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Abstract

Neuronal cell death is an important phenomenon involving matmyy words
biochemical pathways. This degenerative event has been studied \eratridine
understand how the cells activate the mechanisms that lead to seffetinal ganglion cells
destruction. Target cells and afferent cells play a relevant role in thiatural cell death

regulation of natural cell death. We studied the effect of veratridindevelopment

(1.5, 3.0, 4.5 and 6.0 uM) on the survival of neonatal rat retinafci"

ganglion cellsn vitro. Veratridine (3.0 uM), a well-known depolariz-""""" """~ "~
ing agent that opens the Nzhannel, promoted a two-fold increase in

the survival of retinal ganglion cells kept in culture for 48 h. This effect

was dose-dependent and was blocked by 1.0 uM tetrodotoxin (a

classical voltage-dependent Nehannel blocker) and 30.0 puM

flunarizine (a Naand C&" channel blocker). These results indicate

that electrical activity is also important for the maintenance of retinal

ganglion cell survivain vitro.

The development of the nervous systertors that maintain the survival of retinal gan-
is generally characterized by different angjlion cells (5). It has also been shown that
important events that control the normal funcaeurotrophic factors are able to rescue neu-
tioning of the system. Natural cell deathrons in the adult stage (6).
occurs concomitantly with the period of syn-  Electrical activity generated by afferent
aptogenesis modulating the neuronal cytoacells is also very important for the control of
chitecture (1). This degenerative phenomesell death. The blockade of this activity in-
non plays an important role in the stabilizaduces neuronal degeneration either during
tion of the neural circuitry and can be obearly stages of development or in the adult
served during the evolution of species (2).phase (7). Neurons deprived of trophic mol-

The regulation of neuronal death is mediecules can surviva vitrowhen kept chroni-
ated by a wide variety of events responsibleally depolarized with high Kconcentra-
for neuronal survival (3). Neurotrophic fac-tion or veratridine (8,9). Membrane depolar-
tors such as nerve growth factor or brainization induced by high potassium concen-
derived neurotrophic factor among othergrations elicits an influx of calcium through
are essential for the maintenance of neuronabltage-dependent L type calcium channels
survival during certain stages of develop¢l10). The precise mechanism by which ve-
ment (4). Previous studies have shown thaatridine induces neuronal survival is not
developing retinal cells release trophic facwell known. Thus, neurotrophins produced
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Figure 1 - Dose-dependent ef-
fect of veratridine on the survival
of retinal ganglion cells. The ef-
fect was tested after 48-h in vi-
tro treatment with different con-
centrations of veratridine. Data
are reported as the mean + SEM
of three different experiments,
each performed with at least
three different dishes. **P<
0.001 and *P<0.05 compared to
the 48-h control (ANOVA fol-
lowed by the Newman-Keuls
test).
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by target and afferent cells and the generd-ml of medium 199 containing the drugs to
tion of electrical activity by afferent cells arebe tested. After 48 h the cultures were fixed
essential to the survival of neuronal cellsn Karnovski's aldehydes, 2% glutaralde-
(12). hyde and 1% paraformaldehyde in phos-
The aim of the present study was to deteiphate buffer, pH 7.2-7.4, for 5to 10 min. The
mine the effect of veratridine on the survivapresence of peroxidase in the retinal gan-
of retinal ganglion cells after 48ih vitro.  glion cells was detected using the protocol
Neonatal Lister Hooded rats were anesthalescribed by Mesulan (12). Tetramethylben-
tized by hypothermia within the first 24 hzidine (Sigma) was used as chromogen. Af-
after birth and 1-1.5 pl of a 30% horseradisker reaction the coverslips were washed in
peroxidase solution in 2% dimethylsulfox-0.2 M acetate buffer, dehydrated by air dry-
ide was injected into each superior collicuing, immersed briefly in xylene and mounted
lus. After regaining their normal tempera-in Entellan (Merck, Darmstadt, Germany).
ture, the animals were returned to their moth¥he number of retinal ganglion cells on each
ers for a period of 16 to 18 h. Rats were thetoverslip was evaluated by counting 1/20 of
killed by decapitation and their retinas werehe total with the use of a microscope grid. A
dissected in a calcium- and magnesium-frelikon microscope at a magnification of 400X
salt solution and treated with 0.1% trypsirunder a bright field was used. The results are
(Worthington, Freehold, NJ, USA) for 16reported as percentage of control.
min at 37PC. The cells were triturated witha  We observed a decrease in the number of
polished Pasteur pipette, maintained in meretinal ganglion cells in control cultures after
dium 199 (Gibco, Gaithersburg, MD, USA)48 h, whereas cultures treated with veratri-
supplemented with 5% FCS, 2 mM glutadine showed a significant increase in the
mine (Sigma Chemical Co., St. Louis, MO) survival of retinal ganglion cells. This effect
100 pg/ml streptomycin and 100 U/ml peniwas dose-dependent. Veratridine at a con-
cillin (Sigma) and plated onto coverslipscentration of 1.5 uM did not show any effect
previously treated with 50 pg/ml poly-L- on retinal ganglion cell survival. However, 3
ornithine (Sigma) overnight. Cultures wereuM veratridine stimulated an increase in
maintained in a humidified atmosphere ofurvival. Very often, all initially plated reti-
5% CQO, and 95% air at 3€. Cells were nal ganglion cells were still viable after 48 h
incubated for 2-4 h to allow attachment taand this effect was still observed at the con-
the coverslip. Control cultures were thercentration of 4.5 uM. When we used 6 pM
fixed as described below while other cul-veratridine we observed a toxic effect (Fig-
tures received 1 ml of medium 199 alone oure 1).
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We also studied the relationship betweean inhibitor of sodium and calcium chan-
the effect of veratridine and the activation ohels, also blocked the effect of veratridine.
voltage-dependent sodium channels. Th&hese data suggest that veratridine induces
blockade of these channels with 1 uM tetroan influx of sodium and calcium ions and
dotoxin inhibited the increase in retinal ganiriggers different pathways that may contri-
glion cell survival induced by veratridine. bute to the inhibition of neuronal death.
The same result was obtained when 30 uM Veratridine as a depolarizing agent is a
flunarizine was used. This drug blocks eithenew tool that can also be used in the study of
sodium or calcium channels (Figure 2).  neuronal development. In the absence of

Veratridine is a drug that has been usethrget cells, neurons die and several lines of
as an efficient tool for electrophysiologyevidence indicate that this phenomenon is
studies. This drug inhibits the complete intelated to the absence of neurotrophic mol-
activation of sodium channels, maintainingecules (3). In the present study we showed
the channel open with a small but steadhat veratridine can increase the survival of
sodium current. It acts between the interfaceetinal ganglion cells even in the absence of
of the lipid bilayer and the protein subunit ofexogenous neurotrophic factors. The affer-
the sodium channel. When the veratridinent activity, regulating the calcium influx
molecule is in place, it generates a change and the release of calcium from cytoplasmic
the three-dimensional conformation of thestores, is important for the maintenance of
sodium channels (13). neuronal survival (8,11). Until now we do

The present investigation is one of thenot exactly know how veratridine increases
first to use veratridine for the study of neuthe survival of retinal ganglion cells. Further
ronal survival. Our data show that sodiunstudies will be necessary to elucidate the
channel activation is able to enhance thmechanism involved in the effect of veratri-
survival of retinal ganglion cells after 48  dine in order to contribute to the understand-
vitro. The use of veratridine generated ang of the complex phenomenon known as
dose-dependent curve and the highest reatural cell death.
sponse was obtained at 3.0 uM extracellular
concentration. Treatment with tetrodotoxin Acknowledgments
a classic blocker of voltage-sensitive sodium
channels, abolished the effect of veratridine, We acknowledge the technical assistance
suggesting that these channels play a role of Alexandre José Fernandes and Bernar-
the enhancement of cell survival. Flunarizinegino Matheus dos Santos.
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ure 2 - The effect of veratri-
e (Ve) (3.0 uM) was inhibited
30.0 uM flunarizine (Flu) and
uM tetrodotoxin (TTX). Data
reported as mean + SEM of
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