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Abstract

Semotiadil, a new Ca®* antagonist with a high vasoselectivity, in high concentrations depresses AV nodal conduction in a
frequency-dependent manner. The aim of the present study was to investigate the effects of semotiadil on intact cardiac
conduction and the pacemaker system in comparison with diltiazem, amlodipine and nifedipine. The effects were studied in
isolated guinea pig hearts perfused by the method of Langendorff. Both semotiadil and diltiazem decreased markedly the sinus
rate in a concentration-dependent manner whereas this was not the case in the presence of amlodipine and nifedipine.
Semotiadil (10 M) markedly prolonged sinus node recovery time and in the presence of diltiazem (10 uM) in 5 out of 7
experiments an intermittent sinus node arrest occurred. Atrioventricular conduction and the effective refractory period of the
AV node were most affected by diltiazem and semotiadil. The Ca®* channel blocking compound semotiadil showed the most
pronounced rate-dependent effects on the AV node. In the presence of diltiazem the QT interval became even shorter than in
untreated hearts. In contrast, semotiadil did not act on the QT interval. In conclusion, as semotiadil exerts a clear rate-depen-
dent effect on AV nodal conduction with a long time constant, it mimics the electrophysiological behavior of a substance of the
verapamil type.
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1. Introduction

Semotiadil fumarate (SD-3211, (+)-(R)-2-[5-
methoxy-2-[3-methyl[2-[3,4-(methylenedioxy) phenoxy]-
ethyl]laminolpropoxylphenyl}-4-methyl-2 H-1,4-benzo-
thiazin-3(4 H )-one hydrogen fumarate) was described
by Miyawaki et al. (1990) and Nishimura et al. (1990)
and differs structurally from all other Ca?* channel
antagonists (Fig. 1). Potent and long-lasting Ca®* an-
tagonistic effects are excerted by semotiadil as assessed
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in both in vivo and in vitro experiments (Kageyama et
al., 1991; Miyawaki et al., 1990, 1991; Nakayama et al.,
1992; Nishimura et al.,, 1990; Takada et al., 1991;
Yoneyama et al., 1990). Semotiadil is reported to be
more vasoselective than diltiazem and verapamil, and
more cardioselective than nifedipine and nicardipine
(Miyawaki et al., 1991; Nishimura et al., 1990). Against
coronary artery contractions semotiadil was 10 times
more potent than diltiazem but the negative inotropic
effect was only one-third that of diltiazem and the
Ca?* antagonistic smooth muscle effects were not re-
versed by drug washout. Dihydropyridines do not re-
duce the incidence of reperfusion arrhythmias (Hope
et al., 1983; Uematsu et al., 1986) but semotiadil was
7-14 times more potent than bepridil in reducing the
incidence of reperfusion-induced premature beats or
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Fig. 1. Chemical structure of semotiadil (SD-3211, (+)-(R)-2-[5-
methoxy-2-{3-methyl[2{3,4-(methylenedioxy) phenoxylethyilamino)-
propoxylphenyl]-4-methyl-2 H-1,4-benzothiazin-3(4 H )-one hydrogen
fumarate).

ventricular fibrillation. In anesthetised open-chest dogs
0.1 mg/kg of semotiadil caused a significant fall in
blood pressure, particularly diastolic blood pressure,
but no prolongation of AV conduction time. At a
higher concentration there was a frequency-dependent
depressant effect on the AV conduction time and on
the functional refractory period. The classification of
the mode of action of semotiadil as a Ca®* antagonistic
compound warrants a thorough definition of inhibitory
electrophysiological effects in all parts of the cardiac
impulse generation and conduction system. In particu-
lar, the direct cardiac effects not modified by reflex
sympathetic activities are of significance.

The Langendorff-perfused heart is a well-estab-
lished system to study the direct cardiac effects of
Ca’* antagonists. We have described a refined ECG
technique (SST-ECG, Stark et al., 1987, 1989) to mea-
sure the relevant electrophysiological parameters in all
parts of the heart, and this technique has been applied
to characterize the mode of action of various com-
pounds (Stark et al., 1988, 1990). It was the aim of the
present study to measure the effects of semotiadil in all
parts of the cardiac conduction system and to compare
its rate and dose dependency with those of amlodipine,
diltiazem and nifedipine.

2. Materials and methods
2.1. Animals

62 white guinea pigs of either sex, weighing 200-300
g, given food ad libitum, were divided in four groups of
8, four groups of 6 and one control group of 6 animals.
Complete results were obtained from 57 of 62 prepara-
tions studied.

2.2. Experimental protocol

Guinea-pigs were injected intraperitoneally with 250
1U of heparin 1 h before being killed by dislocation of
the neck. The chest was quickly opened, the heart
removed and attached to a modified non-recirculating
Langendorff perfusion system (Anton Paar, Graz, Aus-

tria). All procedures met the guidelines set by the
Committee on Animal Care at our medical center.
Tyrode’s solution, saturated with a mixture of oxygen
(95%) and carbon dioxide (5%) and warmed to 36°C
was used as perfusate (in mM: NaCl 132.1, KCl 2.7,
CaCl, 2.5, Mg(l, 1.15, NaHCO, 24.0, NaH, PO, 0.42,
p-glucose 5.6). Immediately after the heart had been
attached to the Langendorff perfusion system, electro-
cardiographic (ECG) recordings were taken from the
epicardial surface. The perfusion rate was progressively
increased until it reached 8 ml/min or a perfusion
pressure of 60 cm H,O so that atrioventricular conduc-
tion, a sensitive parameter for acute ischemia in this
preparation, was shorter than 65 ms and the sponta-
neous sinus rate was about 200 beats /min. Each heart
was allowed to equilibrate for 30 min. If rhythm irregu-
larities occurred during the equilibration period, the
heart was discarded.

Two FeCl;-chloridized silver wire electrodes (wire
diameter 0.3 mm, electrode tip diameter 1.5 mm) were
placed on the epicardial surface of the heart and were
free to move with the contractions. Both electrodes
were positioned in the AV-valve plane, anteriorly near
to the origin of the interventricular artery and posteri-
orly between the two auricles, respectively. The unfil-
tered signals were amplified by a factor of 100 with an
instrumentation amplifier (Anton Paar, Graz, Austria)
with AC input (fc = 0.72 Hz). His bundle activity was
visible in the bipolar recorded ECG signals which were
monitored on a digital storage oscilloscope and stored
on a tape-recorder sampling at 5 kHz. Details of this
high-resolution ECG recording technique have been
described in earlier publications (Stark et al., 1989).
The ECG signals were further digitised by an analog to
digital converter (TL-125, Axon Instruments, USA)
and monitored and stored on a personal computer
(486 /50 MHz) for further analysis.

2.3. Parameters measured

Changes in sinus rate, AV nodal (AH interval), His
bundle (HV interval) and intraventricular conduction
(QRS interval) as well as the repolarization time (QT
interval) were evaluated in four groups (8 experiments
in each group) during control conditions and 20 min
after the addition of each concentration of semotiadil
(10 nM, 0.1 uM, 1 uM, and 10 M), diltiazem (10 nM,
0.1 uM, 1 M, and 10 pM), amlodipine (0.1 nM, 1
nM, 10 nM, and 0.1 uM) and nifedipine (0.1 nM, 1
nM, 10 nM, and 0.1 wM). The compounds were contin-
uously injected, by a perfusion pump near the aorta, in
the Tyrode’s solution to avoid unspecific binding in the
perfusion system. At each concentration the atrioven-
tricular, atrial and ventricular effective refractory peri-
ods were estimated. In four separate groups (6 experi-
ments in each group) the time constant, characterizing
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the prolongation of atrioventricular conduction time
after an abrupt increase the pacing rate, was evaluated
at a concentration of 100 nM semotiadil, 30 nM dilti-
azem, 100 nM amlodipine or 10 nM nifedipine.

2.4. Pacing protocol

The time constants of the atrioventricular conduc-
tion time prolongation were estimated after an abrupt
increase of the pacing rate at a concentration of 100
nM semotiadil, 30 nM diltiazem, 100 nM amlodipine or
10 nM nifedipine, whereby a comparable prolongation
of the atrioventricular conduction time during sinus
rhythm was induced. Twenty minutes after addition of
each drug the atrioventricular conduction time (AVCT)
was measured at an atrial pacing cycle length of 240
ms. After 2 min of atrial pacing at an intensity of twice
the late diastolic threshold, the pacing cycle length was
abruptly shortened from 240 ms to 180 ms, and kept at
this new rate for another 2 min. The AVCT was
measured continuously, beat to beat, throughout the
experiment. To exclude ischemic effects during rapid
pacing, in a separate series of 6 experiments the crea-
tine kinase concentration in the coronary effluent was
measured before (6.4 1U + 0.9; mean + S.E.M.) and
immediately after the rapid stimulation period (5.8
U + 1.0).

A nonlinear regression analysis (Sigma Plot software
package) was performed. AVCTn = (AVCTss —
AVCT0) X (1 —exp(—n /1)) where AVCTn, AVCTO,
and AVCTss are the AVCT of the nth beat, of the last
paced beat at a cycle length of 240 ms, and of the
steady state at a pacing cycle length of 180 ms; 7 is a
time constant expressed as a number of beats. In the
presence of semotiadil, diltiazem, amlodipine and
nifedipine the frequency-dependent changes of the
AVCT were described by a time constant for the initial
fast phase and for a following slow phase which was
noted only in the presence of drugs. The initial fast
phase could be described by a time constant of one
beat for the used drugs as well as for control condi-
tions.

2.5. Stimulation protocol for evaluation of the effective
refractory period and sinus node recovery time

Under control conditions and 20 min after the addi-
tion of each drug concentration the effective refractory
period of the atrioventricular, atrial and ventricular
myocardium was determined. The stimuli were deliv-
ered through Teflon-coated silver wire electrodes
placed on the epicardial surface of the left auricle for
the measurement of atrial and atrioventricular nodal
refractoriness. For evaluation of the effective refrac-
tory period of the ventricle the stimulation electrodes
were placed on the apex of the right ventricle. The

stimulation threshold was evaluated at the beginning of
the pacing protocol. A programmable stimulator with
separate constant current output delivered rectangular
stimuli of 2 ms duration at an intensity of twice the late
diastolic threshold. The effective refractory period of
the atrioventricular node was evaluated with a condi-
tioning train of ten basic stimuli (S1). The S1-S1
interval was 230 ms and the S1-S2 interval was short-
ened in steps of 1 ms. After each step the heart was
allowed to recover from rapid pacing for 1 s. The
longest S1-S1 interval for a stimulus that failed to
induce an atrial or ventricular response was defined as
atrial effective refractory period (A-ERP) or ventricu-
lar effective refractory period (V-ERP) respectively.
The longest S1-S2 interval for a stimulus that failed to
conduct through the AV node and to produce a His
bundie response was defined as the AV nodal effective
refractory period (AV-ERP). For the evaluation of the
sinus node recovery time (SNRT) the hearts were
paced via the right auricle with a pacing rate of 300
beats per minute for 30 s, after which time pacing was
stopped. The distance between the last atrial signal
induced by a stimulus and the first spontancously oc-
curring atrial signal was defined as SNRT.

2.6. Expression and statistical analysis of the results

All values are expressed as means + S.E.M. The
data were compared using a Wilcoxon test after a test
of homogeneity of variance had been performed on a
personal computer using a statistical software package
(Statgraphics, version 6.0).

2.7. Drugs used

Semotiadil (Santen Pharmaceutical, Japan) dis-
solved in dimethy! sulfoxide, diltiazem (Goedecke,
Germany), amlodipine (Pfizer, Austria), and nifedipine
(Sigma, Germany) dissolved in physiologic saline were
prepared before each experiment. The measurements
were performed after a perfusion period of 20 min. In
pilot experiments (n =3, data not presented in this
paper) we have shown that 20 min of perfusion with
semotiadil are necessary to get a steady state of the
electrophysiological effects. Control measurements
were made in the presence of Tyrode’s solution. We
used one concentration below (X 10) and two concen-
trations above (X 10, X 100) the therapeutic drug level
for each compound in our experiments.

3. Results

3.1. Effects on sinus rate and conduction intervals

At a concentration of 0.1 M of semotiadil and
diltiazem atrioventricular conduction time (AVCT) was
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significantly prolonged. At concentrations higher than
0.1 »M AVCT prolongation was significantly (P < 0.01)
higher in the presence of diltiazem compared to semo-
tiadil. In 5 out of 7 experiments an intermittent sinus
node arrest and third-degree atrioventricular block oc-
curred in the presence of 10 uM diltiazem. AVCT was
depressed significantly at a concentration of 0.1 uM
nifedipine.

His bundle conduction and intraventricular conduc-
tion time remained unaffected by amlodipine and
nifedipine also at the highest dosage used. At the
highest concentration (10 wM) semotiadil and dilti-
azem caused a marked prolongation of the His bundle
conduction time, whereas the QRS duration was unaf-
fected.
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Fig. 2. Effects of semotiadil, diltiazem, amlodipine and nifedipine on
sinus rate and conduction intervals. At 10 uM of diltiazem in 5 out
of 7 experiments atrioventricular block (3rd degree) and intermittent
sinus node arrest occurred. 1= Control, 2=10 nM, 3=0.1 uM,
4=1 uM, and 5=10 uM for semotiadil and diltiazem. 1 = Control,
2=0.1 nM, 3=1 nM, 4=10 nM, and 5=0.1 uM for amlodipine
and nifedipine. AV-B, atrioventricular block; ISA, intermittent sinus
node arrest. Values are means+S.EM.; * P <0.05; °* P <0.01.
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Fig. 3. Changes of the frequency-dependent QT interval in the
presence of semotiadil, diltiazem, amlodipine and nifedipine. The
area between the two curves indicates the normal behavior of the QT
interval in dependence of heart rate in untreated isolated hearts
(Stark et al,, 1989). 1 =10 nM, 2=0.1 uM, 3=1 uM, and 4=10
uM for semotiadil and diltiazem. 1 =0.1 nM, 2=1 nM, 3=10 nM,
and 4 = 0.1 uM for amlodipine and nifedipine. Values are means+
SEM.; " " P <0.01.

The sinus rate was significantly depressed by 10 nM
semotiadil and 0.1 uM diltiazem. At the highest con-
centration (10 wM) of both drugs the sinus rate was
nearly halved compared to control conditions. In the
presence of 10 pM diltiazem in 5 out of 7 experiments
an intermittent sinus node arrest occurred. Therefore,
the depression of sinus node activity was higher in the
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Fig. 4. Effects of semotiadil, diltiazem, amlodipine and nifedipine on
atrial (A-ERP), atrioventricular (AV-ERP) and ventricular refrac-
toriness (V-ERP). At the highest concentration of semotiadil (10
wM) in 5 out of 8 experiments, of diltiazem (10 ©M) in all experi-
ments and of nifedipine (0.1 M) in 2 out of 7 experiments an
atrioventricular block (3rd degree) occurred during evaluation of the
AV-ERP. AV-B, atrioventricular block. Values are means+S.EM.;
T P<005 "7 P<00l1.

presence of diltiazem compared to semotiadil at this
concentration (Fig. 2).

The repolarization period (QT interval) remained
unaffected by semotiadil, amlodipine and nifedipine,
whereas in contrast diltiazem induced a concentra-
tion-dependent shortening of the QT interval (Fig. 3).

3.2. Effects on refractoriness

Semotiadil caused an increase of the A-ERP only at
the highest concentration of 10 wM. Diltiazem also
caused an increase of the A-ERP at a concentration of
only 0.1 uM. Nifedipine induced only a slight but
significant prolongation of the A-ERP at the low con-

centration of 0.1 nM. Amlodipine did not affect the
A-ERP.

The AV-ERP was markedly depressed by 0.1 uM
semotiadil and 10 nM diltiazem. Amlodipine and
nifedipine depressed the AV-ERP slightly but signifi-
cantly at a concentration of 1 nM. A third-degree AV
block was present during programmed stimulation at
the highest concentration of semotiadil (10 M) in 5
out of 8 experiments and with diltiazem (10 wM) in all
experiments. In 2 out of 7 experiments a third-degree
AYV block occurred in the presence of 0.1 uM nifedip-
ine. No AV block was seen with amlodipine.

The V-ERP remained unaffected by all compounds
applied, with the exception of 10 uM of semotiadil and
diltiazem, where a significant prolongation could be
observed (Fig. 4).

1 uM semotiadil and 1 uM diltiazem were neces-
sary to elicit a significant prolongation of the SNRT. In
the presence of 10 nM amlodipine and 0.1 uM nifedip-
ine the SNRT prolongation reached significance. The
prolongation of the SNRT was significantly more pro-
nounced (P < 0.05) by semotiadil compared to dilti-
azem at a concentration of 1 uM. However, at a
concentration of 10 uM diltiazem in 5 out of 7 experi-
ments an intermittent sinus node arrest occurred and
therefore SNRT was not measurable in these cases
(Fig. 5).

3.3. Frequency-dependent effects on the AV node

Under control conditions an abrupt change in sinus
rate caused by atrial pacing with a S1-S1 interval
shortened from 240 to 180 ms did not produce any
rate-dependent changes in AVCT. In contrast, in the
presence of semotiadil (100 nM), diltiazem (30 nM),
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Fig. 5. Effects of semotiadil, diltiazem, amlodipine and nifedipine on
sinus node recovery time (SNRT). In the presence of 10 uM dilti-
azem in 5 out of 7 experiments intermittent sinus node arrest
occurred. In these experiments it was not possible to determine the
sinus node recovery time (SNRT). 1= Control, 2=10 nM, 3=0.1
uM, 4=1 uM, and 5=10 uM for semotiadil and diltiazem. | =
Control, 2=0.1 nM; 3=1 nM, 4=10 nM, and 5=0.1 uM for
amlodipine and nifedipine. ISA, intermittent sinus node arrest. Val-
ues are means+S.E.M.; " P <0.05; " P <0.01.
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amlodipine (100 nM), and nifedipine (10 nM) AVCT
increased progressively as a logarithmic function of the
beat number (Fig. 6). The above concentrations were
those causing comparable AVCT prolongation during
sinus rhythm. At a pacing cycle length of 180 ms the
rate-dependent slowing of conduction was most pro-
nounced in the presence of diltiazem (P < 0.05) com-
pared to all other drugs (Table 1).

The time constant of the rate-dependent AVCT
prolongation was longest (P < 0.01) in the presence of
semotiadil compared to all other drugs (Table 1). In
the presence of nifedipine the onset of AVCT prolon-
gation after the abrupt increase in pacing rate was so
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Fig. 6. Beat-to-beat plots of atrioventricular conduction time (AVCT)
during atrial pacing in the presence of semotiadil, diltiazem, am-
lodipine and nifedipine. At beat 0, the pacing cycle length was
shortened abruptly from 240 to 180 ms. Onset time constant for the
best nonlinear regression fit is expressed in beats.

Table 1
Time constant for drug-induced changes in atrioventricular conduc-
tion time

Parameter Semotiadil Diltiazem Amlodipine Nifedipine
n 6 6 6 6

r 0.96+0.01 0.924+0.01 0.89+0.02

Magnitude (ms) 15.4+14 227+25 133409 17.8+1.8
7 (beats) 128+9 72411 77+10 <20

Values are means+S.E.M.; n, number of experiments with analyz-
able kinetic data; r, nonlinear correlation coefficient; 7, time con-
stant; magnitude, drug-induced prolongation of atrioventricular con-
duction time after abrupt decrease in pacing cycle length from 240 to
180 ms.

fast and only followed by a slow and minor prolonga-
tion that a meaningful calculation of the time constant
was not possible.

4. Discussion

It is well known that semotiadil i1s a highly selective
vasodilator (Nishimura et al., 1990; Takada et al., 1991).
The relative specificity of semotiadil for coronary va-
sodilation rather than for cardiodepression is greater
than that of diltiazem, but less than that of dihydropy-
ridines (Miyawaki et al., 1991; Nishimura et al., 1990).
Semotiadil is distinctly different from dihydropyridine
Ca®* antagonists in depressing AV nodal function in
coronary vasodilator doses; the dose that produced a
15% increase in AV conduction time was very close to
the dose that doubled coronary blood flow (Yoneyama
et al., 1990). In this respect, semotiadil resembles vera-
pamil and diltiazem (Taira, 1987). Because of the di-
rect effects of semotiadil on the AV node it seems to
be of interest to study the electrophysiological proper-
ties of this substance on the intact cardiac pacemaker
and conduction system and to compare them to those
of other potent vasodilators such as diltiazem, amlodip-
ine and nifedipine.

Both semotiadil and diltiazem decreased markedly
the sinus rate and prolonged the SNRT in a concentra-
tion-dependent manner compared to the two dihy-
dropyridines amlodipine and nifedipine.

The highest concentration of diltiazem (10 uM)
caused in 5 out of 7 experiments an intermittent sinus
node arrest. This was not the case in the presence of
semotiadil at this concentration. Therefore, the sinus
node was most depressed by diltiazem compared to all
other substances used in this study. However, semo-
tiadil also has to be used with caution for patients with
sick sinus syndrome.

The atrial effective refractory period was slightly but
significantly prolonged by semotiadil, diltiazem and
nifedipine. The most pronounced prolongation of the
A-ERP was reached at the highest concentration of
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semotiadil (10 wM), which may be explained by its
sodium antagonistic activity (Fukuchi et al, 1990).
However, because of the small increase in the A-ERP
caused by semotiadil, diltiazem and nifedipine, this
effect may be of questionable biological significance at
clinically used drug concentrations.

Atrioventricular conduction time was most affected
by diltiazem compared to all other compounds studied.
The marked prolongation of AVCT in the presence of
10 uM diltiazem was also present when the sinus rate
was low (86 + 12 beats /min). Therefore, at this con-
centration during programmed stimulation (S1-S1 =
230 ms) for evaluation of AV nodal refractoriness in all
experiments a third-degree AV block was induced.
Semotiadil mimicked the effects of diltiazem on AVCT
and AV-ERP. Amlodipine and nifedipine led also to a
concentration-dependent prolongation of the AVCT
whereas in contrast to semotiadil and diltiazem, the
sinus rate was only slightly affected by the two dihy-
dropyridines. To further characterize the effects on the
AV node of the compounds studied the time constant
of their rate-dependent inhibitory effect on AVCT was
calculated after the heart rate was changed abruptly.
Alterations in basic frequency resulted in complex
changes in drug dissociation between beats and of drug
association during successive activations. The degree to
which the time dependence of drug-induced conduc-
tion changes paralleled effects on the corresponding
inward Ca®" current is still unclear. In canine cardiac
Purkinje fibers, there is a close relation between the
recovery time constant for effects on V,,,, and conduc-
tion (Nattel, 1986). The precise relation between the
time dependence of measures of inward current and
conduction in the presence of antiarrhythmic drugs is
still uncertain. Nonetheless, considerable evidence
shows that, at least for drugs that alter sodium conduc-
tance, the frequency dependence of inward current
changes is closely related to use-dependent changes in
conduction (Hondeghem and Katzung, 1977; Morady
et al., 1985). This phenomenon might also explain the
slowing of atrioventricular conduction during an abrupt
increase of the heart rate in the presence of Ca®*
channel blocking substances. The Ca** channel block-
ing substance semotiadil showed the most pronounced
rate-dependent effects on the AV node, as indicated
by a very long time constant comparable to that of
verapamil (Stark et al., 1993). In thc presence of
nifedipine the AVCT prolongation during an abrupt
increase of the heart rate occurred within a few beats,
which made it impossible to calculate a time constant.
The rate-dependent effect of amlodipine and diltiazem
on the AV node was characterized by approximately
the same short time constant. Therefore, under clinical
situations, semotiadil, due to its high rate-dependent
effect on AV nodal conduction, may be equally as
effective as verapamil in controlling the ventricular

rate during atrial flutter or fibrillation (Stark et al.,
1995).

Both semotiadil and diltiazem caused a marked
prolongation of the His bundle conduction time, indi-
cating an unspecific sodium antagonistic effect of both
substances at a concentration of 10 uM. According to
this effect the V-ERP was also significantly prolonged
by both substances at this high concentration (Henry,
1980).

The QT interval in untreated hearts is inversely
proportional to the heart rate. A decrease in heart rate
elicited by the effects of Ca®" antagonists should lead
to a prolongation of the QT interval. With diltiazem
the heart rate decrease did not cause the expected
prolongation of the QT interval. With increasing con-
centrations of diltiazem, the QT interval became even
shorter than in untreated hearts. In contrast, semo-
tiadil did not act on the QT interval at the used
concentrations. This effect is comparable to that of
verapamil (Stark ct al., 1988).

In conclusion, semotiadil and diltiazem strongly in-
fluenced the whole cardiac conduction and pacemaker
system, whereas the two dihydropyridines (amlodipine
and nifedipine) did not show such strong effects, espe-
cially not on the sinus node and atrioventricular node.
Due to a marked prolongation of the sinus node recov-
ery time, caused by semotiadil, this compound should
be used with caution in patients with sick sinus syn-
drome. As semotiadil exerted a clear rate-dependent
effect on AV nodal conduction with a long time con-
stant and did not affect the rate-dependent QT inter-
val, it mimics the electrophysiological effects of a sub-
stance of the verapamil type.
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