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R. S. GoMez, T. Moraes-SanTos and M. V. GoMez. Effect of lanthanum ions
on the release of acetylcholine induced by tityustoxin, K* and ouabain from
myenteric  plexus and brain  cortical slices. Toxicon 31, 411415,
1993 —Exposure of myenteric plexus longitudinal muscles to 2mM LaCl,
increased the rate of spontaneous [PH]-ACh release. In brain cortical slices
La** did not affect the spontaneous release of ACh. The release of ACh
induced by tityustoxin, ouabain or K* 50 mM in brain cortex and myenteric
longtudinal muscles slices was inhibited by La’* treatment. Tt is suggested that
tityustoxin, ouabain and K* release ACh from the same pool that s inhibited
by La** pretreatment.

INTRODUCTION

LANTHANUM ions (La**) are known to produce a pronounced increase in the release of
acetylcholine (ACh) from cholinergic motor nerve terminals (BLIOCH e? al., 1968; HEUSER
and MiLept, 1971; GUNDERSEN and JENDEN, 1981; KriERel and FLOREY, 1983). This
release is quantal and associated with a loss of synaptic vesicles from the nerve terminals
(MILEDI et af., 1982).

The ACh release mechanism has been intensively studied and two hypotheses, the
vesicular (for review see CEcCARELLI and HurLBUT, 1980) and the cytoplasmic (for review
see ISRAEL and MANARANCHE, 1985) have been proposed to explain this mechanism.
Electrical field stimulation of the guinea-pig myenteric plexus has failed to cause a further
increase in the release of ACh from La®* pretreated preparations, whereas ouabain
released considerable more ACh when compared with controls, suggesting that electrical
stimulation and ouabain release ACh from different pools (DOLEZAL et af., 1987).

Tityustoxin, a neurotoxin purified from the Brazilian scorpion Tityus serrulatus, mimics
many effects of electrical stimulation in rat brain cortical slices and synaptosomes,

*Author to whom correspondence should be addressed.
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increasing the release of ACh as well as the uptake of sodium and calcium ions, causing a
sushtantial depolarization in a tetrodotoxin-sensitive manner (GOMEZ et al., 1973, 1975).
Studies on ACh release in brain cortical slices induced by tityustoxin and ouabain suggest
that they may mobilize different intracellular pools (Gomez, 1980; RiREIRO and GoMEZ,
1586).

To our knowledge, all published investigations regarding La’* effects on the release of
ACh have been performed on frog neuromuscular junction and guinea-pig myenteric
plexus. In this paper we have studied the effects of La** on the release of ACh induced by
tityustoxin, ouabain and K* 50 mM in slices of guinea-pig myenteric plexus longitudinal
muscles. In addition, we have further extended studies on the effect of La’* in the release
of ACh from brain cortical slices.

MATERIALS AND METHODS

Tityustoxin was purified as previously described (Gomez and Dinz, 1966). Tityustoxin is an x-scorpiotoxin
that activates voltage-sensitive sodium channels of neuronal cells and the release of neurotransmitter from nerve
endings. Quabain and lanthanum chloride were obtained from Sigma Chemical Co (5t. Louis, MO, U.S.A)). All
other chemicals were of analytical grade.

Holtzman rats {200-230 g) of cither sex were killed by decapitation and their cerebral cortices removed and
sliced in a Mcllwain Tissue Slicer (Brinckman Instruments Inc., U.K.). Pieces of longitudinal muscle with its
accompanying plexus, weighing about 40 mg, were obtained from guinea-pigs of cither sex, as described by
PaTON and Zar (1968).

The release of ACh into the incubating fluid was studied after labelling tissue ACh with methyl [*H}-choline
chloride (Amersham Searle, 78 Ci/mmole), following the method described by SuskiN and TotH (1986). Tissue
ACh stores are first depleted by an incubation in Krebs medium, for 15 min in the presence of 50 Mm K*. After
this the slices were incubated in Krebs medium for 30 min with 0.35 4Ci of methyl [3H]-choline to label the
endogenous pools of ACh, The slices were then separated from the incubating fluid by centrifugation (5000 g 10
min) and then washed three times with 1.0 uM of cold choline. Subsequently the slices were preincubated for 15
min in the presence or absence of 2.0mM La®* and then stimulated with tityustoxin 2.5 yuM, ouabain [0 M or
K* 50mM for 5, 15 and 30 min. To avoid La** precipitation, the medium used in this incubation contained
(mM): NaCl 136; KCI 2.7, CaCl, 1.8; glucose 5.5; trizma base 10 and diethyl p-nitrophenyl phosphate
(Paraoxon, Sigma Chem. Co.) 20 uM was added to prevent hydrolysis of ACh. The final pH was adjusted to 7.4.

Tasre 1. EreecT oF La** 2.0 mM ON THE RELEASE OF ACh INDUCED BY TITYUSTOXIN, OUABAIN anNp K* 50mM
FROM RAT BRAIN CORTICAL SLICES

SH-ACh (DPM/g tissue x 10°)

Time
(min) Control Tityustoxin Quabain K {50 mM)
A. Without La’*

5 524431 T424+ 4.7* 9861+ 2.4+ 132.04£20.0*
15 69.3+7.3 [272+11.0* 126.6+10.4* [24.9412.2*
30 71.243.1 1139+ 8.6* 1208 +13.2* 15404+ S5.4*
B. With La** (2.0 mM)

5 53.34+3.7 4344 53 451+ 1.8 488+ 3.0
15 653155 71.7+10.7 587+ 26 58.7+ 5.2
30 74.0+7.8 756+ 3.8 758+ 2.7 705+ 49

Rat brain cortical slices (480 mg) were preincubated for 15 min in the absence of (A) or in the presence of
2.0 mM La** (B). They were then stimulated for 5, 15, and 30 min with tityustoxin 2.0 uM, ouabain 10 M or
K* 50 mM. In order to maintain the isotonicity, in the case of high K*, an equal amount of Na* was removed
from the incubation medium. For other details see Material and Methods, The values express the means + S.E.
for duplicates of three different experiments. *Statistically different from the control, P < 0.02.
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TabBLE 2. EFFEcT oF La*' ON THE RELEASE OF ACh INDUCED BY TITYUSTOXIN, OUABAIN aND K* 50mM I
GUINEA-PIG MYENTERIC PLEXUS

SH-ACh (DPM/g tissue x 10°)

Time
{min) Control Tityustoxin Ouabain K*(50 mM)
A. Without La**

5 328465 324411 2924+ 7.8 80.4410.1*
15 309421 89.8 4 5.0% 8.9+ 9.1* 81.14+ 3.3*
30 551499 133.5+8.0* 156.2413.2* 214.5+14.4%
B. With La* (2.0 mM)

5 29.14+6.3 33.0x2.1 37.947.2 481+ 92
15 62.945.0* 44.6+3.9 56.24+ 5.3 46,24+ 99
30 9294 4.6 102.2+5.6 109.7+12.3 92.1417.2

Slices from guinea-pig longitudinal muscles myenteric plexus {+40 mg) were preincubated for 15 min without
La** {A) or with 2.0 mM La’* (B). They were them stimulated for 3, 15 and 30 min with tityustoxin 2.0 uM,
cuabain 10 pM or K* 50 mM. In order to maintain the isotonicity, in the case of high K*, an equal amount of
MNa* was removed from the incubation medium. The values express the means +S.E. for duplicates of three
different experiments. For other details see Material and Metheds. *Statistically different from the control,
P <002

In order to characterize the radioactivity released, the supernatants were submitted to high-voltage electro-
phoresis to separate [*H)-choline and [*H]-acetylcholine. The [*H]-acetylcholine represented 60-72% of the total
radioactivity.

The statistical analyses were performed by analysis of variance. Treatments and incubation times formed a
factorial with the number of observations in cach tissue. Variance homogeneity and normal distribution was
assumed. Analysis of variance was then performed to estimate error variance which was used to compare the
means using the Student Newman—Kuels test (STEEL and TorRIE, 1960},

RESULTS

Table 1 shows the time-dependent action of La**, tityustoxin, ouabain and K* (50 mM)
on the release of ACh from incubated rat brain cortical slices. There was no significant
effect of La** on the spontaneous release of ACh (P > 0.05), whereas tityustoxin, ouabain
and K™, as a function of incubation time, cause a pronounced stimulation of the release of
ACh (P < 0.02). When cortical slices were pretreated with La** the release of ACh
stimulated by tityustoxin, ouabain or K* was completely blocked, P < 0.02 (Table IB).

Table 2 shows the time-course effect of La**, tityustoxin, ouabain and K* in the release
of ACh from incubated slices of myenteric plexus longitudinal muscles of guinea-pig
ileum. As observed with brain cortical slices, tityustoxin, ouabain and K*, as a function of
time, caused stimulation of the release of ACh from incubated myenteric plexus longi-
tudinal muscles, P < 0.02. The effect of K* on the release of ACh was higher than that of
tityustoxin and ouabain. Even at the shortest period of incubation (5 min), K* 50 mM
was able to increase the release of ACh, P < 0.02. La’* pretreatment for 15 and 30 min
promoted a significant stimulation of the release of ACh. At 30 min of incubation, the ion
almost doubled the release of ACh. However, La** blocked the release of ACh induced by
tityustoxin, ouabain or K*.
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DISCUSSION

As far as we know, there is no report on the effects of La’* ions on the release of ACh
from central cholinergic neurons. In this study, we have observed a difference between the
effect of La** on the release of ACh in slices of guinga-pig myenteric plexus longitudinal
muscles and rat brain cortex. Indeed, La** had not effect on the spontaneous release of
ACh from incubated cortical slices, while it increased the release of ACh in incubated
slices of myenteric plexus. Literature data show that La’* promotes a large increase in the
release of ACh in the myenteric plexus (DoLEZAL ef af., 1987) and neuromuscular junction
(Heuser and MILEDi, 1971; GUNDERSEN and JENDEN, 1981; MILED! et al., 1982). We have
no explanation for the absence of an effect of La*t on the release of ACh from central
cholinergic synapses.

La** causes depletion of vesicular neurotransmitters (MILEDI ef al., 1982); however, the
inhibitory effect of La’* ions on the release of ACh induced by tityustoxin, ouabain or K*
50 mM is not likely explained by a general depletion of ACh stores. Even in cortical slices,
where La** ions have no effect in the release of ACh, this cation was capable of inhibiting
the release of ACh induced by tityustoxin, ouabain or K*.

Prolonged exposure to La** was reported to produce miniature end plate potentials of
higher amplitudes, suggesting that either a vesicle is re-used several times or a new vesicle
population is formed during the process (Heuser and Micepi, 1971). The activation of
ACh release by La’* is not understood, but the depletion of synaptic vesicles from the
cholinergic terminal is a conspicuous consequence of La**t-activated release (DOLEZAL et
al., 1987).

Electron micrographs of neuromuscular junctions of muscles treated with La*t showed
precipitation of La’* salts (HEUsER and MiLEDY, 1971; MILEDI ef al., 1980).

Thus, La’* accumulation in the synaptic region might have a blocking action on Ca?*
channels. However, washout of La** for long periods from La’*-pretreated myenteric
plexus (DOLEZAL et al., 1987) failed to restore the ACh release on depolarization of
La’*-pretreated tissues. The inhibition on the release of ACh by La** does not seem to
depend on extracellular Ca’*, since it was also observed in the presence of ouabain, that
causes a calcium-independent release of ACh (GoMEZ et al., 1975; Vizi and Ligeni, 1984).

DoLEzAL et al. (1987) reported a result different from our data, but this may be due to
methodological differences. Thus, in the myenteric plexus as well in brain cortical slices,
La’" was capable of inhibiting the ACh release induced by tityustoxin, ouabain or K*
50 mM. Although we cannot distinguish the ACh pools, our data suggest that, in the
conditions of our experiments, the release of ACh occurs from only one pool. Thus, La**
may block the vesicular release of ACh induced by tityustoxin, ouabain or K*.

It is amazing that La** by itself stimulaied release of ACh from myenteric plexus while
it blocked the release of ACh induced by tityustoxin, ouabain or K*. La** blocks calcium
entry into the cells of intestinal smooth muscle (Weiss and GoobMan, 1969), and it seerms
to act from the outside of the cells (FLAT et al., 1980). Thus, ii is possible to speculate that
La’* binds to membrane sites responsible for ACh release. In the first condition, La**
binding may stimulate the ACh release, while in the second condition the sites would be
occupied by La’* and unavailable to tityustoxin, ouabain and K* to the membrane
receptor sites responsible for the ACh release.
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enzyme does not stain well with Coomassie blue. No attempt was made to stain this gel
with silver stain. :

Since it is known that venom alkaline phosphatase has a mol. wt greater than 90,000
{(IwaNAGa and Suzukl, 1979), we selected electrophoresis conditions for detection of
reduced proteins between 20,000 and 200,000 mol, wt. However, blots from SDS-PAGE
gels boiled for 3min in buffer containing 2-mercaptoethanol did not develop in the
phosphatase substrate (not shown). Therefore, sclected venoms were not treated with
2-mercaptoethanol or boiled prior to electrophoresis, Under these conditions, most of the
venom proteins (developed with silver stain) were at a mol. wt less than 90,000, and very
few bands were discernible in this gel (Fig. 1C). The developed blot from an equivalent
SDS-PAGE gel revealed phosphatase activity between 90,000 and 110,000 mol. wts.
Corresponding proteins were not seen in the stained gel, even in the venoms having high
phosphatase activity, again indicating that the alkaline phosphatase in these venoms is in
very low concentrations. The time for development of the enzyme also varied in this blot
(Fig. 1D), and reflected the activity determined by the test tube method. Samples that had
been frozen and thawed lost activity, as did samples that had been incubated in EDTA
(107*M) or heated for 30 min at 55°C.

Endogenous phosphatases can interfere with alkaline phosphatase-based detection
methods when studying snake venom. Preliminary testing to determine whether the venom
(or body fluid) possesses endogenous alkaline phosphatase is recommended prior to using
alkaline phosphatase-based detection methods to study snake venom. A convenient and
simple assay procedure is to test the whole venom or fraction by a dot- or siot-blot method
placing the blot in BCIP/NBT shortly after blotting. An alternative is to inactivate
endogenous alkaline phosphatase, by using EDTA or heating. Another alternative may be
to use horseradish peroxidase or gold-based immunological methods for detecting snake
VERom proteins.
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I. B. Quemroz, R. M. M. TURCHETTI-MaA1a, T. MORAES-SanTOs and M, V.
GoMEz. Ageing and acetylcholine release by tityustoxin from brain cortical
slices, Toxicon 32, 232-234, 1994.—The ability of tityustoxin to trigger
acetylcholine release was studied in cerebral cortical slices from 2, 12 and
23-month-old rats. The effect of tityustoxin to induce the release of acetyl-
choline was reduced by 60% in senescent animals. This result suggests that
ageing reduces the sensitivity of cerebral cortical nerve terminals to tityustoxin.

CHOLINERGIC function is reduced with normal ageing. It is firmly cstablished that
cholinergic cells degenerate with age. However, the specific functional change caused by
this degeneration remains unknown (FiBIGER, 1991). Cells in young rats are more sensitive
to acetylcholine (ACh) than those in old rats (HAIGLER ef af., 1985). Furthermore, celis
in old rats have a lower baseline firing rate (LipPa et al., 1981). The effect of ageing on
cholinergic neurons does not appear to involve a decrease in synthesis or levels of ACh
available for the release, since the reduction in ACh release can occur without changes in
these presynaptic parameters (PEDATA er af., 1983; MEYER et al., 1984). Ageing reduces
calcium ionophore A-23187 and K*-induced release of H-ACh] (MEYER et af., 1986),
while release of ACh from the extensor digitorum longus muscle of 27-month-old rats was
higher than that released from muscles of mature rats after 1 Hz stimulation (SmrtH, 1990).
Tityustoxin from the Brazilian scorpion Tityus serrulatus repeats many of the effects of
electrical stimulation, causing a substantial increase of the release of ACh from cortical
slices of rat brain (GOMEZ et al.,, 1973). The half maximai concentration (EC,) for the effect
of tityustoxin in the release of ACh is 1.1 uM. Therefore, we decided to investigate the
stimulation of release of ACh by TsTX in cortical slices of mature and old rats.
Tityustoxin was purified as previously described (Gomez and Diniz, 1966). Slices of
cerebral cortex (0.5 mm) were obtained from male Holtzman rats of 2, 12 and 23 months
old using a Mcllwain Tissue Slicer. After incubation in Tyrode medium (30 min), with or
without TsTX (2.3 uM), the slices were removed from the flasks and rinsed with 0.5 ml
of incubation medium. The assay of free ACh was performed on the incubating fluids

*Author to whom correspondence should be addressed.
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Frs. 1. EFFECT OF TITYUSTOXIN ON THE RELEASE OF ACh FROM BRAIN CORTICAL SLICES OF AGED RATS.
Incubation in Tyrode medium at 37°C for 30 min, pH 7.4. {7 2 months old, B 12 months old, and
B 23 months old. Results are expressed as ACh released (% of control) £ SEM for 14, 11 and
© animals in each group, respectively. * P < (L00S compared with 2 and {2-month-old groups.

which were each collected individually (by filtration) in 0.1 mi I N HCI and boiled for
10 min 1o inactivate the fityustoxin, Samples were kept frozen at —15°C until assay.
Acetylcholine was assayed on a strip of guinea-pig ileum in the presence of morphine,
neostigmine and phenergan by the method of Paton (1957) with the precautions of
Feldberg (1954} described in detail previously (Gomez ¢t al., 1973},

The results in Fig. | show the effect of tityustoxin stimulation on the release of ACh
from brain cortical slices of 2, 12 and 23-month-old rats. The release of ACh induced by
TsTX was 60% lower in 23-month-old animals than in 2 and i12-month-old animals
(P < 0.005). The value for the release of ACh by tityustoxin in 2-month-old rats is
284 + 1.2 nmol/g. There was no difference in the levels of basal and ussue ACh in the
control animals, i.e. without tityustoxin stimulation (data not shown}. Thus, the reduced
effect of tityustoxin in old animals might not be explained in terms of ACh synthesis
available for the release. This is in agreement with the changes in release of ACh induced
by K* and Ca®" ionophore A-23187 in old animals (PETERSON and (G18SON, 1983; MEYER
et al., 1986; PEDATA e1 al., 1983).

Tityustoxin acts on Na* channels, increasing the release of acetylcholine from incubated
brain cortical slices (Gomez er al., 1973). Thus, we could speculate that in old animals the
effect of tityustoxin could be due to a reduction of Na* channel tityustoxin binding sites.
However, K*-induced release of ACh does not involve Na* channels (Sroxes and Doiry,
1980) and is also reduced in old animals (MEYER ¢! af., 1986).
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Summary-—In this paper. the effect of calcium channel blockers on acetyleholine release mduced by titygstoxin ¢ g4

and ouabain in rat brain cortical stices is deseribed. Cadmium, a non-specific blocker of caleium chimmets,
inhibited the release of ACh induced by tityustoxin. L-type calcium channel blockers (verupamil, niledipine
and diltinzen) had no cffect on the release of ACh induced by tityustoxin. The refease o ACh was alsn
unaileeted by nickel, a T-type calcium chunnel blocker, and the conotoxins GVIA and MVIIC, blockers ol
N and Q-type calcium channels. Agatoxin IVA_ u specific blocker of the P-type caleium channel, inhibited
the release of ACh induced by tityustoxin by S04, The spontancous release of AChas well us ouabuin-induced
release of ACh was unalflected by any of the calcium channel blockers studied. Tt is concluded thut ACh release
induced by tityustoxin is mediated by Ca™* influx via P-type culcium channels,

Keywords —Tityustoxin, ouabain. calcium chunnel antagonists. acctyleholine i -CONMOXINS, o -Conotoxin

MVIIC, w-ApalVA,

Calcium entry into neurons through veltage-dependent
calcium channels (YDCC) is associated with a variety
of intracellular processes including neurotransmitter
release (Katz and Miledi, 1965}, In neurons and other
tissues, four main subtypes of VDCC termed L. N, T
and P have been delined on the basis of dillerences in
their electrophysiological and pharmacologicul profiles,
Mammalian neurons exhibit a Q-type Ca®' current that
co-exists with L. N and P-type channets (Zhang ot «f.,
1993), and is blocked by wm-CgTX MVIIC, o specilic
antagonist (Wheeler er al.. 1994). A trunsient low-
threshold T current is blocked by nickel. whereas
calcium  channel antagonists  with  dihydropyridine
(nifedipine} or phenylalkylamine {(verapamil) structures
affect only the L-type channel (Miller, 1987: Tsien et «l..
1988). In addition to the organic calcium channel antag-
onists, the peptide w-conotoxin GVIA has been Tound
to block N-type caleium channels (Fox er ol 1987;
McCleskey or «f., 1987 Tsien ef af. 198R). More
recently, m-CeTX resistant Ca®* channels have been
described in mammalian brain. One such channel, the P
type. was first characterized in Purkinje neurons (Llinas

*To whom correspondence should  be  addressed  at:
Departamento de Farmacologia.
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of al.. 1989). P-type calcium channels were subsequently
found in many other regions ind are specifically blocked
by m-agatoxin IVA. a peptide purified from the venom
of Agclenopsis aperta (Mintz ef al., 1992).

Tityustoxin, a neurotoxin from the venom of the
Brazilian scorpion Tirvus serendatus mimics many eflects
of clectrical stimulation by increasing the refease of
acctyichotine (ACh) as well as the uptake of Na' and
Cu?' inorat briin cortical slices and  synaptosomes
{Gomez of al.. 1975 Henrigues and Gomez, 1981).
These elleets of titvustoxin result in a calcium and
sodium-dependent release and synthesis ol ACh that
can be inhibited by tetrodotoxin (Gomez ef ol 1973
1975). Thus, titvustoxin is uselul as a tool for studies on
synaptic transmission and neurotransmitter release,

Ouabain treatment ol briin cortical slices results in
i release ol ACh that is independent of extracellular
calcium (Gomez er ol 19750 Adam-Vizi and Ligetu,
1984y with  almost  negligible  cell  depolacization
(Brosemer. 1985 Adum-Vizi and Ligetti, 1986) and that
is inscnsitive to tetrodotoxin inhihition (Gomez ef of.,
1975). However, there are studies indicating  that
ouabain cun increuse levels of intrasynaprosomal ITree
Ca’' in the presence of extracellular calcium (Nachshen,
19854, by, and that the ouabain induced increase in
["HIACh relcase Tram synaptosomes is inhibited by
verapamil, i L-type calcium channel blocker (Satoh
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and Nuakasato, 1992) These results spgpest that the
micchanism of action for ouabain might be different in
the presence or absence of Ca’’' . Therefore, we tested
whether the inllux of Ca’' through calcium channels
might be involved in the owabain induced release of
ACh.

Although ACH release induced by titvustoxin is a
calcim dependent process (Gomez or af . 1375) the
mechanisms by which tityustoxin affects Ca’™' entry into
the celis is presently unknown. In this study we examined
whether Ca’ entry Uirough Lo, N T- Peand Q-type
Ca’* channels is involved in the release of ACh by
ttyustoxin and ouabain.

METHODS

Tityustoxin was purified as previously described
{Gomez and Diniz, 1966}, Duabain. verapamil, nifedip-
ine. diltiazem and wm-conotoxin GVIA (o-CgTX GVIA)
were obtained from Sigma Chemical Co (8t Louis, MO,
USAL o-Apatoxin TVA (AgalVA} from Latoxan
{Rosans. France) and m-conotoxin MVIC (-CgTX-
MVIC) from Peptide {Osaka, Japan). Al other
chemicais were unabytical grade.

Sitces of cerebral cortex (1.5 mm) were obtuined
from Holtzman rats (200 250 g) of cither sex using a
Mcliwain Tissue Shicer. The release of ACh inte the
incubating Ouid was studied after labeling tissue ACh
with methyl ['Hicholine chioride (Amershum Searle,
78 Ciymmiod) following the method deseribed by Surskiw
and Toth (19863, Tissue ACH slores were first depleted
by an incubation in Krebs Trizma mediom, for 15 min
in the presence of StmM K'Y To lubet the endogenous
peols of ACH. the slices were incubated in Krebs Trizma
medium for 30 min with 0.35 ¢ Ci of methyl [ H]choline.
The slices were then separated rom the incubating fluid
by centrifugation (3000 g for 10 miny followed by three
washes with 1.04M of cold choline. Subseqguently,
the shices were preincubated for 15 min in the presence
ar absence of CdY', verapumil, nifedipine. diltiurem,
er-conotoxin-GVIA  (o-UpTXi a-conntoxin-MY[IC
(- CgTX-MVHCT or er-Agal VA at the mdicuted con-
ceatrations, followed by stimulation with tiiyustoymn
(2.5 ;MY or ouabain {100 g by for Mmin, The Krebs
Trizma medium contained Gn mMy NaCh 136 KOOI,
27 CaCiL, LR Triema base, M glucose, 5,50 and dicthyl
penitrophenyiphosphite (Paraoxon. Sigma Chemicad
Ce) 2040 was added to prevent hyvdrolysis of ACh,
The final pH was adjusicd 10 7.4,

in order to charucterize the radionciivity released.
the supernatants were submitted 10 high-voltage electro-
phoresis to sepurate {"Hjcholine und {Hiacetylchaline.
The 'HIACH represented 68 72% of the totad radio-

activity and tityustoxin did not increase the release of

fabeled choline.

Statistical analvsis was performed by angslysis of

variance using the Stadent Newman Kuels tost (Steel
and Torrie, 19607 with a significance of £ < (105,

oA AL Casadioer ol

RESULTS

The effect of Cd L a non-specilic Blocker of calcin
channels (Fox or al. 19871 on the release of ACH
imducett by tityustoxin and cuabain wis studied.
Figure 1 shows that Cd77 (100 1 My iishibited the releuse
of ACH induced by tityustoxin (2.5 ;2 M), having no cifed
on the release of ACH evoked by ouabain (100 MY} in
hrain cortical shices. Thereafler we examined the elfect of
i-type calciam channel blockers tverapamil, nifedipine
and diltiazen. 1 M) on tityustoxin and ouabain induged
relense of ACHh Tuble 1 shows that tlyustoxin an
oneathain stinmiated ACh refease from brain controf shices
by 127 and 122%. respectively. Verapamil, nifedipin
andd dittiazem (1 g M had no effect on the release of ACH
evoked by tityustoxin or ouuhain (7 < 0.05). This resul
suggests that  L-type cafcium channel blockers ar
aot involved i the release of ACh by tityustoxin ant
ouzbsin, Nt {100 gMy, a T-type calcium channd
blocker. had no effect on the release of ACh induced b
litvustoxin or ouabain in rat brain cortical slices (g o
Thus, we decided to test the effect of m-CgTX-GVHA
4 hlocker of N-type calcium channels (Fox ot ol 198
MeCleskey of o, 1987 Tsien er ol 198K) on Al
relense evoked by tityustoxin and ouabain. The expe
iment shown in Fig. 3 shows that or-CgTX (0.1 M) ba
no effect on the release of ACh induced by tityustow
and nuabain (7 < {105}

Tahle 2 shows the effeet of m-CgTX-MVI
and m-ApalVA on the release of ACh induced b
tityustaxin, The toxin on-CgTN-MVHU, o blocker,
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Fig 1 Fltee! of cadmwm o Uee refoase of ACH by tityus
and oushuin, Beain cortical slices (248 mgl wers
incubuled i o Krebs Trivmg medium with Cd (300 p i
Pomin, Phey were then stimulated for MEmin with tityus
(2.5 n ity or ouahain (H00 MY, Vor other details see Mot
(7 Control, 8 Cd M B titvustoxin (2%
B3 sinvusionn 2.5 oM phys Cd7 100 oM B owtbuon HY
P71 oughain 10 ah plus Od7,
means £ SEM for duplionles of X ewperiments, *Slatistioatly &
from controd, & < (145

[ b The salses repress



Culeium channel blogkers and ACh releise by titsustoxin und ouirbain

Table £ Ffleet of L-type calvium chamnel blockers on the refease off
acelylcholine induced by titvustaxin and cuabain

PHEACh (LPM mg af tissue)

* o~ .
Caluiunt

channel Titvustoxin Chaabain
Blocker Cantrol 25 100 50 M
Nuone 86,3+ 33 196.6 + 1.4* 1924 3.2
(12) (2 (12y
Verapiamil 9364+ 20 19,7 + 2.4* PR32+ 301
TpuM 9 (3 &)
Niledipine 86,4+ 13 1859 + 3.9* 1910+ 4.0*
LM (6} tl) (3}
[Filtinzem 931+ 24 197.2 4 2.8* IRE.3 £ 2. 1*
M (6} 3 th

*Statistically dilferent from the control vajue. P < 0.05,

Brain cortical slices (£40mg} were pre-incubated for 1S min in
Krebs: Trizma medium in the absence [contrad] or in the presence
of verapamil, nifedipine and diltiazem (1.0 M), They were then
stimulated for 30min wilh tiyustoxin (2.5 pM) or ouabain
(100 e M). The values express the means £ SEM Tor duplicates of
the number of experiments in parentheses. For other details see
Mecthods.

Q-type calcium channels, had no effect on the release
of ACh induced by tityustoxin, «-CgTX AgalVA. a
specific blocker of P-type calcium channels, inhibited the
release of ACh evoked by tityustoxin by 50% (/7 < (1L01).

DISCUSSION

The effect of tityustoxin on ACh release is Na'
dependent and thus is inhibited by tetrodotoxin (Gomez
¢f al.. 1973, 1975). In the nerve lerminals, tityustoxin acts
on Nu' channels, (Gomerz of al.. 19730 1975) increasing
Na' concentrations, causing cell depelarization that
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Fig. 2. Fileet of nickel on the release of ACh by tHyustaxin and
auabain. Brain cortical slices ( #dhmg) were pre-incalated inoa
Krebs Trizma medinnwith Nit* (100 2 M for 15 min. Thes were then
stimaulated For M min with titvustoxin or auabain, [ ] Comtrol; 83 Ni™
100 ;M tityustoxin 2.5 e M; linnustoxin 2.5 aM plus Ni™*
100 pM: B onahain TO e M: F ouabain 100N plas NiT°T00 M
The values represent the means + SEM lor duplicates of 3 experiments.
For other details sce Mcthods, *Statisticalty different from control,
P < A
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Fig. 3. Fflet of er-conotosin GVIA on the selease of acetylecholine hy
lityustoxin and ouakain. Brain cortical sfices ¢+ dhng) were pre-
incubated in oa Krebs Trizma medium with e-CpTX 0.1 pM Tar
15 min. They were then stimulated for rmin wih tilyusioxin or
auabain, [J Control: e-CpTX 0 MO ditsustoxin 2.5 pM:
titvustoxin 2.5 M plus o-CpTX it e 8 sabain 100 A
(7 auahain 100 R plus e-CpTX 00 pfL The alues represent the
means 4 SEM Tor duplicates of 3 experinwnts. For other details see
Methods, *Statistically ditferent from control, #7 < (L5,

opens calcium channels allowing the influx ol Ca™',
triggering ACh release.

AChH release [rom different neuwrons appears to be
regulated by dillerent types ol calcium channels, Tt is
known that Cd™' hinds strongly to voltage-gated €™
channels (Nuachshen, P98Sa. b Lansman er ol 19806).
Thus, Cd*' . an non-specific blocker of calcium channels
(Fox ef «f.. 1987}, inhibited the rekease of ACh induced
by tityustoxin, having no ellect on the refease of ACh
evoked by ouabain (Fig. 1), This suggests the involve-
ment of calcium channels in the titvustoxin induced
release of ACh. Dihvdropa ridine-sensitive calcium chan-
nels are known 1o exdst in the central nervous system
(Miller. 19871 but the functions of L- and T-type calcimm
channels are largely unknown, There is i consensus that
little or no transmitier release in the brain is mediated by
L- or T-ty pe cilcium channels (Olivera of of.. 1994). We

Table 2 Fleet of e-Cel X-NVHC and e Apa VA on the release of
acehylehwoline induced by tityustoxin in rat braie cortical shices

I'HYACh tdpm mp of tissuel

Calcinm channel Tilvostoxin

blocker Coudrol 12.5uM)
None Uiy 22 197.5 + |.8*
rr-Aga VA L M) Y4 1 30 1456 | 2.4*4
o Cp ENRIVITC (L0 A Y773 ba 190 | 3.5
Statisticielly alitferent fronn the control salwe, #2- ANHL

I85tatisticalls ditferent front the vustosin value /- 0001

Brain cortical slices (4 W mg) were pre-incubated Tor [Smin in
Krebs Trisma nwedinm in the absenee tconlrolt or in the presence
of e-Aral VA (L MDY o1 en-CpTX-MVTIC 01 p M) They wore
then stimualated for 30 min swith tvustosin (2.5 p My The salues
express the meens b SERM for dupheates of 3 experiments. For
other details see Methols,
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observed that L- (Table 1) and T-type (Fig. 2) calcium
channels are not involed in the release of ACh
induced by tityustoxin and ouabain in ral brain cortical
slices,

It was suggested that the N-type caleium channel plays
a dominant role in regulating ACh release from the
neocortex and myenteric plexus (Wessler e af.. 1990).
However. the literature describes a poor sensitivity of
calcium channels to i -CgTX-GVIA in rat brain cortical
slices and synaptosomes (Lundy es af.. 1991, Suszkiw
ot al.. 1986, 1989). We have shown that a specific blocker
of N-type calcium channels, w-CgTX-GVIA. had no
elfect on the release ol ACh induced by tityustoxin and
onabain (Fig. 3). This indicates that the N-type channel
is not involved in the release of ACh induced by the toxin
or ouabain,

The @-CgTX MVIC that blocks the Q-type
calcium channe! (Wheeler ¢f al.. 1994) had no eflect on
the release of ACh induced by tityustoxin (Table 2).
Thus the Q-type calcium channel is not involved in
tityustoxin-induced relcase of ACh in rat brain cortical
slices.

m-AgalVA, u specific blocker of the P-type calcium
channel, (Mintz et al.. 1992y inhibited the release of ACh
evoked by tityustoxin in brain cortical slices by 5%
(Table 2). Thus. the P-type calciom channel is involved
in the tityustoxin-induced influx of **Ca’* into brain
cortical synaplosomes (Henrigues and Gomez. 1981).
Since the inhibition caused by o-ApalVA was only
partial it is possible to assume that other calcium
channels could be invelved in the tityustoxin-induced
release of ACh. Tt has been shown that cooperation can
occur among multiple Ca®' channel types in the control
of ACh release (Wheeler e ul.. 1994).

Quabuin stimulates the release of ACh independently
af extracellular Ca®t (Gomez et «f.. 1975 Adam-Vizi
and Ligetti. 1984) and causes a release of ACh that is nat
inhibited by any ol the calcium channel blockers studied.
Contrary to the results described in this paper. the
literature shows that, at a concentration of 500 p M.
verapamil inhibited the release of ACh induced by
ouabain in synaptosomes (Satoh and Nukuzato. [992),
This discrepuncy is probably due te the higher congen-
tration of verapumil. At this concentrition verapamil
is not selective lor Ca”* channel blockade and afso
depresses Na* channels (Triggle. 19812 Hille, 1992). Tuis
interesting to note that the spontancous release ol ACH

is not caleium dependent and was not allected by any of

the calcium channel blockers. In conclusion, our results
show that titvustoxin induced influx of calcium and
release of ACh are blocked by m-Agal VAL
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