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Summary. — The literature on the pharmacological and ele(‘truphy-;
siological effects of Latrodectus spp. venom, obtained by different methods,
on vertebrates aud invertebrates (arthropods) is listed. Recent unpublished
findings on the venom effects on vertebrate neuromuscular junctions and on
arthropod afferent nerve junctions are reported. It is pointed out that,
in arthropods, all sites where the venom has been proven to be active are
ACh-sensitive. Nor can it be excluded that latrodectism symptoms and
pharmacological effects on vertebrates may be due to the action on cholin-
ergic sites only,

Riassunto (Sul meccanisino d’azione del veleno di Latrodectus spp.). —
Vengono riferiti i dati, riportati in letteratura, sugli effetti farmacologici
ed elettrofisiologici del veleno di Latredectus spp., ottenuto con varie tecniche,
sui vertebrati ed invertebrati (artropodi).

I’Autore quindi deserive i risultati, non ancora pubblicati, osservati
in seguito all'effetto del veleno sulle giunzioni neuromuscolari di vertebrato
e sulle giunzioni nervose di artropodo. Viene sottolineato il fatto che negli
artropodi tutti i siti, ove il veleno si ¢ manifestato attivo, sono sensibili
all’ACh. Non pud essere escluso, secondo I’Autore, che i sintomi da latrodec-
tismo e gli effetti farmacologici sni vertebrati possano essere dovuti all’azione
sui soli siti colinergici.

(*) Most of the research work reported ir the present paper was carried out on Latro-
dectus mactans tredecimguttatus and Latrodectus mactans mactans.

(**) Presented at the 2nd laternational Symposium on Animal and Plant Toxins,
Tel Aviv, February 22-28. 1970. From this date the following papers have been published:
Berrivi, FronTaLl & GRrAsso, CLARK et al,, 0" AJFLLO, MacNt & BETTINI, LONGENECKER
et al., Marort & BETTINY the paper of Majori & BETTINT has been accepted for publi-
cation, The text and biblicgraphy has been muodified accordingly.
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The present paper deals with a brief review of the findings. many of
which still unpublished, on the mode of action of black widow spider venom
and includes a discussion, in the light of these observations, of latrodectism
symptomatology.

The experimental work on in vitro vertebrate preparations dates hack
about 50 years, while that on invertebrates (arthropods) is about 5 vears old.
All experiments reported here, unless otherwise stated, were carried out by
using crude venom gland extracts. The greatest part of the research has
been devoted to the nervous and muscular systems of both vertebrates
{BeETTINT & CANTORE, 1959) and invertebrates, However, a few other vital
systems have been explored and the following results obtained. The venom
shows a marked hyaluronidase effect (CanTorE & BerTINI, 19584a), but no
anti-acetylcholinesterase (AChE) activity (Berrint & Toscui-Fro~NTALL
1960); its cytotoxic activity on vertchbrate cells cultivated in vitro is strikingly
high (Vicarr et. al., 1965).

Arthropod preparations

Latrodectus venom is highly toxic to arthropods (BerTint & Toscui-
FronTALL, 1960; GrAsso & Paccr, 1967). This observation has encouraged
research on nerve and neuromuscular preparations of crustacea and insects.

The effects of the venom on the spontaneous electrical activity recorded
across the mesothoracic ganglion of the cockroach Periplaneta americana
are characterized by an increase in spike frequency followed immediately
after by block of the activity (Neri, BerTint & Frank, 19065).

Two nerve jum‘.tions'\ith(f cockroach have also been investigated: the
cercal nerve-giant neuronsand the giant neurons-N5 of the metathoracic
ganglion, They are both affected by the venom which induces a transient
increase of spontancous activity, followed by its block. and failure of induced
synaptic transmission. It has also been demonstrated that the venom does
not alter axonic conduction (D’AJjeLro,Mavro & BerTing, 1969; MaroLr &
BeTrTiNi, 1971).

Recently, the effects of the venom have been more clearly shown by
intracellular electrode investigations. Here too the venom determines failure
of response in the giant neurons, even at higher voltage impulses, following
orthodromic stimulation by the cercal nerves, and a gradaal decrease of
excitatory postsynaptic potential. Along with this phenomenon, the venom
induces a transient burst of spontaneous activity, but does not block the
response to antidromic stimulation (p’Ajerro, Mac~t & Berrini, 1971).
In discussing the mode of action of the venom, the authors point out that
an eventual acetylcholinomimetic action is highly improbable owing
to the high molecular weight of the toxic proteins [higher than 50,000,
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according to FronNTALI & GRAsso (1964), and of about 5,000, according to
Mc CroneE & Hatara (1967)]. That the venom possesses no anti-AChE
activity has already been demonstrated by Brertint & Toscui-FronTAL
(1960). The hypothesis put forward by p’AjeLLo, Macnt & Berting (1971)
is that the venom acts on the presynaptic membrane inducing a sustained
release of ACh and, consequently, a depolarization of the postsynaptic
membrane.

The venom also induces on the stretch receptor of the crayfish Astacus
astacus an increase of impulse frequency followed by block of activity
Grasso & Pacer, 1967).

The cockroach semi-isolated heart preparation reacts at very low venom
concentrations; it causes first an increase of frequency of the heartheat
and then its block (MAjort & BeTTINI, in press).

Finally, Latrodectus venom has been tested on two neuromuscular
preparations: the venom obtained by electrical extraction, on the motor
nerve-deep abdominal extensor medialis muscle of the crayfish Procambarus
clarki (Parnas & Russerr, 1967) and the gland extract on nerve 4-extensor
of the trochanter (metathorax) of the cockroach (MAroty & BerTINg, 1971).
No effect on the neuromuscular junction or on the muscle of either
preparation was noted.

It appears, therefore, that the venom acts on the nerve junction of these
arthropods where ACh has been indicated as being the probable chemical
transmitter or where at least the nerve junction has been demonstrated to be
sensitive to ACh (Borsten, 1968), namely, at the 6th abdominal ganglion
(transmission between cercal fibres and giant fibres) and at the 3rd
thoracic ganglion (transmission between giant neurons and leg motor fibres),
and at the cardiac ganglionic cells whose spontaneous activity is extremely
sensitive to cholinergic compounds, although no evidence has been found
for a cholinergic synapse in the cardiac nervous system (MiLLer, 1968).

On the other hand, the venom seems to have no effect on the arthropod
nearomuscular junctions, which have repetitively been demonstrated to be
ACh-insensitive (KErgur & WALKER, 1960).

Vertebrate preparations

Several authors, by employing different techniques, have shown that the
venom causes a marked bronchospasm in the guinea pig (Hovssay & NE-
GRETE, 1919; KELLEWAY, 1930; Sampayo, 1944; CanTore & BeTTINI, 1958F).

It was also demonstrated that the tonus of the isolated rabbit ileum
increases significantly while its rhythmic spontaneous contractions are
unaffected by the venom (Sampayo, 1942; Caxrorg, 1958).
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Experiments have been conducted by several authors on neuromuscular
preparations.  As far back as 1929, Troise observed that an evident fibrilla-
tion was induced on frog sartorius muscle bathed in venom solution.

By employing a rat neuromuscular preparation (not better identified
by the author), p’Amour, BeckEr & van Riper (1930) reported that the
venom showed no effect on the nerve trunk, the muscle or the neuromuscular
junction. Negative results were also obtained by Sampavo (1944) on toad
sartorius neuromuscular preparation and on the denervated muscle,

Research carried out by Troise (1928) and more fully by Samravo
(1942) on anaesthetized and on spinal animals, led the authors to conclude
that the venom acted on the cerebral cortex (EEG modifications) and on
the spinal cord (exaggeration of muscular sympotms in spinal animals),
but not on motor nerves or on muscles,

On the other hand. other authors using the phrenic nerve-diaphragm
preparation of rat (Cantore, 1958) or of guinea pig (Russern & Lowe.
1961; Russern, O'Brieny & Ixapa, 1961), where the nerve was electrically
stimulated, found that the venom coused a definite neuromuscular
blnck.

These findings have been recently substantiated, Intracellular record-
ings of frog sartorius muscle fibres have shown that the venom induced very
high rates of minipotential release at zero calcium concentration. Through
electron microscope pictures, it has also been demonstrated that the nerve
endings, following the minipotential release, were completely depleted of
ACh vescicles (JLARK et al., 1970; LONGENECKER et al., 1970).

Recordings Yhrough transducer of the dynamirc effects of venom on
frog muscles (Marort & Berrini, 1971) have shown that a series of
fibrillations and fasciculations precedes the neuromuscular block and that
this phenomenon is accompanied by increased muscle tension, lasting about
30 minutes. Eserine strongly potentiates fibrillation and fascicalation,
Furthermore, frog leg muscles bathed in venom solution, were subse-
quently washed and kept in saline -+ 10—% g/ml eserine for 40 minutes.
This washing fluid, in contact with the abdominal rectus muscle, produced
a contracture comparable to that obtained on the same muscle by 10—°
g,ml ACh.

Let us now list the main symptoms due to Latrodectus bite in man and
see whether any correlation may be drawn with the above reported observa-
tions.

The symptoms may be separated for convenience into three main groups
(BerTivi & Canrore, 1959).  The first one involves the CNS: psychomotor
excitation, hallucinations, confasion. ete. make up the well known and
very dramatic psychic picture which, with no exception, accompanies latro-
dectism cases.
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The second group is related to the voluntary muscles and their motor
nerves, It includes spastic muscular contractions, tremors and contractures.

The third group, which is by far the largest, is related to symptoms
connected with the autonomic NS. Mydriasis and contraction of cat’s
nictidating membrane, constipation, hypertension, (Caxtore & BeTTINI,
1958¢) perspiration, are all symptoms to be referred to stimulation of the
sympathetic pathways. All other autonomic symptoms are related to the
parasympathetic pathways. They include lacrimation, vomiting, broncho-
spasm, urine retention and prispism. On the other hand, symptoms of
both cholinergic and adrenergic origin may appear: excessive salivation
(1,500 ml in 24 hours) or dry mouth; bradycardia or tachycardia,

In the light of the above reported pharmacological and neurophysiolo-
gical results, two closely related mechanisms may be advanced to explain
the mode of action of Latrodectus venom,

The first hypothesis suggests that the venom possesses a selective action
at cholinergic presynaptic membranes, and would account for all cholinergic
effects which appear at different levels: CNS symptoms, post ganglionic
effects on autonumic cholinergic terminals (muscariniec effect) and ganglio-
nic effect (nicotinic effect) with consequent cholinergic and adrenergic
cflects.

It would fit into this picture that atropine, though acting as a venom
antagonist on the isolated ileum, shows no effects at the level of ganglia;
its possible anti-muscarinic effect would manifest itself through a potentiation
of the venom adrenergic effects (hypertension, perspiration, mydriasis, etc.).
This occuts in experimental latrodectism treated with atropine. Therefore,
the absence of antidotic effects of atropine in human poisoning (SAmMPAYO,
1942) would be justified.

The fact that the extirpation of the superior cervical ganglion suppressed
mydriasis and contraction of the nictidating membrane (SAmpavo, 1944),
would also fit this hypothesis.

As second hypothesis, it is assumed that ACh massively released at
the neuromuscular junctions and not coped with by AChE, could be directly
taken into the blood stream. Should this be the case, the venom, besides
the direct muscular effects, would also induce all the cholinergic symptoms
reported for the first hypothesis.

Furthermore, owing to the increased peimeability of the blood-brain
barrier. as shown by MareTic & JErasic (1953) in cats bitten by Latrodec-
tus, ACh could reach the CNS and induce there the EEG modifications and
the characteristic psychic symptoms. According to this mechanism, ACh
could eventually affect also the afferent endings, e.g. sweat response (Coon
& Roraman, 1939); nicotinic action in nerves of the mesentery (Brown &
Gray, 1948).
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Finally, it should be pointed out that death by subeutaneous injection
of ACh is determined by bronchospasm and pulmonary oedema. which are
constantly found also in experimental animals killed by the venom.

The first hypothesis conld very well account for a common mode of
action of the venom on both arthropods and vertebrates. while the second
hypothesis could not possibly explain the toxic picture presented by arth-
ropods since their neuromuscular junctions are not cholinergic.

Further evidence is needed to solve the mode of action of this venom.
The problem becomes more complex when we consider that several toxic
protein fractions have been separated. showing selective activities according
to animal group and to organ (Berrini. Frontanr & Grasso, 1970).
It would be interesting to investigate to which fraction, or fractions, the
activity on the cholinergic vertebrate junctions is due. Sinee these proteins
were obtained from gland extracts, a parallel research with milked venom
would also be called for,

Recetved June 6, 1971,
Aceepted July 20, 1971,
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