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SPIDER VENOMS ACTING ON THE
SODIUM CHANNEL *

Oswaldo VITAL BRAZIL **

ABSTRACT: Several toxins — animal, plant and microbial toxins act on
the sodium channel. They may block it, slow down its inactivation or pro-
duce a persistent activation of it. The venom of spiders of the suborder
Labidognatha, Ctenidae family, genus Phoneutria and of the suborder
Orthognata, Dipluridae family, genus Atrax contain toxins that induce
activation and/or slow down of the sodium channel. We have investiga-
ted the mechanism of action and the effects produced by Phoneutria
nigriventer venom at the rat phrenic nerve-diaphragm muscle prepara-
tion. It was found that the venom caused a non-uniform depolarization of
the diaphragm muscle fiber membrane which was abolished by tetrodo-
toxin'or reduction of the sodium concentration in the bath fluid. The in-
crease in the frequency of the miniature end-plate potentials induced by
the venom was also suppressed by tetrodotoxin. On the other hand, the
duration of action potentials was not increased by the venom. These re-
sults indicated that Fhoneutria venom activates the voltage-dependent
sodium channel in muscle and nerve cell membrane. All efects of venom
on the phrenic nerve diaphragm muscle preparation can be explained on
the basis of its action in the sodium channels. Sutherland studied the ac-
tion of atraxotoxin, the main toxin from Aftrax robustus venom, in the
chicken biventer cervicis preparation. It was found that atraxotoxin indu-
ces spontaneous phasic contractions and enhances the response of the
muscle to indirect stimulation. The spontaneous contractions were abo-
lished by gallamine, succinylcholine, lowered calcium or elevated magne-
sium and by tetrodotoxin. This last observation suggests that atraxotoxin
produces the spontaneous contractions by activating the sodium channel
in nerve terminals.

KEYWORDS: Phoneutria nigriventer venom, Atrax robustus venom, so-
dium channel.

INTRODUCTION

The discovery of the mechanism of action of venoms and their toxins
presents twofold interest. It permits to clear the pathophysiology of the en-
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venomations they produce and to improve their treatment, and/or to intro-
duce in research new venoms or toxins that may become invaluable tools in
physiological, pharmacological or pathophysiological investigations. The
knowledge of the mechanism of action of such toxins as tetrodotoxin, saxi-
toxin, toxins from scorpions and some sea anemones, veratrum alkaloids,
batrachotoxin and many others that act on the sodium channel has been of
great usefullness from one or both points of view referred to. The study of
the spider venoms acting on the sodium channel i1s only In its beginning.

Phoneutria nigriventer venom activates the sodium channel in muscle and
motor nerves /# and may also slow down its inactivation in spinal nerve

roots 3. Sutherland experiments suggest that the main toxin from Atrax
robustus, an Australian Dipluridae spider, activates also the sodium chan-
nel. Venoms of many other spiders from the Ctenidae or Dipluridae families
probably act likewise activating and/or slowing down the sodium channel.

They evoke signs and symptoms in experimental animals similar to those
produced by Ph. nigriventervenom 13,

Phoneutria nigriventer venom

Ph. nigriventer {Ctenidae, Labidognathal, an aggressive wandering so-
litary spider from South America is responsible for most accidents of ara-
neism in center eastern and southern Brazil. Its neurotoxic venom is very
potent (Table |). The signs and symptoms it evokes in experimental animals
or observed in human accidents are excruciating pain irradiating from the
site of introduction, cramps, tremors, tonic convulsions, paralysis, saliva-
tion, diarrhea, sudoresis, priapism, tachycardia, arrhythmias and visual dis-
turbances 4319 |t does not produce local edema or necrosis, nor blood
coagulation or hemolysis. The venom toxic components are polypeptides
having molecular weight between 4000 and 6000 daltons 95,

TABLE 1

50% Lethal Dose to Mice of Some Arthropod Venoms Which Acts
in the Sodium Channel

Route

ARTHROFOD of LD 50
injection ma/kg

Leiurus quinguestriatus subc. e Ihs

Androctonus australis subc. 0.322

Phoneutria nigriventer subc. 0.67°

L. 0.38°

Tityus serrulatus V. 0.664

Buthacus occitanus subc. 0.90°
Centruroides sculpturatus subc. 14124

a. Zlotkin et al., 1978.

b. Bucherl, 1983.

c. Fontana and Vital Brazil, 1985.
d. Vita! Brazil et al., 1973.
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We have investigated the mode of action of Ph. nigriventer venom at
the isolated rat phrenic nerve-diaphragm preparation '47.8, At the concen-
tration of b ug/ml, the venom induced a tonic contraction with superimpo-
sed small phasic contractions in unstimulated diaphragms, both effects
being suppressed by d-tubocurarine (Figure 1. |). Therefore, these effects
must be ascribed to a presynaptic action of the venom producing acetyl-
choline release. In indirect stimulated diaphragms, the venom at concen-
trations of 1.0, 5.0 and 25.0 ug/ml produced the following effects: 1st.) a
dose dependent tonic contraction of short duraction; 2nd.) small sponta-
neous phasic contractions, specially evident at venom concentrations of 5
ug/ml; 3rd.} an increase in twitch tension and delay in twitch relaxation:
4th.) a dose-dependent blockade of neuromuscular transmission at venom
concentrations of 5.0 and 25.0 ug/ml, an effect partially antagonized by

calcium but not by neostigmine or 4-aminopyridine (Figure 1, I, Ill and IV).

II
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FIGURE 1 — Effects of Phoneutria nigriventer venom on muscle contraction. |. Unstimula-
ted rat diaphragm. A, Addition of the venom, 5 ug/ml, and 14.6 uM d-
tubocurarine to the bath. B, Addition of the venom, 5 ug/ml, to the bath con-
taining a d-tubocurarine-treated rat diaphragm. Il, Ill and IV, Indirectly stimu-
lated rat diaphragms with maximal shock of 0.1 Hz and 0.2 ms. Il, Effects of 1
ug/ml of the venom. A, Before venom addition to the bath; C, 10; D, 20: E,
70; F, 100; G, 140; H, 170 min after venom addition to the bath (paper speed:
A,C,D, E, F,G,5cm/s; B.0.02cm/s). Ill, Effect of 26 (a) and 5 ug/ml (b) ve-
nom. B, C and D, 10, 20 and 40 min after venom addition to the bath. IV, Ef-
fect of calcium on venom-induced neuromuscular blockade. A, Addition of 25
ug/ml venom to the bath; B, addition of 10 mM CaCl,; C, wash of the prepa-
ration with Tyrode solution; D, addition of 10 mM CacCl,; E, 50 min after D.
(Fontana & Vital Brazil, 1985).

In curarised directly stimulated diaphragm, the small phasic contrac-
tions did not occur. Therefore, they are due entirely to acetylcholine relea-
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se. [he tonic initial contraction only appeared in the d-tubocurarine treated
diaphragms with the use of 25.0 ug/ml of venom. However, it was signifi-
cantly smaller than that occuring in non-curarized preparations. The increa-
se In twitch tension was smaller in directly stimulated diaphragms than in
the indirectly stimulated ones when 1 and 5 ug/ml of venom were emplo-
ved (Table 2). Twitch relaxation time was smaller in the curarized directly
stimulated diaphragms. In summary, it can be said that at lower concentra-
tions, Fhoneutria venom presynaptic action is more important than the
postsynaptic action in the genesis of the effects evoked at the rat phrenic
nerve-diaphragm preparation.

TABLE 2

Effect of Phoneutria Nigriventer Venom on
Twitch Tension

Data are reported as the increase in tension (grams) from the baseline to the peak of the
twitches of rat phrenic nerve-diaphragm preparations. The directly stimulated preparations
were blocked with 14.6 uM d-tubocurarine.

Indirectly stimulated rat Directly stimulated rat
Venom diaphragms diaphragms
(ug/ml)
Before venom After venom Before venom After venom
1 7.3 = 0.03 11.5 = 0.08 7.0 = 0.04 7.5 = 0.07
5 8.0 = 0.03 13.5 = 0.07 8.7 = 0.03 10.5 = 0.06
25 8.0 = 0.03 13.5 = 0.06 80 = 0.03 12,6 + 0.03

The effect of Ph. nigriventer venom on end-plate potentials (e.p.p.s)
were studied in d-tubocurarine blocked preparations. After venom, a single
shock applied to the phrenic nerve induced a burst of repetitive e.p.p.s. (Fi-
gure 2). This result shows that the venom causes repetitive firing in the ner-
ve, originated probably in the pre-terminal part of nerve endings. Repetitive
evoked or spontaneous muscle action potentials were also produced by the
venom (Figure 3). Action potential duration was not increased. This shows
that the venom at the concentrations used does not slow down sodium
channel inativation. The great increase of miniature end plate potential
(m.e.p.p.) frequency induced by the venom was prevented by tetrodotoxin
if added to the bath before venom. When added to the bath after the ve-
nom had greatly increased the frequency of the m.e.p.p.s., tetrodotoxin
decreaseds it to normal levels (Figure 4). This effect shows that the increa-
se in m.e.p.p. frequency is due to depolarization of the membrane of nerve
endings resulting from activation of the sodium channel. The effect of
Phoneutria venon on the muscle resting membrane potential was studied in
preparations blocked by either d-tubocurarine or a-bungarotoxin and in un-
blocked diaphragms. The results did not differ significantly. Depolarization
in five distinct regions of the diaphragm was investigated. It was found that
Ph. nigriventer venom induced an unequal depolarization of the diaphragm
muscle fiber membrane that was blocked by tetrodotoxin. End-plate and
adjacent regions (R2 and R1, Figure b) were much more depolarized by the
venom than extrajunction regions (R4 and R5, Figure b) of the diaphragm.

28



VITAL BRAZIL, O. Spider venoms acting on the sodium channel. Mem. Inst. Butantan, 49(1):25-33,
1987.

15 mV |
10 msec

FIGURE 2 — Effect of Phoneutria nigriventer venom on the end-plate potential. The rat
phrenic nerve-diaphragm muscle preparation was blocked with 0.73 uM d-
tubocurarine. Nerve stimulation with single shocks. A, Control; B, C and D,
25, 30 and 40 min after addition of 5 ug/ml venom to the bath (Fontana & Vital
Brazil, 1985]).

In low sodium (17.2 mM) Tyrode solution the venom did not evoke depola-
rization. These results demonstrate that Ph. nigriventer venom activates
the muscle sodium channel. A similar unequal depolarization of the diaph-
ragm muscle fiber membrane Is produced by veratrine %% and
crotamine ', which activate also the sodium channel. This phenomenon
may be due to a greater density of sodium channels at the end-plate region
of the diaphragm or to a non-uniform distribution of activatable sodium
channels by these toxins along the membrane of the diaphragm muscle fi-
bers. The first hypothesis is favored by the findings that the maximum rate
of rise of the action potential is greater at the end-plate than at extra-
junctional regions “'“2 and that sodium-current density determined with
the use of the loose patch voltage-clamp technique is much higher at re-
gions immediately adjacent to the end-plate than at regions away from it !,

In conclusion we may say:

1st.) Ph. nigriventer venom activates the sodium channel in nerve and
muscle cell membrane. Its action in the sodium channel accounts for the
effects produced in the rat phrenic nerve-diaphragm muscle preparation
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FIGURE 3 — Discharges of repetitive action potentials produced by Phoneutria nigriventer
venom. |. Effect of 5 ug/ml venom on action potential evoked by nerve stimu-
lation with a single shock Il, Spontaneous discharges of action potentials in
preparations treated with 1.0 (a), 5.0 (b} and 25.0 (¢) ug/ml venom (Fontana

& Vital Brazil, 1985).
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FIGURE4 — Effect of Phoneutria nigriventer venom on the miniature end-plate potentials
at the rat phrenic nerve-diaphragm muscle preparation. |, Control; I, Il and
IV, 10, 20 and 30 min after the addition of 5 ug/ml venom to the bath; V and
VI, 5 and 15 min after the addition of 3 uM tetrodotoxin to the bath (Fontana
& Vital Brazil, 1985).
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and may be responsible for all signs and symptoms observed in experimen-
tal or clinical envenomation.

2nd.) Ph. nigriventer venom induces bursts of repetitive action poten-
tials which may appear after an evoked action potential or spontaneously.
Spontaneous action potential generation denotes the venom acts also re-
ducing the threshold potential of the excitable cell membrane, that is, the
threshold potential becomes more negative under the action of Ph.
nigriventervenom.

3rd.) Neurotransmitter release produced by evoked or spontaneous
bursts of repetitive action potentials is the main or unique cause of such ef-
fects as spontaneous phasic or tonic contractions, increase in twitch ten-
sion and delay in twitch relaxation.

Vv
-r;ﬂ Depolanizing effect of FPhoneufria nigriventer

venom at regions Rz and R4 of the

rat diaphragm. TTX3.0 M
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FIGURE 5 — Depolarization produced by Phoneutria nigriventer venom at the end-plate (R
2) and an extrajunctional region (R 4) of the rat diaphragm. The preparation
was blocked with d-tubocurarine (14.6 uM). Three concentrations (1.0, 5.0
and 25 ug/ml) of venom were use. letrodotoxin (3.0 uM) was added to the
bath 60 min after venom. Each point in the curves is the mean of three experi-
ments.

Atrax robustus Venom

The Orthognatha spiders of the Dipluridae family, genus Atrax occur in
southeastern Australia. A. robustus, a species from the central coastal re-
gion of New South Wales and Blue Mountain region to the west is respon-
sible for severe human accidents. However, fatalities from them are very
low. The signs and symptoms of envenomation are severe local pain lasting
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for hours or even days, nausea and vomiting, abdominal pain, diarrhea, sa-
livation, lacrimation, sweating, hypertension, dyspnea, local and generali-
zed muscle fasciculations. Muscle twitching may be prolonged and violent.
Hypotension in some patients preceeds cardiac arrest.

Sutherland "' studied the action of atraxotoxin, the main toxin from
A. robustus venom, in the chicken biventer cervicis preparation. He found
that atraxotoxin induces spontaneous phasic contractions and enhances
the response of the muscle to indirect stimulation. The spontaneous con-
tractions were abolished by gallamine, succinylcholine, lowered calcium or
elevated magnesium. These results show that the contractions were pro-
duced by acetylcholine release caused by discharge of action potentials in
the nerve, very probably originated in the pre-terminal part of the nerve en-
dings. The effect of tetrodotoxin abolishing the spontaneous contractions
suggests but does not prove that atraxotoxin acts in the nerve sodium
channel. Further experiments with the use of electrophysiological techni-
ques are necessary to clarify if atraxotoxin activates or not the sodium
channel.

RESUMO: Varias toxinas — de origem animal, vegetal ou microbiana —
atuam no canal do sédio. Podem bloqued-lo, retardar sua inativaco ou
produzir ativacdo persistente do mesmo. A peconha de aranhas da su-
bordem Labidognatha, familia Ctenidae, género Phoneutria e da subor-
dem Orthognatha, familia Dipluridae, género Atrax, contém toxinas que
induzem ativacdo e/ou retardo da inativacdo do canal do sddio. Investi-
gamos o0 mecanismo de acdo e os efeitos da peconha de Phoneutria
nigriventer na preparacio nervo frénico-diafragma de rato. Verificamos
que a peconha causa despolarizacdo desigual da membrana das fibras
musculares de diafragma abolida quer pela tetrodotoxina quer pela redu-
cdo da concentracao em lons sodio na solucdo nutritiva. O aumento da
frequéncia dos potenciais da placa terminal em miniatura produzido pela
peconha também foi abolido pela tetrodotoxina. Por outro lado, a dura-
cdo do potencial de acdo, evocado ou espontaneo, ndo foi alterada pela
peconha. Estes resultados mostram que a peconha de Phoneutria ativa o
canal do sodio voltagem-dependente da membrana de fibras nervosas e
musculares. Todos os efeitos produzidos pela peconha na preparacio
nervo frénico-diafragma de rato podem ser explicados como decorrentes
de sua acdo no canal do s6dio. Sutherland investigou a acdo da atraxoto-
xina, a principal toxina da peconha de Atrax robustus, na preparacao
biventer cervicis de pintainhos. Verificou que a atraxotoxina induz con-
tracGes fasicas espontaneas e aumenta as respostas do muasculo a esti-
mulacdo indireta. As contracdes espontaneas foram abolidas pela gala-
mina, pela succinilcolina, pela reducdo na concentracio de calcio ou ele-
vacdo da de magnésio na solucdo nutritiva e pela tetrodotoxina. Esta lti-
ma observacio sugere que a atraxotoxina produza as contracies espon-
taneas ativando o canal do sodio nas terminacdes nervosas.
PALAVRAS-CHAVE: peconha de Phoneutria nigriventer; peconha de
Atrax robustus, canal do sodio.
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INSTRUCTIONS TO AUTHORS

Manuscripts submitted to the Editorial Board should be unpublished texts and should not be under considera-

tion for publication elsewhere. Reproduction for commercial purposes is not allowed. The Editorial Board will

plan the publication of revision articles.

. The original and two copies of papers should be typewritten in Portuguese, English or French, double spaced,

on typing paper (31 x 21cm). Pages should be numbered consecutively at the upper right corner.

. The following structure should be considered in the preparation of the manuscript: Title page: with article -

tle, name of author(s), professional address. Text: with introduction, material and methods, results, discus-

sion, conclusions, acknowledgments, references, summary (in Portuguese and English), and key-words. A ma-

ximal number of 03 key-words should be included in Portuguese and English.

References in alphabetical order should be numbered consecutively.

Examples:

Books

7. BIER, O. Microbiologia e imunologia. 24.ed. Sio Paulo, Melhoramentos, 1985. 1234p.

Articles

8. MACHADO, J.C. & SILVEIRA F.?, ].F. Obtencio experimental da pancreatite hemorrigica aguda no cio
por veneno escorpionico. Mem. Inst. Butantan, 40/41: 1-9, 1976/77.

Citations in the text should be identified by the reference number.

Examples:

... método derivado de simplificagio de armadilha de Disney!

... segundo virios autores® ¥4

Hlustrations (photographs, tables, figures etc.) should be the originals and legends should be submitted typew-

ritten on a separate sheet. Line-drawings should be with China ink and photographs must be of top quality. On

the back of each figure or photograph the name of the author(s) should be lighly written and the number indi-

cating the sequence in the text. llustrations should fit in a page measuring 22 x 12,5¢m.

No more than 6 illustrations will be accepted and photographs should be black and white. Fifty reprints of each

article are provided without charge, and 10 will be kept at the library.

Submitted manuscripts will not be returned to the author(s) but the original illustrations are available o au-

thor(s) by request.
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