Biochemical Pharmacology, Vol. 47, No. 2, pp. 225-231, 1994.
Copyright © 1994 Elsevier Science Ltd

Printed in Great Britain. All rights reserved

0006-2952/94 $6.00 + 0.00

@ Pergamon

RUTHENIUM RED INHIBITS SELECTIVELY CHROMAFFIN
CELL CALCIUM CHANNELS

ANA Gowmis,* Luis M. GUTIERREZ,* FRANCISCO SALA,T SALVADOR VINIEGRA* and
JUAN A. REIG*t

Grupo de Farmacologia Bioquimica, Departamentos de *Neuroquimica y tFarmacologia, Facultad
de Medicina-Instituto de Neurociencias, Universidad de Alicante, Ap. 374, Alicante 03080, Spain

(Received 28 June 1993; accepted 1 October 1993)

Abstract—The effect of Ruthenium red (RR) on ionic currents and catecholamine secretion was studied
in chromaffin cells. This polycation inhibited 59 mM potassium-stimulated “Ca’* uptake in a
concentration-dependent manner (ICsy =5 = 0.2 uM). This effect was more evident at extracellular
calcium concentrations over 1 mM and was not abolished by neuraminidase pretreatment. RR also
inhibited potassium-stimulated catecholamine secretion (ICs, =6 = 0.9 uM). These results were
corroborated by patch-clamp in whole-cell recordings. RR inhibited chromaffin cell calcium currents
(1csp = 7 uM) without affecting significantly either sodium or potassium currents. Radioligand binding
studies in adrenomedullary plasma membranes showed that RR inhibited [**I])w-conotoxin GVIA
binding but it had no effect on specific binding of [*H]nitrendipine. The effect of the RR on calcium
currents was additive with the inhibitory effect observed with 10 uM nitrendipine. The residual
dihydropyridine-resistant calcium current was inhibited with a potency similar to that determined under
control conditions in the absence of nitrendipine. These results demonstrate that RR selectively inhibits
calcium channels; however, this polycation was not selective for a particular calcium channel subtype.
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The hexavalent polycationic dye ruthenium red,
[(NH3)5RU-O-RU(NH3)4-O'RU(NH3)5]C16 4H20
(RR§), has been used as a histochemical stain
for acidic glycosaminoglycans [1]. Recently, the
interaction of RR with calcium binding proteins has
been reported [2]. RR has also been found to inhibit
Ca?*-induced Ca’* release from skeletal or cardiac
muscle [3], Ca?'-dependent ATPases [4] and
mitochondrial caicium accumulation [5].

In neural systems micromolar concentrations
of this polycation inhibit calcium uptake and
neurotransmitter secretion in nerve endings [6]. The
inhibitory effect of RR on La** binding in
synaptosomes suggested that RR could be acting on
the voltage-dependent calcium channel [7]. Recently,
it has been shown that RR blocks voltage-gated Ca**
currents in neurons isolated from mouse sensory
ganglia [8]. In addition, RR also inhibits calcium
uptake and neuropeptide release evoked by different
agonists in dorsal root ganglion cells in culture [9,
10].

The existence of at least two types of calcium
channel, N- and L-subtypes, was initially demon-
strated in chromaffin cells according to their
functional and pharmacological properties [11].
Recently, the additional presence of a P-type calcium
channel has been reported in chromaffin cells
according to its sensitivity to the spider toxin FTX
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§ Abbreviations: w-CgTx, w-conotoxin GVIA; DMEM,
Dulbecco’s modified Eagle’s medium; FTX, funnel-web
spider toxin; RR, Ruthenium red; K/H, Krebs/HEPES.

[12, 13]. The possible participation of these calcium
channels in the catecholamine secretory process has
been extensively studied in the last decade by using
different organic and inorganic calcium antagonists
[14,15].

Organic calcium antagonists inhibit partially, and
to a variable degree, both calcium uptake and
catecholamine secretion in bovine adrenomedullary
chromaffin cells, suggesting the presence of different
calcium channel subtypes. For instance, the
dihydropyridine antagonist nitrendipine that blocks
L-type calcium channels inhibits approximately 60%
of the potassium-stimulated “*Ca®* uptake {16];
however, differences in sensitivity to dihydropyridine
of chromaffin cell calcium channels have been
demonstrated in respect to species [17] or to the
membrane potential [18].

The w-conotoxin GVIA (w-CgTx) that inhibits
more specifically N-type calcium channels also blocks
partially calcium uptake in chromaffin cells [16].
However, the inorganic cations inhibit completely
the evoked catecholamine release and calcium
uptake in both perfused adrenal glands [19] and
cultured chromaffin cells [16], Zn?>* and Cd?* being
the most potent [18]. Probably these inorganic
cations block the Ca®* binding site(s) at the different
calcium channel subtypes. In contrast, other divalent
cations such as Sr** and Ba?* can permeate calcium
channels easily suggesting a high discriminatory
capacity of the ionic pore of the channel. In addition
to this activity on calcium channel activity, permeable
and blocking divalent cations can modulate the
binding of both nitrendipine and w-CgTx [20, 21]
suggesting a site for these organic ligands closely
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related to the calcium binding site(s) at the different
calcium channel subtypes.

The relative role of the different types of calcium
channel in the secretory process in the chromaffin
cell and other excitatory systems has not yet been
determined. A polycationic molecule such as RR
with a more complex structure than the divalent
cations habitually used as calcium channel blockers
is an interesting tool for exploring calcium channel
function in chromaffin cells and other excitable cells.

In the present work, we were prompted to study
the effect of RR on chromaffin cell ionic channels
and we focussed on its inhibitory effect on calcium
channels. We report that RR inhibits both
dihydropyridine-sensitive and -insensitive chromaffin
cell calcium channels with a similar potency, however
it has a different effect on the binding of calcium
channel ligands.

MATERIALS AND METHODS

Materials. The radioisotopes “*Ca®* (sp. act. 10~
40 mCi/mmol) and [®T]ew-conotoxin were obtained
from Amersham International (U.K.); [*H]nor-
adrenaline (14 Ci/mmol) and [*H]nitrendipine
(78.3 Ci/mmol) were from NEN, Du Pont (Boston,
MA, U.S.A.). Nitrendipine was a gift from Prof. F.
Hoffmeister (Bayer AG; Wuppertal, Germany).
RR, w-CgTx, Dulbecco’s modified Eagle’s medium
(DMEM), fetal calf serum and neuraminidase (EC
3.2.1.18) type VI were from the Sigma Chemical
Co. (Poole, U.K.). Collagenase (EC 3.4.24.3) was
from Boehringer Mannheim (Germany). Percoll was
from Pharmacia (Uppsala, Sweden). Other chemicals
were of analytical grade from Sigma or Merck
(Darmstadt, Germany).

Cellisolation, culture and neuraminidase treatment.
Chromaffin cells were prepared from bovine adrenal
glands by collagenase digestion [22] and purified
from debris and erythrocytes using a percoll gradient.
Cells were maintained in monolayer cultures at
a density of 250,000cells/cm? using DMEM
supplemented with 10% fetal calf serum, 10uM
cytosine arabinoside to prevent fibroblast prolifer-
ation, and penicillin (25,000 IU/L) and streptomycin
(25mg/L). Cell were maintained at 37° in a
humidified incubator under an atmosphere of 95%
air and 5% CO,. The neuraminidase treatment of
chromaffin cells was carried out with 0.15 U/mL of
neuraminidase type VI from Clostridium perfringens
for 3 hr in DMEM.

[*H]Noradrenaline release. Chromaffin cells were
loaded with [*H]noradrenaline (1 uCi/mL)in DMEM
for 34 hr in the presence of 1 mM ascorbic acid.
Then, culture medium was replaced by Krebs/
HEPES (K/H) solution with the following com-
position (in mM): NaCl 134, KCi 4.7, KH,PO, 1.2,
MgCl, 1.2, CaCl, 2.5, glucose 11, ascorbic acid 0.56
and HEPES 15. The solution was equilibrated with
pure oxygen and the pH adjusted to 7.4. Cells were
washed six times with this medium previous to
incubation of cultures with different concentrations
of RR for 5 min in K/H basal. Then, catecholamine
secretion was induced by cell depolarization with
high potassium (K* 59 mM, replacing isosmotically
the concentration of NaCl by KCl) for 5 min. After

that, media were collected and cells were lysed with
2% SDS. Secreted and total catecholamines were
quantified by liquid scintillation spectrometry.
$Ca®* uptake. Cells cultured in 24-well 4glates
were washed three times with K/H solution. ¥*Ca?*
uptake was determined by incubating chromaffin
cells for 30 sec, or the indicated times, in the presence
of ¥Ca>* (4uCi/mL) in basal or high potassium
K/H solution. In the experiments with RR, cells
were previously incubated with the polycation for
5 min in K/H solution. After the experiments, cells
were washed once with a K/H solution lacking CaCl,
and KH,PO, and containing 2mM LaCl; and 2 mM
EGTA. Then, cells were quickly washed five times
with a cold K/H solution. Cells were lysed with 2%
SDS and the radioactivity incorporated into the cells
was quantified by liquid scintillation spectrometry.

Binding experiments. Adrenomedullary plasma
membranes were purified through a sucrose gradient
as described previously [16]. For -CgTx binding
experiments, membranes (10 ug/mL) were incubated
with increasing concentrations of RR in the presence
of 10 pM ['ZT] w-conotoxin. For nitrendipine binding,
membranes were washed with EDTA and EGTA as
described previously [21], and then membranes
(50 ug/mL) were incubated with increasing con-
centrations of RR in the presence of 0.8 nM [*HJ-
nitrendipine. In both cases, incubations were carried
out for 1hr at 25°. At the end of the incubation
period, samples were filtered under vacuum through
Whatmann GF/C glass fiber filters, washed and
counted as reported previously [23]. Non-specific
binding was determined in the presence of 50 nM
unlabeled w-CgTx or 10 uM unlabeled nitrendipine.
Data were fitted to a sigmoid. curve using a non-
linear least square program.

Recording and analysis of the ionic currenis.
Inward currents were recorded using the “whole-
cell” configuration of the patch-clamp technique
with an Axopatch-1D amplifier (Axon Instruments)
using the standard technique [24]. External solution
contained (in mM): 135 NaCl, 5 KCI, 5 CaCl,, 1
MgCl,, 10 HEPES-NaOH, pH 7.2 supplemented
with 0.39g/L glucose. Soft glass patch-clamp
electrodes were filled with (in mM): 100 CsCl, 3
MgATP, 15 EGTA, 10 NaCl, 20 tetra-
ethylammonium-Cl, 20 HEPES-CsOH pH 7.2. For
measuring potassium outward currents, cesium and
tetracthylammonium in internal solution were
substituted by potassium. Electrode resistances
ranged from 4 to 10 MQ when filled with internal
solution. Series resistances were compensated by
80%. RR was delivered near the cell by a puffer
pipette. Recordings were done at room temperature
(22°). Currents were digitized at 8 kHz by using
pCLAMP software with a Labmaster interface
(Axon Instruments), and stored on the hard disk of
a PC/AT computer for subsequent analysis. Linear
leak and capacitive currents were eliminated by a
P/4 protocol. Data manipulation and analysis were
done by using programs written in QBASIC language
(Microsoft).

RESULTS

Effect of RR on ¥Ca** uptake and [*Hlnoradrenaline
secretion

In chromaffin cells, voltage-dependent calcium



Ruthenium red inhibits calcium channels 227

7

[

5
0.8

0.6

0.4

[3H]Nomdrenaline release (%)

0.2

Net calcium uptake (fmol/cell}

-9 -8 -7 -6 -5 -4 -3
log[Ruthenium Red] (M)
Fig. 1. Concentration-dependent inhibition by RR of ¥*Ca?*
uptake (@) and [*H]noradrenaline secretion (O) in cultured
chromaffin cells. Chromaffin cells (5 x 10%/assay) were
incubated for 30sec in basal or high potassium (59 mM)
K/H solution without or in the presence of increasing
concentrations of RR. Reaction was stopped with a La’*-
EGTA K/H solution and cells were quickly washed with
K/H solution and lysed with 2% SDS. In order to
quantify catecholamine secretion, cells (5 % 10°/assay) were
incubated with [*H]noradrenaline and then treated with
basal or high (59 mM) potassium K/H solution without or
in the presence of increasing concentrations of RR for
Smin, media were collected to quantify secreted
catcholamines and cells were lysed with 2% SDS in order
to evaluate the [*H]noradrenaline content. Secretion is
expressed as a percentage of the total content. Data are
given as the means + SEM of three experiments.

channels are activated by nicotinic agonists or
directly by membrane depolarization using a high
potassium solution (59 mM). Initially, in order to
study the possible effect of RR on calcium channels,
cells were depolarized with 59 mM K* for 30 sec and
$Ca?* uptake was evaluated in the presence of
different concentrations of RR. As is shown in Fig.
1, RR concentration-dependently inhibited (1Cs, =
5.0 £ 0.2 uM) of stimulated “Ca’* uptake. This
inhibitory effect was also seen with the nicotinic
agonist 1,1-dimethyl-4-phenyl-piperazinium. Net
“Ca?* uptake induced by 10uM 1,1-dimethyl-4-
phenyl-piperazinium was 0.46 fmol/cell, slightly
lower than that observed with 59 mM K*; this uptake
was further reduced to 0.12 fmol/cell in the presence
of 1 yM RR.

In chromaffin cells, the intracellular rise in calcium
concentration triggers the release of catecholamines.
Accordingly, it was reasonable to expect a parallel
inhibitory effect of RR on the secretory process. It
was found (Fig. 1) that RR produced a concentration-
dependent decrease in the [*H]noradrenaline secre-
tion evoked by depolarization with 59 mM K*. The
calculated 1C5y was 6.0 =0.9uM, close to that
observed in the former experiments on “Ca’*
uptake.

The time course of the high potassium-induced
$Ca?* uptake (Fig. 2A) showed that RR at a
concentration of 5 uM had an inhibitory effect over
the whole range studied, decreasing the uptake in
the stationary phase by 50%. Neither basal calcium
uptake nor basal catecholamine secretion were
modified in the presence of RR.
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Fig. 2. Inhibition of high potassium-induced *Ca’*
uptake by RR. (A) Time-dependent effect; (B) calcium
concentration-dependent effect. Chromaffin cells (5 X 10°/
assay) were incubated in the presence of “Ca?* (4 uCi/
mL) for the indicated times (A) in basal (O, @) or high
potassium (59mM) (O, W) K/H solution at 2.5mM
extracellular calcium, without (O, O) or in the presence
of 5uM RR (@, W). (B) Chromaffin cells were incubated
in the presence of *Ca’* for 30sec at the indicated
extracellular calcium concentration, in basal (O) or high
potassium (59 mM) (O, M) K/H solution, without (O, )
or in the presence of 5 M RR (B). Reactions were stopped
with a La**-EGTA K/H solution. Cells were lysed with
2% SDS. Data are given as the means = SEM of three
experiments. Stimulated calcium uptake values in the
presence of RR which differ significantly (Student’s t-test)
from those obtained under control conditions are indicated
by asterisks: *P < 0.02, **P < 0.002.

If RR was acting just as a competitive inhibitor,
anincrease in the extracellular calcium concentration
should overcome the effect of the polycation.
However, as illustrated in Fig. 2B the inhibitory
effect of RR was higher at an extracellular calcium
concentration of over 1 mM, and the inhibition being
almost the same at 2.5 mM calcium.

The possible interaction of RR with sialic acid
residues in the plasmalemmal membrane has been
suggested to explain some of the effects of RR [25].
In order to test this possibility, chromaffin cells were
incubated with neuraminidase under conditions
where RR actions, presumably mediated through
sialic acid interactions, are abolished [26]. In these
experiments, net 59mM K*-stimulated *Ca?*
uptake was partially inhibited from 0.76 fmol/cell,
under control conditions, to 0.60 fmol/celi after
neuraminidase treatment. However, the inhibitory
effect of RR on the remaining net calcium uptake
was not significantly modified by neuraminidase,
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showing an additive effect. In the presence of 10 yM
RR, net calcium uptake was 0.37 and 0.28 fmol/cell
under control conditions and upon neuraminidase
treatment, respectively. This result suggests that the
effect of RR on both calcium uptake and
catecholamine release is not the consequence of an
interaction with sialic acid-containing components.

In order to study the reversibility of the effect of
RR, after a 5-min pretreatment, net calcium uptake
was measured following wash out of the polycation.
Under control conditions, 10 uM RR inhibited net
Ca?* uptake by 70%, from 1.02 to 0.34 fmol/cell.
Upon a 30-min wash out, during which the K/H
solution was replaced three times, net ¥*Ca’* uptake
was recovered to 0.71 fmol/cell which corresponded
to 30% inhibition. The partial reversibility of the
effect of RR indicates that it is produced by reversible
binding.

Selective effect of RR on chromaffin cell calcium
channels

In order to confirm the effect of RR on calcium
channels and to explore the specificity of action of
such an effect, we measured inward currents by
using the patch-clamp technique in the “whole-cell”
configuration. Depolarizing pulses of 42 msec were
applied from a holding potential of —80 mV. Under
these conditions, the transient inward current just
after the depolarizing step (Fig. 3A) corresponds
mostly to the fast sodium current that is abolished
in the presence of 1 uM tetrodotoxin. Since sodium
channels inactivate quickly, the late sustained
component corresponds to current carried through
voltage-activated calcium channels. The later cur-
rents probably represent the activity of both N- and
L-type calcium channels described in chromaffin
cells [11]. The FTX-sensitive calcium channel
reported in chromaffin cells [12, 13] will be referred
to hereafter as part of the DHP-insensitive calcium
currents. As shown in Fig. 3A, B, 1uM RR
decreased calcium currents without significant effects
on sodium currents. The determined ICs for the
effect of RR was 7 uM, which is in fair agreement
with that observed in *Ca?* uptake experiments.
Calcium currents were totally recovered after a 2 min
wash out of the polycation. Since peak current is
contaminated by activating calcium current, it is
worth noticing that the magnitude of the effects on
peak currents should be considered only as an upper
limit of the inhibition of sodium channels. On the
other hand, RR had no significant effect on voltage-
dependent potassium currents (data not shown).

The possible preference of RR for inhibiting a
specific type of calcium channel (N-, P- or L-type)
was addressed by measuring the inhibitory effect of
RR on calcium currents in the presence of 10 uM
nitrendipine that suppresses currents through L-type
calcium channels [27]. As shown in Fig. 2C, either
1uM RR or 10 uM nitrendipine inhibited calcium
currents by 25%. However, the inhibitory effect of
RR on the residual current in the presence of the
dihydropyridine is of the same magnitude (26%) as
under control conditions. This result suggests that
RR inhibits both dihydropyridine-sensitive and
-insensitive calcium channels apparently with a very
similar potency. Moreover, RR reduced Ca?*
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Fig. 3. Effect of RR on calcium and sodium currents in
cultured chromaffin cells. Whole cell inward currents from
a bovine chromaffin cell when 40 msec depolarizing pulses
were applied from —80mV to +5mV. (A) Superimposed
current traces in the absence (control) or the presence of
RR (1 and 10 uM). Linear capacitive and leak currents
were substracted. (B) Dose-response relationship for the
effect of different concentrations of RR on the early peak
(Na* current) (O) or the plateau phase (Ca®* current) (0O).
Data are means = SEM of experiments performed in six
cells from different batches. (C) Additive effect of 1 uM
RR and 10 4M nitrendipine (NIT) on the inhibition of Ca?*
current. Whole cell Ca** currents were recorded from cells
exposed to either 10 uM nitrendipine or 1 uM RR or in the
presence of both drugs at the indicated concentrations.
Data are means + SEM of experiments performed with
seven cells from different preparations. In (B) data that
differ significantly (Student’s ¢-test) from the corresponding
sodium current are indicated by asterisks: *P < 0.002,
**P <0.001. In (C) data that differ significantly from
control are indicated by asterisks: *P < 0.002, **P < 0.001.
Data obtained in the presence of both nitrendipine and
RR differ significantly (+P < 0.002) from those obtained
with either alone.
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Fig. 4. Concentration-dependent inhibition of ['*T]w-
conotoxin binding to adrenomedullary plasma membranes
by RR, Ca?* and Cd**, Plasma membranes (100 ug protein/
mL) were incubated with 10 pM ['*T]w-conotoxin in the
absence and in the presence of increasing concentrations
of RR (A), Ca?* (M) or Cd&** (@) for 1 hr at 25°. Values
are expressed as percentage of specific binding in absence
of cations. Data are means of two experiments performed
in duplicate. Experimental conditions were as described in
Materials and Methods. Data were fitted to a sigmoid curve
using a non-linear least square program.

currents to the same extent if the membrane potential
was held at ~40 mV when a minor contribution of
N-type calcium channels should be expected (data
not shown).

Effect of RR on the specific [*Hlnitrendipine and
[*¥1}w-conotoxin binding to adrenomedullary plasma
membranes

In brain membranes and other tissues, cations that
act as calcium agonists or antagonists can modulate
both ['®I]w-conotoxin [20] and VH]nitrendipine
binding [21]. The effect of RR on [**T}w-conotoxin
binding was studied and we observed that RR
decreased toxin bindingin aconcentration-dependent
manner (ICsy = 0.35 uM) (Fig. 4). In this experiment,
the effect of Ca?* and Cd** in modulating the
binding is also shown. The potency of the effect of
the divalent cations is substantially lower (1Cs, = 850
and 80 uM, respectively) than that observed with
RR. In contrast, RR in the range 0.1-50 uM was
unable to displace the specific [*H]nitrendipine
binding to adrenomedullary plasma membranes. The
calcium requirement of the dihydropyridine binding
in this tissue has been previously reported by using
EGTA washed membranes [23]. At this point we
decided to investigate whether RR, as had been
reported for divalent cations, could modulate [*H}-
nitrendipine binding in membranes treated with
EDTA and EGTA [21]. The result of these
experiments showed that RR, between 1 and 10 uM,
had no effect on specific [*'H}nitrendipine binding
to adrenomedullary plasma membranes under
conditions where Ca®* at 500 uM duplicated the
specific binding (Table 1). This result suggests that
RR has properties different to those of divalent
cations in respect to modulation of [*H]nitrendipine
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Table 1. Effect of RR and Ca** on specific [*H|nitrendipine
binding to adrenomedullary plasma membranes

cpm %
Control 202 + 45 100
RR (1 uM) 232+ 14 114
RR (5uM) 208+ 28 102
RR (10 uM) 189 £ 37 94
Ca® (500 pM) 440 * 35* 218

Data are means = SEM of three experiments using
0.8 nM [’H]nitrendipine and a concentration of membrane
protein of 0.05mg/0.1 mL (final volume). Membranes
were washed in the presence of EDTA and EGTA as
described previously [21].

Experimental conditions were as described in Materials
and Methods.

* Statistically significant from control (Student’s ¢-test)
(P <0.01).

binding to the dihydropyridine receptor associated
with the L-type calcium channel.

These experiments demonstrate that RR has the
same behavior as some divalent cations which inhibit
w-conotoxin binding, but seems to act differently
with respect to the binding of dihydropyridines.

DISCUSSION

The present work demonstrates that micromolar
concentrations of the polycationic dye RR inhibit
calcium currentsin chromaffin cells. Different cations
such as Cd** and La’* also block calcium currents;
however, these can modulate dihydropyridine
binding [21] while RR has no effect, suggesting some
differences in their interaction with the channel.

The possible relationship between the observed
inhibitory effect of RR and interaction with sialic
acid residues on the channel or closely related
components can be ruled out as neuraminidase
treatment did not reverse the effect. However, the
effect of RR was reversible after washing out the
polycation, both in the *’Ca®* uptake experiments
and in the electrophysiological recordings in which
it was shown that calcium currents were fully
recovered by washing after RR application.

Given the polycationic nature of RR, it could be
argued that it exhibits its effects by screening negative
surface charges.The apparent inhibition could have
been due to a shift in the activation curve of calcium
channels. However, this is not the case since no shift
in the 1/V relationships was seen in the presence of
RR; maximal calcium current was found to be always
around +10 mV (data not shown).

Aneffectof RR on Na*-Ca?* exchange, increasing
intracellular calcium concentration and therefore
inhibiting calcium current, could not be totally ruled
out. Nevertheless, some facts argue against such a
possibility: first, Na*-Ca?* exchange is probably
electrogenic and the effect of RR is insensitive to
both holding and test potential; and second, the
interaction of RR with w-conotoxin binding sites
strongly suggests that RR is acting on calcium
channels.
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Another interesting point is the fact that RR
affects calcium currents equally regardless of the
voltage applied (data not shown), indicating that the
site of action of RR is out of the membrane electric
field. In spite of the much more complex structure
of RR when compared with other blocking or
permeating cations, such a site might share one or
more loci with that reported for the blocking effect
of either Ca®* in guinea pig ventricular cells calcium
channels [28] or Cd** in cat sensory neurone calcium
channels [29]. Due to the relatively small differences
in radii among Ca?* (0.99 A) and other divalent
cations (0.65-1.35 A) [30], it is reasonable to suppose
that they have a common binding site(s) in the
calcium channel; however, the more complex
structure of the RR molecule (15 A in length and
8 A in width) [31] makes it probable that the
interaction of the polycation is a little different.

The inhibitory effect of RR on calcium currents
and consequently on catecholamine secretion is
selective. We report for the first time in the present
work that sodium or potassium currents are not
affected by the polycation in the same studied range
of concentration. Nevertheless, no differences in
the inhibitory potency between dihydropyridine-
sensitive and -insensitive calcium channels were
observed. However, the different effect of RR on
the binding of [*H]nitrendipine and ['*’I]w-conotoxin
might indicate a different interaction of RR in each
one of these calcium channels subtypes. Further
experiments need to be carried out to characterize
the nature of this interaction.

There is in fact great interest in the discovery or
synthesis of calcium channel subtype-specific toxins
and derivatives, in order to investigate the relative
role of these channels in allowing intracellular
calcium-mediated actions. The effect of some organic
polycations such as the spider toxin FTX [32]
and polyamines [33] on voltage-activated calcium
channels has been reported recently. The results
described here, with the inorganic polycation RR,
suggest that this compound or closely related
molecules could be of interest for exploring Ca?*
channel activity.
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