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1 We investigated the proarrhythmic e�ects of MS-551 and KCB-328, class III antiarrhythmic drugs
using adrenaline-induced arrhythmia models in halothane anaesthetized, closed-chest dogs. In the control
period, adrenaline, starting from a low dose of 0.25 to up to 1.0 mg/kg/50 s i.v., was injected to
determine the arrhythmia inducing dose and the non-inducing dose. After MS-551 or KCB-328
administration, the adrenaline injection was repeated and the interval between the injection and the
occurrence of arrhythmia (latent interval), the changes in arrhythmic ratio (as calculated by dividing the
number of ventricular premature contraction by the number of the total heart rate) and the severity of
arrhythmia were observed.

2 MS-551 infusion, 1 mg/kg/30 min, decreased the heart rate (HR) by 16% (P50.01) and prolonged
the QTc interval by 20% (P50.01). During the 30 min of MS-551 infusion, arrhythmias occurred in
three out of seven dogs (torsades de pointes (TdP) type VT in one dog). After these arrhythmias
disappeared, MS-551 decreased the latent interval of the adrenaline arrhythmias produced by the
inducing dose (30+2 s compared with 43+3 s of the control interval, P50.05), increased the arrhythmic
ratio (P50.05) and induced arrhythmias by non-inducing adrenaline doses (P50.05).

3 E�ect of a new class III drug KCB-328 infusion, 0.3 mg/kg/30 min, was compared witih MS-551
using the same model. KCB-328 decreased the HR by 21% (P50.01) and prolonged the QTc interval by
25% (P50.01). During the 30 min of infusion, arrhythmias occurred in ®ve out of seven dogs (TdP in
two dogs). KCB-328 also decreased the latent interval of the adrenaline arrhythmias produced by the
inducing doses (31+3 s compared with 49+7 s of the control period, P50.05), but did not signi®cantly
alter the arrhythmic ratio.

4 Adrenaline induced TdP only after MS-551 or KCB-328 was administered, i.e. after MS-551, 1 mg/
kg/30 min, 3/7 versus 0/7 in the control; KCB, 0.3 mg/kg/30 min, 3/7 versus 0/7 in the control.

5 To examine the direct arrhythmogenic e�ect of MS-551 and whether an adrenergic mechanism plays
some role on this arrhythmogenesis, a bolus injection of MS-551, 3 mg/kg, was injected either without
pre-treatment or after pre-treatment with propranolol 0.3 mg/kg. MS-551 induced arrhythmias in ®ve
out of seven dogs (TdP in one dog). Also in the propranolol pre-treated dogs, MS-551 induced
arrhythmias in ®ve out of seven dogs (TdP in 1 dog).

6 In conclusion, these observations indicate that MS-551 and KCB-328 induced arrhythmias and
intensi®ed proarrhythmic e�ects of adrenaline, MS-551 being stronger than KCB-328 at the same QTc
prolonging doses. The direct arrhythmogenic e�ect of MS-551 was not in¯uenced by b-blocker treatment.
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Introduction

Class III antiarrhythmic agents can slow or terminate narrow
excitable gap re-entry arrhythmias by lengthening cardiac

repolarization and refractoriness. Conversely, prolongation of
repolarization can be associated with proarrhythmic actions
mainly inducing ventricular premature contraction (VPC) and,
at the worst, TdP tachycardia or VF (Hondeghem & Snyders,

1990; Borggrefe et al., 1992), so the use of these drugs is
di�cult for clinical use. For observation of proarrhythmic
actions of drugs, to date, animal experimental models have

been used to observe induction of arrhythmias by ambulatory
ECG recording in animals with arrhythmogenic substrates, or
inducing arrhythmias by exercise stress or programmed

electrical stimulation (PES). We have used the adrenaline-
induced arrhythmia model to observe e�ects of antiarrhythmic
drugs, and the results were as follows; class II b-blockers and
class IV Ca channel blocking drugs suppressed adrenaline-

induced arrhythmias, but class I and III drugs have di�erent
pro®les on these arrhythmias. Among class III drugs,
amiodarone suppressed adrenaline-induced arrhythmia; d-

solatol and dofetilide had no e�ect on this arrhythmia; and
E-4031 and sematilide even aggravated adrenaline-induced

arrhythmias (Awaji et al., 1995; Hashimoto et al., 1991; Chen
et al., 1996; Xue et al., 1996). Adrenaline administration
mimics a clinical situation of sympathicotonia, and human
long QT syndrome is often associated with sudden death when

sympathetic overactivity is present. Indeed it has been
demonstrated that class III drugs, clo®lium and d,l-solatol
provoked early afterdepolarization and/or delayed after

depolarization in canine Purkinje ®bers under adrenaline
adminstration (Patterson et al., 1997). Though it is not clear
whether proarrhythmic e�ects of class III drugs correlate drug-

induced worsening of the adrenaline-induced ventricular
arrhythmia, we designed the present study to test the
proarrhythmic e�ects of new class III drugs.

A class III drug, MS-551 (1,3-dimethyl-6-{2-[N-(2-hydro-

xyethyl)-3-(4-nitrophenyl)-propylamino]ethylamino}-2,4 (1H,
3H)-pyrimidinedione hydrochloride) di�ers from most methyl-
sulfonamide class III drugs (e.g., sotalol, E-4031 and

dofetilide) in that MS-551 blocks the delayed recti®er K
current (Ik), the transient outward K current (Ito), the inward1Author for correspondence.
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recti®er K current (Ik1), and ATP-sensitive K current (Ikatp)
in rabbit and guinea-pig ventricular myocytes (Nakaya et al.,
1993; Hashimoto et al., 1994; Sato et al., 1995; Martin et al.,

1995). MS-551 decreased the reperfusion induced VF in dogs
(Hashimoto et al., 1995), protected postinfarcted dogs from
VF (Friedrichs et al., 1995), improved de®brillation e�cacy
when it was given after the induction of VF in dogs

(Murakawa et al., 1997), suppressed PES-induced ventricular
arrhythmias through prolongation of the e�ective refractory
period (ERP) in dogs with myocardium infarction (Kondoh et

al., 1994), and was useful for the treatment of tachyar-
rhythmias by prolonging ERP of the atrium and ventricle in
the human (Isomoto et al., 1995). Though MS-551 induced

ventricular arrhythmias in halothane anesthetized dogs
(Hashimoto et al., 1995), the precise mode of proarrhythmic
e�ects of MS-551 has not been examined.

KCB-328, 1-(2-amino-4-methanesulfonamidophenoxy)-2-
[N-(3,4-dimethoxyphenethyl)-N-methylamino]ethane hydro-
chloride, is a new synthetic class III antiarrhythmic drug. The
electrophysiological studies indicated that KCB-328 increased

the action potential duration (APD) and ERP in isolated
guinea pig papillary muscles and inhibited Ik without a
signi®cant inhibition of Isi, but its APD prolonging e�ect did

not show a reverse frequency-dependency (Lee et al., 1996a,b).
We investigated the antiarrhythmic e�ect of KCB-328 in in
vivo dogs and showed that it suppresses VF induced by

coronary artery ligation and reperfusion, and PES-induced
ventricular arrhythmias in dogs with old myocardial infarction
(Xue et al., in press).

The lethal arrhythmias accompanying the long QT
syndrome are serious problems for both the patients with
congenital long QT syndrome and also for those using class III
drugs, and b-blocker therapy is one choice for the treatment of
the former. We examined the proarrhythmic e�ect of the two
class III drugs in combination with adrenaline to assess the
safety of these drugs. In the present study, we examined (1)

whether MS-551 and KCB-328 aggravate adrenaline arrhyth-
mias in dogs and (2) whether a b-blocker, propranolol,
in¯uences the proarrhythmic e�ect of MS-551.

Methods

Experimental preparation

These animal experiments were approved by the Yamanashi

Medical University Animal Experimentation Committee and
animals were obtained through the Animal Laboratory for
Research of Yamanashi Medical University. Adult beagle dogs

of either sex weighing 7.5 ± 13.5 kg, was anaesthetized initially
with thiopental sodium. After tracheal intubation, 1.0%
halothane, vaporized with 100% oxygen, were administered

with a volume-limited ventilator (20 ml/kg, 15 strokes/min,
Shinano, SN-480-4, Tokyo, Japan). Both vagi was cut at the
mid-cervical region. The lead II ECG and atrial electrogram
from catheter tip electrodes in the right atrium were

continuously monitored. A femoral artery catheter was
inserted for blood pressure (BP) monitoring. The ECG, atrial
electrogram and BP were recorded with a polygraph system

(Nihon Kohden, Tokyo, Japan). A femoral vein was also
cannulated for administering drugs and adrenaline.

Production of adrenaline-induced arrhythmia

After surgical preparation, 30 ± 45 min was allowed for
stabilization, and then adrenaline diluted in 5 ml saline was

intravenously infused for 50 s, according to the method of
Hashimoto et al. (Hashimoto & Hashimoto, 1972; Matsubara
et al., 1976). The starting dose of adrenaline was 0.5 mg/kg. If
0.5 mg/kg adrenaline did not produce arrhythima, the dose of
adrenaline was increased by increments of 0.25 or 0.5 mg/kg
until ventricular arrhythmias were induced. The maximum
adrenaline dose in the control period was 2.5 mg/kg, since this
dose usually produces severe VT or occasionally fatal VF. If
0.5 mg/kg adrenaline produced arrhythmia, a lower dose of
0.25 mg/kg adrenaline was infused. Between the challenges of

the adrenaline infusion, a recovery period of at least 10 min
was allowed, during which time the hemodynamic parameter,
e.g. HR and BP became stable. We de®ned the arrhythmia

inducing dose of adrenaline as the lowest dose which produced
ventricular arrhythmias, including VPC, bigeminy or VT, and
the non-inducing dose of adrenaline as the highest dose which

did not induce any arrhythmia.
The time in seconds between the onset of adrenaline

infusion and the appearance of arrhythmia was de®ned as the
latent interval. After MS-551 or KCB-328 administration and

when the QT prolongation became stable, arrhythmia non-
inducing and inducing doses were determined.

Protocol

In pilot experiments (n=3), the non-inducing and inducing

doses of adrenaline before 30 min of saline infusion were 0.5,
0.5 and 0.75 mg/kg (0.58+0.08 mg/kg), and 0.75, 0.75 and
1.0 mg/kg (0.83+0.08) mg/kg, respectively. The arrhythmias of
the inducing doses were VPC (n=2) and VT (n=3). After
30 min of saline infusion, the non-inducing and inducing doses
of adrenaline were unchanged, namely 0.5, 0.5 and 0.75 mg/kg
(0.58+0.08 mg/kg), and 0.75, 0.75 and 1.0 mg/kg
(0.83+0.08) mg/kg, respectively, and the arrhythmias were
VPC (n=2) and VT (n=3), indicating the reproducibility of
these values.

As shown in Figure 1, experiments were divided into three
groups. In experiment 1, an infusion rate of MS-551, 1 mg/kg/
30 min, was chosen as that prolonging the QTc interval

approximately 20%. If this infusion of MS-551 alone induced
arrhythmias, the inducing and non-inducing adrenaline doses
were determined after disappearance of these arrhythmias. In
experiment 2, an infusion rate of KCB-328, 0.3 mg/kg/30 min

was chosen as that prolonging the QTc interval also
approximately 20%. In experiment 3, the direct arrhythmo-
genic e�ects of MS-551 were examined using a bolus injection

of MS-551, 3 mg/kg, without or after treatment with

Figure 1 Schematic of experimental protocol of MS-551 and KCB-
328 on adrenaline-induced arrhythmias in dogs.
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propranolol 0.3 mg/kg. Adrenaline 0.25 ± 0.75 mg/kg/50 s was
administered to verify the blocking e�ect of propranolol.

Drugs

MS-551 and KCB-328 were kindly provided by Mitsui
Pharmaceuticals Inc., Tokyo, Japan and C&C Research

Laboratories, Kyunggi-do, Korea, respectively. MS-551 and
KCB-328 was dissolved in saline. Thiopental sodium (Tanabe
Seiyaku, Tokyo), halothane (Takeda Chemical Industries,

Osaka) and adrenaline (Daiichi Seiyaku Co., Tokyo) were used.

Evaluation of proarrhythmic e�ects

The arrhythmic ratio was calculated by dividing the number of
ventricular premature contractions by the number of the total

heart rate, i.e., the number of VPC plus the number of
conducted beats, and the ventricular beats were judged by the
di�erent shape of the ventricular complex from the normal
QRS complex. VPCs was de®ned as discrete and identi®able

premature QRS complexes (premature in relation to the P
wave). VT was de®ned as a run of four or more consecutive
ventricular premature contractions. VF was de®ned as a signal

for which individual QRS de¯ections can no longer be
distinguished from one another (implying morphological
instability) and for which a rate can no longer be measured

according to the Lambeth Conventions (Walker et al., 1988).
TdP was de®ned as the short run of ventricular tachycardia in
which the form and axis of the QRS complex undulate in a

sinusoidal fashion around the isoelectric line. If the arrhythmic
ratio and the severity of adrenaline arrhythmia after MS-551
or KCB-328 administration were increased signi®cantly from
that of the control period, or the non-inducing dose of

adrenaline induced new arrhythmias, the two drugs were
assumed to aggravate the arrhythmia.

Statistics

The hemodynamic data, the QTc interval, the latent interval of

arrhythmia observed by the inducing doses of adrenaline and
the arrhythmic ratio are expressed as mean+standard error
(s.e.) of means. The hemodynamic data, arrhythmic ratio and
the latent intervals of arrhythmia by the inducing doses of

adrenaline before and after drug treatments were subjected to
paired Student's t-test. The severity of arrhythmias was
compared by the Wilcoxon signed-ranks test. Di�erences were

regarded as signi®cant if the P values were less than 0.05.

Results

Proarrhythmic e�ects of MS-551 infusion, 1 mg/kg/
30 min, on adrenaline-induced arrhythmias (n=7)

MS-551, 1 mg/kg/30 min, slightly decreased mean blood
pressure (mBP) and HR and prolonged QTc interval by

20%, as shown in Table 1. MS-551, 1 mg/kg/30 min, hastened
the occurrence of arrhythmias, i.e., decreased the latent
interval of arrhythmias produced by inducing doses of

adrenaline (0.93+0.13 mg/kg), 30+2 s compared with
43+3 s of the control period (P50.05), as shown in Figure
2a. MS-551 also aggravated adrenaline arrhythmias, i.e.

increased the arrhythmic ratio attained by 0.5 mg/kg/50 s
adrenaline (Figure 3a), and altered non-inducing doses of
adrenaline (0.50+0.09 mg/kg) to induce ventricular arrhyth-

mias including VF (P50.05) (Figure 4a), and tended to
aggravate arrhythmias produced by inducing doses of adrena-
line (P40.05) (Figure 5a). The incidence of TdP after MS-551,
1 mg/kg/30 min was 2/7 and 1/7 at non-inducing and inducing

doses of adrenaline, respectively. During the 30 min of MS-551
infusion alone, ventricular arrhythmias were induced in three
out of seven dogs, the severity of arrhythmias were VPC (n=1)

and VT (n=2). TdP appeared in one dog, as shown in Figure
6.

Table 1 E�ects of MS-551, 1 mg/kg/30 min on hemodynamic and electrophysiologic parameters in dogs

Time n HR (beats/min) BP (mm Hg) QTc interval (ms/s1/2)

Control
Pre-MS-551
Post-MS-551 (30 min)
Before Adr. (0.5 mg/kg)
After Adr. (0.5 mg/kg)
Before Adr. (1.0 mg/kg)
After Adr. (1.0 mg/kg)
Before Adr. (1.5 mg/kg)
After Adr. (1.5 mg/kg)
Before Adr. (2.0 mg/kg)
After Adr. (2.0 mg/kg)
Before Adr. (2.5 mg/kg)
After Adr. (2.5 mg/kg)

7
7
7
7
5
5
5
5
4
4
3
3
3

128+5
126+5
106+5**
106+5**
106+5**
105+5**
109+6**
109+6**
118+8
118+8
120+10
120+10
120+10

126+5
131+6
118+7**
120+7*
125+6
126+5
126+5
126+5
128+7
128+7
123+11
124+10
123+11

421+16
427+11
512+19**
513+19**
517+25**
520+24**
514+24**
514+24**
503+24*
503+22*
481+23
481+23
484+19

HR, heart rate; BP, blood pressure; QTc, corrected QT interval, Adr., adrenaline. Data are mean+s.e.mean. *P50.05, **P50.01
relative to pre-MS-551 value.

Figure 2 E�ects of MS-551 and KCB-328 on the latent interval at
the adrenaline inducing dose in dogs. (a) MS-551, 1 mg/kg/30 min
group. (b) KCB-328, 0.3 mg/kg/30 min group. Control (open
columns) and drug-treatment (hatched columns) were shown in every
group. Data shown are the means+s.e.mean of seven dogs.
*P50.05, by paired Student's t-test to compare the latent interval
between drug-treatment and control.
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Proarrhythmic e�ects of KCB-328 infusion, 0.3 mg/kg/
30 min, on adrenaline-induced arrhythmias (n=7)

As shown in Table 2, KCB-328, 0.3 mg/kg/30 min, slightly
decreased mBP and HR and also prolonged QTc interval by
25%. KCB-328 decreased the latent interval of arrhythmias
produced by inducing doses of adrenaline (0.79+0.10 mg/kg),
31+3 s compared with 49+7 s of the control period
(P50.05), as shown in Figure 2b, but did not increase the
arrhythmic ratio and the grades of arrhythmia, as shown in

Figures 3b, 4b, 5b. The incidence of TdP after KCB-328 was 1/
7 and 2/7 by non-inducing and inducing doses of adrenaline,
respectively. During the 30 min of KCB-328 infusion alone,

arrhythmias occurred in ®ve out of seven dogs, the severity of
arrhythmias were VPC (n=2) and VT (n=3). TdP appeared in
two dogs, as shown in Figure 6.

Direct arrhythmogenic e�ects of a bolus injection of
MS-551 (n=7), and e�ect of propranolol on these
e�ects (n=7)

After 30 min of injection of MS-551, 3 mg/kg, HR interval
decreased from 141+5 to 112+7 beats/min and QTc increased
from 369+14 to 490+21 ms/s1/2 (P50.01). Mean BP did not

change. Soon after a bolus injection of MS-551, 3 mg/kg alone,
arrhythmias were induced in ®ve out of seven dogs and even
TdP appeared in one dog. The severity of arrhythmias were

VPC (n=4) and VT (n=1). In addition, we investigated
whether these arrhythmias are a�ected by a b-blocker,
propranolol treatment. In the control period, HR, mBP and

QTc interval were 137+6 beats/min, 122+5 mmHg and
403+12 ms/s1/2, respectively (n=7). After 10 min of propra-
nolol injection of 0.3 mg/kg, HR decreased to 115+5 beats/

Figure 3 E�ects of MS-551 and KCB-328 on the arrhythmic ratio in dogs. (a) MS-551, 1 mg/kg/30 min group. (b) KCB-328,
0.3 mg/kg/30 min group. The arrhythmic ratio in the drug-treated groups were compared with the control group at corresponding
adrenaline dose points. Each number in the parenthesis are experimental number. Each data point represents the mean, and vertical
lines show s.e.mean of each experiment. *P50.05, by paired Student's t-test to compare the arrhythmic ratio between drug-
treatment and control.

Figure 4 E�ects of MS-551 and KCB-328 on the changes of the severity of arrhythmia at the adrenaline non-inducing dose in
dogs. (a) MS-551, 1 mg/kg/30 min group (P50.05). (b) KCB-328, 0.3 mg/kg/30 min group. VF: ventricular ®brillation. VT:
ventricular tachycardia. VPC: ventricular premature contraction. NI: non-inducible. *P50.05, by Wilcoxon signed-ranks test to
compare the arrhythmic ratio between drug-treatment and control.
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min (P50.05), but mBP and QTc were unchanged, i.e.

118+5 mmHg and 409+13 ms/s1/2, respectively. After 30 min
of 3 mg/kg MS-551 under propranolol treatment, QTc interval
was prolonged to 549+22 ms/s1/2, and HR decreased to 85+8

beats/min, but mBP was unchanged. Under propranolol
administration, arrhythmias were also induced by MS-551 in
®ve out of seven dogs, the severity of arrthymias were VPC
(n=1), VT (n=1) and VF (n=3). TdP appeared in one dog.

The severity of the ventricular arrhythmias induced by MS-551
were not a�ected by propranolol (P40.05). At the end of these
experiments, HR was not changed by 0.25 ± 0.75 mg/kg/50 s
adrenaline administration.

Discussion

In the present study, we tried to demonstrate proarrhythmic
e�ects of class III drugs using halothane anaesthetized dogs.

MS-551 not only aggravated halothane-adrenaline arrythmia,
but also MS-551 alone induced arrhythmias. The latter
arrhythmogenic e�ect was not blocked by a b-adrenergic
receptor antagonist, propranolol. A new Ikr blocking class III

Figure 5 E�ects of MS-551 and KCB-328 on the changes of the severity of arrhythmia at the adrenaline inducing dose in dogs. (a)
MS-551, 1 mg/kg/30 min group. (b) KCB-328, 0.3 mg/kg/30 min group.

Table 2 E�ect of KCB-328, 0.3 mg/kg/30 min on hemodynamic and electrophysiologic parameters in dogs

Time n HR (beats/min) BP (mmHg) QTc interval (ms/s1/2)

Control
Pre-KCB-328
Post-KCB-328 (30 min)
Before Adr. (0.5 mg/kg)
After Adr. (0.5 mg/kg)
Before Adr. (1.0 mg/kg)
After Adr. (1.0 mg/kg)
Before Adr. (1.5 mg/kg)
After Adr. (1.5 mg/kg)
Before Adr. (2.0 mg/kg)
After Adr. (2.0 mg/kg)

7
7
7
7
7
7
3
3
2
2
2

134+5
132+5
104+4**
104+5**
102+5**
102+5**
115+6**
115+6**
123+6
121+4
121+4

128+5
129+5
117+4**
117+4**
121+4
122+5
118+6
119+5
115+5
115+7
115+5

429+4
429+5
538+11**
538+11**
535+13**
535+13**
516+13**
515+13**
504+8
504+8
501+11

HR, heart rate; BP, blood pressure; QTc, corrected QT interval, Adr., adrenaline. Data are mean+s.e.mean. *P50.05, **P50.01
relative to pre-KCB-328 value.

Figure 6 Torsades de pointes in MS-551, 1 mg/kg/30 min (upper)
and KCB-328, 0.3 mg/kg/30 min (lower) treated dogs.
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drug, KCB-328, did not aggravate the halothane-adrenaline
arrhythmia as much as MS-551, i.e. did not signi®cantly
increase the arrhythmic ratio even though the doses were

chosen to prolong QT interval at the same extent, but the
latent interval of adrenaline arrhythmia was shortened. KCB-
328 alone also induced arrhythmias, like MS-551. The
incidence of TdP was markedly increased when adrenaline

was injected after MS-551 or KCB-328 administration.
Since the early 1980s, it has been recognized that all

antiarrhythmic drugs have proarrhythmic potentials to

aggravate preexisting tachyarrhythmias or to provoke new
ones (Velebit et al., 1982; Poser et al., 1985; Rae et al., 1988;
Minardo et al., 1988). So far proarrhythmia has been de®ned

on the basis of an increase in the number of spontaneous VPC
as documented either by ambulatory ECG recording (The
CASCADE Investigators, 1993; Poser et al., 1985), exercise

stress testing (Rae et al., 1988), or PES (Rae et al., 1988;
Minardo et al., 1988; Morganroth et al., 1987; Podrid, 1985).
Recently, in a number of clinical studies, the proarrhythmia,
especially the proarrhythmic e�ects of class I and III

antiarrhythmic agents, has been emphasized due to a signi®cant
increase in the number of symptomatic arrhythmias.

To investigate the proarrhythmic e�ects of class III drugs, we

used halothane anaesthetized dogs, which have a low heart rate
compared to pentobarbital anaesthetized dogs. It is well known
that the arrhythmogenic action of adrenaline is enhanced in the

presence of a hydrocarbon inhalation anaesthetic, such as
halothane, and the mechanism of these arrhythmias is thought
to be abnormal automaticity and triggered activity (Hashimoto

& Hashimoto, 1972; Hashimoto et al., 1982; Wit & Rosen,
1992), and halothane is known to interfere with the cell to cell
coupling (Hashimoto & Hashimoto, 1972). b-Adrenergic
catecholamines have various electrophysiological e�ects. They

increased ICa which must enhance ectopic automaticity, but has
other e�ects such as increasing Ik (Giles et al., 1989), Ito
(Nakayama & Fozzard, 1988), chloride current (ICl) (Harvey &

Hume, 1989). a-Adrenergic agonists increase APD of certain
cardiac cells, an e�ect recently demonstrated to result from an
a1-adrenoceptor-mediated decrease in Ito (Fedida et al., 1989).

MS-551 has been reported not only to inhibit Ik as KCB-328,
but also Ik1, Ito and IkATP in ventricular myocytes (Nakaya et al.,
1993; Hashimoto et al., 1994; Sato et al., 1995; Martin et al.,
1995), and inhibit IkAch in atrial cells (Mori et al., 1995). Thus it

is di�cult to predict the combined e�ect of catecholamines and
class III drugs on the cardiac cell APD. Actually MS-551
aggravated adrenaline-induced arrhythmias in the present

study.
The proarrhythmic e�ects of MS-551 and KCB-328 in the

present study may be due to the following causes; they may be

class III drug-induced early after depolarization (EAD), EAD
induced triggered activity enhanced by exogenous adrenaline,
and enhanced depolarizing current of the ectopic heart. In

addition, the reverse use dependency of class III drug action
may also be arrhythmogenic, because at slower heart rates, the
excessive increase in APD is likely to give rise to EADs.

The incidence of adrenaline-induced TdP was increased

after the class III drug administration, where MS-551 infusion,
1 mg/kg/30 min, prolonged the QTc interval by 20% and
KCB-328 infusion, 0.3 mg/kg/30 min, by 25%. Clinically,

isoprenaline or adrenaline infusions induced TdP in a patient
with long QT syndrome (Kawade et al., 1995; Shimizu et al.,
1995). A computer simulation of TdP has identi®ed the

mechanism and shown that the adrenergic e�ects of reduced
refractory period and increased heart rate may lead to the
initiation of TdP (Abildskov & Lux, 1997).

Some studies demonstrated that propranolol and other b-
blockers are e�ective for symptoms and ventricular arrhyth-
mias in patients with long QT syndrome (Garson et al., 1993;
Leenhardt et al., 1995), and the b-blocker may be useful in

preventing arrhythmogenic e�ects of antiarrhythmic drugs
under an augmented sympathetic nervous system tone (Sager
et al., 1994; Sanguinetti et al., 1991; Sager & Behboodikhah,

1996). Though the mechanism of the aggravating e�ect of class
III on adrenaline induced arrhythmia was not identi®ed, there
may be no b-stimulating e�ect in these class III drugs. In order
to prove this, we tested the proarrhythmic e�ects of MS-551
alone under propranolol administration. The dose of 0.3 mg/
kg propranolol is considered to have no e�ects on sodium

channels. In the present study, MS-551, 3 mg/kg, induced
arrhythmias in ®ve out of seven dogs regardless of propranolol
administration, showing that propranolol does not prevent
MS-551-induced arrhythmias. This suggests that di�erent

mechanisms are operating in class III drug induced pro-
arrhythmia and that with long QT syndrome.

In conclusion, MS-551 aggravated adrenaline-induced

arrhythmias, and arrhythmias induced by MS-551 were not
a�ected by a b-adrenergic receptor antagonist, propranolol.
KCB-328 also aggravated the adrenaline-induced arrhythmia,

but the extent of arrhythmogenicity was weaker than MS-551.
MS-551 and KCB-328 alone induced arrhythmias, so in the
clinical use of class III drugs, an increase of the sympathetic
activity may be deleterious in inducing TdP.

The authors thank Mitsui Pharmaceuticals Inc. and C&C Research
Laboratories, for the gift of MS-551 and KCB-328.

References

ABILDSKOV, J.A. & LUX, R.L. (1997). Mechanisms in adrenergic
dependent onset of torsades de pointes. PACE, 20, 88 ± 94.

AWAJI, T., WU, Z.J. & HASHIMOTO, K. (1995). Acute antiarrhythmic
e�ects of intravenously administered amiodarone on canine
ventricular arrhythmia. J. Cardiovasc. Pharmacol., 26, 869 ± 878.

BORGGREFE, M., HAVERKAMP, W., SHENASA, M., HINDRICKS, G.

& BREITHARDT, G. (1992). How to evaluate class III antiar-
rhythmic drug e�cacy clinically: The bene®ts and shortcomings
of the invasive approach. J. Cardiovasc. Pharmacol., 20 (suppl. 2),
S32 ± S40.

CHEN, J.G., XUE, Y.X., ETO, K., NI, C. & HASHIMOTO, K. (1996).
E�ects of dofetilide, a class III antiarrhythmic drug, on various
ventricular arrhythmias in dogs. J. Cardiovasc. Pharmacol., 28,
576 ± 584.

FEDIDA, D., SHIMONI, Y. & GILES, W.R. (1989). A novel e�ect of
norepinephrine on cardiac cells is mediated by a1-adrenoceptors.
Am. J. Physiol., 256, H1500 ±H1504.

FRIEDRICHS, G.S., CHI, L., GRALINSKI, M.R., BLACK, S.C.,

BASLER, G.C., MU, D.X., PEWITT, S.R., JOHNSON, C.R. &

LUCCHESI, B.R. (1995). MS-551 protects against ventricular
®brillation in a chronic canine model of sudden cardiac death. J.
Cardiovasc. Pharmacol., 25, 314 ± 323.

GARSON, Jr A.J., DICK, M., FOURNIER, A., GILLETTE, P.C.,

HAMILTON, R., KUGLER, J.D., VAN HARE, G.F., VETTER, V. &

VICK, G.W. (1993). The long QT syndrome in children. An
international study of 287 patients. Circulation, 87, 1866 ± 1872.

Proarrhythmic effects of MS-551 and KCB-328 1717Y.X. Xue et al



GILES, W., NAKAJIMA, T., ONO, K. & SHIBATA, E.F. (1989).
Modulation of the delayed recti®er K+ current by isoprenaline
in bull-frog atrial myocytes. J. Physiol. (Lond), 415, 233 ± 249.

HARVEY, R.D. & HUME, J.R. (1989). Autonomic regulation of a
chloride current in heart. Science, 244, 983 ± 985.

HASHIMOTO, K. & HASHIMOTO, K. (1972). The mechanism of
sensitization of the ventricle to epinephrine by halothane. Am.
Heart J., 83, 652 ± 658.

HASHIMOTO, K., SATO, H., SHIBUYA, T. & IMAI, S. (1982). Canine-
e�ective plasma concentrations of antiarrhythmic drugs on the
two-stage coronary ligation arrhythmia. J. Pharmacol. Exp.
Ther., 223, 801 ± 810.

HASHIMOTO, K., HARUNO, A., MATSUZAKI, T., HIRASAWA, A.,

AWAJI, T. & UEMURA, Y. (1991). E�ects of a new class III
antiarrhythmic drug (E-4031) on canine ventricular arrhythmia
models. Asia Pac. J. Pharmacol., 6, 127 ± 137.

HASHIMOTO, K., AWAJI, T. & WU, Z. (1994). Electrophysiological
and pharmacodynamic properties and pharmacokinetics of MS-
551, a new class III antiarrhythmic compound. In Electro-
pharmacological Control of Cardiac Arrhythmias. eds. Singh,
B.N., Wellens, H.J.J. & Hiraoka, M. pp. 577 ± 587, Mount Kisco:
Futura.

HASHIMOTO, K., HARUNO, A., HIRASAWA, A., AWAJI, T., XUE,

Y.X. & WU, Z.J. (1995). E�ects of the new class III antiarrhythmic
drug MS-551 and d-sotalol on canine coronary ligation-
reperfusion ventricular arrhythmias. Jpn. J. Pharmacol., 68, 1 ± 9.

HONDEGHEM, L.M. & SNYDERS, D.J. (1990). Class III antiar-
rhythmic agents have a lot of potential but a long way to go.
Reduced e�ectiveness and dangers of reverse use dependence.
Circulation, 81, 686 ± 690.

ISOMOTO, S., KONOE, A., CENTURION, O.A., HAYANO, M.,

KAIBARA, M., HIRATA, T. & YANO, K. (1995). Electrophysiolo-
gical e�ects of MS-551 in human: a class III antiarrhythmic
agent. PACE, 18, 2022 ± 2027.

KAWADE, M., OHE, T. & KAMIYA, T. (1995). Provocative testing and
drug response in a patient with the long QT syndrome. Br. Heart
J., 74, 67 ± 70.

KONDOH, K., HASHIMOTO, H., NISHIYAMA, H., UMEMURA, K.,

OZAKI, T., UEMATSU, T. & NAKASHIMA, M. (1994). E�ects of
MS-551, a new class III antiarrhythmic drug, on programmed
stimulation-induced ventricular arrhythmias, electrophysiology,
and hemodynamics in a canine myocardial infarction model. J.
Cardiovasc. Pharmacol., 23, 674 ± 680.

LEE, Y.J., LEE, K., SHIN, H.S., KIM, H.Y. & TANABE, S. (1996a).
Frequency-dependent e�ects of KCB-328, a novel class III
antiarrhythmic agent in isolated guinea pig ventricular muscle.
FASEB J., 10, A32.

LEE, K., KWON, L.S., KIM, H.Y. & TANABE, S. (1996b). Electro-
physiological e�ects of KCB-328, a novel class III antiarrhythmic
agent in vitro. FASEB J., 10, A32.

LEENHARDT, A., LUCET, V., DENJOY, I., GRAU, F., NGOC, D.D. &

COUMEL, P. (1995). Catecholaminergic polymorphic ventricular
tachycardia in children. A 7-year follow-up of 21 patients.
Circulation, 91, 1512 ± 1519.

MARTIN, D.K., NAKAYA, Y., WYSE, K.R., BURSILL, J.A., WEST, P.D.

& CAMPBELL, T.J. (1995). Inhibition of ATP-sensitive potassium
channels in cardiac myocytes by the novel class III antiar-
rhythmic agent MS-551. Pharmacol. Toxicol., 77, 65 ± 70.

MATSUBARA, I., HASHIMOTO, K., KATANO, Y., TSUKADA, T.,

MATSUDA, H., NABATA, H. & IMAI, S. (1976). Antiarrhythmic
e�ects of dl-l-(tert.butylamino)-3-[(2-propinyloxy)phenoxy]-2-
propanol hydrochloride (Ko 1400-Cl), a new adrenergic b-
blocking agent. Folia Pharmacol. Jpn., 72, 557 ± 571.

MINARDO, J.D., HEGER, J.J., MILES, W.M., ZIPES, D.P. & PRYS-

TOWSKY, E..N. (1988). Clinical characteristics of patients with
ventricular ®brillation during antiarrhythmic drug therapy. N.
Engl. J. Med., 319, 257 ± 262.

MURAKAWA, Y., YAMASHITA, T., KANESE, Y. & OMATA, M.

(1997). Can a class III antiarrhythmic drug improve electrical
de®brillation e�cacy during ventricular ®brillation? J. Am. Coll.
Cardiol., 29, 688 ± 692.

MORGANROTH, J., BORLAND, M. & CHAO, G. (1987). Application
of a frequency de®nition of ventricular proarrhythmia. Am. J.
Cardiol., 59, 97 ± 99.

MORI, K., HARA, Y., SAITO, T., MASUDA, Y. & NAKAYA, H. (1995).
Anticholinergic e�ects of class III antiarrhythmic drugs in guinea
pig atrial cells: Di�erent molecular mechanisms. Circulation, 91,
2834 ± 2843.

NAKAYA, H., TOHSE, N., TAKEDA, Y., KANNO, M. (1993). E�ects of
MS-551, a new class III antiarrhythmic drug, on action potential
and membrane currents in rabbit ventricular myocytes. Br. J.
Pharmacol., 109, 157 ± 163.

NAKAYAMA, T. & FOZZARD, H.A. (1988). Adrenergic modulation of
the transient outward current in isolated canine Purkinje cells.
Circ. Res., 62, 162 ± 172.

PATTERSON, E., SCHERLAG, B.J., SZABO, B. & LAZZARA, R. (1997).
Facilitation of epinephrine-induced afterdepolarizations by class
III antiarrhythmic drugs. J. Electrocardiol., 30, 217 ± 224.

PODRID, P.J. (1985). Aggravation of ventricular arrhythmia: A drug-
induced complication. Drugs, 29 (suppl 4), 33 ± 44.

POSER, R.F., PODRID, P.J., LOMBARDI, F. & LOWN, B. (1985).
Aggravation of arrhythmia induced with antiarrhythmic drugs
during electrophysiologic testing. Am. Heart J., 110, 9 ± 16.

RAE, A.P., KAY, H.R., HOROWITZ, L.N., SPIELMAN, S.R. & GREEN-

SPAN, A.M. (1988). Proarrhythmic e�ects of antiarrhythmic
drugs in patients with malignant ventricular arrhythmias
evaluated by electrophysiologic testing. J. Am. Coll. Cardiol.,
12, 131 ± 139.

SAGER, P.T., FOLLMER, C., UPPAL, P., PRUITT, C. & GODFREY, R.

(1994). The e�ects of beta-adrenergic stimulation on the
frequency-dependent electrophysiologic actions of amiodarone
and sematilide in humans. Circulation, 90, 1811 ± 1819.

SAGER, P.T. & BEHBOODIKHAH, M. (1996). Frequency-dependent
electrophysiologic e�ects of d,l-sotalol and quinidine and
modulation by beta-adrenergic stimulation. J. Cardiovasc.
Electrophysiol., 7, 102 ± 112.

SANGUINETTI, M.C., JURKIEWICZ, N.K., SCOTT, A. & SIEGL, P.K.S.

(1991). Isoproterenol antagonizes prolongation of refractory
period by the class III antiarrhythmic agent E-4031 in guinea pig
myocytes. Mechanism of action. Circ. Res., 68, 77 ± 84.

SATO, R., KOUMI, S., HISATOME, I., TAKAI, H., AIDA, Y., OYAIZU,

M., KARASAKI, S., MASHIBA, H. & KATORI, R. (1995). A new
class III antiarrhythmic drug, MS-551, blocks the inward recti®er
potassium channel in isolated guinea pig ventricular myocytes. J.
Pharmacol. Exp. Ther., 274, 469 ± 474.

SHIMIZU, W., OHE, T., KURITA, T., KAWADE, M., ARAKAKI, Y.,

AIHARA, N., KAMAKURA, S., KAMIYA, T. & SHIMOMURA, K.

(1995). E�ets of verapamil and propranolol on early after-
depolarizations and ventricular arrhythmias induced by epi-
nephrine in congenital long QT syndrome. J. Am. Coll. Cardiol.,
26, 1299 ± 1309.

THE CASCADE INVESTIGATORS. (1993). Randomized antiarrhyth-
mic drug therapy in survivors of cardiac arrest (the CASCADE
Study). Am. J. Cardiol., 72, 280 ± 287.

VELEBIT, V., PODRID, P., LOWN, B., COHEN, B.H. & GRABOYS, T.B.

(1982). Aggravation and provocation of ventricular arrhythmias
by antiarrhythmic drugs. Circulation, 65, 886 ± 894.

WALKER, M.J.A., CURTIS, M.J., HEARSE, D.J., CAMPBELL, R.W.F.,

JANSE, M.J., YELLON, D.M., COBBE, S.M., COKER, S.J., HAR-

NESS, J.B., HARRON, D.W.G., HIGGINS, A.J., JULIAN, D.G., LAB,

M.J., MANNING, A.S., NORTHOVER, B.J., PARRATT, J.R. RIE-

MERSMA, R.A., RIVA, E., RUSSELL, D.C., SHERIDAN, D.J.,

WINSLOW, E. & WOODWARD, B. (1988). The Lambeth Conven-
tions: guidelines for the study of arrhythmias in ischaemia,
infarction, and reperfusion. Cardiovasc. Res., 22, 447 ± 455.

WIT, A.L. & ROSEN, M.R. (1992). Afterdepolarizations and triggered
activity: Distinction from automaticity as an arrythmogenic
mechanism. In The Heart and Cardiovascular System, 2nd edn.,
eds. Fozzard, H.A., Haber, E., Jennings, R.B., Katz, A.M. &
Morgan, H.E. pp. 2113 ± 2163. New York: Raven Press.

XUE, Y.X., ETO, K., AKIE, Y. & HASHIMOTO, K. (1996). Antiar-
rhythmic and proarrhythmic e�ects of sematilide in canine
ventricular arrhythmia models. Jpn. J. Pharmacol., 70, 129 ± 138.

XUE, Y., TANABE, S., NABUCHI, Y. & HASHIMOTO, K. (1998).
Antiarrhythmic e�ects of a novel class III drug, KCB-328, on
canine ventricular arrhythmia models. J. Cardiovasc. Pharma-
col., 32, in press.

(Received January 28, 1998
Revised April 15, 1998

Accepted May 13, 1998)

Proarrhythmic effects of MS-551 and KCB-3281718 Y.X. Xue et al


