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Trails of Discovery

Class Il antiarrhythmic agents: serendipity or drug design?

he classification of antiarrhyth-

mic drugs proposed by Singh

and Vaughan Williams in 19701.2

relied on the differential actions
of these agents on the profile of the
transmembrane action potential in
isolated myocardial tissue from differ-
ent species. Despite the dramatic ad-
vances over the last 15 years in under-
standing the molecular and ionic basis,
which determine the profile of the
transmembrane action potential, the
original classification persists in both
the clinical and government regulatory
spheres. The field of Class IIl antiar-
rhythmic drug research has been illu-
minated by numerous publications in
a most fruitful manner over the last
30 years by Professor Bramah Singh,
who provides an elegant example of
what is now translational medicine,
ie, applying data from the laboratory
to the bedside. This essay is largely
based on Professor Singh's seminal
work.3-7

FIRST-GENERATION

CLASS 111 AGENTS:

AMIODARONE AND
SOTALOL

Amiodarone and sotalol provide strik-
ing examples of the role of serendipity
in drug discovery. Amiodarone was ini-
tially developed as a selective coronary
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vasodilator for the treatment of angi-
na pectoris, and sotalol was a nonse-
lective B-blocker first synthesized at
the same time as the classic B-blockers
pronethalol and propranolol (1959-
1962).

DISCOVERY OF
AMIODARONE

Amiodarone was one of a large number
of benzofuran analogs synthesized in
the Labaz Laboratories in Belgium be-
tween 1958-1966.89 The rationale for
the synthetic program was based on
the natural product, khellin, which was
used in the Middle East as a diuretic
and antispasmodic. Khellin was isolat-
ed from the seeds of the plant Amm:
visnaga, called in Arabic “khella.” The
first paper from the Labaz Laboratories
describes the coronary vasodilator
properties of a series of benzofurans
derived from the furanochromone
structure of khellin.9 In regard to the
rationale for the research program, the
paper quotes the work of Anrep et allo
published in 1945, which concluded
that khellin (120 mg daily) was effective
in 36 of 38 anginal patients. The Labaz
paper also notes that Greiner et all!
had failed to confirm Anrep’s observa-
tions. Nevertheless, the Labaz scien-
tists appear to have concluded that the
proof of concept of the antianginal
action of khellin was established. Fur-
thermore, the khellin preparation was
marketed by Smith-Kline in the early
1950s and is still classified in the Mar-
tindale Extra Pharmacoepia under
Supplementary Drugs and Other Sub-
stances.12
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Eighty-one benzofurane analogs were
synthesized and tested in vitro for
their antispasmodic activity on smooth
muscle as well as their coronary dilat-
ing action in the isolated, fibrillating,
rabbit heart. In these in vitro tests,
khellin was used as the benchmark
coronary vasodilator.9 Compound
L2329 (Amplivix®, benziodarone) was
developed for clinical studies in angina
pectoris.3.14

Clinical trials in the early 1960s showed
that it was effective in reducing the
number of anginal attacks and increas-
ing exercise tolerance. It was also ob-
served that it slowed the heart rate. A
paper from the Labaz Laboratories in
196915 states that a clinical investiga-
tor had observed that amiodarone had
antiarrhythmic properties. The pub-
lished paper!4 does not refer to a re-
duction of arrhythmias, but only of
heart rate in anginal patients treated
with amiodarone 600 mg daily for a
month. Interestingly, the paper reports
that “the depolarization complex of
the ECG showed no change.” The in-
troduction to the paper by Charlier et
alls refers to “a chance observation
of normalization of cardiac rhythm in
an anesthetized dog following amio-
darone 10 mg/kg/ IV," although the
paper they quote contains only clinical
studies in anginal patients.

Nevertheless, the Labaz scientists re-
evaluated amiodarone in several ex-
perimental arrhythmia models and
attributed their positive findings to a
combination of the sympatholytic and
quinidine-like actions of amiodarone.!5
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Figure 1a. The effect of thyroid state on cardiac intracellular potentials. —— 5 ms fast

The horizontal line in each frame indicates the zero potential and the

superimposed traces record intracellular action potentials at both slow and

Sfast sweep speeds. The lowest trace records the contractile response.

From reference 16: Freedberg AS, Papp J, Vaughan Williams EM. The

effect of altered thyroid state on atrial intracellular potentials. J Physiol
Lond. 1970;207:357-370. Copyright © 1970, Blackwell Publishing.

Figure 1b. The effects of 6 weeks treatment with amiodarone (20 mg/kg/IP

daily) in rabbit atrial muscle, above, and in ventricular muscle, below.

From reference 3: Singh BN, Vaughan Williams EM. The effects of
amiodarone, a new anti-anginal drug, on cardiac muscle. Br ] Pharmacol.
1970;39:657-667. Copyright © 1970, Nature Publishing Group.

During this same period, Vaughan
Williams’ group in Oxford published a
series of papers examining the effects
of different drugs on the myocardial
transmembrane action potential. These
studies resulted in a proposal to clas-
sify antiarrhythmic drugs into at least
three categories.2 His group had also
observed the effects of experimental
hypothyroidism on the transmem-
brane action potential in rabbits and
showed that six weeks after thyroidec-
tomy the action potential duration was
significantly prolonged (Figure 1a).16

Dr Bramah Singh, who was a Common-
wealth Fellow born in Fiji and trained
in medicine in Otago University, New

Zealand, joined Professor Vaughan
Williams group in the late 1960s in
order to do a PhD degree. The topic
chosen was “The study of the pharma-
cological actions of certain drugs and
hormones with a particular reference
to cardiac muscle.” Included in this
research program was an evaluation
of the effects of chronic amiodarone
treatment on the transmembrane ac-
tion potential after chronic administra-
tion (20 mg/kg IP) to rabbits. He showed
that amiodarone specifically prolonged
the action potential duration (APD)
without significant effects on the rest-
ing potential or the rate of rise of the
action potential (Figure 16). The pre-
cise rationale for selecting amiodarone
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for study is not stated in the published
papers or the thesis. One may specu-
late that it was the di-iodo substitution
in amiodarone that was the stimulus
for its selection, though it was claimed
at the time to have no effect on thy-
roid function. In addition, amiodarone
had complex effects on the autonomic
system, causing an atropine-resistant
bradycardia in dogs and inhibition of
sympathetic nerve stimulation and
catecholamines, but not due to specif-
ic blockade of o or B adrenoceptors.17

This combination of pharmacological
attributes made it an interesting tool
for exploring the mode of action of
antiarrhythmic compounds.
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Number Number affected Number Peto odds

of trials in amiodarone affected in ratio
Site of ADR reporting group placebo group (25% CI) P-value
Heart 6 98/2087 43/2066 2.40 (1.69, 3.41) <0.00001
Thyroid 5 74/2038 12/2014 4.19 (2.72, 6.45) <0.00001
Respiratory 6 76/2087 42/2066 1.78 (1.23, 2.58) 0.002
Nervous system 5 48/1782 19/1758 2.40 (1.48, 3.89) 0.0004
Liver 5 30/1782 14/1758 1.95 (1.07, 3.56) 0.03
Gastrointestinal tract 5 66/2038 47/2014 1.32 (0.9, 1.94) 0.15
Eyes 4 23/1702 6/1676 3.05 (1.46, 6.38) 0.003
Skin 6 24/2087 12/2066 1.93 (1.00, 3.72) 0.05

Table 1. Meta-analysis of adverse effects of amiodarone in six randomized controlled irials.

Modified from reference 20: Loke YK, Derrey S, Aronson JK. A comparison of three different sources of data in assessing the
[frequencies of adverse reactions to amiodarone. Br J Clin Pharmacol. 2004;57:616-621. Copyright © 2004, Blackwell Publishing.

CLINICAL STUDIES

The major clinical utility of amiodarone
is in the prophylactic control of supra-
ventricular and ventricular arrhyth-
mias. Parenteral amiodarone (5 mg/kg
by slow injection) slows the ventricular
response in atrial flutter and fibrilla-
tion. Observational studies suggest
that it is also effective acutely in the
control of life-threatening ventricular
arrhythmias.18 It's major utility is as
chronic therapy (200-400 mg daily),
firstly to control the ventricular re-
sponse in atrial flutter and fibrillation
both at rest and on exercise. Secondly,
amiodarone has had a major impact
on the treatment of recurrent life-
threatening ventricular tachyarrhyth-
mias. It is currently the drug of choice
for this indication. Remarkably, it has
much less proarrhythmic activity than
many other antiarrhythmic drugs.19
The most serious unwanted effect is
pulmonary toxicity, which occurs in
2% to 17% of patients and is observed
with doses higher than 300 mg daily.
Between 2% and 10% of patients re-
ceiving amiodarone have alterations
in thyroid function, and given the ar-
rhythmogenic potential of thyrotoxi-
cosis, can reverse the antiarrhythmic
effects of chronic amiodarone therapy
(Table 1).20

THE DISCOVERY
OF SOTALOL

This compound was synthesized in
about 1960 by the Mead Johnson Com-
pany, in Indiana, USA.2! It was one of
a series of analogs submitted to the
US Patent Office in January 1962, the
patent was subsequently abandoned
and then refiled and finally completed
in 1965. The patent made broad claims
including “vasopressors, vasodepres-
sors, analgesics, bronchodilators,
o-receptor stimulants, B-receptor stim-
ulants, a-receptor blocking agents,
B-receptor blocking agents, and papa-
verine-like smooth muscle depres-
sants.” pL-Sotalol was compound No. 11
in this patent, but the preferred com-
pound was No. 3, possessing “strong
and selective adrenergic vasoconstric-
tor emphasized activity.” Thus the
B-blocking properties of sotalol (Com-
pound 11) are not described in the ini-
tial patent.22 [ronically, sotalol would
have been synthesized at the same
time as pronethalol and propranolol in
the ICI laboratories by Crowther and
Black (1958-1964), but sotalol's poten-
tial therapeutic utility was not initially
recognized, although eventually exten-
sive clinical studies were undertaken.23
It was shown that sotalol had a more
attractive pharmacokinetic and phar-
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macodynamic profile than propranolol.
Unlike propranolol, it was not exten-
sively metabolized and 80% was excret-
ed unchanged in the urine while having
a half-life of about 10 hours compared
with propranolol’s half-life of 2 hours.
In addition, it had much less brain pen-
etration. Perhaps more importantly, it
did not have significant “membrane-
stabilizing properties” or quinidine-like
actions and had much less direct my-
ocardial depressant properties.

The unique property of sotalol in pro-
longing action potential duration in cat
papillary muscle was first published
by Kaumann and Olson in 1968.24 They
showed that sotalol (MJ1999) in a con-
centration of 6x 10-4 M lengthened
APD from 401.3+46.4 ms (control) to
1209.4+290 ms at 90% repolarization.
In the conclusion of their paper, they
attribute its antifibrillatory properties
in experimental canine infarction2s to
the fact that “It appears that the an-
tifibrillatory activity of sotalol, unlike
that of other presently-known antiar-
rhythmic agents, is attributable to the
marked prolongation of the ventricu-
lar action potential.”

In 1970, Singh and Vaughan Williams
published their findings on the effects
of MJ1999 on the transmembrane ac-
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Figure 1c. The effect
of sotalol (MJ1999) on
intracellularly recorded
potentials of rabbit atria.

From reference 2:
Vaughan Williams EM.
Classification of anti-
arrhythmic drugs. In:
Sandoe E, Flensted-
Jensen E, Olesen KH, eds.
Symposium on Cardiac
Arrhythmias. Sodertalje,
Sweden: AB Astra; 1970:
449-469. Copyright ©
1970, Astra. All rights

reserved.

tion potential in isolated ventricular
and atrial muscle and confirmed that
it greatly prolonged the duration of the
action potential (Figure 1¢c).17 In their
discussion, they also made the point
that “the main interest of the delay in
repolarization produced by MJ1999 is
that it is an immediate effect, appar-
ent after a few minutes exposure to
the drug in vitro, whereas the effect
produced by thyroidectomy and amio-
darone takes several weeks to devel-
op."! Several years later it was shown
than sotalol prolonged the monopha-
sic action potential duration in man,
as well as an acute increase in effective
refractory period.

In an elegant study, Creamer et al com-
pared the effects of acute and chronic
administration of sotalol with those
of propranolol in patients with pro-
grammable pacemakers. Sotalol pro-
longed the QT interval by 11.5% after
1 month’s oral treatment, with a lesser
effect of 6.5% following acute parenter-
al administration. Propranolol did not
cause any change in the QT interval 27
Extensive clinical studies with pL-so-

talol showed that it is effective in con-
trolling both supraventricular and ven-
tricular arrhythmias. The balance of
evidence suggested that the dual ef-
fects of B-blockade (Class 1) and pro-
longation of APD (Class IIl) gave the
best clinical results.28 This may be
important for the prevention of sudden
death in postinfarction patients, where
the Class IIl agent p-sotalol was shown
to be less effective than placebo.29 It
is not the purpose of this article to
review the comparative effectiveness
of different classes of antiarrhythmic
drugs, but rather to describe the sub-
sequent impact on cardiovascular re-
search strategies within the pharma-
ceutical industry of the initial discovery
of the selective specific prolongation
of action potential duration (Class II
drugs).

SUBSEQUENT
DEVELOPMENTS IN
CLASS 111 DRUG RESEARCH

The potential therapeutic utility of se-

lective prolongation of APD was widely
recognized.30 The perceived disadvan-
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tages of amiodarone included poor
bioavailability, complex pharmacolog-
ical profile, and unacceptable side
effects. Thus, research was directed to-
ward finding patentable, potent, highly
selective Class Ill compounds. There
were two assumptions underlying this
strategy. Firstly, the beneficial antiar-
rhythmic effects of amiodarone were at-
tributed almost entirely to its Class III
properties and secondly, high specifici-
ty for the major ion channel involved
in APD prolongation, namely, Z,, en-
abled in vitro testing to proceed rapidly.

The research strategy was highly suc-
cessful, in that at least 18 pharma-
ceutical companies initiated research
programs designed to discover im-
proved Class IIl antiarrhythmic agents
(Figures 2a and 2b, page 247 and
248). Such programs would be domi-
nated by medical chemistry conceptual
skills, using one or more of the four
original Class Ill chemical templates,
namely, sotalol, isopropyl nitrophenyl-
ethanolamine (INPEA), N-acetyl pro-
cainamide (a metabolite of procaine
with selective Class III actions), and
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amiodarone. The majority of research
groups synthesized chemical series in
which the methanesulfonamidophenyl
group, present in sotalol, was retained
(Figure 2b). For example, this substitu-
tion in a structure based on N-acetyl
procainamide (NAPA) resulted in the
development of sematilide (Berlex).
Similarly, Pfizer chemists prepared a
large chemical series based on the
sotalol structure, resulting in 21 pub-
lished patents and the development
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Figure 2a. Chemical structures of amiodarone
and benzofuran analogs.

Cardiac

Drug channel

Dose range

(mg) T1/2 (h) Excretion

Dofetilide I

0.125-0.5 PO bid 8

Kidney =80%

Sematilide I, 100-150 PO tid 3-8 Kidney =75%
Ibutilide I, slow Na current 0.5-2 IV 6 Liver
Azimilide  J, Jor Jear) 100-125 PO od  100-120 Liver
Dronedarone f; fio Jach) ks lcay 400 PO bid 150 Liver
Tedisamil — fo ki 100 PO bid 16 Kidney

Table 11. Cardiac and pharmacokinetic properties of newer “Class 111" drugs.

of dofetilide (UK68798). The overall re-
sult of this intense drug research activ-
ity is somewhat limited in proportion

to the enormous investment (Zzble I1).

At present, the only Class III antiar-
rhythmic drugs approved for parenteral
and oral use are dofetilide (Pfizer), in-
dicated for the conversion (parenteral)
or maintenance (oral) of sinus rhythm
in patients with atrial fibrillation. As
dofetilide also causes QT prolonga-
tion and, in some instances, torsades
de pointes, treatment should be initi-
ated in hospital, titrating the dose in
relation to both the QT interval and
the status of renal function.3!

The other Class Ill compound is ibute-
lide, approved only for parenteral use
for acute chemical conversion of atrial
fibrillation or atrial flutter, as a possi-
ble alternative to DC cardioversion. In
addition to blocking the /i, channel,
it activates a sustained sodium chan-
nel, which must be distinguished from
the “fast” sodium channel 32

There are three other Class III agents
in phase 3 clinical trials: tedesamil,
azimilide, and dronedarone, none of
which block solely the /i, channel.

At this point, it is perhaps worth re-
flecting how advances in the under-
standing of the molecular mechanisms
underlying the genesis of the cardiac
action potential have influenced the
approach to devising improved anti-
arrhythmic agents. In the context of
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prolonging APD in order to prolong
the refractory period, at least seven
potassium channels may play a role
(Table I11, page 249).33 A further dif-
ficulty for “pure” I, blockers is that
the prolongation of APD induced by
them is reduced at rapid heart rates,
a clinical situation that often requires
efficacy in antiarrhythmic therapy at
high heart rates. This phenomenon is
termed “reverse use dependence.”34

An additional disadvantage of their
greater blocking efficacy at slow heart
rates is that excess APD prolongation
may trigger early afterdepolarizations,
possibly leading to torsades de pointes.
It is now apparent that the voltage-
gated “delayed rectifier” potassium
current (/i) is composed of two differ-
ent currents carried by different ion
channel species, namely, the “slow”
component /s comprising a major
subunit (KCNQ1) and a minor unit
(KCNEI). The rapid component (/)
is composed of the HERG (human
ether-a-go-go-related gene) protein as
the major subunit and KCNE2 as the
accessory subunit. At high heart rates
(high depolarization frequencies), the
Iys outward current becomes the major
one and selective blockade of Z; has
little effect on APD in this setting. The
chronic administration of amiodarone
significantly decreases both Iy, and s
so that the APD prolongation does not
show reverse use dependence. The
lower incidence of torsades de pointes
on amiodarone therapy has been at-
tributed to this dual action.
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Figure 2b. Chemical structures of Class Il agents based on the sotalol template.

It is perhaps ironical that potent bind-
ing to the HERG protein in the fi,
channel is now perceived as a disad-
vantageous property of Class IIl agents
because of proarrhythmia potential.
Regulatory agencies now require data
on the effects of any novel compound
on the HERG channel prior to human
exposure. In retrospect, perhaps drug
researchers seeking an improved amio-
darone were somewhat misled by as-
suming that its major desirable prop-
erty was prolongation of APD solely
by selective I, blockade.

THE SEARCH FOR AN
IMPROVED AMIODARONE

The cardiac channel actions of amio-
darone include potent inhibition of the
K./Ks channels, moderate inhibition
of the cardiac o and B receptors, as
well as of the L-C, channel and the
fast sodium channel. The challenge

in seeking an improvement on amio-
darone is to decide how many of these
properties contribute to its antiarrhyth-
mic efficacy. Amiodarone is more effi-
cacious than all other antiarrhythmic
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drugs in treating atrial fibrillation, and
is better than placebo or lidocaine for
treating ventricular fibrillation. The elec-
trophysiological properties of acutely
administered amiodarone are marked-
ly different from those observed follow-
ing chronic oral therapy, which results
in APD prolongation. It is noteworthy
that the original studies by Singh in-
volved the study the effects of long-
term intraperitoneal administration to
rabbits for prolonged periods followed
by ex vivo studies on the atria and
ventricles. A single parenteral dose of
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Channel N . Selective
name Abbreviation Gene A-subunits blocker
Rapid delayed

chtifier Y e KCNH2 ERGI Class 11l (agents)
Slow delayed .

rectifiery Is KCMQI  KyLQT (Mink) Class Il (agents)
Inward rectifier L KCMJ4 Kir 2.3 Tertiapin (venom)
ATP-gated channel L amp [é(CCJ\IJ\}]]% K 6.1/6.2 + ATP

. KCNJ3 Kir 3.1 :

Muscarinic I ach KCNJ5 Kip 3.4 Atropine
Transient outward I KCND3 Ky 2/4.2

current tol JCNA4 Ky21.4

Ultrarapid delayed

ifi ?
rectifier T

Ky 1.5 (human)
Ky 1.3 (canine)

Table II1. Selecied voltage-gated cardiac potassium ton channels. K* channels consist of pore-

forming (o) transmembrane subunits and accessory units that can markedly alter the properties of

the channel.

amiodarone (5 mg/kg) causes only a
significant lengthening of the AH inter-
val and atrioventricular nodal effective
refractory period, with no effect on the
heart rate or the QTc interval. There is
thus a marked disparity between the
electrophysiological effects of acutely
administered amiodarone and those
observed after long-term treatment
(Table 1V).35 The explanation for these
differences is not clearly understood,

but possibly the interaction of amio-
darone (and its major metabolite
desethylamiodarone) with thyroid hor-
mones may be important.36 Amio-
darone treatment causes a dose-de-
pendent decrease in the expression of
several T;-dependent genes. The main
metabolite, desethylamiodarone, in-
hibits the binding of T; to its nuclear
receptors. It is a competitive inhibitor
at the oy thyroid hormone receptor

Electrophysiological parameter Acute  Chronic

Increase in:  RR interval + ¥
PR interval ++ o+
QT/QTc 4 T+
AH interval e T+
QRS interval (rate-related) ++ +++
Atrial ERP + S+
AV nodal ERP e 4+
Ventricular ERP i et
His-Purkinje ERP + ot
Bypass tracts (anterograde/retrograde) st AFFAF=F

*Sympatholytic action.

Table IV. Comparison of the electrophysiological effects of acute versus chronic amiodarone

administration in man.

Abbreviations: AV, atrioventricular; ERP, effective refractory period.
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(TRy;) and a noncompetitive inhibitor
at the B; thyroid hormone receptor
(TRg). An additional complexity re-
garding the mode of action of amio-
darone is that the contribution of the
systemic and coronary vasodilator ac-
tions of amiodarone to its overall anti-
arrhythmic efficacy is not clearly estab-
lished, though there is reason to believe
that these effects are also beneficial.

The major shortcomings of amiodarone
relate, firstly, to its suboptimal phar-
macokinetics properties. It is variably
absorbed from the gut and is widely
distributed, accumulating in muscle
and fat. It has an average half-life in
humans of 50 days, ranging between 20
to 100 days. Its effects persist for up to
1 month after stopping therapy. Sec-
ondly, amiodarone treatment can be
associated with a range of adverse ef-
fects involving multiple organ systems
(1able II). These adverse events may
be due in part to the iodine content of
the molecule (ie, changes in thyroid
status and ocular deposits), but the
mechanism of the hepatic, skin, and
pulmonary effects is not understood.20

Several research strategies have been
adopted in seeking agents with an effi-
cacy similar to amiodarone, but with
better tolerability and pharmacokinet-
ics. Close analogs of amiodarone have
been made by one group, preserving
both the benzofuran and di-iodo struc-
tures, but substituting ester homologs,
in order to achieve better kinetics and
more rapid onset of effect. The lead
compound (ATI 2042) is in phase 2 clin-
ical trials. It has a half-life in humans
of 100 hours instead of the 50-day half-
life of amiodarone. Experimental stud-
ies in isolated guinea pig hearts show
that ATI 2042 increases atrial conduc-
tion time by 70% and APD and QTc by
10%.37 It is not easy to understand the
logic of this group’s research strategy
because of the widespread assump-
tion that the iodo substitution in amio-
darone, which is also present in ATI
2042, is a major contributor to its un-
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wanted side effects. The compound
KBI 30015, produced by Karo Bio AB
(Sweden), also retains the benzofuran
and di-iodo substitutions, but the hy-
pothesis is that amiodarone’s action
on chronic administration is mediat-
ed by inhibition of thyroid hormone
action on the heart. KBI 30015 is an
antagonist at both the human o and
B thyroid receptors (ICsy 2.2 and 4.1
micro, respectively.? However, the
electrophysiological effects in acute
administration studies show that it
reduces the cardiac sodium and Z¢,
channels.38 It seems unlikely that the
acute effects are due to modification
of thyroid hormone action on the heart.

An alternative strategy adopted by the
scientists in the Sanofi laboratories
had been to synthesize noniodinated
analogs of amiodarone, preserving the
benzofuran structure. The most ad-
vanced compound is dronedarone
(SR 33589), which is in phase 3 clinical
trials in atrial fibrillation.39 The litera-
ture on the electrophysiological effects
of dronedarone provides differing pro-
files, depending upon the animal
species, whether the studies are in
vitro or in vivo or are acute or chronic.
Specifically, its effects in prolonging
APD were not observed following acute
administration to anesthetized dogs,
but APD and QTc were significantly
prolonged following chronic treatment
(2x 20 mg/kg/day) in a canine model
of atrioventricular block.40

While the electrophysiological prop-
erties of dronedarone are not finally
agreed upon, the dose-ranging trial in
atrial fibrillation (postconversion) in-
dicates that in a dose of 800 mg/day,
it increased the time to recurrence of
fibrillation from 5 days on placebo to
60 days on therapy.39 Two additional
phase 3 clinical trials are in progress
(EURIDIS |[EURopean trial In atrial fib-
rillation or flutter patients receiving
Dronedarone for the malntenance of
Sinus rhythm| and ADONIS |American-
Australian-African trial with Drone-

darONe In atrial fibrillation or flutter
patients for the maintenance of Sinus
rhythm), but the results are not cur-
rently available. A trial of its antiar-
rhythmic effects in moderate-to-severe
chronic heart failure (ANDROMEDA
[ANtiarrhythmic trial with DROne-
darone in Moderate to severe CHF Eval-
uating morditity DecreAse]) showed
an excess of deaths (24 vs 10) in the
treated group. The trial was stopped.
On balance, it seems likely that drone-
darone will be as effective as amio-
darone, but its overall risk:benefit pro-
file remains to be clearly established.

E-0471 is another analog of amio-
darone in which the di-iodophenyl is
replaced by a thiophin. Studies in
guinea pig myocytes show that it has
effects not only in depressing the I,
channel, but also the slow and fast
components of the delayed rectifier
current as well as blocking the L-type
Ca channel. An open pilot clinical
study showed beneficial effects in pa-
tients with atrial arrhythmias.41.42

COMMENTARY

This essay has described the evolution
of the Class III antiarrhythmic drugs
from their inception in the late 1960s
until the present time. The story illus-
trates the continuing importance of
serendipity and clinical observations
in the drug discovery process. For ex-
ample, sotalol was not originally syn-
thesized as a B-blocker, but as part of
a structure/function study on the in-
corporation of alkylsulfonamido groups
into the benzene ring of phenylethanol-
amines.2! The attractive properties of
pL-sotalol for arrhythmia control by a
Class Il action, as well as for treating
angina pectoris and hyperthyroidism,
due to its B-blocking properties, were
entirely serendipitous observations.
Similarly, the amiodarone research
program seeking an improved antiang-
inal agent was based on the unsub-
stantiated efficacy of khellin in angina
pectoris.10 Its Class I actions were
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only observed after chronic oral ad-
ministration to rabbits, necessitated
by the poor solubility of amiodarone
for acute in vitro studies on cardiac
electrophysiology.4 Furthermore, the
reversal of its effects on prolonging ac-
tion potential duration in rabbit heart
by coadministration of thyroxine, as
well as its slow onset of effect follow-
ing oral dosing, are not fully explained
even today.3s Its antiarrhythmic ef-
fects were first detected in the clinic
and only subsequently did the research
scientists in Labaz Laboratories study
its acute effects in experimental ar-
rhythmias.15

The next phase of the Class III drug
evolution was designed drug discovery,
based on the reasonable assumption
that potent, specific blockade of the
Iy, channel would provide improved
antiarrhythmic therapy. This target was
made possible by the advances in elec-
trophysiology and patch-clamp tech-
nology. Furthermore, the availability
p-sotalol as a chemical template, as
well as amiodarone, provided the me-
dicinal chemists with ample opportu-
nities. The currently approved Class II
agents (dofetalide/ibutelide) are effec-
tive in atrial arrhythmias, but are less
effective in controlling serious ventric-
ular arrhythmias.

Nevertheless, Class III agents are more
attractive than Class I and Class II
because they have minimal negative
hemodynamic effects and can be given
both orally and parenterally.43 How-
ever, potent highly selective blockade
of only the I, channel with concomi-
tant reverse use dependency can be
associated with potentially lethal tor-
sades de pointes. The newer antiar-
rhythmic agents, while termed Class 111,
have actions on one or more addition-
al cardiac channels (see Table 1), so
the research goals are moving away
from pure /i, blockade. Perhaps an
important lesson to be learned, with
application to the whole field of drug
discovery, is the pitfall of our tendency
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to oversimplify the biological targets,
in this case selective I, blockade. This
field, like so many others in drug dis-
covery, requires a deeper understand-
ing of the complexity of biological
systems.44 Until this is more feasible,
serendipity and translational research,
both animal45 and human,46 will con-
tinue to play a major role.
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