Effects of cromakalim (K+ channel opener) on
CaZ+ and K+ channels: electrophysiological
study in NG108-15 cells
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Abbreviations : DCC, direct current mode; DHP, dihydropiridin; DMSO, dimethyl sulfoxide; Hepes, N-2
hydroxyethyl-piperadine-N'-2-ethane sulfonic acid ; ICs, half inhibition .concentration; SEVC, single electrode
voltage clamp; TEA, tetraethylammonium chloride ; TTX, tetrodotoxin
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Fig.1. Effects of cromakalim on the resting membrane potential, Ca®* action potentials and spike afterhyperpolarizations of an
NG108-15 cell. The cell was perfused with Tris-HCl-buffered saline (NaCl 140mM, KCl 5.4mM, CaCl, 1.8mM, MgCl, 0.8mM,
D-glucose 20mM, TTX 0.5 M, Tris-HCl 20mM, pH 7.2) plus 1% DMSO with or without 500 # M, cromakalim. The NG108-15
cell was stimulated by applying a constant 0.6nA current for 0.5 sec every 5 sec, as indicated by the downward rectangular
deflections. Ca®" action potentials (anode break spikes) were evoked at the cessation of current stimulation. The potentials
were led off through an impaled microelectrode (filled with IM K* citrate, 10M Q) using a conventional current-clamp recording
method.  Amplification was saturated during hyperpolarization by extrinsic current. Upward and downward arrows in A
indicate, respectively, the onset and washout of 500 #M cromakalim. Note that the resting membrane potential was depolarized
slightly and the Ca®" action potentials were suppressed by 5004 M cromakalim. The amplitude of the Ca** action potentials
began to decrease with a latency of 1.6 min, and decreased to a minimum at 6.7 min after the onset of cromakalim. The
traces in ‘B are typical examples of the Ca** action potential (1) and the spike afterhyperpolarization (ii) on an expanded time
scale in the absence of cromakalim (a), at 7 min after the onset of 5004 M cromakalim (b) and at 10 min after washout {c).
Note that cromakalim partially and reversibly suppressed the Ca® action potential and the spike afterhyperpolarization. Traces
obtained before (@) and during (Q) the addition of 500 # M cromakalim are superimposed in C. )
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Fig.2. Amplitudes of the Ca®' action potentials (anode
break spikes) as a function of stimulus current intensity in
the absence of cromakalim (@), at 7~10 min after the
onset of 100 M (A) and 500 # M (O) cromakalim. The
action potentials were evoked after applying a current of
0.05~1.0nA for 0.5 sec. Note that the peak of the action
potentials was depressed 474+6% (n=8) by 500u M
cromakalim and 20+6% (n=3) by 100 # M cromakalim.
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Fig.3. Effects of cromakalim on low-threshold transient
Ca®* currents in an NG108-15 cell. Membrane currents
were measured by a discontinuous single-electrode
voltage-clamp technique with the Axoclamp-2A amplifier
in a switching mode operating at 2~6 kHz. Membrane
currents were led off through sharp microelectrodes (filled
with 1M K* citrate, 10MQ) by impaling cells soaked in
Tris-HCl-buffered saline. Uppermost trace: 0.3 sec step
pulses of —60, —40, —20 and 0mV from a holding
potential of —80mV. Lower four traces: inward Ca?*
currents evoked by the voltage steps indicated at the
beginning of the current traces from —80mV in the
absence of cromakalim (left), at 7~10 min after the onset
of 5004 M cromakalim (center) and at 10 min after
washout (right). Note that 500« M cromakalim caused a
reversible decrease in the inward current of 4245%
(n=10), as well as in the outward current. Cromakalim
attenuated the ,iransient inward Ca® current at each
tested potential.
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Fig.4. Effects of cromakalim on high-threshold Ca?*
currents in an NG108-15 cell. The patch voltage-clamp
technique was used to record the high-threshold Ca®* (N-
and L-like) currents, with Ba** as a charge carrier ion in
an extracellular solution of the following composition :
BaCl; 50mM, NaCl 30mM, MgCl, 1mM, CsCl 5mM,
D-glucose 20mM, TEA 20mM, TTX 0.1x M, Hepes
10mM, pH 7.24. The patch electrodes contained a solution
of the following composition : CsCl 150mM, MgCl, 1mM,
EGTA 10mM, ATP ImM, Hepes 10mM, pH 7.3. Upper-
most trace: | sec step pulses of —20, 0, 20 and 40mV
from a holding potential of —80mV. Lower four traces:
Ba** currents evoked by voltage steps indicated at the
beginning of the current traces from —80mV in the
absence of cromakalim (left), at 7~10 min after the onset
of 500 M cromakalim (center) and at 10 min after
washout (right). In a hybrid cell depolarized to +20mV,
this current was at a maximum immediately after a
voltage step (the N-like current) and decreased progressi-
vely thereafter, and the long-lasting current persisted at
the end of the 1 sec depolarizing step (the L-like current).
Note that 500 M cromakalim reduced reversibly the
long-lasting current by 5514% (n=12), although it had
little or no effect on the peak current evoked by any
tested command potentia).
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Fig.5. Normalized steady-state inactivation curves for 3
components of Ca** currents constructed in the absence of
cromakalim (@) and at 7~10 min after the onset of 500 u
M cromakalim (). The graph shows T-like Ca?* currents
(upper), N-like (middle) or L-like- (lower) Ba®* currents.
Steady-state inactivation curves obtained by measuring
Ca* and Ba*" currents at constant command potentials
(—40mV and OmV) from different holding potentials
(n=3, each) were normalized. Note that the curves in the
absence and presence of cromakalim were almost identic-
al.
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Fig. 6. Effects of cromakalim on outwards tail currents
evoked at the cessation of a 0.3 sec depolarizing voltage
step to OmV (Vc¢) from various holding potentials (Vh).
Outward tail currents were obtained in the absence of
cromakalim (2nd row) and at 7~10 min after the onset of
500 # M cromakalim (3rd row) under the same conditions
as in Fig. 3. The depolarizing pre-pulse induced an inward
Ca** current followed by an outward current. These
currents were higher than could be measured on the
amplification setting scale. Note that 500 £ M cromakalim
suppressed by 45+6% (n=10) the peak amplitude of the
outward tail current. The lower graph shows the
relationship between the peak amplitudes of the outward
tail currents and the post-pulse potentials. These currents
reversed at post-pulse potentials of about —90mV before
(@) and —85mV during (O) the addition of 500z M
cromakalim. Note that cromakalim did not alter the
reversal potential.
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Fig. 7. Effects of cromakalim on the two components of the outward tail current. NG108-15 hybrid cells possess two types of

Ca® activated tail currents: the fast component which is inhibited selectively by TEA and the slow component which is

inhibited by dTC or apamin.

A outward tail currents evoked at the cessation of a 0.3 sec (a) or a 0.1 sec (b) depolarizing

pre-pulse to 0mV from holding potential of —40mV (a) or —50mV (b), as indicated by the upward rectangular deflections,

before (@) and at 10 min after (O)
different.

the onset of 500 M cromakalim (a) or 20mM TEA (b).
B: semilog plot of the decay of the outward tail current in the presence (O) and absence (@) of 500 # M cromakalim

Cells in (a) and (b) were

(a) or 20mM TEA (b). Data points represent the relative amplitudes of the outward tail current measured in A. The fast
component of the tail current, which was inhibited by 20mM TEA, was also suppressed by 5004 M cromakalim. The slow

component remained unchanged.
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Abstract

Cromakalim is a novel class of antihypertentive drugs which cause relaxation in smooth muscle preparations. The prin-
cipal site of action of cromakalim is thought to be ATP-sensitive K+ channels. In addition, it has recently been reported that
cromakalim has a direct effect on inward Ca2* currents. NG108-15 neuroblastoma X glioma hybrid cells have been reported
to possess two types of Ca2+ (T- and L-like) currents. A rapidly inactivating (N-like) component of the high-threshold Caz+
current was recently found in NG108-15 cells. Therefore, it is worth examining to find out to which species of Ca?* cur-
rents cromakalim is sensitive in NG108-15 cells. In this report, the auther examined the effcts of cromakalim on 3 classes of
Ca+ currents and several K+ currents in NG108-15 cells. Extracellular perfusion with 500 «M cromakalim produced an
inhibition of 22~66% in the low-threshold transient Ca2+ (T-like) current in NG108-15 hybrid cells. Cromakalim sup-
pressed the high-threshold and long-lasting Ba2+ current (L-like Ca2+ current) by 29~73%, but had almost no effect on the
high-threshold and inactivating Ba?+ current (N-like Ca2+ current). ICs, for T-like and L-like currents was the same at about
100 #M. The inhibitory effect of 500 M cromakalim on Ca2+ currents resulted in depolarization of the membrane poten-
tial, and decrease of the peak amplitude of Ca2+ action potentials down to 47£6% (n=8) of the control level before cro-
makalim. Furthermore, the tail K+ outward current, namely the fast component of afterhyperpolarization currents, was also
suppressed by 500 M cromakalim (45+£6%, n=10). The results clearly indicate that cromakalim inhibited T- and L-like
Caz+ currents of NG108-15 cells. Cromakalim did not inhibit the N-like Ca2+ current. The present study demonstrates that
cromakalim may act directly on different Ca2+ channel molecules rather than having a non-specific action. The results fur-
ther suggest that inactivation of the Ca2+ entry through the L- and T-type channels may also contribute to a cromakalim-
induced relaxation of vascular tissues.



