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Abstract

The effects of neomycin on voltage-activated Ca>* channels (VACCs) were studied by Ca®*-dependent K*- and veratridine-evoked
[*H]dopamine release from rat striatal slices. Neomycin (0.01—1 mM) concentration dependently reduced K -evoked [*H]dopamine release
(ICso ~ 25 uM), producing ~ 98% inhibition at 1 mM. Contribution of N-, P- and Q-type Ca®" channels to this neomycin-sensitive
[*H]dopamine release was tested by the combined application of 100 uM neomycin and selective Ca®> " channel blockers. The effects of
neomycin combined with 1 pM of w-conotoxin GVIA (N-type Ca®* channels) or with 100 nM of w-conotoxin MVIIC (Q-type Ca®*
channels) were additive, excluding involvement of N- and Q-type Ca> " channels. However, the combined effects of neomycin with 30 nM of
o-agatoxin-IVA (P-type Ca®> " channels) were not additive, suggesting involvement of P-type Ca®> " channels in neomycin-induced inhibition
of [*H]dopamine release. On the other hand, veratridine-evoked [*H]dopamine release was shown to be mediated by Q-type Ca* " channels
only. In addition, neither the inhibitor of sarcoplasmic reticulum Ca” *-ATPase thapsigargin (500 nM) nor the blocker of sarcoplasmic
reticulum ryanodine Ca®* channels ryanodine (30 pM) modulate veratridine-evoked [*H]dopamine release, suggesting no contribution of
intracellular Ca®* stores. Neomycin (up to 100 uM) did not affect veratridine-evoked [*H]dopamine release, suggesting that intracellular
Ca® " stores are not a prerequisite for the action of neomycin. Lack of inhibitory effect of neomyein is taken as additional indirect evidence for
the involvement of P-type Ca®* channels. In conclusion, therapeutically relevant concentrations of neomycin preferentially block P-type
Ca®" channels which regulate dopamine release in rat striatum. This block could be responsible for aminoglycoside-induced toxicity.
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1. Introduction

Aminoglycoside antibiotics like neomycin inhibit a vari-
ety of ion channels, and these actions are thought to
contribute to some of the clinical side-effects such as acute
nephrotoxicity and ototoxicity, respiratory arrest and neuro-
muscular blockade (Fischel-Ghodsian, 1999; Chambers,
2001).

Neomycin has been shown to inhibit neurotransmitter
release from brain slices and synaptosomal preparations
(Diamant et al., 1987; Keith et al., 1992; Carvalho et al.,
1995; Elverfors et al., 1997; Bergquist et al., 1998), to block
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K*-evoked **Ca® " influx into synaptosomes (Atchison et al.,
1988; Keith et al., 1992) and to reduce intracellular-free Ca’™
in synaptosomal preparations (Duarte et al., 1996). Because
neomycin inhibits the specific binding of selective N-type
Ca” " channel blocker ['**T]w-conotoxin GVIA (Knaus et al.,
1987; Stumpo et al., 1991; Pichler et al., 1996), it was
suggested that the inhibition of release by aminoglycosides
is mediated by the blockade of N-type Ca®* channels (Knaus
et al., 1987). However, neomycin also affects non-L/non-N-
type Ca® " channels (Carvalho et al., 1995; Pichler et al.,
1996; Elverfors et al., 1997; Toner and Stamford, 1997,
Bergquist et al., 1998) and does not appear to be specific
for voltage-activated Ca”* channels (VACCs) because mod-
ulation of inositol 1,4,5-trisphosphate- and ryanodine-
induced intracellular Ca®* release channels may also con-
tribute to its inhibitory effects on neurotransmitter release
(Sayers and Michelangeli, 1993; Mack et al., 1992).
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Therapeutically relevant concentrations of aminoglyco-
sides inhibit the specific binding of the P/Q-type VACC
blocker ['**TJo-conotoxin MVIIC to guinea-pig cerebellum
membranes and block P/Q-type Ca®" currents in Xenopus
oocytes (Pichler et al., 1996). The authors conclude that
inhibition of these channels may be responsible for some of
the harmful toxic reactions of aminoglycoside antibiotics.
Interestingly, P/Q-type Ca* " channels are widely distributed
and were also recently detected in the smooth muscle of
renal resistance vessels and aorta (Hansen et al., 2000).
However, despite clinical interest in identifying the type of
VACC:s affected preferentially by therapeutic concentrations
of aminoglycosides, there are no data about specificity of
aminoglycoside block of L-, N-, P- and Q-type Ca®"
channels in native expression systems.

The small size of nerve terminals does not allow direct
measurement of Ca®" currents. Here, we investigated the
effects of neomycin on K'- and veratridine-evoked
[3H]dopamine release from rat striatal slices because these
neurons express L-, N-, P- and Q-type VACCs (Olivera et
al., 1994; Mermelstein et al., 1999). In addition, K'-
evoked [*H]dopamine release is mediated by P- and Q-
type Ca’" channels with minor contribution of N-type
Ca?" channels (Carvalho et al., 1995; Soliakov and Won-
nacott, 1996; Dobrev and Andreas, 1997; Dobrev et al.,
1999), whereas veratridine-evoked [*H]dopamine release
involves Q-type Ca® " channels only (Dobrev et al., 1998).
The peak plasma concentration of neomycin was estimated
to be 1-4 pg/ml, yielding a free concentration of ~ 10 pM
(Chambers, 2001). Moreover, because aminoglycosides do
not bind to plasma proteins, the tissue concentration is
expected to correspond to the peak plasma concentration.
Here we found that in the therapeutically relevant con-
centration of 10 pM, neomycin selectively blocks P-type
Ca®" channels. However, at higher neomycin concentra-
tions (1 mM), contribution of N- and Q-type Ca®*
channels to the inhibition of [*H]dopamine release cannot
be excluded.

2. Methods

All studies complied with the German Home Office
regulations governing the care and use of laboratory ani-
mals.

2.1. Drugs

[*H]Dopamine (specific activity of 21.5 Ci/mmol) was
from American Radiolabeled Chemicals, St. Louis, MO,
USA. Nitrendipine, nomifensine maleate and pargyline
hydrochloride were from RBI (Natick, MA, USA). L-
Ascorbic acid, w-agatoxin-IVA, ®-conotoxin-GVIA, ®-con-
otoxin-MVIIC, neomycin, thapsigargin and veratridine were
from Sigma (Deisenhofen, Germany). Ryanodine was from
Calbiochem-Novabiochem (Bad Soden, Germany).

2.2. PH]Dopamine release experiments

Striatal slices were obtained from 2- to 3-month aged
male Wistar rats (weight ~ 150—250 g; Charles River,
Sulzfeld, Germany). The release experiments were per-
formed as previously described (Dobrev and Andreas,
1997; Dobrev et al., 1998, 1999). In brief, 200-um-thick
striatal slices were prepared and pre-incubated for 20 min in
Krebs-phosphate buffer (KPB, in millimolars: NaCl 118,
KCl1 4.7, CaCl, 1.8, MgS0O4-7H,0 1.2, Na,HPO,4-2H,0
15.9, ascorbic acid 0.6 and glucose 5.6; pH="7.4) at room
temperature (22—24 °C). Then, the slices were incubated
with 0.1 pM of [*H]dopamine for an additional 30 min at 37
°C. After loading, the slices were placed into a superfusion
chamber (37 °C) and were superfused with KPB at a flow
rate of 0.6 ml/min. The superfusion KPB contained 10 pM
of nomifensine to inhibit [*H]dopamine re-uptake, 10 uM of
pargyline to block its metabolism and 1.3 mM of Na,—
EDTA to prevent autooxidation of [*H]dopamine.

After 20 min of washout superfusion, 30 or 40 successive
1-min fractions were collected. The [*H]dopamine release
was evoked either once with 25 pM of veratridine (S;) or
twice with 50 mM of KCl at fractions 7 (S;) and 27 (S,) (i.e.
27 and 47 min after the onset of superfusion, Fig. 1). At the
conclusion of each experiment, the slices were sonicated.
The radioactivity (*H) present in the collected fractions and
the tissue slices was measured by liquid scintillation spec-
troscopy.

2.3. Data presentation and statistics

The release of [*H]dopamine was calculated as previ-
ously described (Dobrev and Andreas, 1997). In brief,
[*H]dopamine release was expressed as a fraction of the
total amount of [°H]dopamine present in the slices at the
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Fig. 1. Effect of neomycin (350 uM) on K -evoked [*H]dopamine release.
After 20 min of washout period, 1-min fractions of superfuse were
collected. [3H]Dopamine release was evoked twice (S; and S,) for 2 min
with 50 mM of KCl, neomycin was added to the buffer 12 min before S,.
The S,/S; ratios were 0.79 £0.03 (n=15) for control and 0.20 & 0.02
(n=4) for neomycin, respectively (P <0.05). Each point on the graph
represents the average radioactivity collected in each 1-min fraction
expressed as a percentage of total radioactivity present in the slices just
before the respective collection period with error bars larger than symbols.



D. Dobrev, U. Ravens / European Journal of Pharmacology 461 (2003) 105—111 107

onset of the corresponding collection period (Fig. 1). The
stimulation-evoked [*H]dopamine release was calculated
from the total release during the 2-min stimulation period
and the subsequent 9 (in the case of KCI) or 15 min (in the
case of veratridine) corrected for basal release during this
time. The stimulation-evoked [*H]dopamine release during
the first (S;) and second (S,) stimulation was then expressed
as a percentage of the total radioactivity present in the slices
just before the respective stimulation (S;% and S,%). To
quantify drug effects on [*H]dopamine release evoked by
K" stimulation, the drugs were added 12 min before S, and
the obtained S,/S; ratio was expressed as a percentage of the
control ratio. In the case of veratridine, S; values obtained in
the presence of Ca® " channel blockers were expressed as a
percentage of those in the control group.

Data are given as means = S.E.M. for the indicated
number of experiments. Statistical significance was eval-
uated by one-way analysis of variance (ANOVA) followed
by Student—Newman—Keuls multiple comparisons test by
using the computer program SPSS for Windows (version
10.0, Miinchen, Germany). P<0.05 was considered statisti-
cally significant.

3. Results
3.1. Effect of neomycin on K -evoked [°H]dopamine release

We have previously demonstrated that K -evoked [*H]do-
pamine release from striatal slices is mediated by N-, P- and
Q-type VACCs (Dobrev and Andreas, 1997; Dobrev et al.,
1999). Neomycin inhibited this release in a concentration-
dependent manner (ICsq value of ~ 25 pM), the maximum
inhibition being ~ 98% at 1 mM (Figs. 1 and 2).

3.2. Involvement of N- and P-type VACCs in neomycin-
induced inhibition of [°H]dopamine release

To examine whether neomycin interacts with N-, P- or Q-
type channels to decrease dopamine release, we performed
exclusion experiments. First, we investigated the effects of
neomycin (10—100 pM) in the presence of P-type channel
block. In the presence of 30 nM of w-agatoxin-IVA, which
produces maximum inhibition of P-type channels (Mintz et
al., 1992; Wheeler et al., 1994), 10 pM of neomycin did not
induce any additional block of evoked release and the
inhibition was not statistically different when compared to
w-agatoxin-IVA alone (Fig. 3A). Conversely, in the pres-
ence of 100 pM of neomycin, 30 nM of w-agatoxin-IVA was
not able to further reduce K -evoked [*H]dopamine release,
for example, their effects were not additive (Fig. 3B). To
validate the preferential block of P-type VACCs by neo-
mycin, its effects were studied in the presence of N-type
Ca’" channel blocker ®-conotoxin-GVIA (Olivera et al.,
1994). The effects of the co-application of neomycin (10—
100 pM) and 1 pM of w-conotoxin-GVIA were fully
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Fig. 2. Concentration—response curves for the inhibition produced by
neomycin on K'- and veratridine-evoked [*H]dopamine release. Neomycin
was added 12 min before S,. Each point represents either mean S,/
S; £ S.E.M. for release evoked by 50 mM of K* or S, values when release
was stimulated with 25 pM of veratridine. Data were from four to eight
independent experiments for each drug concentration, with error bars larger
than symbols. The control S,/S; ratio for K™-evoked [*H]dopamine release
was 0.79 £ 0.03 (n=15) and the control S; value for veratridine-evoked
[3H]dopamine release was 55.2 £ 0.9% (n=9), respectively. These values
are defined as 100%. Statistical analysis was performed on untransformed
data (S,/S; or S;) by one-way ANOVA and Student—Newman—Keuls
multiple comparison test. ¥P <0.05 compared with the respective controls.

additive (Fig. 3A and B), excluding significant interaction
between neomycin and N-type VACCs. Thus, therapeuti-
cally relevant concentrations of neomycin appear to inhibit
preferentially P-type Ca”" channels.

3.3. Involvement of Q-type VACCs in neomycin-induced
inhibition of [FH]dopamine release

Two strategies were used to test for the possible involve-
ment of Q-type Ca® " channels in neomycin-induced inhib-
ition of release, that is, addition of 100 nM of ®w-conotoxin-
MVIIC to block Q-type Ca’" channels (Wheeler et al.,
1994; Olivera et al., 1994) and use of veratridine-evoked
[*H]dopamine release which recruits Q-type Ca*>* channels
only (see above). The effects of the co-application of 100
uM of neomycin and 100 nM of ®-conotoxin-MVIIC on
K"-evoked [3H]d0pamine release were additive (Fig. 3B),
excluding significant contribution of Q-type Ca®* channels
to the effects of low micromolar concentrations of neo-
mycin.

Veratridine-evoked [*H]dopamine release was not
affected by neomycin concentrations up to 100 uM and
was reduced by ~ 35% only with 1 mM of neomycin (Fig.
2), providing further evidence for a preferential block of P-
type Ca”" channels at low micromolar concentrations of
neomycin (< 100 pM).

3.4. Involvement of intracellular Ca** stores in neomycin-
induced inhibition of [PH]dopamine release

To exclude contribution of intracellular Ca® " stores to
neomycin-induced inhibition of [*H]dopamine release, we
used thapsigargin to deplete intracellular Ca®" stores by
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selective inhibition of the sarcoplasmic reticulum Ca”*-
ATPase (Thastrup et al., 1990). In this set of experiments,
we used veratridine-induced [3H]d0pamine release because
veratridine is reported to increase 1,4,5-trisphosphate syn-
thesis in the brain (Myles and Fain, 1994). Thapsigargin
(500 nM) had no effect on [°’H]dopamine release (Table 1).
Next we applied ryanodine to block Ca”*-induced Ca®"
release channels (ryanodine receptors, Jenden and Fairhurst,
1969). Incubation of the slices with 30 uM of ryanodine was
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Fig. 3. (A) Inhibitory effects of m-conotoxin-GVIA (w-CTx-GVIA, 1 uM)
and m-agatoxin-IVA (w-Aga-IVA, 30 nM) alone and in combination with 10
uM of neomycin on K -evoked [*H]dopamine release. Neomycin and -
CTx-GVIA were simultaneously applied 12 min before S,, whereas
neomycin and w-Aga-IVA were applied sequentially. In these experiments,
neomycin was added 12 min before S,; 6 min later, the superfusion buffer
was switched to medium containing both neomycin and w-Aga-IVA. The
control S,/S; ratio was 0.80 £ 0.02 (n=10) and is considered as 100%.
Each column represents mean + S.E.M. (bars) values from » independent
experiments. *P <0.05 compared with ©-CTx-GVIA only. (B) Effect of the
combination of 100 uM of neomycin and w-CTx-GVIA (1 uM), o-Aga-
IVA (30 nM) or w-conotoxin-MVIIC (w-CTx-MVIIC, 100 nM) on K-
evoked [*H]dopamine release. Statistical analysis was performed on
untransformed data (S,/S;) by one-way ANOVA and Student—Newman—
Keuls multiple comparison test. *P<0.05 compared with neomycin and
with 0-CTx-GVIA only (A). ¥P<0.05 compared with neomycin and with
©-CTx-MVIIC only.

Table 1
Effects of thapsigargin and ryanodine on veratridine-evoked [*H]dopamine
release from rat striatal slices

Drugs Concentration (uM) Percentage of control S;
Thapsigargin 0.5 100.8 £ 6.2 (n=4)
Ryanodine 30 105.4 £ 6.3 (n=4)

Striatal slices were stimulated once with 25 pM of veratridine (S;) and the
release of [*H]dopamine was expressed as a percentage of the total
radioactivity present in the slices before the stimulus. Drugs were added 12
min before S, (e.g., 6 min before fraction collection, see Methods). Results
are mean + S.E.M. of n experiments. The control S, is considered as 100%.
Statistical analysis was performed on untransformed data (S;) by one-way
ANOVA (P=N.S.).

without effect on [*H]dopamine release (Table 1). Thus,
store-operated capacitative Ca® " entry did not contribute
significantly to the inhibitory effects of neomycin on
[*H]dopamine release.

4. Discussion

In the present study, clinically relevant concentrations of
neomycin preferentially block P-type Ca®” channels. This
finding is further supported by the lack of effect of low
concentrations of neomycin on veratridine-evoked [*H]dop-
amine release, a process independent of Ca® * influx through
P-type Ca’" channels. However, with high concentrations
of neomycin (1 mM), involvement of N- and Q-type Ca®*
channels cannot be ruled out.

4.1. Effects of neomycin on K - and veratridine-evoked
[PH]dopamine release

Neomycin inhibits ®-conotoxin-GVIA-sensitive N-type
Ca®™" channels (Knaus et al., 1987; Stumpo et al., 1991;
Pichler et al., 1996) and blocks w-conotoxin-GVIA-resistant
Ca®" channels in a concentration-dependent manner (Car-
valho et al., 1995; Pichler et al., 1996; Elverfors et al., 1997;
Toner and Stamford, 1997; Bergquist et al., 1998).

In the present study, neomycin (1-1000 pM) concentra-
tion dependently inhibited K *-evoked [*’H]dopamine release,
producing maximum inhibition of release of ~ 98% at 1 mM.
An ICsg of ~ 25 uM reported here is in good agreement with
the ICso for neomycin-induced inhibition of “fast phase”
Ca®>" uptake in brain synaptosomes (~ 25 pM; Atchison et
al., 1988) and with the ICsq, for block of voltage-activated
Ca®" currents in rat arterial myocytes (~ 32 uM; Langton et
al., 1996). Interestingly, some VACCs of rat arterial vessels
have been recently identified to belong to the wm-agatoxin-
IVA-sensitive P/Q-type Ca® * channels (Hansen et al., 2000).
In other studies, inhibition of transmitter release by neo-
mycin required much higher concentrations. Neomycin
inhibited K -evoked [*H]noradrenaline release from rat brain
slices with ICs, values of 500 (Diamant et al., 1987) and 390
uM (Keith et al., 1992). Similarly, neomycin blocked Ca®*
uptake in rat synaptosomes with ICsq values of 340 (Keith et
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al., 1992) and 670 uM (Perrier et al., 1992). The differences
have probably arisen because these experiments were per-
formed at different concentrations of free Ca’*. In fact, ICs,
values for neomycin are larger in the presence of millimolar
than of micromolar concentrations of extracellular-free Ca® *
(Atchison et al., 1988; Pichler et al., 1996). Thus, in the
present study, the strong efficacy of neomycin might be due
to the low free Ca® " concentration in the superfusion buffer
(calculated free Ca® " levels of ~ 0.6 mM, see Dobrev et al.,
1998). However, it should be noted that in humans, normal
free Ca®>" concentration is 0.9—1.3 mM (Moore, 1970),
indicating that the Ca®* channel blocking effects of neo-
mycin may be operative in vivo.

4.2. Involvement of different types of VACCs in neomycin-
induced inhibition of [?H]dopamine release

In previous studies in which neomycin concentrations of
less than 300 pM were used to block non-L- and non-N-type
Ca® " channels in rat striatum (Carvalho et al., 1995; Duarte
et al., 1996), the nature of the VACCs was not identified. We
and others (Pichler et al., 1996) provide evidence that
neomycin interacts selectively with P/Q-type VACCs. In
the present study, the combined inhibitory effects of neo-
mycin (10—100 pM) and w-agatoxin-IVA (30 nM) were not
additive (Fig. 3A and B). Because 30 nM of w-agatoxin-IVA
maximally blocks P-type VACCs (Mintz et al., 1992;
Wheeler et al., 1994), our findings suggest that low micro-
molar concentrations of neomycin (10—100 pM) selectively
inhibit P-type VACCs. However, because 1 mM of neo-
mycin abolished K*-evoked [*H]dopamine release, higher
concentrations of neomycin may also inhibit N-type
VACCs.

The possible role of Q-type Ca”> " channels in neomycin-
mediated inhibition of K'-evoked [3H]d0pamine release
was tested with the selective Q-type Ca® " channel blocker
o-conotoxin-MVIIC (Wheeler et al., 1994). The combined
effects of 100 uM of neomycin (mediated by P-type Ca® "
channels, see above) and 100 nM of ®-conotoxin-MVIIC
(selectively blocking Q-type Ca®" channels, see below)
were additive. Thus, Q-type Ca®* channels must have
remained unaffected in the presence of this neomycin
concentration. Higher concentrations of w-conotoxin-
MVIIC were not used because this toxin loses its selectivity
for Q-type Ca®>" channels when concentrations exceed 100
nM (Wheeler et al., 1994).

The preferential inhibition of P-type channels by low
micromolar concentrations of neomycin ( <100 puM) was
further supported by employing veratridine-evoked [*H]do-
pamine release, which is mediated predominantly by Q-type
Ca®" channels (Dobrev et al., 1998). Up to 100 uM of
neomycin did not affect veratridine-evoked [*H]dopamine
release, excluding significant interaction between neomycin
and Q-type Ca®" channels at these concentrations. In the
presence of 1 mM of neomycin, however, veratridine-
evoked [*H]dopamine release was blocked by ~ 35%,

suggesting possible interaction with Q-type channels at
higher concentrations. Thus, P-type VACCs appear to be
the only type of VACCs preferentially inhibited by ther-
apeutically relevant concentrations of neomycin. Finally, it
should be considered that dopamine itself is able to inhibit
P-type Ca® " channels (Mansvelder et al., 2002), indicating
that the reported effects of neomycin on these channels may
be underestimated.

. o+ .
4.3. Involvement of intracellular Ca“" release mechanisms
in neomycin-induced release inhibition

Modulation of inositol 1,4,5-trisphosphate- and ryano-
dine-induced intracellular Ca®"* release mechanisms may
also contribute to neomycin-induced effects (Mack et al.,
1992; Sayers and Michelangeli, 1993). Due to its polyca-
tionic chemical nature, neomycin does not readily penetrate
the intracellular space (Chambers, 2001). However, there is
convincing evidence that neomycin can bind to the inositol
1,4,5-trisphosphate precursor inositol 4,5-bisphosphate
located in the plasma membrane and thus may block its
synthesis without entering the cell (Gabev et al., 1989).
Because veratridine is known to increase inositol 1,4,5-
trisphosphate synthesis in brain cortical slices (Myles and
Fain, 1994), we investigated whether Ca’" release from
intracellular stores contributes to veratridine-evoked [*H]do-
pamine release. Depletion of internal stores with thapsigar-
gin (500 nM) or block of Ca® -induced Ca”* release with
ryanodine (30 pM) had no effect on veratridine-evoked
[*H]dopamine release. Furthermore, neomycin (1 mM) did
not affect the ionomycin-evoked [*H]p-aspartate release
from rat hippocampal slices (Keith et al., 1992) and did
not inhibit activity of plasma membrane Ca” “-ATPase and
Na'—Ca® *-exchanger (Lehotsky et al., 1992; Canzoniero et
al., 1993). Therefore, it is unlikely that intracellular Ca®™"
release channels contribute to the effects of neomycin.
However, because we did not study the contribution of
intracellular Ca?” stores to K'-evoked [*H]dopamine
release, possible involvement of internal Ca® * stores to this
release mechanism cannot be fully excluded.

4.4. Clinical implications

The molecular mechanisms of the toxic effects of
aminoglycosides are poorly understood (Fischel-Ghodsian,
1999; Chambers, 2001). Here we demonstrate that thera-
peutically relevant concentrations (10 pM) of neomycin
selectively block P-type Ca?* channels. Our findings are of
potential clinical importance because P-type VACCs are
distributed also outside the nervous system (kidney and
arterial vessels, Hansen et al., 2000). Interestingly, mRNA
for the a4 subunit encoding the neuronal P/Q-type Ca”*
channel has been found in high density in the kidney cortex
(Yu et al., 1992), where high concentrations of amino-
glycosides accumulate (Davis et al., 1984). Thus, the block
of P-type Ca® " channels caused by these drugs may in part
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mediate aminoglycoside-induced nephrotoxicity. In addi-
tion, blockade of P/Q-type VACCs by aminoglycosides
may also contribute to their vestibular toxicity and ototox-
icity (Pichler et al., 1996) because neomycin blocks coch-
lear dopamine release (Gaborjan et al., 2001). Finally,
blockade of P-type Ca’" channels may be involved in
neuromuscular paralysis associated with aminoglycosides
because transmitter release from human motor nerve termi-
nals is mediated mainly by this type of VACCs (Protti et
al., 1996).

In conclusion, we provide evidence that therapeutically
relevant concentrations of neomycin preferentially block P-
type Ca®> " channels which regulate dopamine release in the
rat striatum. The blockade of P-type VACCs may be one
possible mechanism contributing to renal, oto- and neuro-
muscular toxicity of aminoglycoside antibiotics.
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