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Electrophysiclogic Effects of a New Antiarrhythmic Agent, Recainam,
on Isolated Canine and Rabbit Myocardial Fibers
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Recainam (Wy 42,362) is a new zntiarrhythmic agent

(p < 0.01) and effective refractory peried by 34% {p <

clinical bat its electrophysi

8
effects in cardiac muscle are poorly defined. W:lh micro-
electrode techniques, its profile in isalated p of

0.01). had no si effect on the sincatrial
node, but it depressed phase 4 depolurization in isoproter-

dog and rabbit hearts was determined usmg drug contcen-
trations of 10 to 300 M. Recainsm induced a concentra-
tion- and frequency-dependent decrease in the maximal
rate of rise of the phase 0 of the action potential (V,,,),
action petential amplitude and overshoot potential, with
little or no change in the effective refractory periad except
in Purkinje fibers, in which it was markedly reduced. At a
300 1M concentration, V..., was reduced 51% (p < 0.081)
in ventricular muscle and 44% (p < 6,001} in atrial musele,
with no change In action potential duration or effective
refractory period. At the smae drug comcentration in
Purkinje fibers, V., was decreassd by 41% (p < 0.01),
action potential duration at 9% repolarization by 36%

1-induced icity in Purkinje fibers. The drug had
no effect on sfow channel potentials induced by high con-
centrations of potassium and ispproterenol.

The data indicate that the electrophysiologic profile of
recainam in iselated cardiac muscle is consistent with the
overall effects of class IT agents without having an effect on
the slow calcinm channel. Its major action is to depress
Ve With little effect on refractoriness. As in the case of
other class IC compounds, the differential effects of recai-
nam on the action potentiai duration in ventricular muscle
and Purkinje fibers may predispose to the drug's
proarrhythmic actions by accentuating heterogeneity in
refractoriness in the heart,

(J Am Coll Cardiol 1958;11:875-81)

In recent years, the development of new antiarthylhmic
agents for the control of ventricular arrhythmia has focused
on ds such as one (1,2) and sotalol (3.4),
which act predominantly by prolonging repolarization. and on
those whose major action is to inhibit depolarization (5-7). In
the latter category are compounds such as encainide, flecai-
nide, lorcainide, propafenone and indecaimde. These agents
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have been subclassified as class IC compounds from their
associated effects on repolarization and their kinetics of
recovery of the fast channel after inactivation (5.6).

Recairam hydrochloridz (Wy 42.362) (Fig. 1) is a new
class 1C antiarrhythmic agent that has been shown to elevate
the ventricular fibrillation threshold and to abort ventricular
tachyarrhythmias induced by ouabain ot cofonary arfery
ligation in experimenta! animals (8). In preliminary studies
{9). it was found that the drug shortened the action potential
duration in canine Purkinje fibers, in which it reduced the
upstroke velocity of the action potentiai. The eifecis of the
drug in other cardiac tissues are poorly defned.

The purpose of the present study was to determine the
clectrophysiologic profie of recainam by assessing the effects
of varying concentrations of recainam in isolated tissue prepa-
rations of rabbit heart and canine Purkinje fibers and ventricle.

Methods

Experimental preparations. New Zealand white male
rabbits (weighing 2.0 to 3.0 kg) were utilized for the studies
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Figure 1. Chemical structure of recainam (Wy 42,362).

of the sinoatrial node and atrial myocardium. The rabbits
were anesthetized with sadium pentobarbital (30 mg/kg
intravenously), and the heart was rapidly removed and
dissected in oxygenated Tyrode solution. Atria including the
sinoatrial node were mounted with the endocardial surface
facing up in a tissue bath (10 ml in volume).

Adult mongrel dogs of either sex (15 1o 25 kg) were used
Jor studies on Purkinje fibers and ventricular myocardium,
After anesthesia with intr sodium barbital (30
mgkg), the heart was rapidly removed through a left lateral
tharacotomy. Further dissection resulted in pi ion!
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{rom the crisia
was paced at 2.5 Hz.

Canine ventricular preparations were paced continuously
at 1 Hz. Purkinje fiber action potentials were recorded from
free-running bundles near their insertion into the right vea-
tricular papillary muscle (the area of maximal action poten-
tial amplitude and duration). Ventricular action potentials
were obtained from the papillary muscles at a site near the
stimulation electrode. Effective refractory periods were ae-
termined by introd li having p
shorter coupling intervals after every 8 to 10 basic paced
beats. The effective refractory period was defined as the
longest premature interval at which a propagated response
could not be elicited.

while the adj m di

P ion of slow channel-depend: ials. Slow
P ials (10) were produced in lsolated ventricu-

lar muscle preparations snmulﬂted at 1 Hz when superfused
with Tyrode solution 20 mM of ium chlo-

ride and 2 x 107% M of lsuprmereuol The possﬂnhty of
these ials being

that included a right ventricular papillary muscle and a
portion of the endocardial right ventricular free wall with the
intervening faise tendons attached. Only the proximal and
distal segments of the muscle were pinned to the tissue bath,
leaving the Purkinje fibers undisturbed and entirely sur-
rounded by the superfusing media. All preparations were
superfused with Tyrode solution (7.5 to 135 ml/min) at 36.0 =
0.5°C. The composition of Tyrode solution was as follows
(mM); sodium chloride (NaCl) 130, potassium chloride (KCI)
4.8, caicium chioride (CaCly) 138, magnesium sulfate
{MgS80,} 0.5, sodium hydrogen phosphate (Na,HPO,) 1.8,
sodium bicarbonate (NaHCQ,) 18.0 and glucose 5.5. Tyrode
solution was bubbled with gas containing 95% oxygen (02)
and 5% carbon dioxide (CO,), and its pH was mail d at

as
was excluded by the addmon of tetrodotoxin 0.2 pg/ml),
which had no effect. To determine the cycle leagth depen-
dency of the action potential characteristics, Purkinje fibers
were stimulated at various drive cycle tengths. The effect of
isoproterenol (2 X 107 M) on spontaneous discharge in
Purkinje fibers was also tested before and after 3.0, 109 and
300 uM of recainam. By this method, a detectable increase
in rate and magnitude of diastolic depolarization usually
developed after isoproterenol. After the effects of isoproter-
enol were determined and recorded in control superfusate,
recainam was administered for =10 min before a second
application of isoproterenol was made in the presence of the
drug Ascorbn: acid was added to the superfusate to retard
the d f i

7.40 = 0.02.

Electrophysiologic recordings, Sinoatrial node prepara-
tions (rabbit) were allowed to beat spontaneously, and atrial
and ventricular muscle preparations (dog) were electrically
stimulated through bipolar silver wire electrades at 2.5 and l
Hz. respectively. Rectangular pulses at twice thresh

Method of drug superl'usmn. For all experiments, a stock
solution of recainam was prepared fresh each day by dis-
sotving erystalline recainam hydrochloride (Wyeth Labora-
tories) in distilled water to make the final concentration from
1to 300 M in Tyrode solution. Multiple concentrations of

voltage (2 ms in duration) were delivered by a Grass S88
stimulator with isolated output. Action potentials were re-
corded through glass microclectrodes filled with 3M of
potassium chloride (K) (tip resistance 15 to 30 MQ). Signals
were amplified with a microelectrode amplifier (Mentor
N-950) with capacity compensation and we:¢ displayed on
an oscilloscope (Tektronics R564B) and phoiographed on
Polaroid film. The maximal upsiroke velocity of phase 0 of
the action potential {V,) was oblained by electronic dif-
ferentiation. After an equilibration period of 60 to 90 min,
action potentials were recorded in the standard manner.
Sinoatrial node action potentials were recorded during spon-
taneous rhythm from the same celis throughout the entire
experiment. Rabbit atrial action potentials were recorded

were ed by the method of cumulative
addmon Usually, the effects of the drug were examined
after 30 min of sup ion at each
Measurements and data analysis. Variables measured
from sinoatrial node action potentials were: spontaneous
sinus cycle length, maximal diastolic potential. action poten-
tial amplitude, threshold potential of phase zero depolariza-
tion, slope of phase 4 depolarization, action potential dura-
tion at 100% repolarization and maximal rate of rise of phase
0(Vp,00 (11,12). Action potentials, membrane resting poten-
tial, V..., action potential duration al 50% (APDs,) and %0%
(APDyy) repolarization time and effective refractory period
were also measured from atria, Purkinje fiber and ventricular
muscle preparations.
B of the physiol

Ily heter iS ha-
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Figure 2. Effects of recainam on the action potential recorded from
the sinus node in the rabbit. Note that the drug exerted a trivial or
no effect on action potential characteristics. including phase 4
depolarization and tareshold potential (see text).

ture of the sinoatrial nude cells, only data from those
experiments in which a single sinoatrial node cell remained
impaled by the microelectrode throughout the study are
included for analysis.

Statistical analysis. The data were analyzed statistically
by analysis of variance and Student’s r test and are ex-
pressed as mean values = SD. The values were based on the
individual averages of the data from cach preparation {that
is, multiple impalements).

Results

Effects of Recainam on Sinus Node and Atrial
Myocardium in the Rabbir

Rabbit sinoatrial node. The effects of varying concentra-
tions of recainam on the sinus node of rubbit were examined
in threc preparations {Fig. 2). Recainam did not induce any
changes in action potential variables of the sinus node after
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1 hof superfusion with a high drug concentration (300 M),
However, a modest shortening of the action potential dura-
tion wccurred in ali preparations.

Rahbit atria. The effects of recainam on rabbit atria were
derermined in five atrial preparations (Table ). Recairam
had no signilicant efiect on action potential amplitude.
resting membrane potential or the action potential duration
at 50 or 90% repolarization time, nor was there a significant
effect on the effective refractory period. However. the
upstroke velocity of phase 0 (V) was decreased hy recai-
nam. There was a 22% (p < 0.05) reduction in V,, after
superfusion with 30 uM and a 78% (p < D.03) reduction after
superfusion with 100 pM of recainam.

Effects of Recainam on Canine Purkinje Fibers
and Ventricular Muscle

Effects on transmembrane resting and action potentials.
The mean data demonsirating the effects of varying concen-
trations of recainam on canine ventricular muscle (n = 3) and
Purkinje fibers (n = 5) are summarized in Tables 2 and 3. As
in the case of atrial muscle, the most strikisyg and consistent
effect of recainam was on the upstroke velocity of phuse 0
(V) in ventricular muscle and Purkinje fibers. [n the range
of concentralions used, the resting membrane potential was
not altered significantly in either tissue; the effects of the
drug in Purkinje fibers and ventricular muscle differed qual-
itatively, In Purkinje fibers, a corcentration-refated shorten-
ing of the action potential duration occurred at both 50¢%
(APDgy and 90% (APDy,) repolarization time (Fig. 3).
whereas in ventricular muscle fibers there was no effect on
APDs, and APDs, (Fig. 4).

A concentration of | pM of recainam had no significant
effect on either action potential duration or V .. However,
30 uM of the drug reduced V. by 16.2% (p < 0.03) and
shortened APDg, by 27.5% (p < 0.05): 100 pM of the: drug
decreased V., by 30.3% and shortened APD, by 47% (p <
0.01) and APDy, by 20.2% (p < 0.01) in Purkinje fibers. After
superfusion of Purkinje fibers with 300 ;M of recainam, the

Table 1. Effects of Recainam on the Electrophysiologic Properties of Rubbit Atrial Muscle (five

Cordition

APA (mV} MRP (mV) Vo (VISH APD.,, tms) APDg, (ms) ERP {ms)
Control 103 + 6 Ml 198 = 43 AR M6 S 2
Recainam [ ] 8l :3 2+ 66 EXIE] RNl 86 =2
19 M
Recainam 95 x5 82 [EUF.I 23 s 88+ 7
30 pM
Recainam B3 ¥l 2 HIE-R o KRN M=7
W00

Statistical significance of ditference from coatrok: “p < 105, “p -

0.025. APA = action putential amplitude:

APDy, and APD,, = action potential duration at 50 and $¥7 repolarization time. sespectively: ERP = effective

refractory period: MRP = membrane resting potential. V.
potential.

= maximal upstrake velocity of phase U of the action
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Takle 2. Effects of Recainam on the Action Potential Variables of Canine Ventricular Muscle

Condition APA (mV) MRP (mV} Vo (V15) APDy, (ms) APB,, {ms) ERP (ms)
Conre! LR 80=x5 188 = 15 1450 =22 98 = 24 Al =18
=12
Recuinar s =7 CES] m=27 70«1 2= 10 23 =15
0
n=9
Recainam 105 = 6 04 144 = 35% 16823 HIER7) A5+ 24
30 paf
m=12
Recainam PET EEX i3+ 33 164 = 11 RERY 2011
100
=9
Recainam 959 RN 9 = 4 160 = 24 13 + 3 00 £ 40
300 uM (-51%)
=7

Significance of difference from control: *p < 0.01: (n) indicates the number of animals from which data were
abtained. Five to 10 impatements were made for the study condition in cach preparation for all the studies.

Abbrcviations as in Table I,

Vax diminished by 46% (p < 0.01) and APDs, was shorl-
ened by 49.8% (p < 0.01) and APDy, by 29.2% (p < 0.05). In
ventricular muscle, there was a 28.4% (p < 0.01) reduction in
Veux after superfusion with a 30 uM concentration, a 39%
reduction (p < 0.01) after a 100 «M concentration and a 46%
reduction (p < 0.01) after a 300 1M drug concentration.

In Purkinje fibers, (he reduction in Vg, was accompa-
nied by a decrease in the action p i pli and

al a constant driven frequency of 1 Hz. This was tested
under contro! conditicns and after superfusion successively
with 10, 30 and 60 xM concentrations of recainam: the
membrane i curve was i ly shifted in
the hyperpolarizing direction as a function of drug concen-
tration.

At 30 and 60 pM, r the pi

holished

the effective refractory period shortened in parallel with
the acceleration of repolarization. In ventricular muscle,
there was no significant change in the effective refractory
period.

Changes in membrane responsiveness. The effect of recai-
nam on the relation between V. and membrene polential
(membrane responsiveness) in Purkinje fibers was deter-
mined by the use of premature excitation at different cou-
pling intervals during phase 3 of the action potentials clicited

p from reduccd membrane potentials that were
associated with a low V.. For example, under control
conditions, the carliest response could be evoked from a
membrane potential of —60 mV, with a V,,_,, of 40 V/s. After
superfusion witn 10 uM of recainam, there was a minimal
effect. At higher concentrations of the drug, a response was
eliciled only at a higher membrane potential. At 30 M
concentrations of recainam, premature responses could not
be elicited until —70mV was reached: the V,,, of such an
action potentia} was 145 Vs,

Table 3. Effects of Recainum on the E' physiologic Properties of Canine Purkinje Fibers
Condition APA (mV) MRP (mV) Vi (VI9) APDy, (ms) APDy, (ms) ERP (ms)

Control 16 = 8 86 =7 480 = 56 W P T4l
=10

Recainam e 19 34+ 5 454 = 57 356 %23 W=
10 b
-7

Recainam 6 =7 826 398 = 100" 169 = 26+ 259 = 3¢ 238 = 37+
30 st
tn-1h

Recainam 102 = 3¢ 83 x3 337 = 62F 126 = 167 232 % 15% A5 £
100 M - {=3) {=51%) {=30%) {=325%)
m="

Recaimum w3 =0 BUER] 277 = 67 121 % 14% 213 £ 19t 200 = 344
¥ ¢ 1) (-40%) (-53%) (=36%) (-347)

Significance of difference from contral: *p < 0.025, +p < 0.01. Abbreviations as in Table .
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Figure 3. Changes in canine Purkinjc fiber potentials induced by
recainam as a function of drug concentration. In each panel, the
upper trace shows zero potential, the middle trace shows the time
course of the transmembrane action potentizal and \he lower trace
shows the maximal rate of rise of the phase 0 of the action potential
duration {V,,m,) Note tae stepwise decrease in V,,, o a5 @ function of
drug aud the p in phases 2 and
3 of Ihe action potential duration. This was accompanicd by a
corresponding decrease in the effective refractary period (sce text).

Frequency-dependent effects on the V,,,, of the action
potential. The pertinent data from studies obtained at each
stimulus frequency (from | to 5 Hz) from five Purkinje fibers
were analyzed. Tte V., was determmed 5 mm after the

A

change in freq y after the di of
steady state chanje in Vi, had been established in all
before i was ad . The V,

max
was only slightly : flected over the entire range of frequen-

cies used under control conditions before recainam was
given. At each i in fi i had a
significantly greater depressant eﬂ’ect on V,rm The differ-
ence was evident not only when the data were analyzed by
comparing individual values with the control values, but also
when the effect was tested on the basis of the slopes of the
changes induced by different stimnlus frequencies at a given
drug concentration. At 300 uM, it was not possible to eficit
a response at stimulus frequencies >3 Hz. The frequency-
dependent reduction in V,, induced by recainam was also
found in canine ventricular muscle fibers and rabbit atrial
muscle fibers.

Effects of recainam on automaticity in canine Purkinje
fibers. The effects of recainam on enhanced automaticity
induced by isoproterenol were determined in three Purkinje
fiber preparations(Fig 5). Superfusion with isoproterenol (2
% 107® M) induced regular spontaneous firing at a mean rate
of 48 beats/min. Lewer of recai (10 and
30 M) did not reduce the mean rate of firing, but there was
a decrease in the mean rate of firing to 36 beats/min at the
high concentration (100 uM).
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Effects on slow response action potentials in canine Purk-
inje and ventricular muscle fibers, Figure f shows a repre-
sentative set of records Hustrating the cffects of recainam on
slow chapnel-dependent potentials in ventricular muscle
fibers induced by high extracellular potassium concentration
(K"}, and isoproterenol (2 x 107 ). Similar recordings
could be obtained in Purkinje fibers. The characteristics of
the slow channel potentials preduced in this manner were
not influcnced by the addition of tetrodotoxin (10.2 pg/mi).
The highest concentration of recainam had no significant
effects on the slow response (Fig. 6). However, slow re-
sponse action potentials were abolished when verapamil (1
% 107" M) was added to the superfusate.

Discussion

Electrophysiologic effects of recainam. Antiarrhythmic
agents have been shown o exert their salutary effects in
preventing arrhythmias by blocking the fast sodium chan-
nels, inhibiting the electrophysiologic effects of sympathetic
transmitters to the heart, by selectively lengthening the
cardiac action p I or by inhibiting the slow resp
potentials in cardiac tissues (13-15), Our data wilh the new
antiarthythmic agent recainam hydrochloride indicate that
the compound exerts its dominant electrophysiologic action
by an effect on the fast sodium channel. This is inferred from
changes in V ,,, in atrial and ventricular tissues, as well as in
Purkinje fibers in which the drug shifted the membrane-
responsiveness curve in the hyperpolarizing direction. Fur-
thermore, rccainam exerted o potent depressant effect on
Vax @5 @ function of stimulus frequency. The drug was
devoid of effects on slow response potentials induced in

Figure 4. Effects of recainam on the action potentials recorded from
canine ventricular myocardium. Note the striking effect on V..
which is markedly reduced by the drug, cspecially at higher concen-
trations. Unlike the effect in Purkinje fibers. the lime course of
repolarization is vot aitered.

ISOPROTERENOL _2X10-“M
RECANAM

ISOPROTEREMOL.
30,

210
CAmAM
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Figure 5. Effects of varying concenltrations of recainam on automa-
ticity induced by isoprolerenol in canine Purkinje fibers. Note that at
the highest concentration of recainam (100 2M), phase 4 is signifi-
cantly depressed, leading te a slowing of automaticity.

Purkinje fibers and ventricular muscle by depolarizing con-
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are likely to exert a comparable spectrum of antiarrhythmic
actions.

Effects of recainam on myocardial refractoriness, In com-
mon with other class 1C agents, recainam cxerted a marked
depressant effect on V., the major determinant of conduc-
tion. However, there was little or no effect on the effective
refractory period in the atrium and ventricle, but a marked
shortening with the abbreviation of the action
potential duration at 90% repolarization time was found in
Purkinje fibers. Again, such an effect is characteristic of
class IC agents such as flecainide (6,17) lorcainide (17),
propafenone (20) and encainide (21). As with these agents,
the effective refractory period in the Purkinje fiber under the
action of recainam was significantly shortened despite a
marked reduction in V... This did not occur either in
ventricular muscle or in the atria, in which repolarization
was not affected and, despite significant decreases in V,,,,,,
the effective refractory period also did not change. In the
case of recainam, the differential effect on repolarization in
Purkinje fibers and ventricular muscle, shortening it in the
former and lengthening it in the latter, is a property that the

centrations of in the p of isopr i
Comparison with the actions of other antiarrhythmic
agents. Our data indicate that the overall effects of the drug
are consistent with a class 1 elcetrophysiologic action, How-
ever, the effects of recainam differed from the known actions
of quinidine, procainamide, or disopyramide, which retard
the terminal phase of repolarization and markedly increase
myocardial refractoriness. In ventricular and atrial muscle,
recainam had no significant effect on the action potential
duralion. there being no effect on the effective refractory
peried. In contrast, in canine Purkinje fibers, it produced a
marked shortening of the action potential duration, with a
corresponding reduction in the effective refraclory period.
The effects on repolarization in ventricular and Purkinje
fibers induced by recainam are thus similar to those reported
by our lahoratory (6) for flecainide. As in lhe case of other
class | agents, recainam shifted the membrane-responsive-
ness curve in the hyperpolarizing direction, consistent with a
change in dependence on voltage of the inactivation of the
sodium channels. Our data also emphasize the use-
dependent nature of the inhibitory effects of recainam on
sodium channels over a wide range of stimulus frequencies,
a characteristic property of local anesthetic types of anti-
arthythmic compounds (6,7,16). In the present scries of
experiments, the onset and offset kinetics of V., depres-
sion were not determined. However. in an independent
study in our laboratory (Kamiya et al.. unpublished obser-

d shares with other class 1C agents. As suggested
clsewhere (6), such a proclivity is likely to exaggerate
heterogeneity in the recovery of excitability in cardiac
muscle, thereby producing a tendency toward focal reexci-
tation, a p jat basis for he arrhyt ic effects of
class IC agents (22).

Clinical and experimental correlations and therapeutic
implications. Although experimental data cannot be extrap-
olated directly to the clinical setting, the preliminary elec-

Figure 6. Effects of recainam and verapamil on the slow response
action potentials in ventricular muscle fiber. Note the development
of a slow response potential in 2 medium of potassium (K*) (20 m)
and isoproterenol (ISOPROT) {2 x 107* M). Note also that after
superfusion with 300 «M of recainam, there is no effect; in verapa-
mil (1 x 107° M), the slow response potential is abolished. Recai-
nam is, thevefore, devoid of calcium channel blocking actions.

20mM K*
ISOPROT

2X10M

vations), the recovery time constant of the slow phase of
sodium chunnel reactivation varied between 13.3 to 17.2 s.
Thesc values are comparable wilh those previously reported
for flccainide (5), lorcainide {17) and propafenone (18,19, all
of which, on the basis of offsct kinetics of V.., are included
in the category of class 1C antiarrhythric wgents (5). They
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trophysiologic findings in human patients are in accord with
our in vitro data. Intravenous administration of recainam in
humans (Luceri et al., unpublished observations) prodeced a
prolongation of the QRS duration and the HY interval ta
measure of infranodal conduction). with a slight increase in
the effective refractory period in ventricular myocardium;
there was no effect on the corrected QT interval These
overall findings are consistent with a predominant inhibitory
effect on the fast sodium channels. Because recainam re-
duced the tendency for spontanesus activity in Purkinje
fibers and exerted a markedly depressant action on V..
{and thus conduction) in our studies, the drug is likely to be
effective in suppressing arrhythinias due to both automatic-
ity and reentry.

The potent inhibitcry effect of recainam on conduction
should be emphasized. [t is likely to be the basis for its
markedly suppressan! effect on premature ventricular and
supraventricular beats because these are not likely to prop-
agate in the presence of the drug. On the other hand. the
drug’s marked dep effect on duction is likely to
agyravate existing conduction system disease and eievate
the threshold of excitability, which may interfere with the
function of artificial pacemakers. Furthermore, recainam’s
potential to produce a differential effect on repolarization in
Purkinje fibers and ventricular muscle. coupled with severe
depression in conduction, may be the basis for the develop-
ment of proarrhythmic actions, as is the case with all class
IC agents. However, the induction of torsade de pointes is
unlikely because repolarization is not lengthened by the
drug.

We are grateful to Lawrence Kimble for secretarial assistance. and the
Wadsworth Veterans Adminisiration Hospital Medical Media Department for
help with thz iflustrarions and photagraphy. The supply of recainam for these
studies was donated by Wyeth Laboratories.
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