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Abstract The purpose of this study is to test the role that
parasympathetic postganglionic neurons could play on the
adaptive electrophysiological changes produced by physi-
cal training on intrinsic myocardial automatism, conduction
and refractoriness. Trained rabbits were submitted to a
physical training protocol on treadmill during 6 weeks. The
electrophysiological study was performed in an isolated
heart preparation. The investigated myocardial properties
were: (a) sinus automatism, (b) atrioventricular and ventri-
culoatrial conduction, (c) atrial, conduction system and
ventricular refractoriness. The parameters to study the
refractoriness were obtained by means of extrastimulus test
at four diVerent pacing cycle lengths (10% shorter than
spontaneous sinus cycle length, 250, 200 and 150 ms) and
(d) mean dominant frequency (DF) of the induced ventricu-

lar Wbrillation (VF), using a spectral method. The electro-
physiological protocol was performed before and during
continuous atropine administration (1 �M), in order to
block cholinergic receptors. Cholinergic receptor blockade
did not modify either the increase in sinus cycle length,
atrioventricular conduction and refractoriness (left ventric-
ular and atrioventricular conduction system functional
refractory periods) or the decrease of DF of VF. These Wnd-
ings reveal that the myocardial electrophysiological modiW-
cations produced by physical training are not mediated by
intrinsic cardiac parasympathetic activity.

Keywords Physical training · Parasympathetic 
postganglionic neurons · Heart electrophysiology

Introduction

The eVects of aerobic endurance training on sinus chronot-
ropism and atrioventricular conduction are well known.
Indeed, a decrease in the resting heart rate and a depressed
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atrioventricular conduction has been reported in human and
experimental studies (Katona et al. 1982; Bedford and
Tipton 1987; Stein et al. 2000). It has been proposed that
these modiWcations are the result of an increased resting
vagal tone (Bedford and Tipton 1987; Seals and Chase
1989; Shi et al. 1995). However, data presented by several
investigations have shown the involvement of intrinsic
mechanisms in the heart rate decrease (Lewis et al. 1980;
Katona et al. 1982; Bonaduce et al. 1998; Stein et al. 2002)
and the atrioventricular conduction depression characteris-
tics of the trained athlete (Stein et al. 2002), albeit other
possible inXuences like humoral factors could not be
excluded on these in vivo studies. Similar results have been
obtained in experimental models using isolated heart prepa-
rations and thus not submitted to humoral or extrinsic ner-
vous inXuences, not only on sinus chronotropism (Nylander
et al. 1982; Such et al. 2002, 2008) and atrioventricular
node conduction (Such et al. 2008), but also on ventricular
refractoriness, which increased by training (Such et al.
2002, 2008).

On the other hand, the heart contains postganglionic cho-
linergic neurons distributed throughout each major atrial and
ventricular ganglionated plexus (Papka 1976; Pardini et al.
1987; Armour 2004; Johnson et al. 2004). It has been
reported that these neurons can display ongoing activity
(Gagliardi et al. 1988) even after acute decentralization
(Armour and Hopkins 1990a, b) and can modify cardiac
activity (Gray et al. 2004; Johnson et al. 2004), although
their precise function and physiological relevance is not com-
pletely known (Armour 2004). Furthermore, despite the
interruption of parasympathetic discharges from the vagus
nerve by isolating the heart, synthesis and release of acetyl-
choline (ACh) from parasympathetic postganglionic neurons
do not cease even under resting conditions (LöVelholz 1981).

Since the involvement of parasympathetic postgangli-
onic neurons on automatism, conduction and ventricular
refractoriness modiWcations produced by chronic exer-
cise is not well-known, our purpose is to investigate the
role of intrinsic cholinergic neurons on these electro-
physiological modiWcations in a model of isolated heart
preparation from trained rabbits. We hypothesize that
the electrophysiological changes produced by physical
training are mediated by parasympathetic postgangli-
onic neurons activity.

Materials and methods

Animals and study design

Thirty-two male New Zealand white rabbits (Oryctolagus
cuniculus) were used in the present study. Animals were

divided into three experimental groups: a trained group
(n = 11), a control group (n = 11) and a sham-operated
group (n = 10). Animals in control and sham-operated
group were housed in the animal quarters for 46 days and
rabbits in the trained group were submitted to a physical
exercise program. After familiarization with treadmill run-
ning for 4 days, animals in trained group ran 5 days/week
for 6 weeks at 0.33 m s¡1. Each training session was
divided into six periods of 4 min of running and 1 min of
rest (Such et al. 2008). The correct execution of treadmill
exercise was constantly supervised and those animals that
did not adequately run on the treadmill, because they either
stopped frequently or ran irregularly, were excluded from
the study. Housing conditions and experimental procedures
were in accordance with the European Union regulation on
the use of animals for scientiWc purposes (2003/65/CE) and
as promulgated by Spanish legislation (RD 1201/2005).
The University of Valencia Animal Care and Use Commit-
tee approved all the procedures used in this study.

Preparation and perfusion

Following heparinization and anesthesia (ketamine
25 mg kg¡1, i.v.), animals were euthanized. After thoracot-
omy, the heart was quickly removed and immersed in cold
(4°C) Tyrode solution for further preparation. The aorta
was cannulated and connected to a LangendorV system to
provide the heart with warmed, oxygenated Tyrode solution
containing (in mM) 130 NaCl, 5.6 KCl, 2.2 CaCl2, 0.6
MgCl2, 1.4 NaH2PO4, 25 NaHCO3, and 12.2 glucose. Oxy-
genation was carried out with a mixture of 95% O2 and 5%
CO2. Tyrode temperature was constant throughout the
experiment (37 § 0.5°C), and perfusion pressure was main-
tained at 60 mmHg.

Two bipolar surface electrodes (silver wire, TeXon-
coated) with an inter-electrode distance of 1 mm were posi-
tioned on the right atrium for recording and pacing, and an
identical electrode was placed on the left ventricle for pac-
ing. Ventricular recordings were made by means of a
plaque with 240 unipolar stainless steel electrodes (elec-
trode diameter = 0.125 mm, interelectrode distance = 1 mm)
positioned at the epicardial surface of the lateral wall of the
left ventricle. The indiVerent electrode was a 4 £ 6 mm
stainless steel plaque located over the cannulated aorta.
Recordings were obtained with a cardiac electrical activity
mapping system (MAPTECH, Waalre, The Netherlands).
The electrograms were ampliWed with a gain of 100–300,
broad-band (1–400 Hz) Wltered and multiplexed. The
sampling rate in each channel was 1 kHz. Electrical stimuli
were delivered by a Grass S-88 stimulator (Grass Instru-
ments, Quincy, MA, USA) connected to a stimulus isola-
tion unit.
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Measurements and calculations

In the experiments, we used the same procedure with
trained and non-trained rabbits. The parameters studied and
their deWnitions were the following (for a detailed descrip-
tion see Such et al. 2002, 2008): (1) sinus cycle length: the
interval between two successive ventricular electrograms
during basal sinus rhythm (V–V interval), (2) A–V interval:
the interval between an atrial electrogram and its corre-
sponding ventricular electrogram during basal sinus
rhythm; (3) Wenckebach cycle length (WCL): the maxi-
mum cycle length of atrial pacing that produces A–V Wen-
ckebach block, (4) retrograde WCL (RWCL): the
maximum cycle length of ventricular pacing that impedes a
1:1 V–A conduction, (5) atrial eVective refractory period
(AERP): the maximum atrial extrastimulus coupling inter-
val without atrial capture, (6) atrial functional refractory
period (AFRP): the minimum interval between the atrial
electrogram produced by the last basic atrial train stimulus
and the one triggered by the extrastimulus, (7) ventricular
eVective refractory period (VERP): the maximum ventricu-
lar extrastimulus coupling interval without ventricular cap-
ture, (8) ventricular functional refractory period (VFRP):
the minimum interval between the ventricle electrogram
produced by the last basic ventricular train stimulus and the
one triggered by the extrastimulus, (9) A–V conduction
system eVective refractory period (AVCSERP): the maxi-
mum atrial electrogram coupling interval produced by the
extrastimulus without ventricular capture, (10) A–V con-
duction system functional refractory period (AVCSFRP):
the minimum interval between the ventricular electrogram
produced by the last basic atrial train stimulus and the one
triggered by the extrastimulus, (11) eVective refractory
period of the V–A retrograde conduction system (VAC-
SERP): the maximum ventricular electrogram coupling
interval, produced by the extrastimulus, without atrial cap-
ture, (12) functional refractory period of the V–A retro-
grade conduction system (VACSFRP): the minimum
interval between the atrial electrogram produced by the last
basic ventricular train stimulus and the one triggered by the
ventricular extrastimulus, (13) mean dominant frequency
(DF) of ventricular Wbrillation (VF): the frequency of the
power spectrum with the greatest amplitude, analyzed in
consecutive segments of 4 s using Welch’s method.

In order to investigate these parameters, we performed
several tests according to the following protocol: (1) atrial
pacing at increasing frequencies (2 Hz s¡1) to calculate
WCL, (2) atrial extrastimulus test using basic trains of 10
stimuli at four diVerent pacing cycle lengths: 10% shorter
than sinus cycle length, 250, 200 and 150 ms. The pause
between trains was 1 s and the extrastimulus was delivered
with 5 ms decrements in each of the trains of stimuli start-
ing from the coupling interval 10% lower than the sinus

cycle length, 250, 200 and 150 ms. This test was used to
determine atrial and A–V conduction refractoriness, (3)
ventricular extrastimulus test, using the same technique as
in atrial extrastimulus test, was performed to evaluate ven-
tricular and V–A retrograde conduction refractoriness, (4)
ventricular pacing at increasing frequencies (2 Hz s¡1) to
obtain RWCL and induce VF, (5) recording of ventricular
electrograms during VF (330 s). Coronary perfusion was
maintained during the arrhythmia. After 10 min of stabil-
ization, 1 �M atropine sulphate (Sigma-Aldrich, St. Louis,
MO, USA) dissolved in Tyrode, was administered through
the aorta in continuous infusion. This concentration has
been shown to eVectively block myocardial muscarinic
receptors in the isolated rabbit heart (Ng et al. 2001; Brack
et al. 2011). Maintaining the infusion of atropine, we
repeated the electrophysiological protocol to evaluate any
possible changes derived from parasympathetic activity in
the parameters studied after muscarinic receptors blockade.
In the sham-operated group, the same volume of Wltered
Tyrode without atropine was infused because we wanted to
conWrm if the course of time or another manoeuvre such as
the repetition of stimulation protocol could modify the
results. V–V interval was measured after the initial period
of stabilization, immediately before and after atropine and/
or Tyrode infusion.

Stimuli of 2 ms duration and twice diastolic threshold
were used in the stimulation protocol. Mean atrial diastolic
threshold was 8.8 § 5 mA, while the mean ventricular dia-
stolic threshold reached values of 14.2 § 5 mA.

Coronary Xow was weighed after collection for 1 min.
Measurements were performed before starting the electro-
physiological protocol, before and after the infusion of atro-
pine, and also at the end of the protocol. Each heart was
weighed after the experiment had Wnished.

Data analysis

All data are expressed as mean § SD. Comparisons of
refractory periods and DF of VF were made using a two-
way ANOVA with repeated measures. Paired and unpaired
Student’s t test were used to compare R–R interval, A–V
interval, WCL and RWCL, coronary Xow and heart weights
between or within groups when necessary. Statistical sig-
niWcance was accepted when P < 0.05.

Results

Sinus automatism

In the sham-operated group, the course of time or the
experimental protocol repetition did not modify V–V inter-
val (Table 1). Likewise, cholinergic blockade did not
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modify V–V interval in the control and trained groups.
Sinus cycle length at the beginning of the electrophysiolog-
ical protocol (basal) was 16% longer in the trained versus
the control group (P < 0.05).

A–V and V–A conduction

After atropine administration, no diVerences in A–V inter-
val and WCL were obtained within the control and trained
groups (Table 2). WCL was 10% longer in the trained
group with respect to the control group (P < 0.05). In the
sham-operated and control groups, RWCL underwent a 4
and 8% increase after Tyrode and atropine infusion, respec-
tively (P < 0.05).

Atrial, ventricular, A–V nodal, and V–A retrograde 
conduction system refractoriness

Neither the eVective nor the functional atrial, ventricular, A–V
and V–A conduction system refractory periods were modiWed

by the infusion of atropine (Fig. 1a–f). The functional refrac-
tory period of the left ventricle was longer in trained animals
vs controls (P < 0.05) at the four pacing cycle lengths:
156 § 16 versus 138 § 7 ms at a coupling interval 10% lower
than the sinus cycle length, 144 § 11 versus 129 § 7 ms at
250 ms pacing cycle length, 133 § 16 versus 118 § 7 ms at
200 ms pacing cycle length and 122 § 5 versus 110 § 13 ms
at 150 ms pacing cycle length (Fig. 1d). Similarly, a larger
A–V conduction system functional refractory period was
observed in the trained group (P < 0.05 vs. control): 178 § 17
versus 152 § 7 ms at a coupling interval 10% lower than the
sinus cycle length, 160 § 13 versus 145 § 6 ms at 250 ms
pacing cycle length and 151 § 11 versus 140 § 5 ms at at
200 ms pacing cycle length (Fig. 1e). No signiWcant diVer-
ences were found in the remaining parameters of refractori-
ness between trained and untrained animals. AVCSERP and
VACSERP were not analyzed because, in most cases, the
atrial or ventricular eVective refractory period was reached
before the conduction system refractory period took place.
Results obtained in the sham-operated group indicate that
none of these parameters of refractoriness were modiWed by
the course of time or the experimental protocol repetition
(Supplementary Tables 1, 2, 3).

Dominant frequency of ventricular Wbrillation

There were no diVerences in the DF of VF in the sham-
operated group when comparisons before and after Tyrode
infusion were made. In this group, DF of VF reached values
of 22.0 § 3.0 Hz immediately after VF triggering and
decreased to 15.6 § 3.3 Hz at 300 s. After Tyrode infusion,
DF decreased from 24.3 § 6.2 to 17.4 § 4.6 Hz. Similar
kinetics were observed in the trained and control groups
and no changes were found after cholinergic blockade on
the mean DF of VF of both groups (Fig. 2). The mean DF
of VF was lower in the trained group (Fig. 2). VF reverted
spontaneously to sinus rhythm in three trained animals.

Table 1 Sinus automatism

Values are mean § SD in ms. Number of experiments in parentheses

V–V ventricular depolarization to ventricular depolarization. Basal at
the beginning of the electrophysiological protocol, pre-infusion before
Tyrode (sham) and atropine infusion (control and trained groups),
post-infusion after Tyrode (sham) and atropine infusion (control and
trained groups)

* P < 0.05 versus control

Group Basal
V-V

Pre-infusion
V-V

Post-infusion
V-V

Control 305 § 34 347 § 40 350 § 38

(10) (9) (9)

Trained 354 § 34* 391 § 31 394 § 24

(11) (7) (7)

Sham 314 § 35 328 § 47 327 § 46

(10) (9) (9)

Table 2 Parameters of A–V and V–A conduction

Values are mean § SD in ms. Number of experiments in parentheses

A–V A–V interval, WCL Wenckebach cycle length, RWCL retrograde Wenckebach cycle length, pre-infusion before Tyrode (sham) and atropine
infusion (control and trained groups), post-infusion after Tyrode (sham) and atropine infusion (control and trained groups)

* P < 0.05 versus control, 9 P < 0.05 versus pre-infusion

Pre-infusion Post-infusion

A-V WCL RWCL A-V WCL RWCL

Control 67 § 6 125 § 12 165 § 18 67 § 7 137 § 13 178 § 189

(9) (9) (9) (9) (9) (9)

Trained 66 § 3 137 § 12* 176 § 22 66 § 7 148 § 28 179 § 21

(7) (11) (10) (7) (11) (10)

Sham 67 § 6 125 § 10 178 § 20 67 § 7 135 § 22 190 § 209

(9) (7) (8) (9) (7) (8)
123



Eur J Appl Physiol (2012) 112:2185–2193 2189
Coronary Xow and heart weights

Coronary Xow was not diVerent between trained and con-
trol group (Table 3) when expressed in milliliters per min-
ute per gram (3.36 § 0.9 in the trained group vs. 3.47 §
0.9 ml min¡1 g¡1 in the control group; P > 0.05; Table 3).
Likewise, parasympathetic blockade did not modify coro-
nary Xow within the control and the trained groups. In the
sham-operated group, the course of time or the experimen-
tal protocol repetition did not modify this parameter. Heart
weights were similar in trained and control rabbits

(14.4 § 2 and 14.2 § 2 g, respectively; P > 0.05; Supple-
mentary Table 4).

Discussion

We have studied the role of parasympathetic postganglionic
neurons on the training-induced modiWcations of the
myocardial electrophysiological properties: automatism,
conduction and refractoriness. The main Wndings of this
study are that parasympathetic blockade did not modify the

Fig. 1 Myocardial refractory periods before and after atropine/Tyrode
infusion. No diVerences were obtained after parasympathetic blockade
in AERP (a), AFRP (b), VERP (c), VFRP (d), AVCSFRP (e) and
VACSFRP (f). 10% SCL = pacing frequency 10% shorter than sponta-
neous sinus cycle length, 250, 200 and 150 = pacing cycle length of

150, 200 and 150 ms, pre = before Tyrode (sham) and atropine infu-
sion (control and trained groups), post = after Tyrode (sham) and atro-
pine infusion (control and trained groups). *P < 0.05 versus control.
Error bars display the standard error of the mean
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eVect of physical training on both sinus node automatism
and atrioventricular conduction, and atrioventricular con-
duction system and ventricular refractoriness.

EVect of parasympathetic blockade on automatism 
and conduction

As we have shown in “Results”, physical training depressed
sinus node automatism and A–V nodal conduction. These
results are partially in accordance with those previously
obtained in human (Lewis et al. 1980; Katona et al. 1982;
Bonaduce et al. 1998; Stein et al. 2000, 2002) and experi-
mental studies (Nylander et al. 1982; Negrao et al. 1992;
Such et al. 2002, 2008). Nevertheless, muscarinic receptor
blockade with atropine did not modify the negative chrono-
tropic and dromotropic eVects produced by physical train-
ing. It has been reported that the increase in resting cardiac
parasympathetic activity produced by physical training
underlies the decrease in resting heart rate and the depres-

sion of A–V conduction. As it is well known, the release of
ACh from parasympathetic postganglionic terminals causes
a muscarinic receptor-mediated opening of speciWc potas-
sium channels (IKACh) and other eVects on several pace-
maker currents that result in slowing the Wring rate of
pacemaker cells and a delay in AV conduction (Carmeliet
and Mubagwa 1998; Snyders 1999). In view of the present
results, parasympathetic postganglionic neurons activity
does not explain the bradycardia and A–V conduction delay
in isolated hearts from trained animals. Additionally, we
did obtain diVerences in RWCL in the sham and control
groups, an increase being produced after the infusion of
Tyrode/atropine, respectively. These results are quite sur-
prising, as parasympathetic blockade should have enhanced
impulse conduction and decreased RWCL, given that ACh
depresses conduction. Hence, the increase in RWCL does
not seem to be an atropine related eVect.

Refractoriness and parasympathetic blockade

With respect to the eVects of cholinergic blockade, the
changes produced by physical training on myocardial
refractoriness were not mediated by intrinsic parasympa-
thetic activity, as we did not Wnd modiWcations by atropine
infusion in ventricular or atrioventricular conduction sys-
tem refractoriness.

The study of ventricular refractoriness was carried out
using two diVerent methods: ventricular extrastimulus test
and spectrum analysis of VF. Both measures provide a reli-
able method to assess ventricular refractoriness, not only
with a common method used in electrophysiological studies
(extrastimulus test) but also with the DF of VF. This last
parameter expresses the speed of ventricular activation dur-
ing the VF and inversely correlates with VFRP, being an
indirect measure of ventricular refractoriness (Chorro et al.
2000). Moreover, this procedure let us analyze up to 240
diVerent points of ventricular myocardium in each experi-
ment during VF.

Our results show that the increase in ventricular refracto-
riness produced by physical training, assessed by the
increase in VFRP and the decrease in DF of VF, was not
altered after parasympathetic blockade. With respect to the
increase of ventricular refractoriness, these results are simi-
lar to those obtained in previous studies (Such et al. 2008).
The prolongation of ventricular refractoriness could be
related to intrinsic parasympathetic activity since parasym-
pathetic postganglionic neurons are also found in the ven-
tricle and their activity can lead to a release of ACh even in
the isolated heart (LöVelholz 1981). This is consistent with
experimental studies which have reported a prolonging
eVect of vagal nerve stimulation on ventricular refractori-
ness (Martins and Zipes 1980; Inoue and Zipes 1987), even
without background sympathetic activity (Litovsky and

Fig. 2 Dominant frequency of ventricular Wbrillation. Parasympa-
thetic blockade did not modify this parameter in control and trained
groups. Furthermore, DF of VF was lower in the trained group
*P < 0.05, 9P = 0.08, ‡P = 0.06, §P = 0.09 versus control group. Error
bars display the standard error of the mean

Table 3 Coronary Xow comparison between the diVerent measure-
ments and groups

Values are mean § SD in ml min¡1 g¡1. Number of experiments in
parentheses

Beginning coronary Xow at the start of the electrophysiological proto-
col, pre-infusion coronary Xow before Tyrode (sham) and atropine
infusion (control and trained), post-infusion coronary Xow after
Tyrode (sham) and atropine infusion (control and trained), end coro-
nary Xow measured after Wnishing the electrophysiological protocol

Beginning Pre-infusion Post-infusion End

Control 3.47 § 0.9 3.10 § 0.9 2.99 § 0.9 2.79 § 0.9

(9) (9) (9) (9)

Trained 3.36 § 0.9 3.05 § 1.1 2.92 § 0.9 2.79 § 1.1

(10) (10) (10) (10)

Sham 3.42 § 0.9 3.05 § 0.8 2.92 § 0.8 2.71 § 0.6

(6) (6) (6) (6)
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Antzelevitch 1990). Nevertheless, atropine administration
did not modify the training-induced increase in ventricular
refractoriness, indicating that this cardiac electrophysiolog-
ical modiWcation is not mediated by the activation of IKACh.

Regarding A–V conduction system refractoriness, we
found that physical training increased AVCSFRP and this
increase was not abolished after atropine infusion. Conse-
quently, ACh does not seem to be implicated in the A–V
conduction system refractoriness increase produced by
physical training. These results are consistent with Stein
et al. (2002), which found an increase in the intrinsic atrio-
ventricular node eVective refractory period in athletes com-
pared to untrained individuals, indicating that these changes
were caused by intrinsic electrophysiological modiWca-
tions. Neither physical training nor parasympathetic block-
ade modiWed retrograde conduction system refractoriness.

With respect to atrial refractoriness and its modiWcation
by physical training, it has been reported either no change
(Brorson et al. 1976) or an increase (Mezzani et al. 1990) in
athletes with WolV–Parkinson–White syndrome. Experi-
mental studies carried out in isolated rabbit heart have
shown that although the diVerences were not statistically
signiWcant, AERP tended to increase (P = 0.09) in the
hearts of trained animals (Such et al. 2008). In the present
study, physical training did not change AERP and AFRP
and these parameters were not modiWed after parasympa-
thetic blockade. Regarding the eVect of parasympathetic
stimulation, acetylcholine release from parasympathetic
postganglionic terminals in the atria activates IKACh, which
leads to a shortening of the AERP, a decrease in the action
potential duration and an increase in the dispersion of
refractoriness (Zipes et al. 1974; Vigmond et al. 2004).
These electrophysiological modiWcations facilitate the
induction and maintenance of atrial Wbrillation, whose inci-
dence has been reported to be higher in long-term endur-
ance athletes (Mont et al. 2009). Data presented indicate
that the training protocol used in the present study does not
modify atrial refractoriness and that there is no ACh release
from parasympathetic postganglionic terminals to exert any
inXuence in atrial refractoriness in the isolated rabbit heart
model.

The results obtained not only in the intrinsic heart rate
and atrioventricular conduction but also in myocardial ven-
tricular and atrioventricular node refractoriness, suggest a
contributing role of an intrinsic adaptation induced by
physical training. The observed electrophysiological modi-
Wcations are exhibited in an isolated heart preparation and
thus not submitted to extrinsic nervous system and/or
humoral inXuences. Regarding the basic mechanisms
implied in these modiWcations, we have discarded a func-
tional implication of IKACh by means of muscarinic block-
ade with atropine, which implies that these modiWcations
are not dependent on intrinsic parasympathetic activity.

Previous studies carried out by our research team reported
that these changes do not seem to be related to heart hyper-
trophy, lipid peroxidation, and/or coronary Xow modiWca-
tions either (Such et al. 2008).

Some other membrane channels could account for the
observed electrophysiological remodeling in trained ani-
mals, in particular Ca++ and K+ channel species might be
involved. Regarding Ca++ channels, no changes have been
reported by physical training in the slow inward Ca++ cur-
rent (ICa-L) activity (Mokelke et al. 1997) or in Na+/Ca++

exchanger (Mace et al. 2003). On the other hand, Jew et al.
(2001) observed an alteration in the characteristics of the
outward K+ repolarizing currents Ito and Isus, but they did
not determine which speciWc current component contribut-
ing to the composite Isus and/or Ito was aVected by training.
Regarding the latter, Stones et al. (2009) also found an
alteration of Ito in trained animals submitted to voluntary
exercise. Furthermore, we can speculate with a possible
modiWcation in the characteristics of the inward rectiWer K+

current, IK1, which sets the resting membrane potential,
controls the approach to threshold upon depolarization and
modulates the terminal phase of repolarization (Lopatin and
Nichols 2001).

Methodological considerations

It must be noted that the experimental preparation used is
not a “working heart” and the diVerences observed between
groups do not result from diVerences in cardiac work (Such
et al. 2008). Moreover, it has been reported that rabbits pro-
vide a good experimental model for the investigation of
cardiac electrophysiology. As it is known the electrophysi-
ological properties and VF characteristics in the rabbit are
more similar to that observed in humans than rats or mice
(PanWlov 2006; Gao et al. 2007), which have major limita-
tions in performing cardiac electrophysiological studies
(Gaustad et al. 2010). Finally, by using the proper intensity,
duration and frequency of exercise, the rabbit obtains a
documented cardiovascular training eVect rather easily
(Di Carlo and Bishop 1990). Indeed, it has been shown that
the training protocol used reduces heart rate in vivo and in
vitro (Such et al. 2008), which is considered to be one of
the most fundamental systemic characteristics of the trained
state (Moore and Korzick 1995). Moreover, the training
protocol produced myocardial HSP60 and iNOs expression
modiWcations (Such et al. 2008) which are associated with
physical training (Hamilton et al. 2001; Gómez-Cabrera
et al. 2005).

In conclusion, our Wndings reveal that the myocardial
intrinsic electrophysiological modiWcations produced by
physical training are not mediated by parasympathetic post-
ganglionic activity. As parasympathetic blockade did not
modify the electrophysiological properties studied in
123
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isolated rabbit heart, other intrinsic modiWcations must be
implied.
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