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Abstract. The presence and functional role of the
swelling-activated Cl– current (ICl(swell)) in rabbit cardiac
Purkinje cells was examined using patch-clamp method-
ology. Extracellular hypotonicity (210 or 135 mOsm) ac-
tivated an outwardly rectifying, time-independent current
with a reversal potential close to the calculated Cl– equi-
librium potential (ECl). The magnitude of this current was
related to tonicity of the superfusate. The current was
blocked by 0.5 mM 4,4¢-diisothiocyanostilbene-2,2¢-
disulfonic acid (DIDS). These features are comparable to
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those of ICl(swell) found in sinoatrial nodal, atrial, and ven-
tricular myocytes. ICl(swell) activation at 210 and 135 mOsm
depolarized the resting membrane potential with 6 and 10
mV and shortened the action potential by ~18 and ~33%,
respectively. DIDS partially reversed ICl(swell)-induced ac-
tion potential changes. We conclude that ICl(swell) is present
in Purkinje cells and its activation leads to action poten-
tial shortening and resting membrane potential depolar-
ization, both of which can promote the development of
reentrant arrhythmias.
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A swelling-activated Cl– current (ICl(swell)) has been de-
scribed in a variety of cardiac cells of different mam-
malian species, including atrium and ventricle of dog [1,
2], rabbit [3, 4], guinea pig [5], human [6], and sinoatrial
node (SAN) node of rabbit [3]. ICl(swell) is an outwardly
rectifying current, which activates after cells have been
exposed to hypotonic solutions [1, 2], or a raised cyto-
plasmic hydrostatic pressure [3]. Activation of ICl(swell) oc-
curs in an osmotic gradient-dependent fashion [7, 8] with
a distinct lag after changes in cell size [9]. ICl(swell) is time
independent within the physiological range of potentials,
but exhibits relaxation or inactivation at extreme positive
potentials [10].

* Corresponding author.

In cardiac cells, the normal intracellular Cl– concentra-
tion is around 20 mM. Estimations of the Cl– equilibrium
potential (ECl) thus range from –40 to –60 mV [11, 12].
Therefore, ICl(swell) is an outwardly directed, repolarizing
current during phase 1 and phase 2 of the cardiac action
potential. During these phases, ICl(swell) would cause action
potential shortening, which was indeed shown in ventric-
ular cells of guinea pig [13] and rabbit [8, 14]. ICl(swell) is
an inwardly directed, depolarizing current at resting
membrane potentials. Its action would result in depolar-
ization of the resting membrane potential (RMP), which
was shown in rabbit SAN cells [15, 16], dog atrial cells
[17], and in ventricular cells of guinea pig [13], rabbit [8,
14], and dog [17]. In addition, activation of ICl(swell) de-
creases the spontaneous beating rate in SAN cells [15,
16]. Recently, ICl(swell) was demonstrated to be persistently
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active under basal, isosmotic conditions in cells isolated
from hypertrophied hearts of rat and dog [7, 18], although
this is not consistent with findings in rabbit [8]. These
findings thus indicate that ICl(swell) may play a role in the
electrophysiology of SAN, atrial, and ventricular cells
under pathophysiological conditions.
To date, the presence and properties of ICl(swell) in cardiac
Purkinje cells are unknown. The present study was de-
signed to address this issue. We exposed single rabbit
Purkinje cells to hypotonic bathing solutions of 210 or
135 mOsm. Here we report that the consequent cell
swelling activates a time-independent, outwardly rectify-
ing current with a reversal potential close to the calcu-
lated ECl. The current was reversibly blocked by 0.5 mM
4,4¢-diisothiocyanostilbene-2,2¢-disulfonic acid (DIDS),
a well-known Cl– current blocker [19, 20]. The hypotonic
solutions caused action potential shortening and RMP de-
polarization. These effects on action potential configura-
tion were attenuated by DIDS. All of the aforementioned
features of the swelling-induced current we found in rab-
bit Purkinje cells are shared with ICl(swell) found in SAN,
atrial, and ventricular cells [for reviews, see refs 19–21].
We thus conclude that ICl(swell) is present in cardiac Purk-
inje cells of the rabbit. 

Materials and methods

Solutions and drugs
Normal Tyrode’s solution contained (in mM): NaCl 140,
KCl 5.4, CaCl2 1.8, MgCl2 1.0, glucose 5.5, and HEPES
5.0; pH was adjusted to 7.4 with NaOH. The Kraft-Brühe
(KB) solution contained (in mM): KCl 85, K2HPO4 30,
MgSO4 5.0, glucose 20, pyruvic acid 5.0, creatine 5.0,
taurine 5.0, EGTA 0.5, b-hydroxybutyric acid 5.0, suc-
cinic acid 5.0, and Na2-ATP 2.0; pH was adjusted to 7.2
with KOH. The pipette solution contained (mM): K-glu-
conate 136, KCl 9.2, K2-ATP 5, HEPES 10; pH was ad-
justed to 7.2 with KOH. The composition of the pipette
solution was chosen such that the ECl was –50 mV, close
to the physiological value when the cells are bathed in the
modified Tyrode’s solutions with reduced NaCl concen-
trations (see below). Osmolarity of the pipette solution
was ~260 mOsm.
DIDS (Sigma, St. Louis, Mo.) was prepared as an 0.5 M
stock solution in DMSO and protected from bright light.
DIDS stock solution was diluted just before the experi-
ments to a final concentration of 0.5 mM.

Cell preparation
Single cardiac Purkinje cells were isolated from hearts of
New Zealand White rabbits (3.5–4.5 kg) by an enzy-
matic dissociation procedure modified from Verkerk et
al. [22]. Hearts were quickly removed from anesthetized
rabbits (1 ml/kg Hypnorm). Free-running Purkinje

strands, free from ventricular tissue, were excised from
the left ventricle and placed in the following solutions:
(1) 20 min in nominally Ca2+-free Tyrode’s solution in
which 1 mg/ml protease (220 U/L type XIV; Sigma) and 
1 mg/ml bovine serum albumin (BSA; Behring, Mar-
burg, Germany) were dissolved; (2) 20 min in nominally
Ca2+-free Tyrode’s solution to which 1 mM EGTA was
added, and (3) 15–30 min in nominally Ca2+-free Ty-
rode’s solution in which 0.2 mg/ml protease, 0.5 mg/ml
collagenase (59 U/L type B; Boehringer, Mannheim,
Germany), 0.5 mg/ml BSA, and 0.2 mM EGTA were dis-
solved. To obtain single Purkinje cells, the strands were
agitated for 5–10 min by a magnetic stirring bar at
120–150 rpm in KB solution. Next, the KB solution was
placed in a disposable centrifuge tube in which the sin-
gle cells were allowed to sediment. Finally, the KB solu-
tion was replaced with normal Tyrode’s solution in three
steps. In each step, approximately 75% of the solution
on top of the cells was carefully replaced with Tyrode’s
solution. The time interval between the solution changes
was 15–20 min. The temperature of all solutions used
for the isolation procedure was maintained at 36–37°C.
The cells were stored at room temperature (20–22°C)
and used within 8 h after isolation.

Recording procedures and patch-clamp protocols
(1) Recording procedures. Small aliquots of cell suspen-
sion were put in a recording chamber on the stage of a
Nikon inverted microscope. The cells were allowed to
sediment and adhere for 5 min after which continuous
perfusion with normal Tyrode’s solution (36–37°C) was
started. Rod-shaped cells with smooth surfaces were se-
lected for electrophysiological measurements. Mem-
brane potentials and currents were recorded in the rup-
tured patch whole-cell configuration of the patch-clamp
technique using a custom-made voltage-clamp ampli-
fier. Patch pipettes were pulled from borosilicate glass
and heat polished. All potentials were corrected for the
calculated liquid junction potential (–13 mV). Mem-
brane currents and potentials were filtered on-line 
(1 kHz), digitized at 2 kHz, stored and analyzed by cus-
tom-made software run on an Apple PowerMac personal
computer.
(2) Current-clamp experiments. Action potentials were
elicited at a frequency of 1 Hz by current pulses of 2 ms
applied via the patch pipette. The following action poten-
tial parameters were measured: action potential duration
at 20% repolarization (APD20), action potential duration
at 50% repolarization (APD50), action potential duration
at 90% repolarization (APD90), RMP, and action potential
amplitude (APA). Cell capacitance (Cm) was calculated as
Cm = DIm/D(dVm/dt), where D(dVm/dt) is the change in ini-
tial slope of the membrane potential (Vm) upon 10-ms 
hyper- and depolarizing pulses of 100 pA (DIm) applied
during the action potential plateau [22].



(3) Voltage-clamp experiments. The ‘quasi steady-state’
current (Iqss) was measured as the current at the end of
500-ms steps to voltages ranging from –110 mV to 
+50 mV with 10 mV increments at a frequency of 0.5 Hz.
The holding potential was –50 mV. Iqss was normalized
for cell size by dividing current amplitude by cell capac-
itance.
(4) Purkinje cell characterization. The cells used in this
study were clearly identified as Purkinje cells on the ba-
sis of origin, morphology, and some of their electrical
properties [23, 24]. First, the cells were isolated from
free-running Purkinje strands, which were free from ven-
tricular tissue. Second, under light microscopy, the Purk-
inje cells typically showed a narrower and longer mor-
phology with much less prominent cross-striations com-
pared to ventricular myocytes. Third, action potential
upstroke velocity was higher, but the current density of
the inward rectifier current (IK1) was smaller compared to
ventricular cells (data not shown), consistent with previ-
ous findings in rabbit Purkinje cells [23, 24].
In single sheep Purkinje cells as well as intact Purkinje
strands of sheep, dog, and baboon, two distinct types of
action potential configuration are present [22, 25–27]. In
our previous study [22], we found that about 50% of the
single sheep Purkinje cells showed action potentials with
a prominent phase 1 repolarization and relatively nega-
tive plateau (‘low-plateau’Purkinje cells), whereas the re-
maining single cells had little phase 1 repolarization and
a relatively positive plateau (‘high-plateau’ Purkinje
cells). Whether single rabbit Purkinje cells also show two
types of action potential is not yet known. In the present
study, the action potential plateau levels varied consider-
ably, preventing us from drawing conclusions regarding
the existence of two distinct types of action potential in
single rabbit Purkinje cells.

Hypotonicity
To induce cell swelling, the cells were superfused with
‘modified’ Tyrode’s solutions with an osmolarity of 
~300 mOsm, ~210 mOsm, or ~135 mOsm as described
previously in detail [8]. In the modified Tyrode’s solu-
tions, the NaCl concentration of the normal Tyrode’s so-
lution was lowered to 55 mM and sucrose was added to
obtain the desired osmolarity. A freezing-point depres-
sion-type osmometer (Knauer, Germany) was used rou-
tinely to verify tonicity of all solutions used. Despite the
lowered NaCl concentration and reduced ionic strength of
our sucrose-containing, modified Tyrode’s solutions,
Purkinje cells proved capable of producing action poten-
tials. However, switching from normal Tyrode’s solution
to its modified isosmotic, 300-mOsm, variant changed
the action potential configuration significantly (table 1).
Although the osmolarities were similar, the reduction in
NaCl concentration resulted in action potential shorten-
ing, APA reduction, and RMP hyperpolarization, which
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agrees with previous findings in ventricular cells [8]. The
underlying ionic mechanism was not investigated, but
may be related to changes in electrogenic Na+ transport
systems, i.e., non-inactivating Na+ current, Na+-K+ pump,
and Na+-Ca2+ exchange current. In any case, by reducing
the sucrose concentration of the modified Tyrode’s solu-
tions, osmolarity could be changed without affecting all
other ionic conditions any further, whereupon the effects
of cell swelling on the electrophysiological properties of
rabbit Purkinje cells could be studied.

Statistics
Values are expressed as the mean ± SE. Two data sets
were considered significantly different if the P value of
the analysis of variance (ANOVA) or Student’s t test was
less than 0.05. Action potential parameters were obtained
from ten consecutive action potentials and averaged. 

Results

Effects of extracellular hypotonicity on action
potential configuration
Exposure of Purkinje cells to hypotonic bathing solutions
invariably led to a drastic shortening of the action poten-
tial and RMP depolarization. Figure 1 shows typical 
examples of these electrophysiological effects of an 
extracellular tonicity of 135 mOsm (fig. 1A, B) and 
210 mOsm (fig. 1C, D). After a latency of several hun-
dreds of seconds, the hypotonic bathing solutions caused
a gradual decline in APD90 and an equally gradual RMP
depolarization (fig. 1A, C). Phase 1 and phase 2 repolar-
ization accelerated, but late during phase 3, repolarization
decelerated (fig. 1B, D), the net effect being a clear ac-
tion potential shortening. Upon restoring isotonicity, both
APD90 and RMP returned to control values, or almost so.
Table 2 summarizes the data of these two cells as well as
14 others. APD90 was reduced by ~10% when the cells
were exposed to an extracellular tonicity of 210 mOsm,
but by as much as ~30% when extracellular tonicity was

Table 1. Action potential characteristics of rabbit Purkinje cells 
(n = 16) in normal Tyrode’s solution and in modified Tyrode’s solu-
tion of 300 mOsm.

Normal Tyrode’s Modified Tyrode’s
solution solution

APD20 (ms) 80 ± 17 44 ± 8*
APD50 (ms) 162 ± 26 104 ± 15*
APD90 (ms) 235 ± 19 184 ± 13*
RMP (mV) –80 ± 2 –86 ± 2*
APA (mV) 117 ± 4 112 ± 3*

Values are the mean ± SE. APD20, APD50, and APD90, action poten-
tial duration at 20, 50, and 90% repolarization, respectively; RMP,
resting membrane potential; APA, action potential amplitude. 
*p < 0.05.
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135 mOsm. A similar osmotic gradient dependency was
found for the hypotonicity-induced RMP depolarization.
RMP depolarized by ~6 mV when the cells were exposed
to an extracellular tonicity of 210 mOsm, and by ~10 mV
when extracellular tonicity was 135 mOsm.

Effects of extracellular hypotonicity on quasi
steady-state current
Our current-clamp experiments show that extracellular
hypotonicity, after a latency of a few minutes, causes ac-
tion potential shortening and RMP depolarization. To de-
termine what current provokes these changes, action po-

tential measurements were interrupted and the same
Purkinje cells were subjected to a voltage-clamp proto-
col. Depolarizing and hyperpolarizing voltage-clamp
steps of 500-ms duration were applied from a holding po-
tential of –50 mV. Figure 2A shows typical examples of
current traces recorded at –100, –50, 0, and +50 mV
when the cells were exposed to the modified, sucrose-
containing, 300-mOsm Tyrode’s solution (left panel) and
the 135-mOsm (middle panel) variant. During the hypo-
tonic bathing, Iqss was increased at all potentials, except
–50 mV. The increase at very positive potentials 
(+50 mV), however, was larger than at very negative po-

Figure 1. (A) Simultaneous recordings of action potential duration measured at 90% repolarization (APD90; top) and resting membrane
potential (RMP; bottom) before, during, and after application of the 135-mOsm hypotonic bathing solution. The action potential measure-
ments were alternated by periods in which the cell was voltage clamped. (B) Action potentials recorded at the times indicated by arrows in
A. (C) Time course of changes in APD90 (top) and RMP (bottom) before, during, and after application of the hypotonic bathing solution of
210 mOsm. (D) Action potentials recorded at the times indicated by arrows in C.

Table 2. Action potential characteristics of rabbit Purkinje cells in modified Tyrode’s solution of 135 mOsm (n = 9) and 210 mOsm 
(n = 7).

300 mOsm 135 mOsm 300 mOsm 210 mOsm

APD20 (ms) 41 ± 14 25 ± 9* 47 ± 6 38 ± 6*, †

APD50 (ms) 109 ± 27 63 ± 15* 100 ± 11 76 ± 10*, †

APD90 (ms) 186 ± 19 131 ± 19* 181 ± 17 159 ± 17*, †

RMP (mV) –86 ± 3 –76 ± 2* –85 ± 2 –79 ± 3*, †

APA (mV) 113 ± 5 107 ± 6* 111 ± 2 101 ± 4*

Values are the mean ± SE. APD20, APD50, and APD90, action potential duration at 20, 50, and 90% repolarization, respectively; RMP, rest-
ing membrane potential; APA, action potential amplitude. *p < 0.05 vs 300 mOsm; †p < 0.05 vs 135 mOsm.
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tentials (–100 mV). By digitally subtracting the current
traces recorded under 135-mOsm hypotonic conditions
from those recorded under 300-mOsm isosmotic condi-
tions, the hypotonicity-induced difference current was
obtained (fig. 2A, right panel). The difference current is
time independent, except at very positive potentials 
(+50 mV) where it shows a moderate decline. Figure 2B
summarizes the I-V relationships of Iqss recorded during
the modified, sucrose-containing, 300-mOsm Tyrode’s
solution and the 135-mOsm (left; n = 7), and 210-mOsm
(right; n = 7) variants. Figure 2C shows the I-V relation-
ships of the hypotonicity-induced difference current
(DIqss) at 135 and 210 mOsm (open and closed circles, re-
spectively). Both relationships show a clear outward rec-
tification. The reversal potential of the difference current
is approximately –50 mV, which is close to the calculated
ECl. Finally, the magnitude of the hypotonicity-induced
difference current is proportional to the osmotic gradient.
These findings are consistent with activation of ICl(swell)

[for reviews, see refs 19–21].

Effects of blocking ICl(swell)

The stilbene derivative DIDS is a well-known blocking
agent of ICl(swell) [19, 20]. To further ascertain the identity of
the hypotonicity-induced membrane currents, we studied
the effects of 0.5 mM DIDS in three swollen rabbit Purkinje
cells. In these experiments, 10 mM EGTA was added to the
pipette solution to block the Ca2+-activated Cl– current [28].
Figure 3A shows a representative example of Iqss recorded
at –100 and +50 mV when the extracellular tonicity was
300 and 135 mOsm (open and closed circles, respectively).
At a dose of 0.5 mM, DIDS virtually completely blocked
the effects of the hypotonic solution on Iqss (triangles). This
effect was consistently observed in all cells tested.
When active, time-independent currents that reverse around
–50 mV tend to abbreviate action potential duration and de-
polarize RMP, as we observed in our current clamp experi-
ments with swollen Purkinje cells (fig. 1B, D). If the
changes in the current clamp properties of swollen cells are
largely due to ICl(swell), DIDS should attenuate these. The ef-
fects of DIDS on action potentials during hypotonicity were

Figure 2. (A) Current traces recorded at –100, –50, 0, and +50 mV at 300 mOsm (left) and 135 mOsm (middle), and the hypotonicity-in-
duced current constructed by subtracting current traces recorded at 300 mOsm from those recorded at 135 mOsm (right). (B) Current-
voltage (I-V) relationships of quasi steady-state current (Iqss) under isotonic conditions (300 mOsm) and at 135 mOsm (left; n = 7) and 
210 mOsm (right; n = 7). (C) I-V relationship of the change in current induced by the hypertonic solutions (DIqss) of 135 mOsm (n = 7) and
210 mOsm (n = 7) from a starting osmolarity of 300 mOsm.



In cardiac cells, other Cl– currents are also found. These
include the Ca2+-activated Cl– current (ICl(Ca)) [28], the
cystic fibrosis transmembrane conductance regulator Cl–

current (ICl(CFTR)) [29, 30], the anionic background current
(IAB) [31], and the inwardly rectifying Cl– current (ICl.ir)
[32]. These currents could potentially have interfered
with our measurements. However, we have a number of
reasons to believe that the role of these Cl– currents in our
study was limited. First, ICl(swell), ICl(Ca), and ICl.ir have very
distinct I-V characteristics. ICl(swell) exhibits outward recti-
fication [1–3], whereas ICl.ir exhibits inward rectification
and is active at hyperpolarized membrane potentials [32],
and ICl(Ca) has a bell-shaped I-V relationship and is active
at membrane potentials positive to –40 mV [28]. Second,
ICl(Ca) inactivates completely within 50 ms upon depolar-
ization, while ICl(CFTR) is not active at all in the absence of
agonists [29, 30]. Finally, stilbene derivatives do not in-
hibit ICl(CFTR), ICl.ir, and IAB, while they block ICl(swell) at con-
centrations of 0.1 mM and higher [19, 20, 31, 32]. Taken
together, we believe that the hypotonicity-induced current
we investigated in this study represents ICl(swell) rather than
ICl(Ca), IAB, ICl(CFTR), or ICl.ir.

Significance of ICl(swell) for Purkinje cell
electrophysiology
In our experiments, the calculated ECl was –50 mV. During
the normal Purkinje cell action potential, the membrane
potential ranges between –80 and +40 mV (cf. table 1).
Thus Cl– channels have the unique ability to contribute
both inward and outward currents during the Purkinje ac-
tion potential. In Purkinje cells, we observed that activation
of ICl(swell) produces a small depolarization of the RMP and
accelerated repolarization during phase 1 and phase 2,
which leads to action potential shortening (fig. 1, table 2).
These findings are in agreement with findings in ventricu-
lar cells of dog, rabbit, and guinea pig [8, 13–15]. In addi-
tion, we found that the magnitude of these effects increased
with increasing magnitude of the Cl– conductance, which
agrees with findings in rabbit ventricular cells [8]. Apart
from activation of ICl(swell), changes in other membrane con-
ductances may also contribute to the observed action po-
tential shortening and RMP depolarization in response to
the hypotonic solutions. Changes in L-type Ca2+ current,
Na+-Ca2+ exchange current, and the slow component of the
delayed rectifier K+ current have been reported in response
to cell swelling [14, 33, 34]. In our experiments, however,
the ICl(swell) antagonist DIDS [19, 20] largely inhibited the
effects of swelling on the action potential configuration, in-
dicating that ICl(swell) was the main cause of the action po-
tential shortening and RMP depolarization.
The ability of ICl(swell) to depolarize cardiac cells is op-
posed by the presence of the background K+ conductance
that normally controls the RMP [20]. Purkinje cells typi-
cally exhibit a low inward rectifier K+ current (IK1) den-
sity compared to ventricular cells [22, 23]. In such cells,
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studied in three Purkinje cells with 10 mM EGTA in the
pipette. Figure 3B shows action potentials recorded from a
Purkinje cell when the extracellular tonicity was 300 and
135 mOsm (open and closed circles, respectively). Applica-
tion of 0.5 mM DIDS indeed reversed the effects of the hy-
potonic solution to a large extent (triangles). This effect was
consistently observed in all cells tested. From these experi-
ments we conclude that ICl(swell) underlies the action potential
changes provoked by hypotonicity.

Discussion

ICl(swell) is present in cardiac Purkinje cells
SAN, atrial, and ventricular cells from different species
have been demonstrated to express a swelling-activated
chloride current. Its presence in cardiac Purkinje cells
was unknown. In this study, we employed patch-clamp
methodology to investigate the presence of ICl(swell) in car-
diac Purkinje cells of rabbit. Our voltage-clamp experi-
ments showed that cell swelling induced by hypotonic
bathing solutions of 135 and 210 mOsm activated an out-
wardly rectifying membrane current with a reversal po-
tential close to ECl (fig. 2C). The current appeared after a
delay of a few minutes. It proved sensitive to DIDS (fig.
3A) and the current density was proportional to the os-
motic gradient (fig. 2C). These features closely resemble
those of ICl(swell) described in SAN, atrial, and ventricular
cells [for review, see refs 19–21]. We thus conclude that
ICl(swell) is present in cardiac Purkinje cells of the rabbit.

Figure 3. (A) Effects of 0.5 mM DIDS on hypotonicity-induced
changes in quasi steady-state current at –100 and +50 mV (bottom
and top traces, respectively). (B) Effects of 0.5 mM DIDS on hypo-
tonicity-induced changes in action potential configuration.



activation of ICl(swell) was proposed to cause a large depo-
larization, conceivably leading to the development of
spontaneous activity [35, 36]. In the present study, how-
ever, abnormal automaticity was never observed, not even
when the extracellular tonicity was as low as 135 mOsm
(fig. 1). This finding is similar to observations made in
atrial cells [17], which also have a low IK1 density [37].
Du and Sorota [17] found that the RMP depolarization
during swelling was larger in atrial than in ventricular
cells, but no ectopic activity was observed. Apart from
differences in IK1 density, differences in ICl(swell) density [5,
6] and response to swelling [1] may also be involved in
the more profound depolarization of the atrial cells.
Activation of time-independent Cl– conductances has
also been proposed to result in early afterdepolarizations
(EADs) [20]. This has indeed been demonstrated, both in
a model study [38] and in isolated ventricular cells [39].
However, the EADs were only found when ECl was posi-
tive to –30 mV [38, 39] or when [K+]o was lowered to 2 or
3 mM [39]. In our experiments, where ECl was –50 mV
and [K+]o was 5.4 mM, EADs were not observed.
Activation of ICl(swell) does not induce ectopic activity, i.e.,
abnormal automaticity or triggered activity, in cardiac
Purkinje cells, but it does cause RMP depolarization and
action potential shortening. These two effects facilitate the
development of reentrant arrhythmias [for review, see refs
20, 21]. During ischemia-reperfusion, cell swelling occurs
[40]. Consequent activation of ICl(swell) may thus be an im-
portant factor favoring the occurrence of arrhythmias as-
sociated with this pathological condition. Cl– current
blockade may therefore be potentially antiarrhythmogenic.

Limitations of the study
The effects of swelling on Purkinje action potential con-
figuration were measured in a ‘modified’Tyrode’s solution
in which the Na+ concentration was lowered to 55 mM.
Variable amounts of sucrose were then added to obtain so-
lutions of 300, 210, or 135 mOsm. Using these modified
Tyrode’s solutions, cells produce action potentials. How-
ever, action potential duration was decreased significantly
(table 1). This action potential shortening may have impli-
cations for the inducibility of EADs. Zeng and Rudy [41]
showed that the incidence of EADs was higher for longer
action potentials. Furthermore, the reduction of [Na+]o may
have reduced the window Na+ current, which is important
for generation of abnormal automaticity [42]. Therefore, in
our study, the inducibility of EADs and abnormal auto-
maticity may have been decreased.
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