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Summary. — The effects of Black Widow Spider (Latrodectus mactans
tredecimguttatus) crude gland venom have been studied on frog and mouse
neuromuscular preparations.

Fibrillation and contracture, varying in intensity according to venom
concentration, have been observed. These phenomena are enhanced by
application of eserine. The addition of ACh to the venom potentiates its
effect. Frog isolated voluntary muscles treated with venom release a con-
tracturing substance in the bath, probably ACh. Denervation and curare
neutralize the venom effect. Application of antivenin, as opposed to wa-
shing, induced complete recovery of the preparations. Gland lumen venom
causes effects similar to those induced by comparable concentrations of crude
gland extract. The venom of the Black Widow Spider induces no alteration
in the neuromuscular cockroach preparation.

The probable mode of action of the venom, i. e. massive release of ACh
at the level of neuromuscular synapses. is discussed on the base of recent
results obtained by various authors. At the light of such a mode of action
a tentative explanation of the muscular symptomatology in vertebrate
envenomation is given.

Riassunto (Effetti del veleno di Latrodectus mactans tredecimguttatus
sulla dinamica dei muscoli volontari di vertebrato). — F stato studiato Pef-
fetto del veleno di Latrodectus mactans tredecimguttatus su preparati neuro-
muscolari isolati di rana (m. tibiale antico) e di topo (retto addominale):
sono stati osservati treni di fibrillazioni e contrattura. (registrati con tra-
sduttore RCA 5734), fenomeni che variano di intensita ¢ durata con il va-
riare delle concentrazioni di veleno.
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Tali fenomeni sono accentuati da applicazione di eserina. L'aggiunta
di ACh al veleno ne potenzia Ueffetto. Muscoli volontari isolati di rana,
trattati con veleno, liberano nel bagno una sostanza contratturante, proba-
bilmente ACh. La denervazione ed il curaro neutralizzano 1'effetto del ve-
leno. L'aggiunta di siero immune ripristina attivitd normale del prepa-
rato. effetto che non si ottiene con il lavaggio. Il veleno estratto con capil-
lare di vetro dal lume ghiandolare causa effetti simili a quelli provocati da
una dose di veleno pari a quello ottenuto omogenizzando un eguale numero
di ghiandole. Il veleno di Latredectus nmon provoeca aleuna alterazione
sull’attivita del preparato neuro-muscolare di blatta (muscoli estensori del
trocantere). 1l probabile meccanismo d'azione del veleno, ciod la massiva
liberazione di ACh a livello delle placche neuro-muscolari, viene discusso
in base ai recenti risultati ottenuti da vari Autori. Alla Ince di tale mecca-
nismo d’azione viene presentato un tentativo di spiegazione della sintoma-
tologia muscolare nell’avvelenemento del vertebrato.

The symptomatology of Black Widow Spider (BWS) bite (latrodectism)
is mainly neurotoxic. A review of the literature concerning latrodectism
symptomatology has been published by Berrint & Canrore (1959). It ap-
pears that the most common symptoms referring to museular impairement
are opistotonus, spasm of dorsal and neck muscles, spastic contractions of
the large muscles of the limbs, tremors, and contracture of abdominal mu-
scles simulating acute abdomen.

These symptoms led several authors to investigate upon the effects
of BWS venom on neuromuscular preparations. Troise (1929) referred that
toad m. sartorius shows evident fibrillation if bathed in a diluted erude gland
extract (CGE). Working on a rat neuromuscular preparation (not better
identified by the authors), D'Amour, BEcker & van Riper (1930) reported
that CGE does not show any effect on the nerve trunk, nor on the muscle or
neuromuscular junction. Sampayo (1944) also obtained negative results on
a toad sarterius neuromuscular preparation and on the denervated muscle.
Trowse (1928) and Sampayo (1942) using anaestetized and spinal animals
concluded that CGE acts on the spinal cord (exaggeration of muscular symp-
toms in spinal animals), and not on motor nerves and on muscles. Howe-
ver, further research by CanTorRE (1958) on a rat nerve-diaphragm prepa-
ration and by RusseLL & Lone (1961) and Russern, O°Brien & INaBA
(1961) on an analogous preparation from guinea pig, showed that CGE cau-
ses a definite neuromuscular block. These findings were recently substan-
tiated and the mode of action of the venom was clarified by LONGENECKER
et al. (1970) and by Cuark et al. (1970). These authors demonstrated by
intracellular recordings of frog sariorius fibres, that CGE induces very high
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rates of minipotentials release even at zero calcium concentration, and show-
ed by electron microscopy that, following the minipotential release, nerve
endings appear completely depleted of ACh vescicles.

The aim of the present work was to study the effects of BWS venom
on voluntary muscles in order to throw light on part of the symptomatology
of latrodectism in vertebrates.

Materials and Methods

The BWS venom used in our experiments was obtained either by ex-
traction from gland homogenates (CGE) following the technique of d’AJELLO,
Mauro & BerTIN (1969) or directly by piercing the gland with a microca-
pillary and withdrawing the venom from the gland lumen (GLV) according
to the technique of Mayori, BETTINI & CasAcLiA (in press).

The concentrated CGE was prepared by homogenizing 50 pairs of
glands in 1 ml of buffered saline, the protein content (LowRy, et al. 1951)
of the homogenate was about 9.5 mg/ml. The extract was distributed in 10
small ampouls and kept gt — 20°C. The vertebrate neuromuscular prepara-
tions employed were the\x’rog n. peronierus connected with m, tibialis anti-
cus longus and the mouse isolated m. rectus abdominis. A Ringer physiolo-
gical solution was employed for the frog (NaCl 6.2 g/1, KCI 0.13 g/l,
POH,Na 0.019 g/l, CaCl, 0.11 g/l, COHNa 0.3 g/l, glucose 1 g/l) and a
Tyrode solution for the mouse (NaCl 8 g/1, KCl 0.2 g/1, CaCl, 0.2 g/l, MgCl,
0.1 g/l, NaH,PO, 0.1 g/l, CO;HNa 0.5 g/l, glucose 1 g/l).

For comparative experiments on insects we employed 20-25 day old
male Periplaneta americana bred in the laboratory under standard condi-
tions. The cockroach neuromuscular preparation employed was the nerve
4 of the mesothoracic ganglion, connected with the extensor muscle of the
trochanter. The physiological solution used has been that of Roeder (NaCl
9.0 g/l, KCI 0.2 g/l, CaCl, 0.2 g/1, glucose 4 g/l, 10 ml/l of phosphate buf-
fer at pH 7.2).

The physiological solutions were kept oxygenated (0, + 59, CO,).
Platinum electrodes were utilized. A Mugel S-50 stimulator giving square
pulses of variable duration, amplitude and frequency, a transducer (RCA
5734) and a Galileo double track ink-pen recorder Mod. RI2a were used (*).
In one track of the recorder the trace corresponded to 2 cm/g, in the other
to 22 cm/g; speed 1 mm /sec. Fine movements of the preparation and of the
electrodes were accomplished by the use of two Narishige micromanipu-
lators. The antivenin was prepared by injecting scalar doses of extract of

(*) We are grateful to Mr. G. Massetti for his highly qualified technical assistance for
the electronic apparatus.
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BWS cephalothorax homogenate into sheep. A dose of 0.5 ml of immune
serum applied subcutaneously protects a 250 g guinea pig injected with
5 DLy, (60 pg of protein) of CGE. A known weight of lyophilized antiserum
corresponding to a volume of 150 pl of whole serum was dissolved in 45
il of water.

Resulis

The application of CGE at a dilution of 50 pl of the concentrated
extract/ml of saline determines a characteristic activity, on the frog m. tibialis
a. l., as shown in Fig. 1A. The onset of fibrillation occurs about 2-3 min after
the application. These fibril- A
lations are at first small in
amplitude, but after 10 min
they become 4-5 fold larger. e s
Typical bursts of fibrillations 0 3
take place throughout the |
period of muscular activity ylisdpi-suesunidm lmm-_“‘_.__&
induced by CGE. After 30 ‘
min the activity decreases
rapidly and disappears at 45
min. Many trials with the ANbeeaitsn i W
same type of preparation 15 20
constantly gave the same
pattern, with small differen- gty UGBS, _\M“W_W_
ces in the frequency of fibril-
lations and duration of the
activity, However, when a \
lower concentration of CGE
(1.6 pl/ml) was applied, the 35 40 min
fibrillation followed a similar
trend but had longer dura-
tion, and lower frequency
and intensity. Other trials
performed by applying GLV, . ML
obtained from 2 pairs of 0 3 6
glands and diluted so as to
equal the dose of 2 pl of con-
centrated CGE/ml, to frog m.

tibialis a. I. caused a sequen- s 12 16 min
ce of events in all similar Fig 1. — Motility of frog m. tibialis anticus longus (A)
and mouse m. rectus abdominis (B) follow-

to those observed following : .
ation of CGE (50 of »
application of CGE 2 ul/ml. v B d i

I min

W Achdidiane " Rackodd L
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Application of CGE at a concentration of 50 pl/ml on mouse m. rectus
abdominis induces similar musecular activity, although less intense and of
shorter duration (about 15 min), as shown in Fig. 1B.

The conctractions, indu-
A ced indirectly by electrical

tervals of 10 min, just to
measure the contractions
amplitude, (Fig. 2B) showed
a similar pattern. Muscle
contraction following direct
stimulation was never im-
paired.

Three preparations tre-
ated with CGE at a concen-
tration of 0.1 pl/ml, which
is the lowest active concen-
tration on m. tibialis in vitro,
and stimulated indirectly at

0 10 20 30 40 50 g0 afrequency of 6/min,showed

min a retarded decrease in am-

Fig. 2. — Effect of CGE on indirectly induced con- plitud(‘. (Fig_ 2(:)_ The same
tractions of frog m. tibialis anticus longus :

(A) after application of 25 ul of cone.
extract/ml, stimulus frequency 6/min (a :

control); (B) after application of same con- stimulated Dnly at intervals

centration of CGE asin (A), frequency 3/10  of 10 min (Fig. 2D). In all the

min: (C) after application of 0.1 pl of cone.  ghove preparations the indi-
extract/ml, stimulus frequency 6/min; (D) rect response was still pre-

after application of same concentration of h h red d. 60 mi
CGE as in (C), stimulus frequency 3/10min. sent, though re “Fe ’ ml‘n
after the application of CGE.

As shown in the graphs (Fig. 3A a, b) frog m. tibialis a. l. treated
with CGE at a concentration of 25 pl/ml, undergoes a phase of contracture

M stimulation (frequency: 6 im-
% e pulses/min) on frog m. tibia-
> lis a. I, treated with CGE
o at a high concentration (25
= ' pl/ml) showed in three pre-
s parations a gradual decrea-
§ ) B se in amplitude which rea-
§ ——t ched zero at about 40 min.
b - \ (Fig. 2A). Three similar pre-
s B parations treated as above
§ T T T ¢ T ) but stimulated only at in-
3

E

L

behaviour was observed in
three similar preparations
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lasting approximately as long as the fibrillation period (40-45 min). The
duration of the contracture phase, however, decreases if the muscle is perio-
dically stimulated at a frequency of 6/min (Fig. 3A ¢, d). Two preparations
of mouse m. rectus abdominis treated with CGE at a concentration of 50
uwl'ml showed a longer contracture lasting about 130 min (Fig. 3B).

Fig. 3. — (A) trend of contra-
cture phase of frog m.
tibialis anticus longus
following application
of CGE (25 ul of conc.

50 extract/ml) : (a, b) no

stimulation; (e.d) indi-
rect stimulation at a
frequency of 6/min.
(B) trend of contra-
cture phase of mouse
m. rectus abdominis fol-

lowing application of
CGE (25 ul of cone.
extract 'ml).

amplitude of contracture (arbitrary values;

T T 1 T T T T T Ll T T T
0 20 L0 60 80 100 120

min

Application of CGE at a high concentration (50 pl/ml) did not cause
any fibrillation. or contracture, in frog m. tibialis a. I. denervated 10-15 days
carlier, or in curarized preparations, Only at extremely high concentra-
tions, 75-100 ul/ml. a slight contracture was observed. Controls on dener-
vated or curarized muscles showed, as expected, no response to indirect
stimulation and normal response to direct stimulation.

Fig. 4 illustrates the effect of CGE, at a concentration of 25 pl/ml, on
frog m. tibialis a. l after application of eserine (1.3:10 % g /ml). The intensity
and duration of fibrillations due to CGE are increased in preparations pre-
treated with eserine, as compared to the effects of CGE alone (Fig. 1A)
where the preparation had been treated with higher concentration (50 p1/ml).
Controls confirmed that eserine at this concentration does not cause any
evident cynetie activity of the muscle,

The effect of venom -+ ACh on a curarized frog m. tibialis a. . prepara-
tion is shown in Fig. 5. The preparation was pretreated with d-tubocurarine
(15 wg/ml) for 10-15 min, after which the application of 10~ 3 ACh induced
no contraction. Then CGE (50 pl of concentrated solution/ml saline) was
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added. After 0 min, application of 10 % g/ml of ACh brought about a re-
sponsc even larger in amplitude than that obtained with 10—* g/ml of ACh
before the curarized preparation had been treated with CGL,

10 15
Fig. 4. — Motility of eserinized
) (1.3 » 10— 5 mg/ml
M w——"—- eesrine) frog m. tibialis
20 25 anticus !'mrpu_: follo-

wing application of

CGE (25 pl of conc.

!. ||| l h . l extract/ml).
30 35
.‘| ‘ |i I‘.I

40 45 min

I min

In another experiment the muscles gastrocnemius, peronierus and tibia-
lis a. I. were dissected out from both limbs of a frog, treated for 10 min with
CGE at a concentration of 50 pl/ml and, after washing, were kept for 60 min
in saline containing 1.3 10 —3% g/ml of eserine. The eserinized saline, placed

Fig. 5. — Effect of CGE and ACh on frog
m. tibialis anticus longus follo-

wing 10-15 min contact with
d-tubocurarine (15 pg/ml): a,
ACh 10— mg/ml; 1, washing g

with saline; b, ACh 10 —35; ¢, s

ACh 10—4; d, ACh 10—5 af- 1 * ?f f f
w bw d

ter 6 min contact with CGE a c
(50 ul of conc. extract/ml).

then in contact with frog m. abdominis, caused tue muscle to contract in a
measure comparable to that obtained on the same preparation with 10—
g/ml of ACh,

Antivenin (30 ul/ml), 10 min after application of CGE 1.6 pl'ml to
m. tibialis a. l.. determined within 12 min the disappearance of both fibril-
lation and contracture.
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Comparative studies on insect neuromuscular junction did not show
any alteration of the indirectly induced contractions (frequency 6/min) nor

[ ! f
|
Fig. 6. — Application of CGE (50 ul L—L—‘r—l—L— “1—1-—+—+—L
0 10

of cone. extract/ml) on co-
ckroach extensor muscles of
the trochanter indirectly sti-
mulated at a frequency of

6/min. No modifications of f { 11 ! A S A
response were observed. +¢_H'_+—
20 30 min

spontaneous fibrillations or contracture (Fig. 6), after incubation for 30-40
min in a solution containing 50 pl/ml of CGE.

Discussion

On the basis of the results of our experiments, it is confirmed that CGE
determines bursts of fibrillations in vertebrate muscle preparations. The
phenomenon had already been observed by BeLL & BoonE (1945) in a hu-
man case of latrodectism (« fine fibrillar twitchings of isolated muscle fibers
were present, especially in the pectoral groups») and it was also noticed on
frog muscle in vitro as early as 1929 by Troisg and recently by Mauro (Lon-
GENECKER et al., 1970). Furthermore it is proven that CGE at high concen-
trations causes a reduction to zero of the indirectly induced contractions,
has no effect on the directly induced contractions and determines a contrac-
ture of the muscle preparation. The fact that muscle preparations, after the
disappearance of contractions due to indirect stimulation, maintain their
normal contractility to direct stimulation, confirms that the venom causes
no impairement of the muscle fibres. The intensity and duration of the fi-
brillation and contractures phases appear to depend on the concentration
of CGE. While the fibrillation phase is shorter in the mouse m. rectus abdo-
minis, its contracture phase is about twice as long, at equal CGE concentra-
tions, as that of frog m. tibialis a. l. The duration of both phenomena, as
observed in different muscle preparations, may be related to the number
of nerve terminals/muscle fiber. It should be recalled in this respeet that
latrodectism in humans determines a marked contracture of the adbomi-
nal wall muscles which usually disappears in a few hours after bite and only
occasionally persists for 24 hours (Berrint & Cantore, 1959).

Our results seem to be in accordance with the mode of action characte-
ristic of the BWS venom proposed by LoNGENECKER et al. (1970) and CLark
et al. (1970). _.-\m:ur(ling to the h_vp(llhc:ais of thesze authors, the venom acts
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on the nerve endings by determining a massive release of ACh quanta, The
relatively high amount of ACh released apparently cannot be coped with
by the AChE present at the synaptic junctions, which leads 1o ACh accumu-
lation.

The mode of action of BWS venom on vertebrate neuromuscular junc-
tion seems, therefore. similar to that of f-bungarotoxin obtained from the
snahe Bungarus multicinctus venom. Here too the toxin acts presynapti-
cally on the motor nerve endings, causing a transient increase. followed
by complete disappearance. of miniature endplate potentials. Almost com-
plete depletion of synaptic vescicles was observed electromicroscopically
(Lee & Cmen I-Li. 1970).

The fact that the fibrillation and contracture start and come to an end
simultancously is in favour of the hypothesis that the two phenomena are
correlated and possibly due to the same agent. in our ecase ACh.

As expected, therefore. CGE shows no effect, 7. e. no fibrillation nor
contracture. on the denervated muscle (*). In the case of preparations trea-
ted with curare, which acts by competing with ACh. CGE induces a massive
release of transmitter which potentiates the effect of the ACh added to the
bath. Tt should be expected that an increasce of ACh at nerve terminals.,
induced by repetitive indirect stimulation of the musele. would cause a
more rapid effect by enhancing the depletion of ACh vescicles if paralleled
by the action of CGE. This, however, was not the case even when the con-
centration of CGL employed was just sufficient to decrease the musele re-
sponse without causing complete block within one hour.

The reason for the non-appearance of this summation of effeets lies
probably in the fact that the amount of ACh released at each end-plate fol-
lowing nerve stimulation, i. e, about 30.000 quanta on a 50 min period [cal-
culated on the basis of 100 q/stimulus (Encrni, 1970)] is very low compa-
red to that released throught the effect of CGLL . e. about 500.000 quanta
within a 40-50 min period (LoNGENECKER et al.. 1970) and may not be ap-
preciated in the recording.

Following the application of low concentrations of CGIL (1.6 wpl/ml)
to frog m. tibialis a. ., fibrillation follows a different pattern showing redu-
ced frequeney and intensity, The contraction amplitude is also decreased.
but 90 min after application of CGE the preparation shows no signs of
block. On the other hand. as demonstrated by LONGENECKER, et al. (1970)
the frog m. sartorius miniature end-plate potentials reach zero level 75 min
after the application of an equal concentration of CGE. This difference in

(*) Sampavo (1941) had observed that trembling, contractions. and stiffness were
absent if muscles had been denervated and this observation led him to consider the venom

as acting on the CNS,
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behaviour of the two preparations is probably due to the fact that in Lon-
genecker’s experiments CGE had reached more readily the surface muscle
fibers, i. e. those which are impaled by microelectrodes, while in our case
the venom might not reach at all the inner fibers of the intact muscle bundle.

At this point we may strongly suspect that the muscle contracting
substance, released in the eserinized fluid by isolated muscles previously
treated with venom, is ACh itself. This is also supported by the recent fin-
dings of FronTaLl and PARist (personal communication) who observed that
rat brain cortex slices incubated with CGE release 100 %, more ACh into
the medium.

If a parallelism can be tentatively suggested between the mode of action
of BWS venom on vertebrates neuromuscular preparations and the symp-
toms related to muscular impairment in man, the same cannot be said about
the recovery of symptoms. In vitre experiments showed that at high CGE
concentrations the muscle preparation is unable to recover except when
treated, before exhaustion, with antivenin. At low concentrations, howe-
ver, it was observed that the contraction amplitude decreases but never
reaches zero. This may be due either to lack of penetration, since only the
superficial fibers come in contact with the venom, or to a weaker toxic ac-
tion of the diluted venom on all the neuromuscular junctions. Only the lat-
ter case applies to vertebrates bitten by the BWS, for in this case the ve-
nom reaches the muscle fibers through the blood and/or lymphatic vessels.
Since BWS bite in humans is responsible for the delivery of a very low
amount of venom per unit body weight, it should be assumed that a low
concentration affects practically all neuromuscular junctions. It appears
from the BWS bite symptomatology that the action of the venom per-
sists in the majority of cases for 48-72 hours, but in rare cases pain and
muscular weakness may well last three months or even more (Avon., 1937;
Baerc, 1923; Ganp & Davesavie, 1949; Mareric, 1951).

It should be recalled that at any stage of the syndrome, the admini-
stration of antivenin completely eliminates all symptoms. From this it ap-
pears that, unless neutralized by antivenin, the venom toxic proteins per-
sist and remain active for a rather long period until aspecific proteinases
metabolize them or spontaneously degenerate.

It cannot be excluded, however, that the toxic protein may cause an
irriversible damage to the neuromuscular junction and that a slow « rein-
nervation » may take place as it occurs in incompletely denervated fibers
(Micepr, 1960).

It is not surprising that CGE shows no effect on the neuromuscular
Junctions of the cockroach motor muscles. Our results are in agreement
with those of PArRNAs & RusseLL (1967) who found non evident effects fol-
lowing the application of L. mactans venom on the deep extensor abdomi-
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nal muscle, medial, of the crayfish Procambarus clarki. The arthropod motor
neuromuscular junctions have been proven to behave pharmacologically
quite differently from the vertebrate junctions and to be definitely ACh-
insensitive (KErkur & WALKER, 1966).

Note: We read the recent paper by Okamoto et al. (Science, 172, 733, 1971) only
after the presentation of the present work. Our conclusions are on the whole in agreement
with those of Okamoto et al. What is still open to discussion, however, is the fate of verte-
brate nerve terminals after BWS bite i.e., when the toxic syndrome (fibrillations, contrac-
tures, etc.) caused by the inoculation of a very small amount of venom is followed in the
majority of cases by complete recovery within a 2-3 day period.

Received June 7, 1971.
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