was 5.0 ± 2.0 minutes.

As we could not find any previous report about the te-
chnique in the consulted literature, we performed the baths
with 8 periods of 2 minutes each for obtaining adequate
readings for analysis.

The periods consisted of immersion of the muscular
ring in previously warmed Krebs-Henseleit solution bub-
bled in a carbonic mixture 31, where the muscular ring was
maintained at rest for 2 minutes. Then, the muscular struc-
ture was removed from the solution to avoid multifocal de-
polarization and electrical stimulation. After stabilizing the
tracing, the contractile muscle force was recorded. We used

calibration with equivalence of 1.0cm to 2.0g of tension (22-
X amplification) and recorded 3 deflections for measure-
ment; this way, we obtained the mean of the addition of the
readings and tabulation of data for analysis. Period 1 was
common for the 2 groups. For group II, propafenone (245 µg)
was added to the perfusion solution in the bath of period 2,
and this was done according to the recommended dosage of
propafenone for arrhythmia conversion in bolus of 1 to
2mg/kg. Period 3 consisted of maintaining the same solu-
tion of period 2, without or with propafenone for groups I or
II, respectively. From period 4 on, the bathing solutions we-
re successively changed until period 8, aiming to promote
washing of the drug, when it was present. This procedure
was the same for both groups.

At the end of each experiment, the rats and muscles
were weighed separately. At the end of periods 1 and 3, the
solution present inside the chamber was collected for gas
analysis and pH determination for both groups.

In the statistical analysis, we used the following me-
thods: analysis of variance, Duncan multiple range test (for
multiple comparisons), and the least significant difference
(LSD) test (for comparing mean values).

Results

The comparative analysis of the tensions developed
by the muscles in group I in the different periods showed no

Fig.1 - Sketch fo the tesiometer (1) with te muscle ring (2) positioned in the organ
chamber (3).
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significant difference until period 4 (p>0.05) (tab. I). These
data  also showed the nonexistence of the so-called “solu-
tion effect.” That is, the solution maintained between pe-
riods 2 and 3 did not influence the contractile muscle force
(p>0.05). From period 5 to period 8, the drop was significant
with p<0.05  (tab. I).

Group II exhibited a significant drop in contractile
muscle force from period 2 on  (p<0.05), except for the last 2
periods (p>0.05) (tab. I).

Figure 2 depicts the means with their respective stan-
dard errors, and the difference between the 2 groups can be
seen with a more marked drop in the contractile muscle for-
ce in group II (p<0.05).

When comparisons of the percentage drop in contrac-
tile muscle force were performed between 2 subsequent pe-
riods for group I in regard to group II (fig. 3), we observed
that this drop occurred until the last period of the experi-
ment. The mean percentage of total drop was 45.3% for
group I and 65.4% for group II.

Discussion

Left ventricular ejection fraction is one of the major
predictors of survival in the analysis of heart disorders, and
its drop results from cardiac dilation 19,32,33. Some studies
showed the efficacy in generating systolic force by surro-
unding the heart with muscular flaps 11,14. Several experi-
ments showed the capacity to replace cardiac muscle force,
as a pump, synchronous with the QRS complex 11,14,34-41.

Data in the literature have shown that drugs with a pri-
mary cardiac effect also act upon skeletal muscle modifying
its function 42-44. Dubelaar et al 42 studied the effect of L-car-
nitine on LD muscle of dogs and showed an increase in its
contractile force. Other drugs, such as the steroids methe-
nolon and clenbuterol, may increase skeletal muscle mass
and contractile force when associated with the cardiomyo-
plasty technique 43,44. Howell et al 45 showed the effects of
some drugs, such as isoproterenol, acting on skeletal
muscle and producing positive inotropism in the rapid-con-
traction fibers and negative inotropism in the slow-con-
traction fibers. They also showed that aminophylline and
theophylline have an effect on skeletal muscle, which was
evidenced through muscle tremor, mainly postural.

Propafenone belongs to the Ic class of antiarrhythmic
drugs 24. Its clinical use began in the 1980s due to its charac-
teristics as a local anesthetic and stabilizer of myocardial cell
membrane. Propafenone has been shown to reduce the am-
plitude of the action potential (phase 0), the conduction in the

atrioventricular node, and the ascending velocity of the cur-
ve of spontaneous diastolic depolarization (phase 4).
Depending on the metabolic pathway of hydroxylation of
propafenone, different levels of its metabolites (5 - hydroxy-
propafenone and N-dipropylpropafenone) may result,
promoting a mild beta-blocking action 45-47. Propafenone has a
predominantly inhibitory effect on sodium (Na+) channels, and
a less effective impact on calcium (Ca++) and potassium (K+)
channels 24,25. In reality, its effect on calcium (Ca++) channels
was considered nonsignificant. However, the hypothesis that
this might be the probable cause of myocardial depression was
raised, leading to an increase in final diastolic pressure (DP

2
)

and a reduction in systolic indices 26-28.
Some studies have shown the effect of propafenone

on vascular smooth muscle relaxation after endothelial ske-
letonizing, confirming its depressing action on the muscle 29.
In 1987, Fierro et al 48 reported 1 case of myasthenia-like
syndrome induced by propafenone, but they did not define
the drug’s action on neuromuscular receptors and myofibrils.

Table I - Comparative analysis of the mean variations of tensions (g) of muscle contractions observed between groups I and II - values in grams

Period
Group 1º 2º 3º 4º 5º 6º 7º 8º
I 2.78 2.75(*) 2.68(*) 2.58(*) 2.39(*) (**) 2.17(*) (**) 1.79(*) (**) 1.52(*) (**)

II 2.75 2.21(*)(**) 1.86(*)(**) 1.59(*)(**) 1.43(*)(**) 1.27(*)(**) 1.09(*) 0.95(*)

(*)  p<0,05 - significant between the groups; (**) p<0.05 - significant betweens the periods.
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Fig. 2 - Mean values of the tensions of muscle contractions in groups I and II.

Fig. 3 - Percentage variation of the drop in muscle contraction between the periods
for groups I and II.
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Some animal species have pharmacokinetic characte-
ristics related to the tendency towards a concentration rate
(plasma/tissue) below 1 at the skeletal muscle, showing that
the muscle serves as a drug reservoir 49.

A great variety of acute and chronic pathophysiologi-
cal and pharmacological factors may cause changes in
skeletal muscle contraction and fatigue and in its adaptive
responses 42-45. These facts indirectly support the results
obtained in the present study.

Rats were the animals chosen for our study because of
the size of and also the constitution of the latissimus dorsi
muscle to be analyzed in our study. In small animals, this
muscle has a larger number of type I fibers, because it re-
quires a greater resistance to fatigue, as the animals perform
repetitive movements more frequently.

Side alternation, left and right, for muscles in groups I
or II aimed to alter the disposition of muscle fibers for the
confection of the muscle ring, so that muscle feasibility
would be the same, independent of the side.

A constant temperature of 37ºC, with a variation of
0.5ºC, was maintained, and it was measured in real time with
a catheter inserted into the bath solution, reflecting the ba-
seline levels of the species studied 39. The pH of the medium
was maintained even after addition of propafenone, becau-
se metabolic acidosis reduced the drug’s action; however,
variations within physiological limits were respected 50,51.

In the study of the action of propafenone, when the
analysis of variance indicated a depressing effect, the least
significant difference test for comparing mean values was
used to evaluate this effect between the different periods.
The interaction, when significant, indicated the existence of
differences in the behavior of the muscle for each period
when periods were compared with one another.

In group I, no significant (p>0.05) drop in muscle
contraction was observed until period 4 (2.78g, 2.75g, 2.68g,
2.58g, respectively); from period 5 on, the reduction in
contractile force became significant (p<0.05) (2.39g, 2.17g,
1.79g, 1.52g, respectively). This may be justified by the
progressive loss of muscle feasibility during the experiment. In
group II, after addition of propafenone in period 2, a drop in
muscle contraction could be observed until period 7 (p<0.05)
(2.75g, 2.21g, 1.86g, 1.59g, 1.43g, 1.27g, 1.09g, respectively); no
difference between the last 2 periods was observed (p>0.05)
(1.09g; 0.95g, respectively). One of the hypotheses would be
the possible washing away of propafenone impregnated in LD
muscle through the consecutive baths performed. Another
hypothesis is the progressive loss of muscle feasibility with a

drop in contractile force, even when immersed in a solution
adequate for study.

In regard to the Krebs-Henseleit solution, which is
considered adequate for maintaining muscle feasibility, we
analyzed the possibility that it could cause alterations in the
results, the so-called “solution effect.” To check the effect of
the solution on the experiment, the analysis of variance of
the results of the means obtained in periods 2, 3, and 4 was
performed. In the protocol established, the change of so-
lution between periods 2 and 3 in both groups was not per-
formed, and the action of propafenone was maintained for
approximately 5 minutes. Therefore, we admit that no
influence of the solution occurred on the results, because
group I maintained the stability when the means were
compared until period 4 (p>0.05).

In the multiple comparison of the means of the diffe-
rent periods between the groups, we could not reject the hy-
pothesis of equality in the first period only, because it was
common to both groups.  From period 2 on, the difference
was maintained significantly until the end of the experiment
(p<0.05).

In regard to LD muscle contractile force, the evalua-
tion of the percentage of its total drop was 45.3% in group I
and 65.4% in group II, evidencing a greater percentage of
drop with the use of propafenone.

Considering the limitations of the present study, we
may conclude that propafenone determines depression of
the LD muscle contractile force in rats, with depression of
muscle contraction with no recovery, even after sequential
baths with a solution with no drug; the use of propafenone,
in an acute administration regimen, may affect muscle
performance in the cardiomyoplasty technique. Therefore,
the control of ventricular function in patients undergoing
cardiomyoplasty and requiring the use of propafenone
should be carefully observed during the impregnation
phase to decide about risks and benefits.

Based on the results of this study, the following facts
should be considered because they may constitute obsta-
cles to the immediate clinical application of this technique:
LD muscle did not undergo proper preconditioning in the
cardiomyoplasty technique; the different types of fibers
that constitute LD muscle would be under the influence of
the differentiated action of propafenone, as well as that of
the dose being used; we still lack adequate definitions of
the interference of the species-dependent characteristics
for generalizing the conclusions.
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