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Frequency- and voltage-dependent inhibition of delayed outward potassi-
um current by flecainide in isolated atrial cell of guinea pig heart
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ABSTRACT Effects of flecanide (¥Fle} on membrane
currents were studied using an isolated single atrial cell
frotn guinea pig hearts.
technique was used.

The tight-seal cell clamp
In the current clamp condition.
Fle prolonged singnificantly the arrial action potential
{APD} with frequency dependence.

Delayed ocurward K* current and outward tail cur-
rent % re specifically inhibited by Fle in a frequency-
and concentration-dependent fashion. Fle inhibited 1.
more strongly as the tnembrane potential became more
positive from +10 mV to +60 mV. The value of L.
was attenuated to 573 pA from 1105 pA of control and
the value of tail current was reduced to 113 pA from
288 pA of control at 60 mV. The drug did not affect
the holding current.

The effects of Fle on the action potential and
transmermbrane ionic currents strongly suggested that
the main mechanism of action of this agent was to in-
In the
voltage clamp condition. Fle affected neither the con-
vermional L type Ca*' current nor the Iy, current signif-
icantly. Our research proved that Fle was not com-
pletely consistent with the class Ie agents, because Fle
could markedly increase the APD in the experiment.

hibit the voltage-dependent potassium current.

KEY WORDS flecainide) heart atrium) electrophysi-
ology

Flecainide (Fle) has heen reported to be
effective in suppressing the atrial®™” as well as
ventricular arrhythmias in animals and elinical
studies®®, The mechanism of Fle for the
suppression of ventricular arrhythmias was
thought to be mainly due to depression of Na-
channels“’, However, the precise electro-
physiological mechanism involved in the pre-

vention of atrial arrhythmias remains not yet
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Thus,
jonic mechanism underlying the prolongation

fully understood. we examined the

of action potential by Fle, using the suction
pipette and whole cell patch clamp techniques.
MATERIALS AND METHODS

Isolation of single atrlal cells

cells was done using an enzymatic dissociation proce-

Isolation of single

dure similar to that described by Kurachi er ai™'.
Briefly, guinea pig of either sex weighing 321 +s 63 g
were anesthetized with pentobarbital sodium {40 to 50
mg+kg™*). Afrer the heart was dissected out and the
blocd was washed away, 60 ml of Ca** free Tyrode so-
lution was perfused through the coronary arteries with
Then, 50 ml of low Ca®*
Tyrode solution containing collagenase ¢. 4 mgeml™*
(Sigma. type 1Y and CaCl, 50 pmol+L !instead of 1. 8
mmol L.~ was recirculated through the heart abour 30
min. Thereafter, the collagenase was washed away
by 100 ml of KB solution. _

The isolated cells were then put into a recording

a Langendorff apparatus.

chamber. The ternperature of superfusates wn the
recording chamber was kept at 35 'C. The composi-
tion of the Tyrode solution was similar to that de-
scribed by Hiracka M, er ai'®.

Recordings of membrane potentiais and membrane
correnis - To record the membrane potential and cur-
rent, the patch clatnp amplifier (EPC-7. List Co.
Germany ¥ was used. After a tught sealing between

the electrode tip and the cell membrane was established

- and the cell membrane at the tip of the electrode was

ruptured, resting membrane potential of about, — 80
mV was usually recorded. Current and voltage signals
were stored on a magnetic tape of the data-recorder
(A-45, Sony Co. } for a later analysis. Signals were
also inscribed using a recorder (Omnicorder 8 M 14,
NEC San-ei Japan). which hed a linear frequency re-

sponse up to 2.5 kHz. The stability of the prepara-
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tions was judged by observing the action potenual du-
ration at 90 % repolarization or the amplitude of the
peak calcium current.  If either parameter did not
vary, more than 5 % of their values during 5 min of
observation period. the cells were assumed to be in a
stable condition and further experiment was proceed-
ed. Our preparations asually responded o electrical
stimulation or voltage clamp pulses in a stable fashion
for 50 — 70 min. Thus, cur experiments were com-
pleted within 45 min.

Data analysis The membrane currents were
monitored by an oscilloscope (COS 5020 ST Kikusui,
Tokyo) and were stored in a video casette recorder
(BR 6400, Victor, Tokyo} using PCM converter sys-
tem (RP-880). The data were reproduced and ana-
lyzed with a computer (NEC, Tokyo). The paired ¢
test was used for staristical analysis of the data. (P<C
0. 05 was considered significant).

RESULTS

Prolongation of action potentiai The ac-
tion potential of an atrial cell was evoked with
a constant current {5 ms in duration) passing
through the pipette at 0.1 Hz, 1 Hz, and 3. 3
Hz. Fle (1, 10 pmol - L™') markedly pro-
longed the action potential duration measured
at the level of 50 %, 50 ¥, and 20 %, with-
out affecting either the resting membrane po-
tential (RP) or the action potential amplitude
(APA). The prolongation of APD by Fle
was frequency-dependent. On washing-oit of
the drug from the bath, the action potential

returned to the baseline.

Effects of Fle on APD were summarized
in Tab 1.
Fle specifically acted on the current during the

These observations suggested that

repolarization process of the action potential.

Effects on membrane currents When
membrane potential was depolarized from a
holding potential of —40 mV to +60 mV for
400 ms, the outward tail current was observed
after the end of depolarizing command pulses
(Fig 1). Fle markedly abolished the outward
tail current after 400 ms voltagt steps in a con-
centration- and rate-dependent fashion (Fig 2,
3). The most striking effect on the outward
tail current was at 3.3 Hz stimuolated fre-
quency.
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Fig 1. Effects of flecalnide on membrame corrent of
gulnea pig Jeft atrlal cell. Holding potentdal — 40
mV, duration 400 ms.

Tab 1. Effects of flecainide 10 ymol -1~ on transmembrane potentials in the goimea pig left atrial single cell at
different stimulated frequencies. a=S§, ¥+s5. “P<0.05, “P<0. 01 vs conirol.
0.1 Hz 1 Hz 3.3 H:z

Control Flecainide Control Flecainide Control Flecainide
—RP/mV 7114 73+6 71+4 71x7 70+4 69+9
08/ mV 2246 207 2345 2046 23+7 21438
APA/mV 9318 93146 9547 9246 95+7 an+5
APDy,/ms 90419 142+ 41% 104422 1724-45% 11123 190443
APD;,;/ms 55420 81440 67123 101147 73+24 116+49
API),/ms 2810 41+21 35+14 54127 . 39415 62427



http://www.cqvip.com

= A0 - BIBLID: ISSN n253-9756  Acta Pharmacologica Sinica B #2348 1994 Jans 15 ¢1)
trated current records in response to the long
400 pa voltage steps and the outward tail currents af-
Flecumde ter 5000 msa. It was found also that Fle could
© Contcal ) .
o 0.1 pmal - L1 300 P depress the outward rail current in 400 — 5000
X 1.0 pnol « L1 .
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Fig 2. FEIfects of flecainide on current-vollage rela-
tion of tail current in guinea pig left atrial single cell.
Holding potential — 40 mV ., duration 400 ms.
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Fig 3. Effects of flecainide j0 ymol -L™" on tall cur-

rent and [, in guinea plg left atrial cefl at | Hz and 3. 3
Hz stimulation frequencies. Holding potential — 40
mV., duration 400 ms.

The results indicated that Fle simply de-
layed the activation of time-dependent outward
Hence. the
longer than 400 ms were used to examine its
l-':‘ig 4 illus-

currents. depolarizing pulses

effects on the outward current.
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Fig 4. Effects of [flecainide [0 pmol-L~" on tail cur-
rent in long-lasting command pulse. Holding poten-
tinl —40 mV . duration 5§ s.

The effects of Fle on the outward tail cur-
rent were eXamined in the presence of Co®t 2
mmol - L™ to block the fo. The results
showed that Fle significantly suppressed the
amplitude of tail current to < 54 % of the
control at all the activation voltages without
influencing on the holding current in 4 cells.
The results suggested that fe, did not con-
tribute to the tail current.

Depression of outward tail current during
command pulses between — 30 mV to + 60
mV was consistently observed. The magni-

tude of suppression of tail current was
stronger at less positive potentials than that at
Following the steps to poten-
tials +-20 4+ 60 mV, the tail current were sig-

nificantly abolished by the drug, with some re-

negative ones.

lease of block following the steps to more neg-
ative potentials. In 4 cells not exposed to
Fle, the tail current amplitude did not de-
creased over an equal time interval. Hence,

the reduction in tail current -amplitude was
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dircctly attributable to the drug. rather than
to the spontanecus alternation or run-down of
the current.

The recovery of the Fle effect was exam-
ined after 15 min of washing out. All of the
cells recovered to 82 ¥ — 94 %] of the con-
trol. The cell was held at —40 mV, the de-
layed outward K current was evoked on depo-
larization and inward-rectifying {,, current on
hypopolarization. Effects of Fle on I, were
examined by applying depolarizing voltage
steps to + 60 mV and I, current hyperpolar-
izing voltage steps to —100 mV. The experi-
ments were done with the presence of Co®t 2

mmo]f - 1.7

and the results were shown in Fig
5: [, was markedly inhibited to 79.9 % at
+ 20 mV and 88.1 % at + 60 mV with fre-
quency-dependence (Fig 3). The [, current
at — 100 mV were decreased during Fle appli-
cation. However., the recovery was obtained

on the washing-out of the drug for 10 min.
Flecainide
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Fig 5. Effects of [lecainide 10 umol+L "’ on current-
voltage relation of I, and 1., in guilnea pig left atrial

singie cell. Holding potential — 40 mV, duration 400
ms.

Since the voltage clamp pulses were ap-
plied from the holding potential of —40.mV in
the present study. the effect of Fle on the
holding current was examined in the presence

of 2 mmol-L~' Co®. This may give an infor-

mation as to the Fle effect on the Na window
predominantly
flowed at this voltage region. The amplitude
of the holding current was +48+10 pA tn=
6) in the control and it was 44049 pA during

current, since the current

the application of Fle for 10 min. There were
no significant differences at different stimulat-
ed frequencies from 0.1, 1, to 3.3 Hz range
between the wvalues with or without Fle.
Therefore, Fle had no significant effect on the
holding current at —40 mV. the initial cur-
rent-voltage relation measured at the peak of
I, showed that Fle 10 pmol <L ™" did not influ-
ence the peak of I.,in the guinea pig left atrial

single cells.
DISCUSSION

The major findings of the present study
were; Fle prologed the left ztrial action poten-
tial (APD? in a rate-dependent fashion; The
I, and tail currents were specifically antago-
nisted by Fle in a rate-and voltage-dependent
manner.

This characteristic prolongation of action
potential induced by Fle could be well ex-
plained by the woltage-and rate-dependent in-
The tail cur-
rent represented current flow through the still

hibition of I, and tail currents.

open delayed rectifier channels in the repolar-
ization, the [, may play a major role in the late
phase of the AP plateau and in the final repo-
larization.  Accordingly. it could be proved
that Fle influenced on the open delayed rectifi-
er channels and the late phase of the AP
pldteau as well as the final repolarization.
The effects of Fle on the action potentials and
transmembrane ionic currents strongly sug-
gested that the principal mechanism of action
ol this compound was to suppress the voltage-
dependent potassium currents.

Fle exerted relatively little effect on mem-

brane current flowing at negative potentials
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from —30 mV 10 — 100 mV in the voltage
clamp cells. This indicated that Fle had lirtle
effect on the rime-independent potassium cur-
rent fy,» which accounted for most of the cur-
rent flowing this segment of membrane poten-
tials. This was consistent with the lack of ef-
fect of Fle on the resting membrane potential.

Fle is a new;antiarrhy‘thmic agent that has
been classified as class 7I."™* according to
Vaugham-Willianms. However, our research
proved that Fle was not complletely consistent
with the class . agents, as Fle markedly in-
creased the APD in our experiment. Prolon-
gation of the transmembrane action potential
through inhibition o©f the time-dependent
potassium current was an important fearure of
the class IIl antiarrhythmic agents. The
accurate classification on Fle remains to be

investigated.
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