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Effects of the venom of the Brazilian scorpion (Tityus
serrulatus) on the compound action potential of the
rabbit vagus nerve fibres
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1 The effects of the venom of the scorpion (Tityus serrulatus) on nerve fibres of the rabbit cervical
vagus were studied by the single sucrose-gap technique. Scorpion venom (1 ig/ml) increased
irreversibly the duration of the B component of the compound action potential of the vagus nerves,
leaving the C component with its normal configuration. Tetrodotoxin (200 n M) supressed the
prolongation of the action potential duration in venom-treated B fibres.
2 At the same concentration (1 Ag/ml), scorpion venom reduced the amplitude and the rate
constant of decay of the hyperpolarization produced by tetanic stimulation of non-myelinated nerve
fibres.
3 A lower concentration (0.2 yg/ml) blocked completely the hyperpolarization of the potassium-
activated response. After washing, the potassium-activated response partially recovered its amp-
litude but there was a significant increase in the time constant of the decay of hyperpolarization.
4 It is suggested that scorpion venom may modify the sodium pumping mechanism within fibres as
well as affecting the passive and active sodium permeability systems.

Introduction

Scorpion venoms induce a prolongation of the action
potential in most nerve fibres by inhibiting the inacti-
vation mechanism of the sodium channel (Narahashi,
Shapiro, Deguchi, Scuka & Wang, 1972; Gillespie &
Meves, 1980). It has been proposed, although never
directly proved, that a similar prolongation of the
action potential of the non-myelinated portion of
nerve terminals, at presynaptic level, could also ac-
count for the great increase in the transmitter release
which follows scorpion venom application (Warnick,
Albuquerque & Diniz, 1976; Adler-Graschinsky &
Langer, 1978). In the present work the effects of the
venom of the scorpion Tityus serrulatus on the com-
pound action potential and sodium pumping activity
of the rabbit vagus nerve are described, and an
additional mechanism is suggested to explain the
increased neurotransmitter release by the venom.

Methods

Segments of about 7 cm of cervical vagus nerves were
obtained from adult rabbits (3-4 kg) killed by a blow
on the head. The desheathed nerve was mounted in a

modified sucrose-gap apparatus (Riccioppo Neto,
1978). In order to avoid the short-circuiting effect of
chloride ions during hyperpolarization, the nerves
were bathed in chloride-free Locke solution contain-
ing (mM): Na-isethionate 154, K2SO4 2.8, CaSO45,
Tris 8 brought to pH 7.6 with H2SO4, and glucose 5.
Preliminary experiments showed that the effects of
scorpion venom on the action potentials of nerve
fibres bathed in normal Locke solution were practi-
cally the same after exclusion of the chloride ions.
Compound action potentials were elicited by means
of supramaximal square wave pulses of 0.5 ms dura-
tion (0.05 ms for myelinated nerve fibres). The pro-
cedures for recording changes in resting and action
potentials were described previously (Riccioppo
Neto, 1980). Post-tetanic hyperpolarizations were
obtained using a period of 5 s of stimulation at a rate
of 30 Hz. Potassium-activated responses were ob-
tained following the method described by Den Her-
tog (1973): the nerves were first superfused with
K+-free Locke solution for 15 min, followed by the
readmission of K+ (5.6 mM). The time constants of
decay of the hyperpolarization were obtained from
semilogarithmic plots of the amplitude of the recov-
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Figure 1 Effects of the scorpion venom (1 Aglml) on the compound action potential of the rabbit vagus nerve. The
horizontal bar at the beginning of each trace is the prestimulation baseline. Stimulus was applied at the arrows. (a)
Control: B component obtained with a supramaximal stimulation pulse of 0.05 ms duration; (b) control: B and C
components obtained with pulse of 0.5 ms duration. (c and d): 20 min during venom superfusion; (c) B component;
(d) B and C components. Note that a C component of normal configuration superimposes on a prolonged B
component in venom-treated fibres.

ery phase vs. time (see Figure 2). The experiments
were carried out at room temperature (20 °C).
Whenever possible means ± s.e. mean are given.
Desiccated venom, obtained from the scorpion
Tityus serrulatus by the method of Zlotkin & Shulov
(1969), was first dissolved in distilled water to make
up a stock solution of 1 mg/ml and diluted with
bathing solution to prepare test solutions. Tet-
rodotoxin (TTX) was purchased from Sigma.

Results

The application of scorpion venom (1 jig/ml, during
30 min) to six nerves, induced an irreversible pro-
longation of the duration of the B component of the
compound action potential. However, the C compo-
nent, corresponding to non-myelinated fibres, main-
tained its normal configuration (Figure 1). There
were no significant alterations in the resting potential
or in the amplitude of the action potentials. The
addition of TTX in a partially blocking concentration
(200 nM; n = 3) suppressed the prolongation of the B
component of the action potential leaving only a
spike of reduced amplitude and nearly normal con-

figuration. In five experiments, scorpion venom
(1 tLg/ml) decreased the amplitude of the post-tetanic
hyperpolarization from 5.88 ± 1.03 mV to
3.25±1.03mV (P<0.01; paired Student's ttest).
On these nerves, the time constant for the decay of
hyperpolarization increased from 0.91 ± 0.09 min
(control) to 1.41 ± 0.06 min (P< 0.01). These effects
were partially reversed on washing. In a concentra-
tion as low as 0.2 jg/ml perfused for 20 min, the
venom completely blocked the potassium-activated
response in six other nerves. After 60-90 min wash-
ing in venom-free solution there was some recovery
in the amplitude of the potassium-activated re-
sponse. At this time, the time constant of the recov-
ery of the hyperpolarization was greatly (1 10 ± 22 %)
increased (Figure 2).

Discussion

Scorpion venom has been shown to prolong irreversi-
bly the falling phase of the B component of the
compound action potential of the rabbit vagus nerve.
The C component, corresponding to the non-
myelinated fibres, was left unaffected. This is in
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Figure 2 The potassium-activated response (PAR) of the rabbit vagus nerve recorded before (a) and (b) 90 min
after washing out scorpion venom (0.2 jig/ml) applied for 20 min. Potassium was readmitted at the arrow. (c)
Semi-logarithmic plot of the time course of the decay of the PAR shown in (a) (open circles) and (b) (closed circles);
abscissa scale: time (min) measured from the peak of the hyperpolarization; ordinate scale: % amplitude of the
decay of the hyperpolarization.

contrast to the action of veratrine, which consistently
prolonged the falling phase of the action potential of
C fibres in vagus nerves in concentrations
(0.25-0.5 jg/ml) that did not affect the B fibres
(Riccioppo Neto, unpublished results). The effects of
the scorpion venom on the post-tetanic hyperpolar-
ization and on the potassium-activated response of
non-myelinated nerve fibres are highly suggestive of
an inhibitory action on the sodium pumping mechan-
ism. These effects were observed at concentrations of
venom in which the resting potential and the action
potential were practically unaffected. It seems possi-
ble that they are reflecting a decrease in pumping
activity as well as a lesser amount of sodium extruded
(Rang & Ritchie, 1968). Since scorpion venom had
no effect on the Na-K-ATPase enzyme isolated from
rat brain homogenates (Gomez, Diniz & Barbosa,
1975; Larsen & Riccioppo Neto, unpublished), it
might be exerting actions of the type described for

metabolic inhibitors such as 2-4-dinitrophenol and
cyanide (Den Hertog & Ritchie, 1969). Birks &
Cohen (1968a) have shown that sodium pump in-
hibitors can induce an increase in the transmitter
release in frog isolated skeletal muscle and that the
effects are probably due to the accumulation of in-
tracellular sodium (Birks & Cohen, 1968b). The
inhibition of the Na+-pump could therefore be an
alternative mechanism through which scorpion
venom increases neurotransmitter release. The crude
venom used certainly is a mixture of many active
substances and further experiments with different
chemical fractions of this toxin are now under way.
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