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ABSTRACT — We investigated the effects of semotiadil (SD-3211), a novel calcium antagonist, on
blood pressure and the atrioventricular (AV) conduction time and functional refractory period (FRP) of
the AV conduction system (AV conductivity) in anesthetized open-chest dogs. The heart was electrical-
ly stimulated at a constant rate. In dogs with an intact nerve supply to the heart, i.v.-injections of
semotiadil (0.03 to 0.3 mg/kg) produced a fall of blood pressure in a dose-dependent manner. AV con-
duction time and FRP were prolonged by rather higher doses (0.3 mg/kg), and second-degree AV
block occurred only with the highest dose (1 mg/kg). In dogs with the nerve supply to the heart inter-
rupted, the vasodepressor effects and suppressant effects of semotiadil on AV conductivity were slightly
enhanced. The suppressant effects on AV conductivity became marked as pacing rates were increased.
These results suggest that semotiadil at appropriate doses produces a vasodepressor effect without
affecting AV conductivity even in the heart deprived of nervous control, e.g., the heart with g-adre-
noceptors blocked. The frequency-dependent suppressant effect on FRP of semotiadil is also notewor-
thy in the treatment of reentrant supraventricular tachycardia that involves the AV node.
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dog (anesthetized)

Semotiadil fumarate (SD-3211, (+)-(R)-2-[5-methoxy-
2-[3-[methyl-{2-[3,4-(methylenedioxy)}phenoxylethyl}-
amino]propoxy]phenyl]-4-methyl-2H-1,4-benzothiazine-
3(4H)-one hydrogen fumarate, whose chemical struc-
ture is shown in Fig. 1, decreased the plateau of the
fast action potential without affecting the maximum up-
stroke velocity and depressed the slow action potential
induced by isoproterenol in isolated guinea pig papillary
muscles (1). The result suggested that semotiadil can be
classified as a calcium antagonist (1). The view was
confirmed by a recent electrophysiological study, which
indicated that semotiadil inhibited unitary calcium cur-
rents through voltage-dependent calcium channels (2).
Oral administration of semotiadil produced long-lasting
antihypertensive effects in hypertensive dogs and rats
(3, 4) and antianginal effects in rats (5, 6).

In a previous study using isolated blood-perfused dog
hearts (7), we characterized the cardiovascular profile
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of semotiadil as follows: semotiadil is nearly equieffec-
tive in producing coronary vasodilation and in suppres-
sing atrioventricular (AV) conduction, but is less effec-
tive in suppressing sinoatrial (SA) nodal and ventricu-
lar automaticity, intraventricular conduction and car-
diac muscle contractility. This profile of semotiadil
raised the possibility that it would produce undesirable
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Fig. 1. Chemical structure of semotiadil.
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effects on AV conduction in the treatment of hyperten-
sion and angina pectoris. Conversely, semotiadil may
suppress reentrant supraventricular tachyarrhythmia
that involves the AV node. Thus, we felt it necessary
to obtain detailed information about the effects of
semotiadil on AV conductivity (AV conduction time
and functional refractory period of the AV conduction
system (FRP)) in whole animals.

For this purpose, we investigated the effects of
semotiadil on blood pressure, AV conduction time and
FRP in anesthetized open-chest dogs. Because changes
in heart rate affect AV conductivity (8), the heart was
electrically paced.

MATERIALS AND METHODS

Mongrel dogs of both sexes weighing 7-17 kg were
anesthetized with sodium pentobarbital (30 mg/kg,
i.v.), which was supplemented when necessary. Under
artificial respiration, the chest was opened by midster-
nal thoracotomy, and the heart was kept in position
with the pericardial cradle. Bipolar stimulating elec-
trodes were sutured onto the epicardial surface of the
right appendage. Two pairs of bipolar recording elec-
trodes were sutured onto the epicardial surface of the
right atnum and the apex to obtain atrial and ventricu-
lar electrograms, respectively. Catheters were inserted
into the right femoral artery and vein to measure blood
pressure and to administer drugs, respectively. The SA
node activity was eliminated by injections of 70% ectha-
nol into the sinus node artery and then the right
appendage was paced at a basal rate of 150
stimuli/min. In some animals, the nerve supply to the
heart was left intact (dogs with the nerve-intact heart);
and in others, the vagus nerves were cut bilaterally and
the stellate ganglia were extirpated bilaterally (vagoto-
mized and stellectomized dogs).

AV conduction time was measured by an AV inter-
val counter (Data-Graph, NH-110); and FRP was meas-
ured by an apparatus, which consisted of a program-
med stimulator (Data-Graph, HT-1), an interval coun-
ter (Data-Graph, HT-11) and a display unit (Nihon
Kohden, VC-7A). Details of the apparatus which meas-
ures FRP automatically have been described elsewhere
(9, 10). Briefly the programmed stimulator delivered
extrastimuli §” after every 7th regular (pacing) stimulus
(8), and the interval between S and §’ was shortened
following the program. Blood pressure was measured
by a pressure transducer (Gould-Statham, P23ID).
Blood pressure, AV conduction time and FRP were re-
corded on a rectilinear recorder {San-e¢i Instrument,
8S).

In the absence of drugs, the pacing rate was reduced

from 150 (the basal rate) to 120 stimuli/min. After AV
conduction time had become stable, AV conduction
time and FRP were measured. Subsequently, the pac-
ing rate was elevated stepwise from 120 up to 200
stimuli/min; and at each rate, the measurements were
made. The pacing rates employed were as follows: 120,
130, 150, 170, 190 and 200 stimuli/min. All these
measurements were completed within 15 min. After
control measurements, semotiadil at 0.2 mg/kg was in-
jected i.v. When drug effects on AV conduction time
reached a maximum, the measurements of AV conduc-
tion time and FRP were started in the same way as the
control. The effects of these drugs on AV conductivity
lasted at least 15 min. In some experiments, the order
of changing pacing rates was reversed.

Semotiadil fumarate, (+)-(R)-2-[5-methoxy-2-[3-
[methyl-[2-]3,4-(methylenedioxy)phenoxy]ethyl]amino]-
propoxy|phenyl|-4-methyl-2H-1,4-benzothiazine-3(4H)-
one hydrogen fumarate, was dissolved in saline con-
taining 20% dimethyl sulfoxide (DMSO) to give a con-
centration of 10 mg/ml. When the drug was given at
doses of less than 1 mg/kg, the stock solution was di-
luted with saline. In dogs with the nerve-intact heart
and in vagotomized and stellectomized dogs, i.v.-injec-
tion of 20% DMSO, a vehicle of semotiadil, had no
effect on blood pressure, AV conduction time and
FRP.

Each value represents the mean + S.E. Statistical
significance between predosing and postdosing values
was determined by Student’s f-test. If P << 0.05, the
value was considered statistically significant.

RESULTS

Effects of semotiadil on blood pressure and AV conduc-
tion time in dogs with the nerve-intact heart

Figure 2 shows the effects of semotiadil injected i.v.
on systolic blood pressure (SBP), diastolic blood pres-
sure (DBP) and AV conduction time in dogs with the
nerve-intact heart, which was paced at 150 stimuli/min.
The vasodepressor effect of semotiadil was more
marked on DBP than on SBP; DBP was decreased sig-
nificantly by 0.03 mg/kg or more, whereas no signifi-
cant decrease in SBP was seen. The decrease in DBP
reached a nadir at about 1 min, and wore off within 35
min. Semotiadil at relatively low doses (0.01 to 0.1
mg/kg) did not affect AV conduction time. However,
after 0.3 mg/kg of semotiadil, AV conduction time gra-
dually increased, and the increase amounted up to
about 30 msec at about 4.5 min and lasted longer than
10 min. At 1mg/kg of semotiadil, second degree AV
block occurred in 5 of 6 dogs.
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Effects of semotiadil on blood pressure and AV conduc-
tion time in vagotomized and stellectomized dogs

The effects of semotiadil on SBP, DBP and AV con-
duction time in vagotomized and stellectomized dogs,
in which the heart was paced at 150 stimuli/min, are
shown in Fig. 3. In these dogs, predosing values of
blood pressure were not different from those in dogs
with the nerve-intact heart. However, predosing values
of AV conduction time in vagotomized and stellecto-
mized dogs was greater by about 20 msec than that in
dogs with the nerve-intact heart. i.v.-Injection of semo-
tiadil (0.01 to 0.3 mg/kg) resulted in a greater decrease
in blood pressure, particularly SBP, than that observed
in dogs with the nerve-intact heart. The decrease in
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Fig. 2. Effects of semotiadil on systolic blood pressure (SBP),
diastolic blood pressure (DBP) and atrioventricular conduction
time (AVCT) in anesthetized open-chest dogs in which the nerves
supplying the heart were left intact. The right appendage was
paced at a rate of 150 stimuli/min. Open circles, 0.01 mg/kg;
closed circles, 0.03mg/kg; open triangles, 0.1 mg/kg; closed
triangles, 0.3 mg/kg; small squares, peak responses. Each value
represents the mean £ S.E. of 6 dogs. Second-degree AV block
occurred in 5 of 6 dogs with I mg/kg, *P < 0.05, **P < 0.01,
compared with predosing values.

SBP and DBP induced by semotiadil reached a nadir in
about 1 min. The decrease in DBP produced by 0.3
mg/kg of semotiadil lasted about 5min. In vagoto-
mized and stellectomized dogs, no change in AV con-
duction time was observed with low doses of semo-
tiadil. However, with 0.3 mg/kg of semotiadil, AV
conduction time increased rather rapidly, reached a
plateau in about 1 min and still remained increased at
10 min after administration of the drug; this prolonga-
tion of AV conduction time caused by 0.3 mg/kg of
semotiadil was greater than that in dogs with the
nerve-intact heart. With 1mg/kg of semotiadil, AV
conduction time was prolonged progressively so that
second-degree AV block occurred in all of 6 dogs.
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Fig. 3. Effects of semotiadil on systolic blood pressure (SBP),
diastolic blood pressure (DBP) and atrioventricular conduction
time (AVCT) in anesthetized open-chest dogs in which the nerve
supply to the heart was interrupted by bilateral vagotomy and ex-
tirpation of the stellate ganglia. Heart rate was maintained at 150
beats/min. Open circles, 0.01 mg/kg; closed circles, 0.03 mg/kg;
open triangles, 0.1mg/kg; closed triangles, 0.3mg/kg; small
squares, peak responses. Each value represents the mean + S.E.
of 6 dogs. Second-degree AV block occurred in all 6 dogs with 1
mg/kg. *P < 0.05, **P < 0.01, compared with predosing values.
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Effects of semotiadil on FRP in dogs with the nerve-in-
tact heart and in vagotomized and stellectomized dogs
Dose-response curves for the effects of semotiadil on
FRP in dogs with the nerve-intact heart and in vagoto-
mized and stellectomized dogs are shown in Fig. 4.
FRP was measured when changes in AV conduction
time reached maximum levels after administration of
drugs at each dose. In dogs with the nerve-intact heart,
semotiadil given i.v. at 0.3 mg/kg prolonged FRP signi-
ficantly. The effects of semotiadil on FRP were slightly
enhanced in vagotomized and stellectomized dogs.
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Fig. 4. Effects of semotiadil on functional refractory period
(FRP) in anesthetized open-chest dogs. Amimals in which the
nerve supply to the heart was intact and deprived are indicated by
open circles and closed circles, respectively. Each value represents
the mean  S.E. of 6 dogs. * *P < 0.01, compared with predos-
ing values (C).

Effects of semotiadil on AV conduction time and FRP
at various pacing rates in vagotomized and stellecto-
mized dogs

Figure 5 shows the effects of semotiadil on AV con-
duction time and FRP in vagotomized and stellecto-
mized dogs, in which pacing rates were varied in the
range of 120 to 200 stimuli/min. In the absence of the
drug, AV conduction time at 150 stimuli/min was 134.8
+ 3.1 msec. When a pacing rate was reduced to 120
stimuli/min, AV conduction time shortened to 129.2 +
2.4 msec. An clevation of the pacing rate to 200
stimuli/min increased AV conduction time to 148.2 +
4.1 msec. In contrast, FRP decreased from 249.3 £+ 7.8
msec to 242.2 £ 8.3 and 235.2 £ 7.6 msec as pacing
rates were elevated from 120 to 150 and 200
stimuli/min. Thus, AV conduction time was prolonged,
whereas FRP was shortened as pacing rates were in-
creased.

The suppressant effect of semotiadil on AV conduc-
tivity became pronounced as pacing rates were in-
creased. When semotiadil was given i.v. at 0.2 mg/kg,
AY conduction time was prolonged from the respective
predosing value of 129.2 £ 2.4 and 134.8 & 3.1 msec
to 151.0 = 7.2 and 162.0 £ 7.5msec at 120 and 150
stimuli/min. At 190 and 200 stimuli/min, second-de-
gree AV block occurred in 2 and 3 of 6 dogs, respec-
tively. Semotiadil also prolonged FRP from the respec-
tive predosing value of 2493 + 7.8 and 242.2 + 8.3
msec to 291.2 + 16.5 and 292.5 + 14.8 msec at 120 and
150 stimuli/min.
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Fig. 5. Effects of semotiadil on atrioventricular conduction time
(AVCT, circles) and functional refractory period (FRP, triangles)
in anesthetized open-chest dogs in which the heart was paced at
various rates. The nerve supply to the heart was deprived. Open
symbols, control; closed symbols, semotiadil 0.2 mg/kg. Each
value represents the mean *+ S E. of 6 dogs. Each value obtained
at each frequency is expressed as a difference from that obtained
at 120 stimuli/min. Second-degree AV block occurred with semo-
tiadil in 2 and in 3 of 6 dogs at 190 and 200 stimuli/min.

DISCUSSION

In agreement with a previous study (11), semotiadil,
which is classified as a calcium antagonist (1, 2), pro-
duced a fall of blood pressure in anesthetized open-
chest dogs when administered i.v. in the present study.
When administered at relatively higher doses, semo-
tiadil prolonged AV conduction time and FRP. Its
vasodepressant effect was observed at lower doses than
those producing prolongation of AV conductivity even
in dogs with the nerve supply to the heart interrupted.
Thus, semotiadil at appropriate doses produced the
vasodepressant effect without affecting AV conductiv-
ity even in the heart deprived of autonomic control.

Nondihydropyridine calcium antagonists affect car-
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diac functions, particularly sinus node activity, AV
conductivity and contractility at vasodilatory doses (12,
13). In clinical settings, cardiodepression such as brady-
cardia and AV block has been observed with the anta-
gonists as adverse effects (14, 15). Particularly, the car-
diodepression appears to become more severe when
patients are being treated with g-adrenoceptor block-
ers (16, 17). In our previous study (7), semotiadil sup-
pressed sinus node activity, cardiac contractility and
AV conduction at a coronary vasodilator dose when
administered into the coronary circulation. Semotiadil
was nearly equipotent in increasing blood flow and in
prolonging AV conduction time (first-degree AV
block) in the isolated, blood-perfused AV node prepa-
ration of dogs. The agent was less effective in suppres-
sing sinus nodal activity and cardiac contractility.
Therefore, it is possible that semotiadil produces an
adverse effect such as negative dromotropic effects. In
the present study, semotiadil indeed produced a pro-
longation of AV conduction time by about 25 msec at
its peak effect at 0.3 mg/kg and second-degree AV
block in 5 of 6 preparations at 1 mg/kg in anesthetized
open-chest dogs with the nerve-intact heart. However,
at 0.1 mg/kg of semotiadil, which caused a sizable fall
of blood pressure, particularly DBP, there occurred no
prolongation of AV conduction time. The vasodepres-
sor effect of semotiadil was enhanced in dogs with the
nerve supply to the heart interrupted, but even in these
dogs, there occurred no significant prolongation of AV
conduction time at 0.1 mg/kg. Therefore, semotiadil
given at appropriate doses can be used as a safe anti-
hypertensive drug even in patients with #-adrenoceptor
blockade, as has been suggested (3). In the previous
study (3) on conscious renal hypertensive dogs, the
combination of semotiadil and propranolol produced
antihypertensive effects without affecting heart rate
and AV conductton time. However, precautions on the
negative dromotropic effect of semotiadil are necessary
when the agent is used at extremely high doses.

As clearly demonstrated in the present study, semo-
tiadil prolonged AV conduction time and FRP in a par-
allel manner, which is characteristic of calcium anta-
gonists (7). The suppressant effects on these two vari-
ables were frequency-dependent as had been demon-
strated on AH intervals in Langendorff heart prepara-
tions from rabbits (1). The frequency-dependence of
the prolonging effect of semotiadil was more marked
on FRP than on AV conduction time. This characteris-
tic is favorable for the treatment of paroxysmal sup-
raventricular tachycardia that involves reentry in the
AV node. It has been established that non-vasoselec-
tive calcium antagonists like verapamil and diltiazem
are effective in the treatment of the reentrant supra-

ventricular tachycardia (18). Thus, semotiadil would be
usable for similar purposes.

In conclusion, semotiadil at lower doses produced
the vasodepressor effect without affecting AV conduc-
tion time and FRP even in dogs with deprived auto-
nomic control of heart rate. These results suggest that
semotiadil at appropriate doses is available for the
treatment of hypertensive patients whose hearts are in
a state deprived of nervous control, e.g., A-adre-
noceptor blockade, without producing adverse cffects
on AV conductivity. Clearly, caution is nceded when
semotiadil is used at higher doses because of its pro-
longing effect on AV conductivity. Conversely, a
frequency-dependent prolonging effect of semotiadil on
FRP may be useful for the controlling reentrant sup-
raventricular tachycardias that involve the AV node.
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