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Abstract

The effects of sematilide, a novel class III antiarrhythmic agent, on membrane currents were examined in single myocytes isolated
from the rabbit left atrium, using the whole-cell voltage clamp technique. Application of 10, 30, 100 and 300 mM sematilide caused a

q Ž .concentration-dependent inhibition of the delayed rectifier K current IC approx. 25 mM . The sematilide-sensitive current, which was50

recorded by means of a triangular voltage command, showed a strong inward rectification and had a peak at about y40 mV, suggesting
that sematilide inhibits the rapidly activating delayed rectifier Kq current. The Ca2q-independent transient Kq and the inward rectifier
Kq currents were not affected significantly by application of 100 mM sematilide. Moreover, voltage-dependent Naq and Ca2q currents
were not affected significantly by 100 mM sematilide. These findings indicate that sematilide selectively blocks the rapidly activating
delayed rectifier Kq current in atrial myocytes and provide evidence supporting the usefulness of the drug as a class III antiarrhythmic
agent. q 1997 Elsevier Science B.V.
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1. Introduction

Ž w Ž . xSematilide hydrochloride N- 2- diethylamino ethyl -4-
wŽ . x .methylsulfonyl -amino benzamide HCl is currently be-
ing evaluated as a new antiarrhythmic agent in clinical
trials. It has been reported that sematilide increases action
potential duration and effective refractory period without
affecting other action potential parameters in rabbit atrium
Ž . ŽArgentieri et al., 1991 , guinea-pig ventricle Sawanobori

. Ž .et al., 1994 and atrium Ishii et al., 1995 and canine
Ž .ventricle Argentieri, 1992 . Sematilide is, therefore, clas-

Žsified as a class III antiarrhythmic agent Vaughan
.Williams, 1984 , which preferentially blocks the delayed

q Ž .rectifier K current I and consequently prolongs actionK
Žpotential duration and the effective refractory period for

.reviews, see Hondeghem, 1992; Sanguinetti, 1992 . Actu-
ally, it has been shown that 30 mM sematilide significantly

Žinhibits I in guinea-pig ventricular myocytes SawanoboriK

) Ž .Corresponding author. Fax: 81-52 836-3432; e-mail:
yimaizum@phar.nagoya-cu.ac.jp

.et al., 1994 . It is, however, well known that amiodarone,
which is classified as a class III antiarrhythmic agent,

q Ž . 2qinhibits voltage-dependent Na I and Ca currentsNa
Ž . Ž .I in addition to I Kodama et al., 1992 . Moreover, itCa K

has also been reported that MS-551, which is a new class
III antiarrhythmic agent, affects not only I but alsoK

2q q Ž .Ca -independent transient K currents I and inwardt
q Ž . Ž .rectifier K currents I Nakaya et al., 1993 . AlthoughK1

sematilide increases action potential duration and effective
refractory period in atrial myocytes of the rabbit, it might
be possible that the effect is partly due to the inhibition of
I , which is one of the major repolarizing currents in thet

Žaction potential in atrial myocytes of the rabbit Giles and
.Imaizumi, 1988; Qu et al., 1994 as well as those of

Ž .humans Shibata et al., 1989; Fermini et al., 1992 . In a
previous study, we showed that I in the rabbit atrialK

myocyte is small in comparison with I but contributest

significantly to the middle and late phases of action poten-
Žtial repolarization at a physiological heart rate Muraki et

.al., 1995 . The present study was undertaken to record the
membrane ionic currents which are affected by sematilide
and to elucidate the mechanisms underlying the increase in
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action potential duration and refractory period in the rabbit
atrial myocytes.

2. Materials and methods

2.1. Cell-isolation procedure

Rabbit atrial myocytes were enzymatically dissociated
Ž .as previously described Giles and Imaizumi, 1988 .

Briefly, after young male rabbits weighing 1.5 to 2.0 kg
were anesthetized, the heart was dissected out and immedi-
ately mounted on a Langendorff-perfusion system. The
heart was perfused with normal Krebs solution for approxi-
mately 5 min, with nominally Ca2q-free Krebs solution for
5–10 min, and then with Ca2q-free Krebs’ solution con-

Ž .taining 0.03–0.06% collagenase Yakult, Tokyo, Japan
for 15–30 min. Thereafter, the heart was washed free of

Ženzyme by perfusion with KB solution Isenberg and
.Klockner, 1982 for approximately 5 min. These proce-¨

dures were carried out at 368C. Finally, the left atrium was
Ž .cut off, and agitated gently in the KB solution see below ,

using a fire-polished Pasteur pipette to isolate single cells.
After the suspension was kept quiescent for 30 min, the
supernatant was discarded and Ca2q-free HEPES-buffered
solution containing high MgCl was added. The tissue was2

agitated gently, using the Pasteur pipette, for several min-
utes and 100 mM Ca2q was added to the high Mg2q

HEPES-buffered solution. The cell suspension was kept at
108C and used within 12 h.

2.2. Solutions and drugs

The standard Krebs solution used for cell isolation was
Ž .composed of mM 117 NaCl, 4.7 KCl, 2.2 CaCl , 1.22

KH PO , 1.2 MgCl , 14 glucose, 25 NaHCO . A Ca-free2 4 2 3

Krebs solution was prepared by omitting CaCl . The2

solutions were gassed with 95% O r5% CO . KB solution2 2
Ž .contained mM 20 taurine, 70 KCl, 70 potassium gluta-

mate, 2 KH PO , 11 glucose, 0.5 EGTA, 10 HEPES, 52 4

MgCl . The pH of this solution was adjusted to 7.2 with2
Ž .10 M KOH. Standard external solution contained mM

137 NaCl, 5.9 KCl, 2.2 CaCl , 1.2 MgCl , 14 glucose, 102 2

HEPES. A Ca2q-free, high Mg2q HEPES solution was
prepared by omitting CaCl and increasing MgCl concen-2 2

tration to 10 mM. Tetraethylammonium-HEPES solution
Ž .to record I contained mM 50 tetraethylammonium–Cl,Na

87 NaCl, 5.9 KCl, 2.2 CaCl , 1.2 MgCl , 14 glucose, 102 2

HEPES. The pH of these HEPES solutions was adjusted to
Ž7.2 with 10 M NaOH. The pipette filling solution internal

. Ž .solution contained mM 100 K-aspartate, 50 KCl, 1
MgCl , 0.85 CaCl , 5 EGTA, 5 Na ATP, 5 HEPES. The2 2 2

pH was adjusted to 7.2 with 10 M KOH. The pCa of the
internal solution was maintained at 7.5 with a Ca2q-EGTA
buffer.

The following drugs were used in the present experi-

Žments; sematilide produced by Berlex, USA, and supplied
. Žto Nippon Roussel, Tokyo, Japan , E-4031 a gift from

. Ž .Eisai Pharmaceutical, Japan , CdCl Wako, Tokyo, Japan ,2
Ž . Ž .BaCl Wako , CoCl P6H O Wako and 4-aminopyri-2 2 2

Ž .dine Tokyokasei, Tokyo, Japan . These drugs were dis-
solved in distilled water and the concentrations of the

Ž .stock were 100 mM sematilide, CdCl , BaCl or 1 M2 2
Ž .CoCl , 4-aminopyridine .2

2.3. Electrical recordings

The methods used to record transmembrane currents
under whole-cell voltage clamp were similar to those

Ž .originally developed by Hamill et al. 1981 . To make
microelectrodes, a borosilicate tube of 1 mm outer diame-
ter was heated and pulled by gravity, using a vertical

Žmicropipette puller PB-7, Narishige Scientific, Tokyo,
.Japan . The resistance of microelectrodes filled with inter-

nal solution was 2–3 MV, except for Naq current mea-
surement. For the recording of Naq current, the resistance
of microelectrodes was approximately 0.5–1 MV and
series resistance was compensated electronically. A single
atrial myocyte was voltage-clamped using an amplifier
Ž .CEZ-2200, Nihon-Kohden, Tokyo, Japan . When a
recording pipette was filled with an aspartate rich solution,
the junction potential was y8.9 mV, therefore, membrane

Ž .potentials were corrected by y9 mV Clark et al., 1990 .
To record I , 50 mM Naq in the standard externalNa

solution was replaced with equimolar tetraethylammonium
Ž .tetraethylammonium-HEPES and the solution was kept at
108C. Experiments were carried out at 36"1.08C unless
mentioned otherwise.

2.4. Data storage and analyses

Membrane currents were monitored on a storage
Ž .oscilloscope Kikusui 5020A, Tokyo, Japan and stored on

Žvideo-tape, using a PCM system Sony 501ES, Tokyo,
.Japan, modified to allow DC recordings . The stored data

on video-tape were replayed later and loaded into an
IBM-AT computer, using an analog-to-digital conversion

Ž .board Data Translation DT2801A, USA for analysis.
Ž . Ž .Data acquisition AQ and analysis Cellsoft programs for

the IBM-AT computer were developed at the University of
Ž .Calgary Calgary, Alberta, Canada . Selected records were

Žprinted out by a laser printer Yokokawa Hewlett Packard,
.Laser Jet Series IV, Sagamihara, Japan or plotted with

ŽX–Y plotter Roland Digital Group, DXY-1300, Hama-
.matsu .

2.5. Statistics

Data are expressed as means"S.E.M. in text and fig-
ures. Comparison between two and multiple groups was
performed by Student’s t- and Tukey’s tests, respectively.
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3. Results

3.1. Effects of sematilide on delayed rectifier K current
( )IK

q Ž .To record the delayed rectifier K current I inK

myocytes from rabbit left atrium, experiments were carried
out at 368C using a pipette solution of pCa 7.5 prepared

2q Ž .with Ca -EGTA buffer Tohse, 1990 . To inhibit the
2q Ž .voltage-dependent Ca current I , 1 mM CoCl wasCa 2

added to the external solution. When a cell was depolar-
ized every 5 s from the holding potential of y39 to q1
mV for 200 ms, transient and slowly developing outward
currents were activated, as shown in Fig. 1Aa. Repolariza-
tion to y39 mV caused a slowly decaying tail current
Ž .I . The transient outward current was derived from theK tail

activation of the Ca2q-independent transient Kq current
Ž . Ž .I since 1 the current was sensitive to 4-aminopyridinet
Ž . Ž .see Fig. 3 , 2 the inactivation of the current was fast
Ž . Ž .within 100 ms and 3 the current was inactivated sub-
stantially at the holding potential of y39 mV. As shown
in Fig. 1Aa, application of sematilide decreased the ampli-
tude of I in a concentration-dependent manner. MeanK tail

Ž .data Fig. 1Ab shows the concentration-dependent effect

of sematilide on I . The amplitude of I in theK Ktail tail

presence of sematilide was normalized with that in the
absence and plotted as a percentage of the tail current
against the corresponding concentration of sematilide. Ad-
dition of 300 mM sematilide almost completely blocked

Ž .the tail current 4.8"4.8% of the control, ns6 . The
concentration of sematilide required for a 50% decrease in
I was approximately 25 mM. In Fig. 1Ba, the amplitudeK tail

of I activated at various potentials was measured in theK tail

absence and presence of 100 mM sematilide. Mean data
Ž .were plotted as the current–voltage I–V relationship

Ž .against the test potentials Fig. 1Bb . The I was ob-K tail

served when the test potentials were positive to y29 mV
Žand reached the maximum at around q21 mV 64.4"7.6,

73.2"8.4 and 72.2"8.3 pA at q11, q21 and q31 mV,
.respectively . The I was markedly reduced and almostK tail

abolished after the application of 100 and 300 mM se-
matilide, respectively. The inhibition of I by sematilideK tail

was not voltage-dependent over a range from q1 to q41
ŽmV 79.6"3.6, 78.4"3.9, 82.1"1.8, 77.6"4.8 and

84.2"2.8% inhibition at q1, q11, q21, q31 and q41
.mV, respectively, P)0.05 by Tukey’s test .

To characterize the I–V relationship of the sematilide-
Ž .sensitive current I during repolarization in an actionsema

q Ž . Ž . Ž .Fig. 1. Effects of sematilide on delayed rectifier K current I in rabbit atrial myocytes. A Concentration-dependent effects of sematilide on I . a AK K
Ž .myocyte was depolarized for 200 ms from the holding potential of y39 to q1 mV. The tail current I measured at y39 mV was decreased byK tail

Ž . Ž . Ž .sematilide in a concentration dependent manner from ‘1’ to ‘4’ . b Data obtained in experiments typically shown in a were summarized. Peak
Ž .amplitude of I in the presence of sematilide was normalized with that in the absence and plotted against the concentration of sematilide. B Effects ofK tail

Ž . Ž .100 mM sematilide on the current-voltage I–V relationship of I . a Current traces obtained upon depolarization from y39 to y9, q11 and q31K tail
Ž . Ž . Ž .mV for 200 ms in the absence left panel and presence right panel of 100 mM sematilide were superimposed. b The I–V relationships of I in theK tail

Ž . Ž .absence open circles and presence closed circles of 100 mM sematilide obtained from five cells. Cells were depolarized for 200 ms from y39 mV to
various potentials between y29 and q41 mV in a 10 mV step. Numbers in the parentheses are the number of cells used.
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Ž . Ž .Fig. 2. Sematilide sensitive current I recorded using a triangular voltage command. A I–V relationships of I obtained using a triangular voltagesema sema

command. A cell was depolarized at 0.2 Hz from y79 mV at a rate of 5 Vrs and thereafter repolarized to y79 mV at a rate of 0.83 Vrs, as shown in the
Ž .inset. The outward currents recorded during the repolarization in the absence and presence of 100 mM sematilide were plotted against the potential. B

Summarized I–V relationship of I . I was obtained by subtracting the current in the presence of 100 mM sematilide from that before sematilidesema sema

application. Dotted points and closed circles denote the average amplitude of I from six cells at each potential. The bars on the closed circles indicatesema

S.E.M. Number of cells used was eight. Note that I shows a strong inward rectification.sema

potential, a triangular wave form which had a repolariza-
tion rate similar to that for action potentials from rabbit
atrium at 1 Hz was applied as the voltage command pulse
in Fig. 2. Depolarization and repolarization rates were 5

Ž .Vrs and 0.83 Vrs, respectively inset in Fig. 2A . After
the current response to the triangular wave form at 0.2 Hz
became stable, cells were exposed to 100 mM sematilide.
Fig. 2A shows the I–V relationships obtained during the

repolarization in the triangular wave form in the absence
and presence of 100 mM sematilide. A part of the outward
current during repolarization was reduced by sematilide. In
Fig. 2B, I , obtained by subtracting the current in thesema

presence of sematilide from that in the absence, was
averaged from six separate cells and expressed against the
repolarizing potential. It is notable that I exhibited asema

marked inward rectification, and reached the maximum at

2q q Ž .Fig. 3. Effects of sematilide on Ca -independent transient outward K current I . Cells were depolarized from y79 to q31 mV for 300 ms every 5 st
Ž . Ž . Ž .in the presence of 50 mM CdCl . A Outward currents in the absence and presence of 100 mM sematilide are shown in a and b , respectively. To2

Ž Ž . Ž .. Ž .estimate the total I , 4 mM 4-aminopyridine was applied ‘3’ in panel of a and b . Panel c illustrates the time course of peak amplitude of I , whicht t
Ž . Ž .was estimated as the transient component during the depolarizing pulse. Current traces shown in a and b were obtained at the times indicated by the

Ž . Ž . Ž .corresponding numbers in c . B Summarized data describing the peak amplitude of the 4-aminopyridine sensitive current in the absence open column
Ž .and presence hatched column of 100 mM sematilide. The 4-aminopyridine sensitive current was not affected by 100 mM sematilide. Number of cell used

was six.
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around y39 mV. When 3 mM E-4031, a selective blocker
of the fast-activating component of I , was applied underK

the same experimental protocol, the outward current over a
voltage range of y79 to q11 mV was reduced. The I–V
relationship of the E-4031-sensitive current has a peak at
approximately y39 mV, as shown in the previous work
Ž .Muraki et al., 1995 , and is very similar to that of I .sema

Addition of 300 mM sematilide did not further reduce the
Ž .outward current ns2 . Conversely, when 100 mM se-

matilide was first applied and 3 mM E-4031 was added,
Ž .I at y39 mV was 65"5% ns4 of the total currentsema

reduced by sematilide and E-4031. In the presence of 300
mM sematilide, the outward current at y39 mV was not

Ž .affected by addition of 3 mM E-4031 ns3 .

3.2. Other K currents and sematilide

The effects of sematilide on the Ca2q-independent tran-
q Ž .sient K current I were examined in rabbit atrial my-t

ocytes. Atrial myocytes were depolarized from the holding
potential of y79 to q31 mV at 0.2 Hz. To inhibit I , 50Ca

mM CdCl was added to the bathing solution. As shown in2

Fig. 3A, I was not affected by 100 mM sematilide butt
Žwas markedly reduced by 4-aminopyridine ‘1’, ‘2’ vs. ‘3’

q Ž . Ž .Fig. 4. Effects of sematilide on inward rectifier K current I . AK1

Cells were depolarized for 30 ms from y79 to y39 mV to inactivate the
voltage-dependent Naq current. Thereafter, a test voltage-jump was
applied for 200 ms to various potentials between y129 and q11 mV
with 20 mV step. Experiments were carried out in the presence of 50 mM

Ž . Ž . Ž .CdCl . a , b and c were superimposed current traces in the absence2

and presence of 100 mM sematilide, and in the presence of 50 mM
Ž .BaCl , respectively. B Summarized data describing the I – V relation-2

ship of I as the Ba2q-sensitive current. The amplitude of the Ba2q-sen-K1

sitive current at the end of pulse was measured as peak I . Open andK1

closed circles indicate the amplitude of I in the absence and presenceK1
Ž .of 100 mM sematilide, respectively ns6 .

.in Fig. 3Aa, b and c . In Fig. 3Ac, the amplitude of the
transient component of the outward current between the
peak and the steady level during the depolarizing pulse
was plotted against time. Since sematilide-sensitive I wasK

Ž .almost absent at q31 mV -10 pA; Fig. 2 , the transient
component was considered as I . Fig. 3B shows the meant

data describing the peak amplitude of I at q31 mV in thet

absence and presence of 100 mM sematilide. Here, I wast

measured as the 4-aminopyridine sensitive outward cur-
rent. The average peak amplitude of I at q31 mV wast

Ž .1.78"0.27 nA ns6 and was not affected by 100 mM
Ž .sematilide 101"6%, ns6, P)0.05 . Even 300 mM

Ž .sematilide did not affect I amplitude 109%, ns2 .t
q Ž .In Fig. 4, the inward rectifier K current I wasK1

recorded from rabbit atrial myocytes. After a cell was
depolarized from y79 to y39 mV to inactivate I , itNa

was clamped at test potentials between y129 and q11
mV for 200 ms. I was abolished by addition of 50 mMCa

CdCl to the bathing solution. Fig. 4Aa, b and c show2

superimposed current traces recorded at test potentials
between y129 and q11 mV with a 20 mV step in the
absence and presence of 100 mM sematilide, and after the
application of 50 mM BaCl , respectively. As described2

above, I was observed at potentials positive to y29 mVt

but decayed within 70–80 ms after the start of a test
potential. I was estimated as the 50 mM Ba2q-sensitiveK1

current and its amplitude was measured at the end of test
pulse. The I–V relationship of I from six separate cellsK1

is shown in Fig. 4B and shows that I was not affectedK1
Žby 100 mM sematilide p)0.05 at y99, y109 and

.y119 mV

3.3. Voltage-dependent Naq and Ca2 q currents and se-
matilide

In Fig. 5A, the effects of sematilide on the voltage-de-
q Ž .pendent Na current I were examined. To record INa Na

accurately, the concentration of extracellular Naq was
reduced to 87 mM by replacing 50 mM Naq by equimolar
tetraethylammoniumq and the recording was performed at

Ž .108C. To block I , CdCl 50 mM was added to theCa 2

bathing solution. When a cell was depolarized from a
holding potential of y89 mV to test potentials between
y79 and q31 mV, a transient inward current was acti-

Ž .vated at potentials positive to y49 mV Fig. 5A . The
maximum inward current was recorded at around y30 mV
Ž .see Fig. 5Ab; 561.3"54.1 pA at y29 mV, ns6 and
was completely inactivated within 20 ms after the start of
depolarization. The current was reduced by 10 mM

Ž .tetrodotoxin to about 5% of the control not shown .
Application of 100 mM sematilide neither reduced the

Žpeak amplitude of I nor altered the shape of I Fig.Na Na
.5A . Fig. 5Ab shows the I–V relationship between peak

I and test potentials in the absence and presence of 100Na
Ž .mM sematilide ns6 .
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q Ž . 2q Ž . Ž . Ž .Fig. 5. Effects of sematilide on voltage-dependent Na I and Ca currents I . A Effects of sematilide on I . a Rabbit atrial myocytes wereNa Ca Na

depolarized from the holding potential of y89 mV to various potentials between y59 and q1 mV with a 10 mV step. The bathing solution contained 87
mM Naq and 50 mM CdCl and was kept at 108C. Left and right panels show superimposed current traces in the absence and presence of 100 mM2

Ž . Ž . Ž .sematilide, respectively. b The I–V relationship of I in the absence open circles and presence closed circles of 100 mM sematilide. Number of cellsNa
Ž . Ž .used was six. B Effects of sematilide on I . a I was recorded in the absence and presence of 100 mM sematilide and abolished by application of 50Ca Ca

mM CdCl . A cell was depolarized for 30 ms from y79 to y39 mV to inactivate I and then further depolarized to q1 mV for 200 ms to activate I .2 Na Ca
Ž . 2qExperiments were carried out in the presence of 4 mM 4-aminopyridine. b The I–V relationship of I , obtained as the Cd -sensitive current, in theCa

Ž . Ž . Ž .absence open circles and presence closed circles of 100 mM sematilide ns5 . I elicited upon depolarization to potentials between y29 and q41Ca

mV in 10 mV steps was plotted against the test potentials.

The effects of sematilide on I were examined in Fig.Ca

5B. A cell was depolarized from y79 to y39 mV for 30
ms to inactivate I . Thereafter, I was elicited by depo-Na Ca

larization to various test potentials between y29 and q41
mV for 150 ms. To inhibit I , 4 mM 4-aminopyridine wast

added to the external solution. As shown in Fig. 5Ba, ICa

activated at the test potential of q1 mV was not affected
by application of 100 mM sematilide but was abolished by
50 mM CdCl . Fig. 5Bb demonstrates the I–V relation-2

ship of the peak amplitude of the Cd2q-sensitive inward
current. The Cd2q sensitive inward current was activated
at potentials positive to y29 mV and reached the maxi-

Ž .mum at q11 mV 557.9"75.0 pA, ns5 . Application
of 100 mM sematilide did not affect the I–V relationship
in the five cells examined. The peak I at q1 mV wasCa

Žnot affected significantly by 300 mM sematilide 95.3"

.2.1% of the control, ns4 .

4. Discussion

The present study demonstrated that 10–300 mM se-
matilide effectively inhibits a delayed rectifier Kq current

Ž .I in rabbit atrial myocytes. Although two types of I ,K K
Žrapidly and slowly activating I I and I , respec-K K KR S

.tively , have been identified in cardiac myocytes of several
mammals, a large part of I in rabbit atrial myocytes isK

Ž .considered to be I Muraki et al., 1995 . Sematilide mayK R

preferentially block I , because of the following findings:K R

Ž .i The half activation voltage of I , which was sensitiveK

to 100 mM sematilide, was approximately y5 mV and
Žwas obviously negative compared to that of I q10 toK S

.q20 mV and similar to that of I recorded in guinea-pigK R

Žventricle, and guinea-pig and rabbit atrium Sanguinetti
. Ž .and Jurkiewicz, 1990, 1991; Muraki et al., 1995 . ii The

sematilide-sensitive current obtained by using a triangular
command pulse had a marked inward rectification, which
is a well-known characteristic of I . In the present study,K R

however, it was not determined whether sematilide inhib-
ited I , since I in the present preparation is a veryK KS S

Ž .small current 5–10% of total I , Muraki et al., 1995 .K

The residual current in the presence of 100 mM sematilide
had a similar I–V relationship to I and was abolishedK R

by further addition of 3 mM E-4031, which is another class
III antiarrhythmic agent and which is selective for I atK R

Žthe concentration used Sanguinetti and Jurkiewicz, 1990,
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.1991 , suggesting that the residual current is due to un-
blocked I but not to I . In the presence of 300 mMK KR S

sematilide, however, addition of 3 mM E-4031 did not
affect the outward current. Moreover, in the presence of 3
mM E-4031, addition of 300 mM sematilide did not further
reduce the outward current. Although the details of se-
matilide-induced block of I were not examined in theK R

present study, the block was not voltage-dependent. It has
been reported that sematilide reduces I voltage inde-K tail

pendently and preferentially interacts with the channel in
the resting state in guinea-pig ventricular myocytes
Ž .Sawanobori et al., 1994 .

In our previous study using a conventional microelec-
trode technique, application of sematilide to guinea-pig
atrium prolonged action potential duration at 90% repolar-
ization and the effective refractory period in a concentra-

Ž .tion-dependent manner Ishii et al., 1995 . The concentra-
Ž .tion of sematilide required for a 50% increase EC in50

action potential duration at 90% repolarization and in the
effective refractory period in guinea-pig atrium was about
10 mM. In addition, both action potential duration at 95%
repolarization and the effective refractory period in rabbit
atrium were effectively prolonged in the presence of 10–

Ž .100 mM sematilide Argentieri et al., 1991 . The IC of50

sematilide for I inhibition was approximately 25 mM,K tail

indicating a reasonable agreement with I inhibition andK

action potential prolongation. In canine cardiac Purkinje
fibers, however, it has been reported that 1 mM sematilide
causes a substantial increase in action potential duration

Ž .and effective refractory period Argentieri, 1992 . In
guinea-pig ventricle, the IC of sematilide for I inhibi-50 K tail

Ž .tion is approx. 30 mM Sawanobori et al., 1994 , consis-
tent with that in rabbit atrium. The reason for the differ-
ences in the potency of sematilide for prolongation of
action potential duration in canine Purkinje fibers, guinea-
pig atrium and ventricle, and rabbit atrium is not clear, but
the contribution of I to action potential repolarizationK

may be somewhat different between species andror por-
tions of the heart. It has also been reported that action
potential shape and current density of I are quantitativelyK

different even between epi- and endocardial region of
Ž .canine ventricle Liu and Antzelevitch, 1995 .

It is notable that sematilide had high selectively for IK

over I , I , I and I . The functional importance of It K1 Na Ca t

offsetting membrane potential in the early phase of repo-
larization of the action potential has been established in

Žhuman atrial myocytes Shibata et al., 1989; Fermini et al.,
.1992 . I is also a major early repolarizing current in rabbitt

atrial myocytes, while the current has a slower recovery
time course from inactivation and, thereby, a somewhat
different frequency dependence in comparison with that in
humans. It has been shown that application of 100 mM
E-4031 decreases I by approx. 25% in rabbit atriumt
Ž .Muraki et al., 1995 . MS-551, which is another class III
antiarrhythmic agent, has also an inhibitory effect on It
Ž .Nakaya et al., 1993 . I was, however, not affected byt

100 mM sematilide in the present study. A selective
increase in the late phase of repolarization in the action
potential in the presence of sematilide has been reported in

Ža multi-cellular preparation of rabbit atrium Argentieri et
.al., 1991 . The present result is consistent with this find-

ing. The late phase of action potential may be strongly
regulated by I , whereas I in rabbit atrial myocyte isK1 K1

Žsmall in comparison with that in ventricle Giles and
.Imaizumi, 1988 . Inhibition of I may also contribute toK1

the increase in action potential duration at 90% repolariza-
Žtion, as has been suggested for MS-551 Nakaya et al.,

.1993 . I was, however, not affected by 100 mM se-K1

matilide. Correspondingly, it has been reported that the
resting membrane potential in cardiac muscles is not af-
fected by sematilide. It can be, therefore, strongly sug-
gested that the increase in action potential duration and
effective refractory period is not due to the inhibition of It

or I . Small inhibition of I by 10 mM E-4031 has beenK1 Ca
Žreported in rabbit atrio–ventricular myocytes Verheijck et

.al., 1995 . In the present study, 100 mM sematilide did not
affect I which should be mainly the current throughCa

L-type channels. In addition, I was not affected by 100Na

mM sematilide, which is consistent with the fact that the
maximum upstroke velocity of phase 0 depolarization
Ž .dVrd t is not affected by sematilide in guinea-pigmax

Ž .atrium Ishii et al., 1995 . The effects of sematilide on
other membrane currents, such as Ca2q-dependent Kq

current, Ca2q-dependent Cly current, c-AMP-dependent
Cly current, Naq–Ca2q exchange current, nonselective
cationic current, were not examined in the present study.
The first two Ca2q-dependent currents have been reported
to be the repolarizing currents in the action potential under

Žnormal conditions in atrial myocytes Escande et al., 1987;
.Wang et al., 1995 . It has been reported that the transient

outward current which is activated by caffeine in guinea-pig
ventricle myocytes is a Ca2q-dependent current and not

Žchanged by application of sematilide Sawanobori et al.,
.1994 . Although these may not be major repolarizing

currents in rabbit atrial myocytes under control conditions,
further study is required before one can draw the conclu-
sion that I is the only ionic current susceptible toK R

sematilide at therapeutic doses in cardiac myocytes.
The electropharmacological and safety profiles of se-

matilide have been evaluated in patients with ventricular
Ž .tachycardia and fibrillation Sager et al., 1993 . Induction

of sustained ventricular tachycardia was prevented by se-
matilide. This effect was associated with an increase in the
ventricular effective refractory period. In addition, se-
matilide showed a tendency to prolong the atrial effective
refractory period, suggesting the possible usefulness of
sematilide for the treatment of superventricular tachyarry-
thmias. The effect of sematilide may be due to selective
block of I .K

In conclusion, the present results indicate that 100 mM
sematilide has no effect on I , I , I and I butt K1 Na Ca

effectively blocks I . The inhibition leads to prolongationK R
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of the action potential duration and effective refractory
period in atrial muscle. These characteristics indicate that
sematilide has clinical potential as a Class III antiarrhyth-
mic drug.
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