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Abstract. The ventricular proarrhythmlc actions of five class III antiarrhythmic agents
were compared In the Carlsson rabbit model. In adrenerglcally stimulated anesthe-
tized rabbits. azlmlllde, cloflllum, dofetlllde, sematlllde, and d,l-sotalol caused prema-
ture ventricular contractions and nonsustalned and sustained ventricular tachyar-
rhythm las (NSVT and SVT) at pharmacologically equivalent Intravenous doses that
increased aTc Intervals 20% (EDzo). There were no significant differences between
agents In the percentage of rabbits with serious arrhyhthmlas at the ED20 doses of 5.2,
0.033,0.015,0.66, and 2.8 mglkg lv, respectively. Proarrhythmla was dose-dependent.
Linear regression analysis of arrhythmia score versus log dose estimated the NSVT
doses as 6.2, 0.055, 0.0089, 1.5, and 5.7, respectively. Analysis of arrhythmia states
during a 1O-mlnwindow after Infusion when aTc prolongation was 20% showed that
the compounds differed significantly in the proportion of time treated rabbits spent In
SVT and combined NSVT and SVT. Rabbits treated with azlmlllde spent significantly
less time In SVT and combined NSVTand SVT, followed In order of increasing time by
d,l-sotalol, sematillde, cloflllum, and dofetillde. [P.S.E.B.M. 2000. Vol 223)

The main cardiac action of azimilide (NE-loo64,
(E)-I-[[[5-(4-chlorophenyl)-2-furanyl]methylene]-
amino] -3- [4-(4-methyl-l-piperazinyl)butyl]-

2,4-imidazolidinedione dihydrochloride) is prolongation of
refractoriness, demonstrated in cardiac fibers of calf, dog,
ferret, guinea pig, sheep, and human (1-3). This increased
refractoriness has been ascribed to blockade of the fast (lKr)
and slow (lKs) components of the delayed rectifier potas-
sium current. These in vitro electrophysiologic properties
could account for azimilide' s antiarrhythmic efficacy in
several rodent models and a dog model of ischemia-induced
ventricular arrhythmia (4, 5). This agent suppressed fibril-
lation and increased survival in one dog model of sudden
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cardiac death (6). Clinical efficacy in treating supraventricu-
lar arrhythmias has also been reported (7, 8).

Proarrhythmia potential continues to limit the use of
antiarrhythmic drugs (9). Class III agents that increase the
QT interval can cause excessive prolongation of repolariza-
tion, an increased likelihood of early afterdepolarizations,
and triggered arrhythmias (l0) and may induce torsade de
pointes, a potentially life-threatening ventricular arrhythmia
(11). For nonclinical assessment of proatrhythmic actions.
Carlsson has documented the sensitivity of the adrenergi-
cally stimulated rabbit to proarrhythmia induced by class III
antiarrhythmic agents (12, 13).

This study compares azimilide and four other class III
compounds in the Carlsson rabbit model, with attention to
dose and rate of infusion. In addition to the incidence of
ventricular arrhythmias, the length of time spent in a given
arrhythmic state and the probability of being in malignant
arrhythmic states were assessed (14). Preliminary findings
have been reported (15).

Materials and Methods
Chemicals. Azimilide dihydrochloride, dofetilide,

and sematilide were synthesized. d.l-Sotalol hydrochloride
(Bristol-Myers Squibb, Wallingford, CT) was a gift, and
clofilium tosylate (Research Biochemicals. Inc., Natick,
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MA) was purchased. Solutions of these class III antiarrhyth-
mic agents were prepared fresh daily in 0.9% (w/v) saline.

Husbandry. Purpose-bred male and female New
Zealand White rabbits from Hazelton (Denver, PA) were
fed Purina Rabbit Chow (Purina Mills, Richmond, IN) and
water ad libitum and housed in a USDA-approved facility.
Experiments were approved by the facility's Institutional
Animal Care and Use Committee.

Surgical Preparation and Instrumentation.
Fasted (3 hr) rabbits (2.4-4.5 kg) were anesthetized with
thiopental sodium (47-120 mglkg iv). Supplements were
given as needed to maintain the surgical plane of anesthesia.
Rabbits were intubated and mechanically ventilated with
oxygen. Arterial blood gases and blood pH were measured
(ABL505 blood gas analyzer, Radiometer, Copenhagen,
Denmark). The rate and peak inspiratory pressure were ad-
justed to achieve respiratory pC02""35-40 mmHg and blood
pH=::7.35-7.55. The femoral arteries and vein were isolated
and cannulated for measurement of arterial blood pressure,
withdrawal of arterial blood samples, and drug administra-
tion, respectively.

During experimentation, electrocardiogram (ECG, lead
II and/or other leads), heart rate (HR), mean arterial blood
pressure (BP), and body temperature were recorded con-
tinuously with Gould Electronics physiologic amplifiers
(East Rutherford, NJ) and a computer data acquisition sys-
tem (MacLabs, Milford, MA). Rabbits with a control BP of
at least 50 mmHg and with stable BP and HR (::55% change
over 10 min) were used. At the end of the study, the rabbits
were euthanized (e.g., I cc Socumb®, iv) without recovery.

ED2 0 Determination and Validation. At least
three cumulative doses of antiarrhythmic agent were given
to anesthetized (a-chloralose 90-105 mglkg iv over 20 min)
rabbits with 20 min between each lO-min infusion. QTc was
derived from the QT interval on the ECG. Least-squares
regression analysis of plots of log dose versus percentage
QTc change yielded the dose that would prolong QTc 20%
at 15-20 min after infusion (ED20)·

Proarrhythmia Studies. After a-chloralose anes-
thesia, rabbits were infused with the at agonist methox-
amine (15 t-Lglkg/min, 2-mlIkg/ hr). Starting 12-13 min into
the methoxamine infusion, saline (vehicle control) or a class
III drug was given over 10 min. Rabbits were monitored for
60 min after saline or drug infusion. For each animal, the
most serious observed arrhythmia was identified.

In separate rabbits the effects of infusion rate were
evaluated. The ED20 of azimi1ide was delivered at 0.52,
0.17, and 0.09 mglkg/min as 10-, 30-, and 60-min infusions,
respectively. The ED20s of dofetilide and sotalol were also
delivered over 60 min.

Data Collection and Analysis. One-minute means
of HR and BP were calculated (Macl.abs, Millford, MA).
The last 5 one-min means before the first treatment (meth-
oxamine, saline, or class III agent) were averaged and used
as the baseline value. QT intervals were measured and cor-
rected for HR changes with Bazeu's formula, QTc = QT/
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~R-R (16). The QT interval included the Ll-wave, when
present. Five QTc values were averaged for each time point,
and five values before the start of infusion of saline or class
III agents were used as the baseline QTc value. Group mean
and standard error of the percentage change from baseline
were calculated for HR, BP, and QTc. QTc data from the
log dose-response curve were used to calculate the ED20 by
least-squares linear regression.

ECG records for the 8 saline-treated and 12 or 13 class
III agent-treated rabbits were analyzed for arrhythmias. The
most serious ventricular arrhythmia in each animal was
identified, and arrhythmia scores were assigned as follows:
no arrhythmia (normal ECG) = 0; premature ventricular
contractions (PVCs), including single ectopic beats = 1;
complexes (couplets, triplets, and bigeminy) = 2; nonsus-
tained ventricular tachyarrhythmia (NSVT) (a run of 4-15
ectopic beats) = 3; sustained ventricular tachyarrhythmia
(SVT) (a run of 16 or more ectopic beats, including poly-
morphic ventricular tachycardia and apparent torsade de
pointes) = 4; and ventricular fibrillation (VF), usually fol-
lowed by death = 5. The observation period for assignment
of an arrhythmia score varied with the type of analysis (e.g.,
whole experiment vs. 5- or lO-min intervals). For the period
of pharmacologic equivalence (12.5-22.5 min after the
completion of the test infusion when QTc was increased =::
20% by the ED20), a continuous arrhythmia classification
was taken from the ECG data. The arrhythmia and its du-
ration were recorded for the lO-min period.

Statistical Analysis. Possible intergroup differ-
ences in baseline BP, HR, QTc, and arrhythmia scores were
assessed by one-way analysis of variance and Dunnett's test
for comparison with the saline group or either the Student-
Newrnan-Keuls method or Dunn's test based on ranks for
pairwise, multiple comparisons among all compound-
treated groups. Slopes of regression lines were compared by
one-way analysis of variance. The data for most severe
arrhythmia were analyzed with a proportional odds model.
The continuous arrhythmia classification data were ana-
lyzed with the Markov chain model, a statistical procedure
designed to determine the probability of existing in different
arrhythmic states (14). Proportion of time spent in NSVT
and SVT was compared between treatments by a z-test,

Results
Effects on QTc. Baseline QTc values ranged from

30 I to 331 ms and did not differ significantly between
groups. Based on the QT values at 15-20 min after a lO-min
infusion of three or more intravenous doses, the dose (mg!
kg) that increased QTc 20% was estimated as 0.033 for
c1ofilium, 0.015 for dofetilide, 0.66 for sernatilide, 2.8 for
sotalol, and 5.2 for azimilide (Table I). In separate rabbits,
infusion of the E020 dose of c1ofilium, sematilide, and d.l-
sotalol produced a gradual increase in QTc that reached
20% at the end of the 1D-min infusion of the E020. Both
azimilide and dofetilide caused an overshoot of QTc pro-
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Table I. Potency of Class III Antiarrhythmics for QTc
Prolongation and Proarrhythmia in Rabbits

Compound ED20 (mg/kg iv) NSVT dose (mg/kg iv)

Azimilide 5.2 6.18
Clofilium 0.033 0.055
Dofetilide 0.015 0.0089
Sematilide 0.66 1.47
d,I-Sotalol 2.8 5.70

Proarrhythmia. Each class III agent was tested at
three doses (administered as lO-min infusions): the ED20, ==
1/3 the ED20, and == 3 times the ED20. Arrhythmias were
observed during and after administration of low, medium,
and high doses of all tested class III agents (except for the
low dose of sotalo!) (Fig. 2). A dose-dependent increase in
arrhythmia score, based on the whole lO-min infusion and
60-min post-infusion observation period, was observed for
all agents (Fig. 3). The score-log dose relationship was lin-
ear. and the slopes of the least-squares regression lines were
not significantly different between agents. Because the
dose-response curves for each compound included the ar-
rhythmia score of 3, corresponding to induction of NSVT,
potency comparisons between the five agents were made
based on an estimate of the dose that produced an arrhyth-
mia score of 3. The NSVT doses were approximately twice
the ED20 values for clofilium, sematilide, and sotalol and
were similar to the ED20 values for dofetilide and azimilide
(Table I).

When the worst arrhythmia was the basis of compari-
son (regardless of time or duration of the arrhythmia), no
significant differences between treatments were noted
(Table II). At 1/3 the ED20, however, only dofetilide caused
SVT and VF (one of five rabbits). At the ED20, SVT oc-
curred with all agents; dofetilide caused VF in 1 of 12
rabbits. At three times the ED20, VF occurred with all agents
at a 20%-60% incidence.

Of the 118 rabbits used to determine the dose response
for proarrhythmia, 29 exhibited torsade de pointes (i.e.,
QRS complexes that twisted about the isoelectric axis). This
arrhythmia occurred in 17% (4/23) of rabbits treated with
clofilium or d,l-sotalol, 22% (5/23) of those treated with
azimilide, 32% (7/22) of those treated with sematilide, and
41% (9/22) of those treated with dofetilide.

Arrhythmias appeared during the infusion of all agents.
For the ED20 dose, the arrhythmia experience was similar
for clofilium, sotalol, and sematilide (5 of 12 rabbits exhib-
ited PVCs, complexes, NSVT, and SVT). For azimilide 9 of
13 exhibited the above arrhythmias. For dofetilide the ar-
rhthmia experience was worse-II of 12 rabbits exhibited
the above arrhythmias and one exhibited VF. Both azimilide
and dofetilide caused an overshoot of the QTc increase,
which then fell back to the target level (20% at the ED20 ) .

To better approximate a more clinically relevant situation in
which an oral dose of a class III agent might avoid any
overshoot of QTc prolongation, arrhythmias were consid-
ered only during a window of pharmacologic equivalence in
which the ED20 dose actually increased QTc 20% (i.e., the
1O-mln period from 12.5-22.5 min after infusion). The
worst arrhythmia was then determined in this period, Saline
caused no arrhythmias. At the ED20, all agents produced a
similar incidence of SVT (15%-25%) (Table III). The in-
cidence of the worst arrhythmias did not differ significantly
between the tested compounds.

During the window of pharmacologic equivalence, ar-
rhythmia duration was determined. Rabbits spent most of
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Figure 1. Time-dependent aTc changes during and after infusion of
the iv ED (the dose that increased aTc 20% at 15-20 min after
Infusion) ~f class III antiarrhythmic a~ents i.n a-chlo~al~se 
anesthetized rabbits. Groups of five rabbits received ~~mln infu-
sions of saline (10 mVkg), azimilide (5.2 mglkg). clofillum (0.033
mglkg), dofetilide (0.015 mglkg). sematilide (0.66 mglkg), or d.1-
sotalol (2.8 mglkg). aT values were corrected for heart rate and
expressed as mean (SEM) percentage aTc change from the prein-
fusion baseline.

longation that peaked at an increase of == 35% at the end of
the infusion period. The percentage QTc increase returned
to == 20% at 10 min post-dose for dofetilide and 15 min
post-dose for azimilide (Fig. I). Methoxamine alone did not
affect QTc (data not shown). In the presence of methox-
amine, the ED20 dose of clofilium increased QTc only 4%
(Table 11). Buchanan et al. also found that methoxamine
reduced the QTc prolongation caused by clofilium in rabbits
(13).

Hemodynamics. Methoxamine alone increased BP
and decreased HR. After 30 min of methoxamine infusion,
BP had increased 70% and HR had decreased 30% com-
pared to baseline. Infusion of saline or the ED20 of the five
class III agents slightly decreased BP «10%) and HR
(15%). (data not shown).

Note. For ED20 (the dose that increased aTc 20%) determination,
compounds were administered to three to six e-cloralose-
anesthetized rabbits over 10 min with 20 min between doses. aT
and RR intervals were measuredbefore dosing and at 10 and 15 min
after dosing. Both 10- and 15-min aTc values were used in a linear
regression analysis to calculate the ED20 (dose causing 20% ore
increase at 15-20 min postinfusion). For determination of the dose
that caused nonsustained ventricular tachyarrhythmia (NSVT), the
ED20 dose, 1/3, and 3 times the ED20 doses of compounds were
given to 5-13 a-chloralose-anesthetized, methoxamine-infused rab-
bits. and regression analysis of arrhythmia score on log dose was
used.
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Table II. Arrhythmias Caused by Class III Antiarrhythmic Agents in Rabbits

Dose
QTc Arrhythmia incidence (percent of rabbits) Arrhythmia

Treatment
(mg/kg iv)

n (percent
change) None PVCs Complexes NSVT SVT VF score

Saline 10 mVkg 8 1±2 100 0 0 0 0 0 O±O
d,I-Sotalol 0.89 5 12 ± 5 100 0 0 0 0 0 O±O

2.8 12 21 ± 48 33 17 25 0 25 0 1.7 ± 0.5d
8.9 6 17 ± 38 0 0 17 0 67 17 3.8 ± 004

Clofilium 0.01 6 5±2 50 17 33 0 0 0 0.8 ± 004
0.033 12 4 ± 1b 25 0 25 25 25 0 2.3 ± OAd

0.1 5 28±78 0 20 0 0 40 40 3.8 ± 0.7 c

Sematilide 0.21 5 7±2 60 0 20 20 0 0 1.0 ± 0.6
0.66 12 20±48 33 8 17 0 42 0 2.1 ± 0.5 d

2.1 5 21 ± 6 20 0 0 0 60 20 3.4 ± 0.9
Azimilide 1.6 5 9±2 40 60 0 0 0 0 0.6 ± 0.2

5.2 13 21 ± 38 8 8 23 15 46 0 2.8:t OAc

16 5 24:t 98 0 0 0 0 40 60 4.6 ± 0.2 c

Dofetilide 0.0047 5 20:t 68 20 20 20 20 0 20 2.2 ± 0.9 c

0.015 12 18 :t 48 0 0 8 8 75 8 3.8:t 0.2 c

0.047 5 15:t 5 0 0 0 0 40 60 4.6:t 0.2 c

Note. a-Chloralose-anesthetized rabbits received a continuous infusionof 15~g/kg/min methoxamine, followed at 12-13 min by saline or the
class III antiarrhythmic agent. The most severe arrhythmia was identified whenever it occurred during the 10-min infusion and for 60 min
thereafter and used to calculate the arrhythmia score (0 for no arrhythmia (normal ECG); 1 for PVCs, including single ectopic beats; 2 for
complexes (couplets, triplets, and bigeminy);3 for NSVT (a run of 4-15 ectopicbeats);4 for SVT (a run of 16 ectopicbeats or more, including
polymorphic ventricular tachycardia and apparent torsade de pointes); and 5 for VF, usually followed by death). The mean (± SEM) O'Ic
percentage change is from the preinfusion baseline.
S Significantly different from saline group (p < 0.05. Dunnett's test).
b Significantly different from other ED20-dosed (middle dose) groups (p < 0.05, Student-Newman-Keuls test).
C Significantly different from the saline group (p < 0.05. Dunn rank comparison).
d Significantly different from dofetilide score at ED20 dose.

the time in normal sinus rhythm: clofilium 49%. azimilide
70%. sotalol 71%. dofetilide 77%. and sematilide 84%. The
number of seconds spent in arrhythmic states varied be-
tween agents. particularly for the serious SVT state (Fig. 4).
The percentage of time spent in SVT varied from 0.1% with
azimi1ide to 11.8% with dofetilide, and each agent's time in
SVT (and combined NSVT + SVT) was significantly dif-
ferent from all other agent's time (z-test) (Table III). A
Markov chain model analysis of these window data allowed
calculation of the probability of occurrence of any arrhyth-
mic state. The probability of being in SVT varied from
0.001 with azimilide to 0.142 with dofetilide (Table III).
The rank order of time in and probability of SVT and com-
bined NSVT and SVT was the same: lowest with azimilide,
followed by d,l-sotalol. sematilide, clofiliurn, and dofetilide.

Because azimilide and dofetilide caused a QTc increase
greater than 20% during the infusion of the EDzo•the effects
of slower rates of administration were investigated. When
azimilide 5.2 mg/kg was infused over 10. 30. and 60 min
(infusion rates of 0.52. 0.17. and 0.09 rug/kg/min, respec-
tively). rabbits had an "'" 20% increase in QTc during the 1-
hr observation period after infusion (Fig. 5). The fast (10-
min) infusion rate produced a peak in both the QTc per-
centage increase (35%) and the arrhythmia score (Fig. 5).
For dofetilide and d,l-sotalol. infusion of the EDzo over 60
min failed to produce a 20% QTc increase (data not shown);
maximum QTc increase was about 13%. No proarrhythmia
analysis was performed for these agents delivered at this
infusion rate.
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Discussion

The five tested class III antiarrhythmic agents increased
QTc in rabbits at intravenous doses similar to those reported
in dogs and rabbits (5. 12. 13). Because different potency
estimates may arise due to species. method of administra-
tion. and the time at which a QT measurement is taken after
infusion, it is prudent to determine a pharmacologically
equivalent dose in the system under study.

Proarrhythmia is a function of dose and delivery rate in
this rabbit model (12). In this study. the five class III agents
induced arrhythmias as a function of dose over the same
range of approximately one-third to three times the EDzo.
Although all agents caused VF at the highest dose. only
dofetilide-treated rabbits experienced VF at the EDzo and at
the lowest dose. Because clofiliurn at the EDzo dose did not
increase QTc 20% in the presence of methoxamine. its pro-
arrhythmic potency may be understated. Nevertheless,
based on occurrence of the worst arrhythmia at any time
during or for 60 min after infusion. the proarrhythmia in-
duced by azimilide was not significantly different from that
caused by the four other class III compounds.

Carlsson et al. (17) found that infusion rate can be a
contributing factor in the proarrhythmic potential of almo-
kalant. Slowing the infusion rate substantially reduced the
incidence of torsade de pointes in this rabbit model. Slower
administration may limit the dispersion of refractoriness.
early after-depolarizations, and arrhythmia initiation. With
azimilide both the overshoot of QTc prolongation and the



Figure 2. Tlme-dependent proarrhythmic effects in a-chloralose-
anesthetized methoxamine-stimulated mbbits. Class III agents were
infused at the dose that increased QTc 20% = ED20, at .. 113, and 3
times the ED20 over 10 min starting 12-13 min into a methoxamine
infusion. The worst arrhythmia seen during each 5- or 1Q-min win-
dow produced an arrhythmia score (none = 0; PVCs. including single
ectopic beats = 1; complexes (couplets. triplets, ~nd bige~iny) ~ 2;
NSVT (4-15 ectopic beats) = 3; SVT (>15 ectopic beats, including
polymorphic ventricular tachycardia and apparent torssde de
pointes) = 4; VF, usually followed by death = (5). G~uP means (n =
5-13) are plotted with standard error bars for dofetlhde.

peak in arrhythmia score seen at a high infusion rate of 0.52
mglkglmin were avoided at the slower rate of 0.09 mglkgl

min.
By monitoring arrhythmic status over time and assess-

Figure 3. Dose-dependent proarrhythmlc effects of class III antiar-
rhythmic agents in anesthetized rnethoxarnlne-stimulated rabbits.
Compounds were infused over 10 min starting 12-13 min into the
methoxamine infusion to 5-13 rabbits. Arrhythmia scores (mean :t
SEM) were assigned based on the worst arrhythmia that occurred
from the start of infusion until 60 min after. none = 0; PVCs, including
single ectopic beats = 1; complexes (couplets, triplets, and bigeminy)
=2; NSVT (4-15 ectopic beats) = 3; SVT (16 or more ectopic beats,
including polymorphic ventricular tachycardia and apparent torsade
de pointes) =4; VF, usually followed by death =5. Regression lines
are fitted to the mean score data.

ing the duration of arrhythmias, it is possible to evaluate
proarrhythmic effects beyond a simple enumeration of the
proportion of animals with a given arrhythmia. Comparison
of seconds spent in SVT and combined NSVT + SVT (dur-
ing the lO-min window in which all compounds increased
QTc := 20%) showed that azimilide-treated rabbits spent
significantly less time in such states, Markov chain analysis
is a useful statistical model to determine a sequence of
events that involves continuous risk, the time to event, and
differing severity of events occurring more than once in a
random fashion (14). An analysis based on a finite-state,
continuous-time model may assess the risk of transitioning
from one arrhythmia condition (including baseline) to an-
other. The approach assumes that a subject is always in one
of a finite number of discrete cardiac rhythm states, called
Markov states. All new occurrences of or increased fre-
quency in an arrhythmic event (i.e., proarrhythmia) can be
represented as transitions from one state to another. The
Markov model is known to demonstrate both the probability
of repetitive events and its time dependence, allowing for
more accurate representation of the rhythmic state involving
higher risks of occurrences of arrhythmias.

In comparing treatments by the Markov analysis, it
would be ideal if all animals had the same history of ar-
rhythmic events prior to the Markov window. Preferably the
rabbits should have experienced no prior arrhythmias, thus
avoiding any effects of arrhythmia. such as calcium over-
load. that might influence susceptibility to arrhythmias dur-
ing the analysis window. It was not possible to achieve this
ideal for rabbits given the ED20 doses of the class III agents
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Table III. Proarrhythmic Actions of Intravenous ED20 of Class III Antiarrhythmic Agents During the Period of
Pharmacological Equivalence in Anesthetized Rabbits

Saline Azimilide Clofilium Dofetilide Sematilide d,/-Sotalol

Dose (mg/kg iv) 10 mVkg 5.2 0.033 0.015 0.66 2.8
No arrhythmia (%) 100 38 33 42 58 42
PVCs(%) 0 15 0 17 0 17
Complexes (%) 0 23 25 25 17 25
NSVT (%) 0 8 17 0 8 0
SVT ('Yo) 0 15 25 17 17 17
Time in NSVT + SVT (%) 0 1.08 8.98 11.8 8 4.7 8 3.88

Time in SVT ('Yo) 0 0.1 8 5.0 8 11.88 3.9 8 1.58

Probability of NSVT + SVT 0 0,01 0.09 0.142 0.046 0.038
Probability of SVT 0 0.001 0.051 0.142 0.039 0.015

Note. Rabbits anesthetized with a-chloralose received a continuous infusion of 15 ~gJkglmin methoxamine. Saline or the class III antiarrhyth-
mic agent was administered at the ED20 (the dose that increased QTc 20%) 12-13 min after the start of methoxamine. The worst arrhythmia
was identified during the pharmacologically equivalent 12.5-22.5-min postinfusion window when QTc was increased approXimately 20%. PVC:
premature ventricular contractions; NSVT: nonsustained ventricular tachyarrhythmia: SVT: sustained ventricular tachyarrhythmia, including
torsade de pointes.
S Significantly different from all other treatment groups (p < 0.01, z-test).

Figure 4. Arrhythmia durations during a 1a-min window of pharma-
cological equivalent effect in rabbits treated with class III antiarrhyth-
mic agents. ED20 doses of compounds were infused over 10 min to
anesthetized rabbits receiving a continuous methoxamine infusion.
Between 12.5 and 22.5 min after infusion, arrhythmias were timed.
The number of seconds spent in four arrhythmic states for 12 rabbits
(normalized from 13 for azimilide) is displayed in order of increased
duration of SVT.

since each agent caused arrhythmias during intravenous ad-
ministration (Fig. 2. center panel). Nevertheless. between-
treatment comparisons seemed reasonable since all the com-
pounds caused early arrhythmias. By this analysis rabbits
treated with dofetilide were 10 times more likely to be in
combined NSVT and SVT than those treated with azimilide.
The ranking by these criteria of azimilide first among the
five class III agents. even though azimilide caused more
arrhythmias than clofilium, sernatilide, and sotalol in the
infusion period. suggests that the arrhythmias experienced
before the Markov window neither suppressed nor aug-
mented the arrhythmias seen during the Markov window.
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The basis for apparent differences between azimilide
and dofetilide may be related to different ion-channel ef-
fects. Whereas dofetilide blocks IK,., azimilide blocks both
IKr and IKs and. at higher concentrations. ICaL' Combined
inhibition of potassium and calcium currents has been in-
voked to explain a lesser proarrhythmic activity of BR-
32872 as compared with clofilium, dofetilide, E-4031. and
RP-58866 (18). Therefore. if multiple-channel blockade re-
sults in less proarrhythmia, the rabbit may have limited
value in assessing the relative proarrhythmia of an I Ks-

blocking class III drug because the contribution of IKs to
repolarization in this species is less than that in other species
(19).

The current study shows that azimilide, like other class
III antiarrhythmic agents. can cause serious ventricular ar-
rhythmias in the adrenergically stimulated rabbit model. By
conventional analysis of proarrhythmia data. azimilide ap-
pears similar to other class III agents. including dofetilide
and sotalol, in causing dose-dependent proarrhythmia.
However. analysis of time spent in and probability of severe
arrhythmic states with pharmacologically equivalent doses
suggests that azimilide has a lesser proarrhythmic action
than clofiliurn, dofetilide, sernatilide, and d,l-sotalol.
Whether this difference will be manifested in a clinical set-
ting will require much greater clinical experience with azi-
milide. Since this model involves animals sensitized to the
proarrhythmic effects of class III agents. arrhythmia inci-
dence is greater than that seen in the clinic. For example.
Soyka et al. (20) reported a proarrhythmia incidence of
4.3% in 1288 patients treated with therapeutic doses (2.1-
8.5 mg/kg) of sotalol, whereas the 2.8 mg/kg caused com-
plexes or SVT in 50% of rabbits. Additional clinical expe-
rience with newer class III agents will be needed to deter-
mine if the same relationship between high rabbit
proarrhythmia and low clinical proarrhythmia holds for dif-
ferent agents.
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Figure5. Effect of rate of infusion of azimilide 5.2 mglkg on OTc and proarrhythmia in anesthetized rabbits. (A) Azimilide was infused over
10,30, and 60 min to separate groups of five or six rabbits with mean baseline OTc values of 267,320, and 300 ms, respectively. Data are
expressed as mean (SEM) percentage QTcchange from baseline. (6) Azimilide was infused over 10 and 60 min to groups of 13 and 6 rabbits,
respectively. Arrhythmia scores are expressed as mean (SEM) and were assigned based on the worst arrhythmia that occurred in the
preceding 5-min interval: none =0; premature ventricular contractions, including single ectopic beats =1; complexes (couplets, triplets, and
bigeminy) =2; nonsustained ventricular tachyarrhythmia (a run of 4-15 ectopic beats) = 3; sustained ventricular tachyarrhythmia (a run of 16
or more ectopic beats, including polymorphic ventricular tachycardia and apparent torsade de pointes) = 4; ventricular fibrillation, usually
followed by death =5.
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