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ELECTROPHYSIOLOGICAL ACTIONS OF MEXILETINE (K61173) ON
CANINE PURKINJE FIBRES AND VENTRICULAR MUSCLE

MAKOTO ARITA1, MASAYOSI GOTO, YASUO NAGAMOTO
& TETSUNORI SAIKAWA
Department of Physiology, Faculty of Medicine, Kyushu University, Fukuoka 812, Japan

1 The effects of mexiletine (Kol173) were investigated in canine isolated cardiac Purkinje fibres
and ventricular muscle with microelectrodes. Some Purkinje fibres were depolarized by mechanical
stretch to induce spontaneous activity with slow upstroke velocity. The preparations were stimulated
at rates of 1, 2, 3 and 4 Hz. The drug concentrations tested were 0.4, 2 and 10 .g/ml in Tyrode
solution (KCI = 5.4 mM).
2 The 'therapeutic' drug concentration (2 gg/ml) shortened action potential duration and effective
refractory period of Purkinje fibres, the effect being pronounced at lower stimulation rates. In ventri-
cular fibres, action potential duration changes were not consistent while the effective refractory
period was prolonged.
3 In depolarized Purkinje fibres showing automatic activity, the drug (0.4 or 2 ig/ml) depressed
phase 4 depolarization and reduced the firing rate without changing maximum diastolic potential.
However, when depolarized Purkinje fibres were electrically driven at a constant rate, the maximum
diastolic potential became more negative with a concomitant decrease of pacemaker slope and in-
crease of maximum rate of rise (V,,..ax) of action potentials.
4 Moderate (2 gg/ml) to high (10 gg/ml) concentrations of the drug depressed V,,,x in Purkinje
fibres stimulated at 2 Hz by 12 and 42% respectively and depressed 'membrane responsiveness'.
The decrease in V,.., depended upon the stimulation rate, being minimum at the lowest (1 Hz)
and maximum at the highest (4 Hz) stimulation rate.
5 The drug (2 gig/ml) improved VP,, of the earliest propagated premature action potentials by
shifting the takeoff potential to more negative levels in both Purkinje and ventricular fibres.
6 Membrane conductance in fibres mounted in a single sucrose gap chamber was increased by
the drug (2 gig/mI) in both fibre types in normal and in Na+-deficient solutions. This increase
was attributed to an increase in membrane K+ permeability produced by the drug.
7 All these effects are similar to those of lignocaine, diphenylhydantoin or aprindine, and can

explain the antiarrhythmic action of mexiletine.

Introduction

Mexiletine (Kol 173), 1-(2',6'-dimethyl-phenoxy)-2-
amino-propane, is a primary amine with certain struc-
tural similarities to lignocaine. It was originally intro-
duced as an anticonvulsant agent, but subsequent
studies revealed that the drug was also effective in
suppressing ventricular arrhythmias both in experi-
mental animals (Allen, Kofi-Ekue, Shanks & Zaidi,
1970; Singh & Vaughan-Williams, 1972; Okuma,
Sugiyama, Wada, Sugenoya, Niimi, Oguri, Toyama
& Yamada, 1976) and in man (Talbot, Clark, Nimmo,
Neilson, Julian & Prescott, 1973; Campbell, Chatur-
vedi, Kelly, Strong, Shanks & Pantridge, 1973). From
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the clinical point of view, the drug is advantageous
because of its long half-life and its effectiveness when
given orally (Talbot et al., 1973). There have been
only a few electrophysiological studies of the drug
on single fibres. In one of these, Singh & Vaughan
Williams (1972) found that the drug reduced the
maximum rate of rise of action potentials without
affecting resting membrane potential, or the duration
of the action potential in rabbit atrial and ventricular
fibres. This is a typical 'class I' antidysrhythmic action
(Vaughan Williams, 1970). The paucity of electrophy-
siological studies of mexiletine, especially on the fibres
of the conducting tissue prompted us to investigate
the effects of the drug in canine Purkinje fibres, and
compare them with those in ventricular muscle. We
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used standard microelectrode and superfusion tech-
niques to determine the effect of therapeutic and toxic
concentrations of mexiletine on ventricular muscle
and Purkinje fibres exhibiting both a normal fast
channel-dependent response (Wit, Rosen & Hoffman,
1974a), and a slow channel-dependent response (Wit,
Rosen & Hoffman, 1974b; Wit, Rosen & Hoffman,
1974c). The results obtained are discussed in relation
to the reported antiarrhythmic actions of the drug.

Methods

Mongrel dogs, weighing 8 to 15 kg, were anaesthe-
tized with sodium pentobarbitone (30 mg/kg i.v.). The
hearts were quickly removed and dissected in cool
oxygenated Tyrode solution. Strands of Purkinje
fibres (0.8 to 1 mm in diameter, 4 to 6 mm long)
and small papillary muscles or trabeculae (I to 5 mm
in diameter, 4 to 6 mm long) were excised from both
ventricles.
The preparation was mounted in a 0.8 ml volume

tissue bath through which Tyrode solution, gassed
with 95%0 2 and 5% C02, flowed continuously at
a constant rate of 1.8 ml/min. In this perfusion sys-
tem, the solution that filled the bath could be com-
pletely replaced by other test solutions within 2 min.
Temperature in the bath was maintained at 36°C. The
composition of the Tyrode solution (mmol/l) was:
NaCl 137, KCl 5.4, CaCl2 1.8, MgCl2 1.05, NaHCO3
11.9, NaH2PO4 0.42 and glucose 5.0.
The transmembrane potentials were measured by

means of 3 M KCl-filled glass microelectrodes (resist-
ance 15 to 25 MCI). The microelectrode was coupled
to the input of Nihonkohden MZ-3B cathode-fol-
lower amplifier and the recorded potential was dis-
played and photographed on a Nihonkohden VC-9
oscilloscope, or recorded on a Nihonkohden ink-writ-
ing Recticorder. The maximum rate of rise (VP.) of
action potentials was obtained by an electronic differ-
entiator equipped with an operational amplifier (Fil-
brick 100901). The differentiator was calibrated by
means of a sawtooth wave generator, and was linear
within the 0 to 800 V/s range.

In most experiments, the preparation was electri-
cally driven at a frequency of 2 Hz by rectangular
pulses of 2 ms duration and twice diastolic threshold
strength delivered by a Nihonkohden stimulator
MSE-3R and isolation unit. The stimuli were applied
to the surface of the preparation through a pair of
silver wire electrodes (diameter 200 gm, 0.7 mm apart)
insulated, except at their tips, by Teflon.
The effective refractory period was determined by

applying premature test stimuli of 2 ms duration and
4 times diastolic threshold through the same pair of
electrodes using a second stimulator. 'Membrane re-

sponsiveness' curves were obtained by introducing
premature stimuli at various times during phase 3
of the action potentials. In those experiments where
the stimulation rate was changed stepwise from 1 to
2, 3 and 4 Hz, the records were made approximately
fifty action potentials after each change in rate.
To measure the change of input resistance (Figure 6),

preparations of both fibre types were mounted in a
single, three compartment sucrose gap chamber. The
central compartment, which was separated from the
other compartments by thin acrylic plates, was filled
with isotonic sucrose solution containing 10' M
CaCI2 (New & Trautwein, 1972). The distal compart-
ment contained non-oxygenated Tyrode solution
while the proximal compartment (test chamber) was
perfused with oxygenated Tyrode solution with or
without the drug. The length of preparation in the
test chamber was . 1 mm to minimize cable compli-
cation and to attain fairly uniform polarization
throughout the tissue (Deck & Trautwein, 1964).
Transmembrane action potentials were recorded from
the tissue in the test chamber. Hyper- or depolarizing
constant current pulses of 50 to 80 ms duration and
small amplitude were applied across the sucrose gap.
The resulting voltage deflection was used to calculate
membrane input resistance. When necessary, the test
chamber was perfused with a sodium-deficient solu-
tion in which NaCl was totally replaced by isosmolar
choline chloride containing atropine sulphate (1
jg/ml) to prevent any possible cholinergic effects. In
these experiments, current pulses of 500 ms duration
and various intensities were introduced via the
sucrose gap to obtain the current-voltage relationship
(Figure 7).

Purkinje strands were stretched and maintained
under slight tension to study slow response action
potentials (Rosen, Danilo, Alonso & Pippenger, 1976).
The technique usually resulted in action potentials
having maximum diastolic potentials less negative
than -65 mV and V, less than 30 V/s. In most
of these stretched fibres with low maximum diastolic
potentials, automatic and repetitive action potential
discharges were recognized. Drug effects on automati-
city were examined in preparations firing at a stable
rate for at least 20 min before application of the drug.

Stock solutions of mexiletine hydrochloride (250
jig/lO ml) were diluted in the Tyrode solution im-
mediately before use to give test solutions of 0.4, 2
and 10 pg/ml. To ensure equilibration of the prep-
aration with its environment, the experiments were
initiated at least 1 h after mounting the preparation
in the bath.
The duration of the plateau phase of action poten-

tials was measured at 40% and 30%o of full repolariza-
tion in Purkinje and ventricular fibres respectively.
The total action potential duration was measured at
90% of full repolarization. Experiments were per-
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Figure 1 Effects of different stimulation rates on the action potential configuration (a-c) and upstroke phase
(d-f) in a normal Purkinje fibre before (a and d) and during action of mexiletine (Mex) at a concentration
of 2 1g/ml (b and e) and 10 pg/ml (c and f). In panels (a-c), the stimulation rate was increased from right
to left traces 1, 2, 3 and 4 Hz. In panels (d-f), the top trace is the zero reference potential; the middle is the
action potential upstroke; and the bottom is the 1st derivative of the upstroke phase, V (downward positive).
The tips of V,.x were retouched.

formed in 42 Purkinje fibres and 38 ventricular fibres
obtained from 24 dogs. Statistical evaluation was per-
formed using Student's t test. All average values were

expressed as mean + standard error of the mean.

Results

Effects on repolarization of normal Purkinje fibres and
ventricular muscle

Figure la-c shows the steady state control and effects
of mexiletine (2 and 10 gg/ml) on the repolarization
phase of the action potentials of a normal Purkinje
fibre stimulated at rates of 1, 2, 3 and 4 Hz. The
steady state effect was usually attained after 10 to
15 min of drug application. The drug at concen-
trations used in the present study did not change the
resting potential but decreased the level of plateau
and shortened the action potential duration at each
stimulation rate. The effects depended on the concen-
trations and the stimulation rates, viz., the shortening
became more marked either when the drug concen-
tration was increased, or when the stimulation rate
was decreased. The effects induced by a low (0.4
gg/ml) or moderate (2 jg/ml) concentration were
almost completely reversed after washout periods of
about 30 min, while the effects produced by high con-
centration (10 gg/ml) were only partially reversed.
Table 1 summarizes the drug effect (2 1ig/ml) on

the duration of repolarization phases in both Purkinje
and ventricular fibres stimulated at 2 Hz in experi-
ments in which the microelectrode remained in the
same cells throughout the experiment. In Purkinje
fibres, the drug shortened both the plateau and total
action potential duration. However, in the ventricular
fibres the drug shortened only the plateau duration,
while the change of total action potential duration
was not consistent. It consisted of slight shortening,
no change, and in 3 out of 8 preparations slight pro-
longation (by less than 6%).

Table I Percentage shortening of action potential
duration attained after 10 to 15 min of application of
mexiletine (2 pg/ml)

Purkinje Ventricular
fibre (n = 5) muscle (n = 8)

Plateau duration
Total duration

31.3 + 7.9* 6.5 + 4.4***
14.8 + 8.5** 4.0 + 6.1

Control action potential durations were 235 + 8 ms in
Purkinje fibres and 142 + 6 ms in ventricular muscle
at the stimulation rate of 2 Hz.
*P < 0.001 as compared with the control.
**P < 0.02 as compared with the control and the
shortening of plateau duration.
***P < 0.01 as compared with the control.
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Effects on depolarization in normal Purkinje fibres and
ventricular muscle

100

x

4-

-c

.)

0-

50 F

01
0.4 2

Mexiletine (pg/ml)
10

Figure 2 The effect of different concentrations of mex-
iletine on the maximum rate of rise, (dv/dt),,,0x, of Pur-
kinje fibres driven at 2 Hz. Ordinate scale is % of the
control without the drug. The effect was evaluated after
10 to 15 min of the drug application. Vertical bars indi-
cate s.e. mean. The number of preparations studied was
4 at concentrations of 0.4 and 2 gg/ml, and 3 at 10
gg/ml. Mean control V of these 11 fibres was 443 + 9
V/s.

2 .4

Figure Id-f shows the upstroke phase of action
potentials and corresponding first derivatives (
in a normal Purkinje fibre before and after drug ap-
plication. The control V,I,.x was not altered (about 440
V/s) by the stimulation rate (d); however, during
action of the drug (e and f), V,,x was decreased at
each stimulation rate, but the decrease was greater
when the stimulation rate was increased. The decrease
in V,,<x was also more pronounced when the concen-
tration was increased.

Figure 2 shows mean percentage change in V1,,
during perfusion with 3 different concentrations of the
drug on Purkinje fibres when the stimulation rate was
2 Hz. At the lowest concentration (0.4 jg/ml), V,,,x
increased in 2 out of 4 fibres tested and slightly de-
creased in the other 2 fibres, i.e., the effect was not
consistent. At moderate (2 1tg/ml) and high concen-
trations (10 g.g/ml), there were statistically significant
decreases in V,,.x of 12% and 43% respectively.

Effects on effective refractory period and membrane re-
sponsiveness

The effective refractory period was determined in 2
Purkinje fibres and 2 ventricular fibres before and
after application of the drug (2 jig/ml). The effective

v1
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Figure 3 Effect of mexiletine (Mex, 2 gg/ml) on a pair of action potentials, i.e., the last basic action potential
(1) driven at a rate of 2 Hz and subsequent premature action potential (2) that was elicited by the earliest
effective premature stimulus, before (1 and 2) and during (3 and 4) application of the drug. (a) Purkinje fibre,
(b) ventricular muscle. In each panel, the top trace is zero reference potential; the middle trace is action poten-
tial; and the bottom is 1st derivative of the action potential upstroke. The number beside each P.,.B in the
bottom trace corresponds to the number on the action potentials in the middle trace. The tips of V.,,, in (a)
were retouched. The V, in (b) is recorded at 10 times the sweep speed of the middle trace.
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Figure 4 Relation between the maximum rate of rise
( and the membrane potential at the onset of depo-
larization (takeoff potential) in a Purkinje fibre stimu-
lated at a frequency of 1 Hz, before (0) and after treat-
ment with mexiletine at the concentrations of 2 pg/ml
(0) and 10 tg/ml (A).

refractory periods in Purkinje fibres were shortened
by an average of 12.1% whereas that of ventricular
fibres was lengthened by an average of 17.9%. An
example of this is shown in Figure 3a (Purkinje fibre)
and in Figure 3b (ventricular fibre). As shown in
Figure lb, the drug shortened the action potential
duration of the Purkinje fibre in the basic beat (com-
pare trace 1 and 3), and this may be the cause of
the shortening of the effective refractory period in the
Purkinje fibres. In the ventricular fibre (Figure 3b),
the drug prolonged the action potential duration of
the basic beat (compare trace 1 and 3). This lengthen-
ing may explain, at least in part, the prolongation
of the effective refractory period in the ventricular
fibres.

Premature excitations elicited during phase 3 of the
basic action potential in a Purkinje fibre provided
a relationship between the takeoff potential and V,
i.e., the membrane responsiveness curve (Figure 4).
This figure shows the concentration-dependent
depression of membrane responsiveness. However,
V,,x of the earliest premature beat (indicated by
arrows) was increased during superfusion with both

concentrations of the drug. Similar experiments were
undertaken in 2 other Purkinje fibres. The average
membrane potential at which the earliest premature
action potentials could be elicited was -62.8 + 6.35
mV before, and -79.8 + 1.75 mV after, the drug ap-
plication (2 jg/ml). Thus the more negative takeoff
potentials (by 17 mV) during the drug action, may
be the main cause of increased amplitude of the
upstroke phase in the earliest premature action poten-
tials.

Effects on automaticity and pacemaker potentials in
depolarized Purkinje fibres

In the extracellular K+ concentration (5.4 mM) used
in the present study, normal Purkinje fibres whose
resting potentials were more negative than -85 mV
were not spontaneously automatic. However, fibres
depolarized by mechanical stretch developed auto-
matic pacemaker activity even at this K+ concen-
tration, probably due to increased specific membrane
resistance (Rm) or decreased K + conductance (Deck,
1964; Kaufmann & Theophile, 1967). We examined
the drug effect on such action potentials which exhi-
bited pacemaker activity, probably of the 'slow re-
sponse' type. Figure 5a-d shows the effect of mexile-
tine on such action potentials, in a fibre in which
spontaneous discharge continued at constant cycle
length of 490 ms and maximum diastolic potential
of -45.8 mV (a). Application of 0.4 jig/mI of mexile-
tine decreased the slope of phase 4 depolarization and
prolonged the cycle length to 840 ms without measur-
able change in the maximum diastolic potential (b).
This effect was partially reversed by reperfusion with
normal Tyrode solution (c). Comparable effects were
obtained in 3 other automatic Purkinje fibres per-
fused with the drug solution at concentrations of 0.4
or 2.0 jig/ml. After washing out the drug for more
than 10 min, the cycle length returned to a value close
to the control.

Figure 5e-g shows a typical drug effect on a similar
automatic response when the preparation was driven
at a cycle length of 620 ms. Before the drug appli-
cation (e), the fibre developed stable pacemaker ac-
tivity with a maximum diastolic potential of -61 mV.
After the drug application, the maximum diastolic
potential became more negative and the slope of
phase 4 decreased in association with slight shorten-
ing of action potential duration (f). After prolonged
drug application, the maximum diastolic potential in-
creased still further up to -68 mV, the pacemaker
activity virtually ceased, and the V,,,f increased about
three fold compared to the control. Similar effects
were observed in other 2 fibres tested.

These results show considerable difference in the
effect of the drug on spontaneous (Figure 5a-d) and
driven (Figure 5e-g) action potentials, namely, no
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Figure 5 Effects of mexiletine (0.4 pg/ml) on slow response action potentials with pacemaker activity in depolar-
ized Purkinje fibres; (a-d) were recorded from a spontaneously beating fibre: (a) is control; (b) 5 min after the
drug application; (c) 6 min after washing out the drug; (d) is superimposition of (a) and (b), but the photograph
was enlarged with a slightly smaller magnification; (e-g) were recorded from an electrically driven fibre: (e)
is control; (f) superimposition of the control, 3 min and 6 min after the drug application; (g) 9 min after
the drug application. Bottom trace in panels (e) and (g) shows the V of corresponding action potential.

change in the maximum diastolic potential without
pacing and a more negative potential during pacing.
However, both procedures were associated with simi-
lar suppression of the phase 4 depolarization.

Effects on input resistance

Marked shortening of action potential duration in
normal Purkinje fibres (Figure la-c) and the sup-
pression of phase 4 in depolarized Purkinje fibres
(Figure 5) suggested to us that the drug might have
increased membrane K+-conductance. Hence we in-
vestigated the drug effect on the membrane slope re-
sistance in both fibre types. An example of such an
experiment in a Purkinje fibre is shown in Figure 6.
In this fibre the maximum diastolic potential was
-80.4 mV (i.e. slightly depressed) before drug appli-
cation (a). During drug application, the takeoff poten-
tial increased to -89.1 mV but the voltage deflections
produced by the current pulses decreased (b), suggest-
ing decreasing membrane input resistance and an in-
crease in K+ permeability. In spite of this increase
in the resting potential by 8 mV, the P." decreased
slightly probably due to simultaneous reduction in
membrane responsiveness (see Figure 4). These effects

disappeared completely after washing out the drug
(c). In the ventricular fibre, the membrane input resist-
ance decreased also during the drug application but
without a change in the resting potential.
Another possible approach to the estimate of the

drug action on the resting K+ conductance is by test-
ing the effect in Na+-deficient solutions (Hall, Hutter
& Noble, 1963). We found that Na+-deficient solution
caused depolarization (up to 15 mV; reason un-
known) and that the action potential could not be
elicited even by strong electrical stimuli. In Figure 7,
the membrane potential at the end of current pulses
(500 ms duration) was plotted against the strength
of current applied to a Purkinje fibre before, and dur-
ing, the drug action. In the fibre shown in this figure,
the membrane conductance at the resting potential
(chord conductance) increased by a factor of 1.2 after
the drug application, while in the other two Purkinje
fibres, by 1.9 and 2.9 respectively. In two ventricular
fibres the conductance increased by a factor of 1.2
and 1.5 respectively. These increases in membrane
conductance were partially reversible by washing out
the drug in all preparations. These results suggest that
mexiletine increased membrane permeability to potas-
sium ions.
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Figure 6 Effect of mexiletine (2 1tg/ml) on the input resistance measured as a voltage deflection produced
by a passage of 50 ms hyperpolarizing constant current pulses over the membrane of a Purkinje fibre: (a)
is control; (b) during drug action, and (c) after washout. In each panel, top traces indicate zero reference potential
as well as the intensity of the current applied; middle, action potential; and bottom, P,,, of the action potential
upstroke (retouched).

Discussion

Low and moderate concentrations of mexiletine (0.4
and 2 pg/ml) used in the present study are within
the range of plasma concentrations attained in
patients treated with the drug, while the high concen-
tration (10 g/ml) may be in the toxic range (Talbot
et al., 1973; Campbell et al., 1973). In dogs with oua-
bain-induced ventricular extrasystoles and tachycar-
dia, sinus rhythm was restored after intravenous injec-
tion of 1.37 mg/kg mexiletine (Allen et al., 1970). This
dose may be equivalent to the effective clinical dose
(30 to 250 mg, i.v.) given to patients with digitalis-
induced ventricular arrhythmias (Talbot et al., 1973).
Thus the data obtained in the present animal experi-
ments appear pertinent to the discussion of the mech-
anism of the drug action on human hearts.

Effects on repolarization

A moderate concentration (2 jig/ml) of mexiletine pro-
duced shortening of the effective refractory period in
Purkinje fibres. The change was opposite to that
observed in the ventricular muscle, where the period
was lengthened. This means that the drug may reduce
the difference in effective refractory period between
Purkinje and ventricular fibres. This different action
on repolarization may be due to a different ionic basis
in maintenance and termination of action potential
plateau in the two fibre types (Noble & Tsien, 1969).

Mexiletine shortened plateau duration in both Pur-
kinje and ventricular fibres. The effect was more pro-
nounced at the slow rate of stimulation and resulted
in a decrease of rate-induced difference in action
potential duration (Figure lb and c). A similar
phenomenon has been described in frog ventricular
fibres in the presence of metabolic inhibitors (McFar-
lane, 1960) and in canine ventricular and Purkinje

fibres treated with phenothiazines (Arita & Surawicz,
1973).
The precise ionic mechanism of the drug-induced

shortening of the action potential plateau is uncertain,
but the increase of resting or maximum diastolic
potential, as well as suppression of slope of phase
4 in depolarized Purkinje fibres, suggest that the drug
increased membrane potassium permeability. In sup-
port of this assumption are the findings that mem-
brane slope and chord conductance were increased
during perfusion with mexiletine (Figures 6 and 7).

Effects on pacemaker potential

Mexiletine suppressed automatic activity in depo-
larized Purkinje fibres (Figure 5). This automaticity
occurred at membrane potentials less negative than
-60 mV. At these membrane potentials, the pace-
maker current 'K2 is probably fully activated, and
therefore the pacemaker activity may be attributed
to time and voltage-dependent deactivation of ix, cur-
rent that could have been modified by mexiletine.

However, it is also possible that the inhibition of
phase 4 depolarization was due, at least in part, to
the decrease of background or slow inward current
occurring simultaneously with an increase of outward
K+ currents.

In the spontaneously beating Purkinje fibres of
slow response type, mexiletine decreased the firing fre-
quency with no change in the maximum diastolic
potential (Figure 5a-d). This contrasts to the drug
effect on the driven Purkinje fibres of slow response
type in which significant hyperpolarization ensued
(Figure 5e-g). The lack of drug-induced hyperpolari-
zation in the spontaneously beating preparation may
be attributed a concomitant decrease in the contribu-
tion of overdrive hyperpolarization. That is, slowing
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Figure 7 Current-voltage relationship measured in a
Purkinje fibre perfused with Na+-deficient (11.9 mM)
solution in the absence (0) and in the presence (0) of
mexiletine (2 pg/ml).

of firing rate may produce secondarily a decrease in
electrogenic Na+-pump activity (Vassalle, 1970). As
a result, the hyperpolarizing effect of mexiletine (due
to increased K + permeability) might have been
mostly offset and resulted in little change in the maxi-
mum diastolic potential.

Effects on depolarization

It has been reported that therapeutic concentrations
of lidocaine (Bigger, Basset & Hoffman, 1968; Davis
& Temte, 1969; Bigger & Mandel, 1970) and diphenyl-
hydantoin (Bigger et al., 1968) enhanced rather than
depressed the membrane responsiveness in cardiac
fibres. However the drug effects on depolarization are
also known to be dependent upon the K+ concen-
tration in the perfusing media. Thus, when K+ con-
centrations of 5 to 6 mM were used, these agents were
found to decrease membrane responsiveness (Jensen
& Katzung, 1970; Singh & Vaughan Williams, 1971).
In the present study we used a rather high K+ con-
centration (5.4 mM), and found that the therapeutic
concentration of the drug (2 gig/ml) decreased the V,,,,
only slightly (12%). This may explain the absence of
significant change in intraventricular conduction
(H-V interval in the His electrogram) reported both
in man (Roots, Paalman & Dunning, 1976) and in
dogs (Okuma et al., 1976) treated with mexiletine.
The depressant action of the drug on V,,., depended

on the stimulation frequency (Figure le and f). The
mechanism of the decrease in 1I,'X which followed
an increase in driving frequency may be attributed
to: (1) a small decrease in membrane potential due

to K+ accumulation immediately outside the fibre;
(2) resetting of the Na+-K + pump, and (3) incomplete
reactivation of the rapid Na+ system (Arita & Sura-
wicz, 1973; Chen & Gettes, 1976). In the present experi-
ments, the first possibility could be ruled out because
all action potentials driven at different frequencies
took off from exactly the same membrane potentials
(see Figure id-f). However, we cannot distinguish
between the second and the third possibilities,
because there are no studies of the effect of mexiletine
on sodium-potassium mediated ATPase (Na+-K+
pump), or on the recovery kinetics for the rapid Na+
current.

In the mexiletine-treated Purkinje fibres, the effec-
tive refractory period was shortened less than the
action potential duration (Figure 3a). As a result, the
earliest effective test stimulus elicited a response in
which the amplitude and the V,d.X of the action poten-
tial were greater than under control conditions. A
similar effect has already been reported in Purkinje
fibres treated with diphenylhydantoin (Bigger et al.,
1968). This has been proposed as one of the mechan-
isms which could suppress ventricular arrhythmias by
improving conduction of premature excitation.

In contrast, in the ventricular fibres, the effective
refractory period was lengthened but the lengthening
exceeded any prolongation of the action potential
duration. This resulted in the same effect, i.e., an in-
crease of the amplitude and V,,,aX of the earliest prema-
ture action potentials (Figure 3b).

Possible mechanism of antidysrhythmic action of
mexiletine

Dysrhythmias may be produced by: (1) enhanced
automaticity; (2) depressed conduction velocity com-
bined with a reduced refractory period; or (3) a com-
bination of these two factors (Antoni, 1971).

Mexiletine may be expected to exert an antidys-
rhythmic activity in cases where the arrhythmia is
provoked by a parasystolic automatic focus, because
the drug suppressed effectively this type of pacemaker
activity (Figure 5a-d). A possible model for such
pathological automaticity may be the slow repetitive
discharges recorded from subendocardial Purkinje
fibres surviving myocardial infarction (Friedman,
Stewart, Fenglio & Wit, 1973).
On the other hand, if the depressed Purkinje fibres

exhibiting action potentials of slow response type
were excited by impulses from another pacemaker site
firing at higher frequency, e.g., impulses from the
sinus node, the drug may be expected to increase dias-
tolic membrane potential, and thereby increase V,,,Mx
and conduction velocity. Such an effect could reduce
vulnerability to ventricular arrhythmias due to re-
entrant excitation. The mexiletine-induced increase in
1,.X of the earliest premature action potential may
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be also of advantage in protecting against ventricular
fibrillation following 'R on T' phenomenon (Surawicz,
1971).

Mexiletine reduced the l',,X of Purkinje fibres
(Figures le and f). An appropriate decrease in the
conduction velocity might block the re-entrant exci-
tation by changing a unidirectional block into a bi-
directional one. However, in the present study, the
reduction of V,,,x was only about 12% at a rate of
2 Hz and at the therapeutic concentration of 2 pg/ml
(Figure 2). This may not be sufficient to play a signifi-
cant role in suppression of re-entrant type arrhyth-
mias. However, the reduction of 1,,X might be more
pronounced under the following circumstances: (1)
high doses of mexiletine (Figure 2), and (2) rapid heart
rate (Figure lf).

In conclusion the main antidysrhythmic actions of
mexiletine may derive from: (1) suppression of auto-
maticity and acceleration of conduction in depolar-
ized Purkinje fibres, and (2) disproportionate leng-
thening of the effective refractory period in relation
to the action potential duration in both Purkinje and
ventricular muscle fibres. All these effects appear pri-
marily due to an increase in membrane K+ conduc-
tance.

We express our gratitude to Professor B. Surawicz of Uni-
versity of Kentucky, Lexington, U.S.A. for a critical review
of this manuscript. Some of this work was presented at
the annual meeting of the Physiological Society of Japan,
Mie, April 1975.
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