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Abstract 

To determine whether a hyperpolarization-activated current (If) participates in ventricular tachyarrhythmias, we investigated the 
effects of zatebradine, an If inhibitor, on the ventricular tachyarrhythmias induced by ouabain, two-stage coronary ligation and 
epinephrine infusion in the dog heart. We determined atrial rate, ectopic ventricular rate, total heart rate and arrhythmic ratio (the number 
of ectopic ventricular beats divided by total heart beats). Zatebradine (0.15, 0.5 and 1.5 mg/kg,  i.v.) dose dependently decreased the 
arrhythmic ratio, ectopic ventlicular rate and atrial rate of the ouabain-induced ventricular tachyarrhythmias in pentobarbital-anesthetized 
dogs. The inhibition by zatebradine of the ventricular arrhythmias needed larger doses than the inhibition of the atrial rate. Zatebradine 
weakly depressed the ectopic ventricular rate but not the arrhythmic ratio of the ventricular arrhythmias induced by two-stage coronary 
ligation 24 h after the ligation in conscious dogs. Although neither the ectopic ventricular rate nor the arrhythmic ratio of the 
epinephrine-induced ventricular arrhythmias was affected by zatebradine, after treatment with zatebradine, the arrhythmias elicited by 
epinephrine developed more slowly. Together with the previously reported spectra of the effects of the antiarrhythmic agents in three 
ventricular tachyarrhythmia models, our results suggest that zatebradine may improve automaticity-related ventricular tachyarrhythmias 
due to If inhibition or to other undetermined mechanisms in the heart. 
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1. Introduction 

The hyperpolarization-activated current (If) is one of 
the major currents with pacemaker potential in cardiac 
pacemaker cells (DiFrancesco, 1990; Irisawa et al., 1993). 
If has been identified in mammalian automatic cells in- 
cluding sinoatrial nodal cells (Brown et al., 1979; 
DiFrancesco, 1981; Noma et al., 1980) and ventricular 
myocytes (Yu et al., 1993). If blockers such as zatebradine 
block If in isolated rabbit sinoatrial nodal cells and Purk- 
inje fibers (Van Bogaert et al., 1990; Goethals et al., 1993; 
DiFrancesco, 1994), although zatebradine at a high con- 
centration inhibits delayed rectifier K + currents and slow 
inward Ca 2+ currents (Doerr and Trautwein, 1990; 
Goethals et al., 1993; Thollon et al., 1994). Zatebradine 
also decreases heart rate and tachycardia during exercise 
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(Guth et al., 1987) and protects against the deterioration of 
regional contractility during acute ischemia in both con- 
scious (Guth et al., 1987) and anesthetized (Dammgen et 
al., 1985) dogs. Thus, it is suggested that If participates in 
sinoatrial nodal pacemaker activity in the heart in situ. 
However,  there is a paucity of  reports of  the effects of an 
If inhibitor on the automaticity of  Purkinje fibers or abnor- 
mal automaticity in the heart in situ. Abnormal automatic- 
ity is one of  the mechanisms that cause ventricular tachy- 
arrhythmias (Hoffman and Cranefield, 1964; Rosen, 1988). 

Therefore, to investigate the role of If on ventricular 
automaticity including Purldnje fibers, we studied the ef- 
fects of  zatebradine on the ventricular tachyarrhythmias 
induced by ouabain (Hashimoto et al., 1984; Le Marec et 
al., 1986), two-stage coronary ligation (Harris and 
KSkemot,  1950; Friedman et al., 1973; Lazzara et al., 
1973; Hashimoto et al., 1982) and epinephrine infusion 
(Hashimoto and Hashimoto,  1972; Shibuya et al., 1983) in 
dog hearts in situ. These experimentally induced ventricu- 
lar tachycardias are thought to be induced at least in part 
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by abnormal automaticity (Dangman and Danilo, 1990; 
Hashimoto et al., 1991). 

2. Materials and methods 

The animal experiments were approved by the Ya- 
manashi Medical University Animal Experimentation 
Committee and animals were obtained through the Animal 
Laboratory for Research of Yamanashi Medical Univer- 
sity. 

2.1. Digitalis-induced arrhythmia 

Six Beagle dogs of either sex, weighing 8-12 kg, were 
anesthetized with pentobarbital sodium, 30 mg/kg,  i.v. 
Ouabain, 40 /zg/kg, was injected intravenously, followed 
by an additional 10 /zg/kg every 20 min until a stable 
ventricular arrhythmia was produced. Arrhythmia was usu- 
ally produced by 40-50 /xg/kg and lasted more than 1 h 
(Hashimoto et al., 1984). 

Catheter tip electrodes were inserted into the right 
atrium for recording of the atrial electrogram. The lead II 
electrocardiogram (ECG), atrial electrogram, and femoral 
arterial blood pressure were continuously recorded. Zate- 
bradine was injected cumulatively at doses of 0.15, 0.5 and 
1.5 mg/kg,  i.v, at 5-min intervals through the cannula in 
the jugular vein. Venous samples were drawn from the 
cannula 5 min before and 1, 3, 8, 13, 30 and 60 rain after 
an initial dose of zatebradine. 

2.2. Two-stage coronary ligation-induced arrhythmia 

Six Beagle dogs of either sex, weighing 8-12 kg, were 
anesthetized with thiopental sodium, 30 mg/kg,  i.v. After 
intubation, 1.0% halothane vaporized with 100% oxygen 
was administered by means of a volume-limited ventilator 
to maintain anesthesia. By using an aseptic technique, the 
chest was opened through the 5th intercostal space and the 
left anterior descending coronary artery was dissected free 
for two-stage coronary ligation (Harris and KSkemot, 1950; 
Hashimoto et al., 1982). After a second complete ligation 
was made following the first partial occlusion, bipolar 
electrodes were sutured on the left atrial appendage and 
the chest was closed. Arterial and venous cannulae were 
inserted into the carotid artery and into the jugular vein 
through a cervical incision leading to a skin hole on the 
upper back. The dogs were allowed to recover from the 
anesthesia and experiments were conducted 24 and 48 h 
later. 

Experiments were done without anesthesia. The lead II 
ECG and atrial electrogram from implanted electrodes 
were recorded using Nihon Kohden (Tokyo, Japan) teleme- 
try systems and the instantaneous and mean blood pressure 
were also recorded continuously. Zatebradine (0.15, 0.5 
and 1.5 mg/kg)  was injected cumulatively at 5-min inter- 

vals through the cannula in the jugular vein. Venous blood 
samples were taken from the jugular vein before and 1, 3, 
8, 13, 30 and 60 min after an initial dose of zatebradine. 

Identical experiments were conducted 24 and 48 h after 
coronary ligation for a given animal. Summarized data for 
48 h after coronary ligation were obtained from 5 animals 
because of a recording system trouble. 

2.3. Epinephrine-induced arrhythmia 

Nine Beagle dogs of either sex, weighing 7-13 kg, 
were anesthetized initially with thiopental sodium. After 
intubation, 1.0% halothane, vaporized with 100% oxygen, 
was administered with a volume-limited ventilator (20 
ml/kg,  15 strokes/rain). Each cervical vagus nerve was 
cut at the neck. Epinephrine was infused through the 
femoral vein at a rate of 1.5 / zg /kg /min  using a syringe 
pump for 18 min. Ventricular arrhythmia occurred approx- 
imately 1 or 2 rain after the beginning of epinephrine 
infusion and was maintained during the entire infusion 
period (Shibuya et al., 1983). After 3 min of epinephrine 
infusion, zatebradine (0.15, 0.5 and 1.5 mg/kg)  was in- 
jected cumulatively at 5-min intervals through the cannula 
in the femoral vein. Venous samples were drawn from the 
cannula before and 3, 8 and 13 min after an initial dose of 
zatebradine. Catheter tip electrodes were inserted into the 
right atrium for measurement of the atrial electrogram. The 
lead II electrocardiogram (ECG), atrial electrogram, and 
femoral arterial blood pressure were continuously recorded. 
After 30 min recovery time, to investigate the effects of 
zatebradine on the induction of the epinephrine-induced 
tachyarrhythmias, we again infused the same dose of 
epinephrine for 18 min and determined the cardiac re- 
sponses in 7 anesthetized dogs. 

2.4. Plasma zatebradine assay 

Venous blood samples were centrifuged and the plasma 
was stored at about -80°C  in a freezer until the plasma 
zatebradine concentration was measured. The plasma zate- 
bradine assay was carried out by an automated high-perfor- 
mance liquid chromatography using a colunm-switching 
technique (Roth et al., 1981). Zatebradine was concen- 
trated on a pre-column (VYDAC 201SC) and loaded onto 
a reversed-phase analytical column (ODS Hypersil, HP) by 
backflushing. It was then separated on the analytical col- 
umn and quantified. A fluorescence detector (RF-10A, 
Shimazu, Kyoto, Japan) was used (excitation wavelength: 
285 nm; emission wavelength: 315 nm) to determine the 
zatebradine concentration. 

2.5. Evaluation of antiarrhythmic effects 

The severity of ventricular arrhythmia was determined 
from the ectopic ventricular rate and the arrhythmic ratio. 
The arrhythmic ratio was expressed as the number of 
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ventricular ectopic beats divided by the total heart rate. 
The total heart rate is the number of beats counted from 
the 5-s strip of the ECG, i,e., the number of ventricular 
ectopic beats plus the number of conducted beats. The 
ventricular beats were judged by the different shape of the 
ventricular complex from the normal QRS complex. The 
arrhythmic ratio before zatebradine was almost 1 and there 
were no spontaneous improvements in these ratios 
(Hashimoto et al., 1982, 1984; Shibuya et al., 1983). 

2.6. Drugs 

Drugs used in the present study were zatebradine 
( 1,3,4,5-tetrahydro-7,8-dimethoxy-3[3-[[2-(3,4-dimethoxy- 
phenyl)-ethyl]methylamino]propyl]-2 H-3-benzazepin-2- 
one-hydrochloride, generously donated by Nippon 
Boehringer Ingelheim, Hyogo, Japan), epinephrine hydro- 
chloride (epinephrine, Daiichi, Tokyo, Japan) and ouabain 
(Takeda, Osaka, Japan). 

2.7. Statistical analysis 

All data were expressed as means + S.D.M. One-way 
or two-way analysis of variance with Bonferroni's test was 
used for the statistical analysis of multiple comparisons of 
data. P value of less than 0.05 was considered statistically 
significant. 

3. Results 

3.1. Effects of zatebradine on digitalis-induced arrhythmia 

Fig. 1 presents a representative experiment into the 
antiarrhythmic effects of zatebradine on the digitalis-in- 
duced ventricular arrhythmia in an anesthetized dog. Ad- 
ministration of ouabain at a dose of 40 p~g/kg, i.v., caused 
ventricular arrhythmias. After we confirmed that almost all 
the beats were of ventricular origin, i.e., the arrhythmic 
ratio was almost 1, we administered zatebradine at an 
initial dose of 0.15 mg/kg,  i.v., to the animal. Zatebradine 
dose dependently decreased the ectopic ventricular rate, 
total heart rate, and the arrhythmic ratio. Finally, digitalis- 
induced arrhythmia disappeared after 1.5 mg/kg,  i.v., of 
zatebradine was injected. 

Before zatebradine administration, the total heart rate, 
ectopic ventricular rate and atrial rate were 240 + 31 
(mean + S.D.), 227 + 45 and 229 + 38 beats/min, respec- 
tively, in 6 animals treated with ouabain. The arrhythmic 
ratio was 0.94 + 0.10. Mean femoral arterial blood pres- 
sure was 199 + 45 mm Hg. Digitalis-induced arrhythmia 
has been previously confirmed to last more than 1 h 
(Hashimoto et al., 1984). 

Zatebradine at a dose of 0.15 mg/kg,  i.v., consistently 
decreased the atrial rate (P  < 0.001) but did not signifi- 
cantly affect the ectopic ventricular rate and total heart rate 
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Fig. 1. Effects of zatebradine (0.15, 0.5 and 1.5 mg /kg ,  i.v.) on the 
ouabain-induced ventricular tachyarrhythmia in a pentobarbital- 
anesthetized dog. Twenty minutes after treatment with ouabain at a dose 
of 4 0 / x g / k g ,  i.v., zatebradine (0.15, 0.5 and 1.5 mg /kg ,  i.v.) was given 
cumulatively at intervals of 5 min. HR: total heart rate. 

(Fig. 2). Increasing the dose of zatebradine dose depen- 
dently (P  < 0.001) attenuated the total heart rate and the 
ectopic ventricular rate. The arrhythmic ratio also de- 
creased dose dependently (P  < 0.001) but the minimum 
ratio was 0.55 + 47 (Fig. 3). That is, in 2 of 6 experiments, 
the tachyarrhythmias were abolished, in other 2 of 6 
experiments the arrhythmias were partially inhibited, but in 
the other 2 experiments zatebradine had no effect. Ouabain 
increased mean arterial blood pressure and the increased 
arterial blood pressure gradually decreased (P  < 0.001) 
during experiments. The inhibitory effects of zatebradine 
on the rate responses were maintained during the whole 
observation period. Plasma concentrations of zatebradine 
are shown in Table 1. 

3.2. Two-stage coronary ligation-indueed arrhythmia 

Twenty-four hours after two-stage coronary ligation, the 
total heart rate, ectopic ventricular rate and atrial rate were 
152 +__ 12, 151 + 11 and 116 + 20 beats/min, respectively, 
in 6 conscious dogs. The arrhythmic ratio was 0.99 ___ 0.02. 
Mean arterial blood pressure was 90 + 11 mm Hg. 
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Fig. 2. Effects of zatebradine at doses of 0.15, 0.5 and 1.5 mg/kg, i.v, on 
the total heart rate (53), ectopic ventricular rate (O) and atrial rate ( zx ) in 
6 ouabain-induced ventricular tachyarrhythmia models. Twenty minutes 
after treatment with ouabain at a dose of 40 /.tg/kg, i.v., zatebradine 
(0.15, 0.5 and 1.5 mg/kg) was given cumulatively at intervals of 5 min 
through the cannula in the jugular vein. Closed symbols present signifi- 
cant (P < 0.05) differences from the respective value at the beginning of 
the initial dose (0.15 mg/kg, i.v.) of zatebradine. H, total heart rate; V, 
ectopic ventricular rate; A, atrial rate. Standard deviations are omitted. 
Abscissa shows time (min) from the injection of the initial dose of 
zatebradine and scale is changed. 
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Fig. 3. Effects of zatebradine (0.15, 0.5 and 1.5 mg/kg, i.v.) on the 
arrhythmic ratio in 6 ouabain-induced ventricular tachyarrhythmia mod- 
els. Twenty minutes after treatment with ouabain at a dose of 40/xg/kg, 
i.v., zatebradine (0.15, 0.5 and 1.5 mg/kg, i.v.) was given cumulatively 
at intervals of 5 rain. A closed symbol presents a significant (P < 0.05) 
difference from the value at the beginning of the initial dose (0.15 
mg/kg, i.v.) of zatebradine. Standard deviations are omitted. Abscissa 
shows time (min) from the injection of the initial dose of zatebradine and 
scale is changed. 
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Fig. 4. Effects of zatcbradine (0.15, 0.5 and 1.5 mg/kg, i.v.) on the total 
heart rate (H), ectopic ventricular rate (V) and atrial rate (A) in 6 
conscious dogs 24 h after two-stage coronary ligation. After consistent 
vehicu lar  arrhythmias were confirmed, zatebradine (0.15, 0.5 and 1.5 
mg/kg, i.v.) was given cumulatively at intervals of 5 rain. Closed 
symbols present significant (P < 0.05) differences from the respective 
value at the beginning of tile initial dose (0.15 mg/kg, i.v.) of zatcbra- 
dine. Standard deviations are omitted. Abscissa shows time (rain) from 
the injection of the initial dose of zatebradine. 

Zatebradine in doses  o f  0.15, 0.5 and 1.5 m g / k g ,  i.v., 

decreased the atrial rate dose dependent ly  ( P  < 0.001) and 

at the h ighes t  dose the atrial rate decreased to 77 + 14 

b e a t s / m i n  in 6 consc ious  dogs (Fig. 4). Zatebradine also 

decreased the total heart  rate and ectopic  ventr icular  rate 

sl ightly but  s ignif icant ly  ( P  < 0,01). The  attenuation of  the 

ventr icular  rate by 1.5 m g / k g  of  zatebradine gradually 

reversed,  but  that o f  the atrial rate did not during the 

exper iment .  The  arrhythmic ratio was not significantly 

decreased by zatebradine (Fig, 5). Zatebradine did not  

affect  the mean  arterial b lood  pressure throughout  the 

exper iments .  P l a sma  concentra t ions  of  zatebradine are 

shown in Table  1. 

For ty-e ight  hours  after two-s tage coronary ligation, the 

total heart  rate, ec topic  ventr icular  rate and atrial rate were 

133 _% 14, 121 _ 20 and 108 _ 27 b e a t s / m i n ,  respect ively,  

in 5 conscious  dogs.  The  arrhythmic ratio was 0.91 + 0.08 

and mean  arterial b lood  pressure was 91 ___ 13 m m  Hg. 

Zatebradine in doses  of  0.15, 0.5 and 1.5 m g / k g ,  i.v., 

decreased the atrial rate dose dependent ly  ( P  < 0.001) in 5 

consc ious  dogs (Fig. 6). H o w e v e r ,  it tended to attenuate 

the total heart  rate and ectopic  ventr icular  rate but this 

Table 1 
Plasma concentrations of zatebradine in ouabain-, two-stage coronary ligation- and epinephrine-induced ventricular arrhythmia models 

Group Expt. No Plasma concentration of zatebradine (ng/ml) 

1 3 8 13 30 60 (min) 

Ouabain 6 804 4- 386 259 5:190 959 + 431 2 860 5:1 015 802 + 428 386 5:161 
Two-stage (24 h) 6 678 5:305 231 + 71 859 5:230 2 826 5 :532  987 5:256 484 4- 178 
Two-stage (48 h) 6 656 5:287 247 5 :84  1 108 5:238 3 950 5 :752  1 486 _+ 429 710 5:218 
Epinephrine 7 - 1194- 42 442_+ 57 1515__+ 194 - 

Data are shown as means 5: S.D.M. Zatebradine at a dose of 0.15 mg/kg, i.v., was given at time 0 and then 0.5 and 1.5 mg/kg, i.v., of zatebradine were 
cumulatively given 5 and 10 rain, respectively, after the initial dose. 
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Fig. 5. Effects of zatebradine on the arrhythmic ratio in 6 conscious dogs 
24 h and 48 h after two-stage coronary ligation. Standard deviations are 
omitted. Abscissa shows time (min) from the injection of the initial dose 
of zatebradine. Zatebradine at doses of 0.15, 0.5 and 1.5 mg/kg,  i.v., was 
given cumulatively at intervals of 5 min. 

effect was not statistically significant. The arrhythmic ratio 
was not affected, either (Fig. 5). Zatebradine did not 
change the mean arterial blood pressure during experi- 
ments. Plasma concentrations of zatebradine are presented 
in Table I. 

3.3. Epinephrine-induced arrhythmia 

Infusion of epinephrine at a rate of 1 .5 /xg /kg /min  for 
18 min induced ventricular tachyarrhythmias in dogs whose 
rate of sinus rhythm was 144 +_ l l beats/min under 
halothane anesthesia (n = 9). Before zatebradine adminis- 
tration, total heart rate, ectopic ventricular rate and atrial 
rate were 273 _ 35, 273 + 35 and 207 +_ 27 beats/min, 
respectively, and the arrhythmic ratio was 1. Mean arterial 
blood pressure was 177 + 8 mm Hg. Epinephrine-induced 
arrhythmias lasted more than 18 min in halothane-anesthe- 
tized dog hearts (Shibuya et al., 1983). 
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Fig. 6. Effects of zatebradine (0.15, 0.5 and 1.5 mg/kg,  i.v.) on the total 
heart rate (H), ectopic ventricular rate (V) and atrial rate (A) in 6 
conscious dogs 48 h after two-stage coronary ligation. After consistent 
ventricular arrhythmias were confirmed, zatebradine (0.15, 0.5 and 1.5 
mg/kg)  was given cumulatively at intervals of 5 min through the carmula 
in the jugular vein. Closed symbols present significant (P  < 0.05) differ- 
ences from the respective value at the beginning of the initial dose (0.15 
mg/kg,  i.v.) of zatebradine. Standard deviations are omitted. Abscissa 
shows time (min) from the injection of the initial dose of zatebradine. 
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Fig. 7. Effects of zatebradine at doses of 0.15, 0.5 and 1.5 mg/kg,  i.v., 
on the total heart rate (H), ectopic ventricular rate (V) and atrial rate (A) 
of the epinephrine-induced ventricular tachyarrhythmia model in 9 
halothane-anesthetized dogs. Zatebradine at doses of 0.15, 0.5 and 1.5 
mg/kg,  i.v., was given cumulatively at intervals of 5 min, 3 min after the 
beginning of epinephrine infusion at a rate of 1.5 /zg/kg/min,  i.v. 
Standard deviations are omitted. Abscissa shows time (rain) from the 
injection of the initial dose of zatebradine. Closed symbols present 
significant (P  < 0.05) differences from the respective value at the begin- 
ning of the initial dose (0.15 mg/kg,  i.v.) of zatebradine. 

Administration of zatebradine (0.15, 0.5 and 1.5 mg/kg,  
i.v.) dose-dependently ( P < 0 . 0 0 1 )  decreased the atrial 
rate, with 1.5 mg/kg,  i.v., of zatebradine decreasing the 
atrial rate to 133 + 19 beats/min (Fig. 7). However, zate- 
bradine attenuated neither the total heart rate nor the 
ectopic ventricular rate. The summarized data for the 
arrhythmic ratio did not change significantly, although 
zatebradine transiently decreased the arrhythmic ratio to 
less than 0.5 in 4 of 9 experimental animals. After admin- 
istration of zatebradine at a dose of 1.5 mg/kg,  i.v., 
ventricular fibrillation occurred in 2 of 9 dogs. Mean blood 
pressure decreased with time (P  < 0.001) during 
epinephrine infusion after zatebradine treatment. Plasma 
concentrations of zatebradine are presented in Table 1. 

Thirty minutes after cessation of the epinephrine infu- 
ston, to investigate the effects of zatebradine on the 
epinephrine-induced arrhythmia, we again infused the same 
dose of epinephrine in 7 halothane-anesthetized dogs. The 
second epinephrine infusion induced ventricular fibrillation 
in 1 of 7 dogs. Before infusion of epinephrine, the total 
heart rate was 83 +_ 10 b e a t s / m i n  in 6 sinus rhythm dog 
hearts. In the 6 dogs, after zatebradine treatment the 
ventricular tachyarrhythmias induced by epinephrine de- 
veloped more slowly (Fig. 8a), i.e., 2 min after epinephrine 
infusion, the ectopic ventricular rate was significantly (P  
< 0.05) less after zatebradine treatment than before zate- 
bradine. However, epinephrine infusion still induced tach- 
yarrhythmias and the ventricular rate 3 min after 
epinephrine infusion was not significantly different from 
the ventricular rate in animals before zatebradine. After 
zatebradine treatment, the atrial rate was much less (P  < 
0.1301) than the rate before zatebradine administration (Fig. 
8b). However, the maximum increase (58 +_ 27 beats/min) 
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Fig. 8. Effects of zatebradine on the epinephrine-induced ventricular 
tachyarrhythmias in 6 halothane-anesthetized dogs. Ectopic ventricular 
rate (a) and atrial rate (b) during epinephrine infusion at a rate of 1.5 
/xg /kg /min  before (C)) and after ([:3) zatebradine treatment. Closed 
symbols present significant (P  < 0.05) differences from the respective 
control value. 

in atrial rate induced by epinephrine infusion in zatebra- 
dine-treated dogs was not significantly different from the 
maximum increase (67 + 36 beats/min) in zatebradine 
non-treated dogs. 

4. Discussion 

In the present study, we demonstrated that zatebradine, 
an If inhibitor, partially inhibited digitalis-induced ventric- 
ular tachyarrhythmias in pentobarbital-anesthetized dogs 
and attenuated the ectopic ventricular rate induced by 
digitalis and 24 h after two-stage coronary ligation in 
conscious dogs. However, zatebradine did not inhibit the 
ventricular tachyarrhythmias induced by epinephrine, al- 
though the tachyarrhythmias developed more slowly. In 
three models, zatebradine consistently decreased atrial rate. 

Zatebradine at doses used in the present study dose 
dependently reduced the arrhythmic ratio only of the 
ouabain-induced ventricular tachyarrhythmia, and not of 
the others (Figs. 3 and 4, Figs. 6 and 7). Hashimoto and 
his colleagues (Hashimoto et al., 1991) have extensively 
investigated the effects of antiarrhythmic agents on the 
epinephrine-, digitalis- and two-stage coronary ligation 
ventricular tachyarrhythmia models: Class I antiarrhythmic 
agents, Na ÷ channel blocking drugs, suppress ventricular 
tachyarrhythmias in all three models, although there are 
some variations. Lidocaine suppressed only digitalis-in- 
duced ventricular tachyarrhythmias, but tocainide and 
disopyramide inhibited digitalis- and two-stage coronary 
ligation-induced arrhythmias but not epinephrine-induced 
arrhythmias (Hashimoto et al., 1982, 1985; Shibuya et al., 
1983). Thus, the spectrum of the antiarrhythmic effects of 

zatebradine is similar to that of lidocaine, although the 
potency of the antiarrhythmic effect of zatebradine is 
weaker. 

Zatebradine is an If blocker (Van Bogaert et al., 1990; 
Goethals et al., 1993; DiFrancesco, 1994) with weak in- 
hibitory (not efficacious) effects on K + currents and /Ca 
(Doerr and Trautwein, 1990; BoSmith et al., 1993; Fu- 
rukawa et al., 1993; Goethals et al., 1993). Zatebradine did 
not affect dV/dtm~ ~ of the action potential in isolated 
guinea-pig papillary muscles (Thollon et al., 1994). It is, 
therefore, conceivable that the inhibitory effects of zatebra- 
dine on the digitalis-induced ventricular tachyarrhythmias 
and the attenuation of the ventricular rate induced by 
digitalis and 24 h after two-stage coronary ligation are due 
to (1) inhibition of If by zatebradine, (2) inhibition of/ca,  
(3) inhibition of 1K or (4) other undetermined mechanisms 
including intracellular mechanisms and indirect effects of 
decreases in sinus rate induced by zatebradine. In the 
present study, we injected zatebradine at doses of 0.15, 0.5 
and 1.5 mg/kg  intravenously to dogs. Zatebradine de- 
creased dose dependently the atrial rate in the three tach- 
yarrhythmia models (Figs. 2 and 4, Figs. 6 and 7). A 50% 
inhibition dose of zatebradine for the chronotropic re- 
sponse to sympathetic nerve stimulation was approxi- 
mately 0.15 mg/kg,  i.v., in anesthetized dogs (Furukawa 
et al., 1995). Additionally, zatebradine (0.05-1.5 mg/kg,  
i.v.) selectively inhibited the positive chronotropic re- 
sponse but not the inotropic or the dromotropic response to 
sympathetic nerve stimulation in anesthetized dogs (Fur- 
ukawa et al., 1995). Verapamil inhibited the positive 
chronotropic and inotropic responses. Thus, it is likely that 
zatebradine in the doses used mainly works as an If 
inhibitor with a weak I K inhibition in dog hearts in situ, 
although at a high dose it may have an additional undeter- 
mined action. Together with the spectrum of the antiar- 
rhythmic effects of zatebradine, therefore, we suggest that 
zatebradine may work as a new type of antiarrhythmic 
agent due to inhibition of If and/or undetermined mecha- 
nisms on the heart. 

Twenty-four hours after two-stage coronary ligation, 
zatebradine decreased the ectopic ventricular rate but did 
not attenuate the arrhythmic ratio (Figs. 4 and 5). The 
mechanisms of the two-stage coronary ligation-induced 
arrhythmias are suggested to be automaticity and triggered 
activity and the predominant rhythm of the ventricular 
tachycardia at 24 h appears to be automatic (Le Marec et 
al., 1985, 1986). Purkinje fibers and ventricular prepara- 
tions from the heart 1-4 days after coronary ligation show 
a diminished maximum diastolic potential from - 6 2  to 
- 5 2  mV (Dangman and Hoffman, 1983; Le Marec et al., 
1985, 1986). If works voltage dependently on the mam- 
malian SA nodal and Purkinje cells at membrane potentials 
up to approximately - 5 0  mV and - 7 0  mV, respectively 
(Brown et al., 1979; DiFrancesco, 1981, 1990). Yu et al. 
(1993) found that the threshold potential for the activation 
of If was - 8 9  + 16 mV in canine Purkinje fibers. It is, 
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thus, uncertain whether If participates in the ectopic ven- 
tricular rate. 

Triggered activity rather than automaticity is predomi- 
nant in ventricular arrhythmias in the conscious dog heart 
48 h after coronary ligation (Le Marec et al., 1986). The 
relative lack of effect of zatebradine on ventricular arrhyth- 
mias 48 h after coronary ligation (Fig. 6) may support the 
notion that zatebradine decreases the automaticity-related 
ectopic ventricular rate 24 h after coronary ligation due to 
inhibition of If. 

Ouabain causes ventricular tachyarrhythmias in pento- 
barbital-anesthetized dogs (Figs. 1-3). In the present study, 
zatebradine decreased the arrhythmic ratio as well as the 
number of ectopic ventricular beats induced by ouabain. 
However, zatebradine did not abolish the arrhythmias com- 
pletely even though the doses used in the present study are 
adequate to block If in the dog heart (Guth et al., 1987; 
Furukawa et al., 1995). The mechanisms of the digitalis-in- 
duced arrhythmias are proposed to be triggered activity 
and automaticity in the anesthetized dog heart (Le Marec 
et al., 1985, 1986; Wit and Rosen, 1992). It has been 
recently suggested that zatebradine prevents tricyclic an- 
tidepressant-induced ventricular tachyarrhythmias in a dog 
model when the beating rate decreases (Ansel et al., 1994). 
Ouabain-induced tachyarrhythmias are frequency depen- 
dent, but there has been no electrophysiological study 
examining whether zatebradine inhibits ouabain-induced 
electrophysiological changes such as a transient inward 
current in cardiac tissues. A transient inward current is 
caused by increases in intracellular Ca 2+. Therefore, zate- 
bradine might suppress the digitalis-induced ventricular 
tachyarrhythmias by inhibition of If or by undetermined 
mechanisms including intracellular mechanisms and indi- 
rect effects induced by bradycardia in the heart. 

Zatebradine decreased the atrial rate readily but it did 
not decrease the arrhythmic ratio or the number of the 
ectopic ventricular beats in epinephrine-induced arrhyth- 
mias of the halothane-anesthetized dog (Fig. 7), indicating 
that zatebradine is ineffective on epinephrine-induced ven- 
tricular arrhythmias in the heart in situ, even though it 
works as an If inhibitor. After zatebradine treatment, 
tachyarrhythmias developed more slowly, suggesting that 
If blockers delay the induction of ventricular tachyarrhyth- 
mia by If inhibition or/and sinus bradycardia in the dog 
heart. Other mechanisms of the epinephrine-induced ar- 
rhythmias are also the abnormal automaticity and triggered 
activity (Hashimoto and Hashimoto, 1972; Hashimoto et 
al., 1982; Wit and Rosen, 1992). Calcium channel antago- 
nists suppress epinephrine-induced ventricular arrhythmias 
but not the digitalis- or two-stage coronary ligation-in- 
duced arrhythmias (Hashimoto et al., 1991). Zatebradine 
blocked the positive chronotropic but not the inotropic 
response to /3-adrenoceptor agonists and not the positive 
chronotropic and inotropic responses to Bay k 8644 in 
isolated dog atria (Sawaki et al., 1995). Thus, even after I t 
was blocked by zatebradine in halothane-anesthetized dogs, 

activation of /Ca by epinephrine would increase atrial rate 
and cause ventricular tachyarrhythmias. 

In summary, we demonstrated that zatebradine, an If 
inhibitor, has a mild antiarrhythmic effect on digitalis-in- 
duced ventricular tachyarrhythmias in the anesthetized dog 
and suggest that zatebradine may improve automaticity-re- 
lated ventricular arrhythmias by inhibition of If or by 
other undetermined mechanisms in the dog heart in situ. 
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