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Effect of dipfluzine on L-type calcium current in guinea pig

ventricular myocytes
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ABSTRACT

AIM: To study the effect of dipfluzine (Dip) on L-type
calcium current in puinea pig ventricular myocytes.
METHODS: Single myocyles were dissociated by enzy-
matic dissociation method. The current was recorded
with the whole-cell configuration of the patch-clamp tech-
nique. RESULTS: Dip (0.3 - 30 umol/L) reduced
the voltage-dependently activated peak value of Ic, in a
concentration-dependent manner. The characteristics of
I-V telationship were not greatly altered by Dip, and the
maximal activation voltage of /¢, in the presence of Dip
was not different from that of control. Steady-state acti-
vation of I, was not affected markedly, and the half
activation potential ( V, 5) and the slope factor (x) in the
presence of Dip 3 pmol/L were not markedly different
from those of the control. Vp 5 value was ( —12.8+
1.7) mV in the control and ( —13.2 £ 2.4) mV in the
presence of Dip 3 pmol/L. The k value was (7.1
0.4) mV in the control and (7.5+0.5) mV in the pres-
ence of Dip 3 umol/L (n =7 cells from 3 hearts, P>
0.05). Dip 3 pmol/L markedly shifted the steady-state
inactivation curve of Iy 1 the left, and accelerated the
voltage-dependent steady-state inactivation of calcium
current. V5 value was ( —19.7£2.4) mV in the con-
trol and ( —31£6) mV in the presence of Dip 3 pmol/
L. The « value was (3.6+0.3) mV in the conirol and
(1.8+0.2) mV in the presence of Dip 3 pmol/L (n=4
cells from 2 hearts, P <0.05). Dip 3 pmol/L marked-
ly delayed half-recovery time of Ca** channel from inac-
tivation from (40+11) to {288£63) ms (n=4, P<
0.01). CONCLUSION: Dip mainly acts on the inacti-
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vated state of L-type calciumn channel, accelerates the in-
activation of calcium channel, and slows the recovery of
calcium channel from inactivated state in guinea pig ven-
tricular myocytes, through which the I¢,, is inhibited.

INTRODUCTION

Dipfluzine (Dip) decreased overshoot, action poten-
tial amplitude {APA), maximal rate of depolarization in
phase 0 ( V), duration of plateau phase, and durations
of 50 % and 90 % repolarization in partially depolarized
guinea pig papillary muscles’™, and reduced APA,
Viaxs velocity of diastolic { phase 4) depolarization
(VDD), and mte of pacemaker firing (RPF) in rabbit
sincatrial node pacemaker cells, and human atrial
fibers®). Dip antagonized high-C#**- and Bay K
8644-induced increase in VDD and RPF?, which may
be attributed to its blocking effect on Ca2* influx. The
present experiment was undertaken to investigate the
effect of Dip on L-type calcium current {7,y ) of ven-
tricular myocytes.

MATERIALS AND METHODS

Isolation of ventricular myocytes Single
guinea pig ventricular myocytes were prepared by enzy-
matic dissociation techniquel® . Guinea pigs of either
sex weighing 350 — 400 g, provided by Experimental An-
imal Center of Hebei Province (Grade Il , Certificate No
04064), were stunned by heavy blow on the heads and
their hearts were rinsed in oxygenated ice-cold Ca®* -free
Tyrode's solution ( NaCi 100, KCl 10, MgSQ, 5,
NaH;PO, 1.2, glucose 20, taurine 10, MOPS 10 mmol/
L, pH was adjusted to 7.4 with KOH). The heart was
rapidly excised and a Langendorff retrograde perfusion
was performed throngh the aorta at a rate of 9 mL/min
with Ca** -free Tyrode” s solution for 5 min, and then
with the same solution containing collagenase [I 270 mg/
L, bovine serum albumin 570 mg/L, and CaCly
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34 pmol/L for 6 min at 37 C. The ventricles were cut,
minced, and incubated for 10 min in Ca®* -free Tyrode’s
solution containing 0.1 % bovine serum albumin. My-
ocytes were harvested after filtration through a 200 pm
nylon mesh, and resuspended in Tyrode's solutions con-
taining different concentrations of C2%* . The concentra-
tion of Ca’>* was gradually increased to 1 mmol/L.

Whole cell patch-clamp technique Glass
pipettes ( Shanghai Brain Research Institute) were made
using a two-stage vertical microelectrode puller (PB-7,
Narishige). Once filled with pipette solution (TEA-Cl
20, MgATP 5, CsCl 125, HEPES 10, egtazic acid 15
mmol/L, pH 7.2 adjusted with CsOH ), the pipette re-
sistance ranged from 2.0 to 4.0 MQ.

Transmembrane currents were recorded using the sin-
gle electrode (whole cell patch-clamp) technique’® with
an Axopatch amplifier (200B, Axon Instuments, Inc).
The dissociated cells were transfered to a 0.4 ml cham-
ber mounted on an inverted microscope (CK2, Olym-
pus). After settling to the bottom of chamber, cells
were perfused with external solution'® (NaCl 137.6, KCl
5.4, MgCl, 0.5, CaCl, 1.8, glucose 10, HEPES 11.6,
CsCt 20 mmol/L, gassed with 100 % Oy, pH 7.4 ad-
justed with NaOH) for 10 min at a rate of 2 — 3 mL/min.
Only rod-shape cells with clear cross-striations and mem-
brane capacitances about 140 pF were used. Liquid
junction potential between the pipette solution and exter-
nal solution was corrected after the pipette tip entered the
external solution. After gigaseal formation, the mem-
brane was ruptured with a gentle suction to obtain the
whole cell voltage-clamp configuration. Membrane ca-
pacitance and series resistance were compensated after
membrane rupture to minimize the duration of capacitive
currents.  Computer-generated voltage or current pulses
were programmed using the pCLAMP 6.0 software {Ax-
on Instruments, Inc). On-line acquired data were stored
on a hard disk of the microcomputer.

Drug Dip (purity > 99.85 %) synthesized by
Department of Chemistry, Peking University was dis-
solved in water-free ethanol as stock solution (10 mmol/
L) and diluted in external solution to the desired final
concentrations (0.3, 3, and 30 pmol/L} before experi-’
ment. The volume concentrations of ethanol in extemal
solution were 0.03, 0.3, and 3 mL/L, respectively.

Statistics  The values were expressed as X = 5,
Statistical analysis was performed using 7-test.

RESULTS

Identification of L-type calcium current A
slowly inactivated inward current was recorded by depo-
larization of individual ventricular cells from a holding
potential of - 50 mV to 0 mV. Under this condition,
both sodium channel and T-type calcium channe] were in
inactivated state’”) . Potassium currents were eliminated
by using TEA-CI (20 mmol/L) and CsCl (125 mmol/L)
in the pipette solution and CsCl (20 mmol/L) in the ex-
temal solution. The slowly inactivated inward current
was decreased by verapamil (1 punol/L) and increased by
Bay K 8644 (10 nmol/L) (data not shown). So, the
inward current was L-type calcium current ( /o, p) .

Effect of Dip on Icar  As cells were depolar-
ized from a holding potential of — 50 mV to +50 mV at
10-mV increment 5 min after whole cell formation, a
Ca%* curmrent was progressively activated. Afier a 5-min
period of external solution perfusion for control measure-
ments, the external solution was changed to Dip-contain-
ing extemnal solution, and data were collected again after
5 min. The concentrations of Dip in the external solu-
tion were 0.3, 3 and 30 pmol/L, respectively. Cells
were perfused again with drug-free solution’ for 5 min to
determine the reversibility of dmg action. Dip 0.3
pmol/L had no marked effect on Ic,;, while Dip 3 and
30 pmol/L decreased ¢, markedly (Fig 1), and shifted
I-V curve upwards (Fig 2). The Vg, activation of
I, appeared at 0 mV in the presence of Dip, which was
ot different from the control.

Effect of Dip on voltage-dependent inactiva-
tion of I,y  fo,p was activated with test pulses to
+ 10 mV for 400 ms, which were preceded by 1400 ms
pre-pulses to — 10 mV from the holding potential of - 80
mV at 10-mV increment 5 min after whole cell forma-
tion., Double-pulse stimulation was repeated every 5 s.
Increasing the potential of pre-pulses led to a decrease in
Icar amplitude during the test pulses, which indicated
that the inactivating channel number of I¢,; was in-
creased. Inactivation reached V.. at 0 mV. Dip 3
pmol/L. markedly decreased Io,;. The Vi, peak cur-
rent in the presence of Dip 3 pmol/L was less than half of
that in the absence of Dip.

Effects of Dip on activation and inactivation
kinetics of Ic,;, The activation curves were fitted ac-
cording to the Boltzmann equation: g/ g =1/11+EXP
[- (V= Vos)/k]i. Dip3 pmol/L did not markedly
influence the activation kinetics, with half activation
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Fig 1. Effect of Dip on I, in isolated guinea pig ven-
tricular myocytes. Currents were recorded during 320
ms depolarizations from a holding petential of — 50 mV
to test potentials between — 40 mV and + 50 mV in 10
mV increments. A: Control. B, C, D: Dip 0.3, 3,
and 30 pmol/L, respectively. E: Washout of Dip 3
pmol/L.
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Fig 2. Effect of Dip on I-V curve of I,y in isolated
guinea pig ventricular myocytes. (O) Control. (@,
(J, W) Dip 0.3, 3, and 30 pmol/L, respectively. (2)
Washout of Dip 3 pmol/L. n=7 cells from 3 hearts.

potential ( Vy ;) from ( —=12.8+1.7) mVto ( -13.2%
2.4) mV, and slope parameter (x) from (7.1+0.4)
mV 1o {7.520.5) mV {n =7 cells from 3 hearts, P>
0.05, Fig 3A). The inactivation curves were fitted ac-
cording to the Boltzmann equation; 1/ 1 =1/11+ EXP
[(V~Vos)/x]i. Dip3 pmol/L shifted half inactiva-
tion potential ( ¥ 5) from (- 19.7+2.4) mV to { - 31
+6) mV, and « from (3.6+0.3) mV to (1.8+0.2)
mV {r =4 cells from 2 hearts, P <0.05, Fig 3B).
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Fig 3. A) Activation curve of Ig,y. n = 7 from 3
hearts. £+ s. B) Inactivation curve of Io, . n=4
cells from 2 hearts. =+ 5. (O) Control, (@) Dip
3 pmol/L.

Effect of Dip on recovery of I,y from inacti-
vation  The recovery of [q, from inactivation was
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studied using double-pulse protocol consisting of a 1000-
ms pre-pulse to + 10 mV (P1) followed by a 1000-ms
test pulse to + 10 mV (P2) after a variable P1-P2 cou-
pling interval from 0 to 3000 ms at the holding potential
of — 80 mV. Double-pulse stimulation was repeated
every 6 s. Dip 3 pmol/L markedly delayed the
half-recovery time of Ca** channel from inactivation from
{40+11) 1o (288+63) ms (n=4, P<0.01, Fig4).
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Fig 4. Time-dependent recovery of Ic,p from the

steady-state inactivation. {O) Control, (@) Dip 3
pmol/’L. n=4 cells from 2 hearts. 2xs.

DISCUSSION

In the present study, the slowly inactivated inward
current recorded was L-type calcium current. Rundown
of calcium current is always a concern in whole-cell
patch-clamp recording. In this study, the rundown of
I, was minimized by adding MgATP (5 mmol/L) and
egtazic acid (15 mmol/L) in the pipette solution® . In
the nommal control group (n=4), the Ic, reduced only
by3 %, 6 %, and 10 %, respectively after 5, 10, and
15 min. Comparatively, in the experimental group, Dip
3 pmol/L reduced I, by 53 % after 5 min. In addi-
tion, the currents were partially recovered after washout
of Dip for 5 min. These results indicated that the reduc-
tion of I was the action of Dip, but not the conse-
quence of rundown of Ica.

Dip reduced /¢, and shifted its /- V curve upward,

indicating that its effect of blocking L-type calcium chan-
nel in guinea pig ventricular myocytes, while having no
marked effect on characteristics of voltage-dependence
and activation kinetics of Te,y .

Dip 3 pmol/L shifted steady state inactivation curve
of calcium current to the left or accelerated the voltage-
dependent steady state inactivation of calcium channel in-
dicating that the blocking effect of Dip on inactivated
state, like flunnarizine!® , was stronger than that on the
activated state of L-type calcium channel. Dip 3 pmol/
L also slowed the recovery of Ic,; from inactivation.
The results suggested that the inhibitory effect of Dip on
Icyp was mainly determined by accelerating inactivation
of calcium channel and slowing the recovery of Ic, from
inactivation.
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