
Effects of Latrodectus mactans tredecimguttatus venom 

on the dynamics of vertebra te voluntary m uscles 

!>{ICUELE MAROLI and S ERGIO BETTIKJ 

Department of P arasitology 

Summary. - The effects of Black Widow Spider (Latrodectus mactans 
tredecimguttatus) crude gland venom bave be~n s tndied on frog and mouse 
neuromuscular preparations. 

F ibrilla tion and contracture, v arying in intens ity according to vcnom 
concentration , bave h cen ohserved. Th ese phenom ena ar e enhanced by 
application of escrine. The addition of ACh to the venom poten t iatcs its 
effcct. Frog i solated voluntary musclcs treat ed with vcnom relcasl' a con· 
tracturing substance i n the hath, probably ACh . Dencrvation and cura re 
neutralizc thC' vcnom effect. Application of antivenin, as opposed to wa· 
shing, inducc:d complete rccovery of t he prepara t ions. Gland lumeu vcnorn 
causcs effects similar to those induced by comparable concentr ation s of crudt> 
gland cxtract. Tbc venom of t bc Black Widow Spidl'r induces no a lteration 
in t ht' n euromuscular cockroach preparation. 

T hc prob ablc mode of action of tbc ven om, i. e. massive releas(' of ACh 
at thc lcvel of n<'uromuscular synapses, is djscus~cd on tbc base of rccent 
rcstùts obtain cd by various authors. At tbc light of surh a mode of action 
a t entativc explanation of th e muscu1ar symptomatology in vertcbrate 
cn venomation is given. 

R iassunto (Effett i del velen o di L atrodectus mactans treùecimguttatus 
sulla dinamica dci muscoli volontari di vertebrato). - È stato studiato l' ef· 
fetto del veleno di Latrodecttt s mactans tredecimguttatus su prepar a ti n curo· 
m uscolar i isolati di rana (m. t ihia le àntico) e di topo (retto addominale); 
sono sta t i osserva t i treni di fihrillazioni e con tra t tura. (registrati con tra· 
sduttorc RCA 5734), fenomeni ch t> variano di in tensitil c durata con il va · 
ria re delle con centrazioni di veleno. 
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Tali fenomeni sono accentuati da applicazione di eserina. L 'aggiunta 
di ACh al vclt·no ne potenzia l'efl'ctto. Muscoli volon tari isolati di rana, 
trattati con velcnu, liberano n el bagno una sostanza contratturantc, proba­
bilmente ACb. La dencrvazione Pd il curaro n eutralizzano l'cfl"etto d el vt·­
leno. L ' aggiunta di s iero immune ripristina l' a ttivitil normale d {'l prepa­
rato. ell'ctto che non si ottiene con il lavaggio. Il veleno estratto con capiJ­
lurr òi VC'tro dal lume gbiamlolarc caul'a efl'cui ~<imili a quelli provcJcati da 
una dose di , ·eJcno pari a qu ello ottenuto omogenizzando un Pgual c numero 
di ghiandole·. Il veleno di Latrodectu.s non provoca alcun a ah erazimfl• 
sull 'attint<\ del pn•parato m•u ro-muscolare di blatta (muscoli est <'nsori dt·l 
trocantcre) . 11 probabik mccl'anismo d 'uzionr del veleno, cioè la mas~iva 

liberazione di ACh a livello d elll' plaechc ncuro-muscolari, vien•~ discusso 
in base a i re<:enti risultati otlenuti da vari Autori. Ali~• luce ili tal e m ecca­
nismo d' azione vien e presentat:o un t(·ntati' o di spiegazione della s intoma­
tologia muscolare neU'avvelcnemcn lo dd vcrtebrato. 

Thl' symptomntology of Black Widow Spider (BWS) bite (1atrodectism) 
is mainly neuroto.xic. A reYi cw of thP litc•ratur<· concerning latrodcctism 
symptomatology has b een publishcd by BETTlNl & CANTORE (1959). lL ap­
p ears that the most common symptoms refcrring to muscular impairem cnt 
are opistotonus, spasm of dorsal and JH'ck muscles, spas tic contrur tions of 
tbc largc muscles of the limbs, t rcmors, and conlracturc of abdnminal mu­
sclrs simulating acute abdomen. 

Thcse symptoms led St'ver al authors tu investigate upon thc dl'ccts 
of BWS venom on neuromuscu1ar preparations. TROISE (1929) r ef(•rred that 
toad m. sarrorius shows evidcnt fihriUation if hathrd in a dilutcd crude gland 
extract (CGE). Working on a rat n cu.romuscular prcparation (not h c·ttt'r 
id entilied by tbe author ), D'A~I\:JOUn , BECKER & VA lùPER (1936) repor ted 
that CGE does not show auy cffect ou the ner vc trunk, nor ou tbc musclr or 
n•·uromu cular jun ction. SAliii'AYO (194-4) al t>o obtained negative resull:> on 
a toad sartorius ncuromusculur prcparation ancl on the dencrvated mul'rlc. 
'l'ROISE (1928) and SAMI'AYO (1942) using anaestetized and spinal animals 
concludcd that CGE act s on tbc spinal cord (exaggoration of muscular symp­
toms in spinal animals), and not on motor nerves and on muscles. Howe­
vcr , furtber research by CANTORE (1958) on a ral nerve-diapluagm prepa­
ration and b y RossELL & LoNG (1961) and R ussELL, O'BRtEN & lNABA 
(1961) on an analogous preparation from guinea pig, showed that CGE cau­
ses a definite neuromuscular block. These findings were recently suhstan­
tiated and tbc mode of action of the venom was clarified by LONGENECitER 
et al. (1970) and by CLARK et al. (1970). These authors demonstrated by 
intraceUular recordings of frog sarlorius fihres, that CGE induces very high 
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ratea of minipotentials release even at zero calcium concentration, and show­
ed by electron microscopy that, following the minipotential release, nervc 
endings appear completely depleted of ACb vescicles. 

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

Materials and M ethods 

Tbe BWS venom used in our experiments was obtained either by ex­
traction from gland ihomogenates (CGE) following the techniquc of d'AJELLO, 
MAURo & BETTlNl (1969) or directly by piercing the gland witb a microca­
pillary an d withdrawing the venom from the gland 1umcn (GL V) according 
to the t echnique of MAJORl, BETTINl & CAsAGLIA (in press). 

The concentrated CGE was prepared by homogenizing 50 pairs of 
glands in l ml of buffer ed saline, the protein content (Lowav, et al. 1951) 
of tbe homogenate was ahout 9.5 mg/ml. Thc extract was distributed in 10 
small ampouls and kept \'t - 20oC. Tbc vertebra te neuromuscula:r prepara­
tione employed were the\i:rog n. p eronierus connected with m. tibialis anti­
cus longus and tbe mouse isolated m. rectus abàominis. A Ringer physiolo­
gical solution was employed for tbe frog (NaCl 6.2 g/1, KCl 0.13 g/1, 
PO,H2Na 0.019 g/1, CaC~ 0.11 g/1, C03HNa 0.3 g/1, glucose l g{1) and a 
Tyrode solution for tbe mouse (NaCI 8 g/1, KC1 0.2 g/1, CaC~ 0.2 g/1, MgCI2 

0.1 g/1, NaH2P04 0.1 g/1, C08HNa 0.5 g/1, g1ucose l g/1). 
For comparative experiments on insects we employed 20-25 day oltl 

male Periplaneta americana bred in the 1aboratory under standard coodi­
tions. Tbc cockroacb neuromuscular preparation cmployed was tbc nerve 
4 of tbc mesothoracic ganglion, conncctcd with tbc extcnsor muscle of tbc 
trochanter. Tbe physiological solution used has been that of Roeder (NaCI 
9.0 gfl, KCI 0.2 g/1, CaCI2 0.2 g/1, glucose 4 g/1, 10 mlf1 of phosphate buf­
fer at pH 7.2) . 

The pbysio1ogical so1utions wer e kept oxygenated (02 + 5 % C02). 

Platinum e1ectrodes were utilized. A Mugel S-50 stimulator giving square 
pulses of variah1e duration, amplitude and frequency, a transducer (RCA 
5734) and a Galileo douhle track ink-pen recorder Mod. Rl2a were used (•). 
In one track of the recorder thc trace corresponded to 2 cmfg, in the otber 
to 22 cm/g; speed l mm/sec. Fine movements of tbe preparation and of tbe 
electrodes were accomplished by the use of t:wo Narishige micromanipu­
lators. The antivenin was prepared by injecting scalar dosee of cX'tract of 

' 

(•) W e are grateful to Mr. G. Maasetti for 1m highly qualifìed technical assietance for 
the eleetronie apparatus. 
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BWS cephalothorax homogenate into sheep. A dose of 0.5 ml of immune 
serum applied subcutaneoualy protecta a 250 g guinea pig injected with 
5 DJ..o (60 !Lg of protein) of CGE. A k.nown weigbt of lyophilized antiserum 
corresponding to a volume of 150 tLl of wbole serum was dissolved in 45 
tLl of water. 

Ruulu 

The application of CGE at a dilution of 50 ILI of the concentrated 
extract/ml of saline determines a characteristic activity, on the &og m. tibialis 
a. l., as shown in Fig. lA. The onset of fibrillation occurs about 2-3 min after 
the application. These fìbril· 
lationa are at first amali in 
amplitude, but after 10 min 
they become 4-5 fold larger. 
Typical bursta of fìbrillations 
take piace throughout the 
period of muacular activity 
induced by CGE. Alter 30 
min the activity decreaaes 
rapidly and disapp~ars at 45 
min. Many trials with the 
same type of preparation 
constantly gave the same 
pattern, with amali difl'eren· 
ces in tbe &equency of fibril· 
latione and du.ration of the 
activity. However, when a 
lower concentration of CGE 
(1 .6 !Ll/ml) wae applied , the 
fìbrillation followed a sim.ilar 
trend but had longer dura· 
tion, and lower frequency 
and intensity. Other trials 
performed by applying GLV, 
obtained &om 2 paire of 
glande and diluted so as to 
e qual the dose of 2 ILI of con· 
centrated CGEfml, to frog m. 
tibiali• a. l. cauaed a sequen· 
ce of events in ali similar 
to those observed following 
application of CGE 2 tLI/ml. 

A 

o 3 

~Il ""'l' - "lo't' .... .~-' " 'àh l .. 
5 IO 

\Il li\ .,, ··t ~ 15 20 

l 

25 30 

40 mi n 

t mÌII 

B 

~"l 

o 3 6 

a 12 16 mln 

FiJ. l. - Motillty of&o, m. &i6ielil ~ tonp. (.A) 
and mouM m. r«tiU ~u (B) follow­
inc applie~t:iou of CGE (SO l'l of eone. 
extnctfmJ). 
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Application of CGE at a concentration of 50 !J.l/ml on mou.se m. rectus 
abdominis induces similar muscular activity, although less intense and of 
shorter duration (about 15 min), a shown in Fig. lB. 

" Il\ 
c 
8. 
Il\ 

' CII ... -o 

ii 
E .. 

A 

8 

c 

~ 
o 

Fig. 2. 

lO 20 30 40 so 60 
m tn 

E lfcct of CGE on indirectly induced con-
trnctions of frog m. tibialis anticus longus: 
(A) nfter npplicution of 25 j.tl of eone. 
extrnotfml, slimulu~ frcquer1cy 6/nùu (a : 
contro!); (B) nft~r npplicntion of snrue coo­
ccntrotion of CGE a;, in (A), frequcncy 3{10 
nùn: (C) afler npplication of 0.1 j.tl of eone. 
exlractfml, stimulus Crequency 6/mi~ (D) 
after applicntion of same concentration of 
CGE as in (C), atimulus {requency 3fl0min. 

The conctractions, indu­
ced indjrectly by electrical 
s timulation (frcqucncy: 6 im­
pulscs/min) on frog m. tibia­
lis a. 1 .. treatcd with CGE 
at a high conccntration (25 
JLI/ml) showcd in thrcc prc­
parations a graduai dccrca­
se in nmplitudc wl1ich rca­
ched zero at about 40 min . 
(Fig. 2A) . Thrcc s imilar pre­
pnralions trcated as abovc 
but stimulatcd only at in­
tervals of 10 min , just to 
measurc th<· contraction 
amplitude, (Fig. 2B) sbowed 
a similar pattern. Musclc 
contraction followiog direct 
stimulation W8 never im· 
paircd. 

Three prepar8tion tre­
ated witb CGE at 8 concen· 
tration of O.J (Ll/ml, which 
is tbc lowest active concen­
tration on m. tibialis Ìll vitro , 
and s timulatcd indircctly at 
a frequency of6/min,showed 
a retarded dccrease in am­
plitudc (Fig. 2C). Tbc sarnc 
behaviour wa obscrved in 
thrce similar prepnrations 
stimulated only at intcrvals 
oflO mio (Fig. 20) . In all tbc 
abovc prcparations the indi­
r ect response was still pre· 
sent, tbough r educed, 60 m in 
after tbc application ofCGE. 

As sbown in the graphs (Fig. 3A a, b) frog m. tibwlis a. l. treated 
with CGE at a concentration of 25 (Ll/ml, undergoes 8 ph8se of contracture 

.t""· lat. Svper. SoJtft4 (1971) 7, u-4~ 
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lus ting upproximatcly a, long as tbe fihrillation p er iod (40-45 min). Th~ 
clurntion of the contracturc phasc, however , dccreascs if t be mu clc is pcrio­
dically s timulatcd at a frc•qucncy of 6/min (Fig. 3A c. cl). Two prt>parations 
of mouse m. rertus abtlominis Lrrat rd ''ith CGE nt a tnnrcntrntion of 50 
p.hnl :-how(.•d a longer ronlractur r lasting about L30 min (Fig. 3TI). 

<Il 

" A 
~ ., 

a > Fig. :1. (A) tre n d of contro· >- -.. clure pba;,e of Crog m . .. .. 
tibiolì.$ anticus longus ... ·.c .. following applicolion ., 

~ of CGE (25 !J.l of eone. 
"' ... cxtractjml): (a , b) no :1 o IO 20 30 l. O 50 .... 
v t.timulntiou; (c, d) indi-
"' ... rect ~ timulntion at o ~ 

c 
fre<(Ut'llCY of 6,'min. o 

O) B o (O) trend of contro-

"' 
cturt< pba<,e of mousr 

-c 
111. rectu.Y nb<k>mini.Y Col-:1 ... 
lowing applieotion of a. 

E CCE (25 ILI of eone. ., 
I'Xtrael mJ), 

o 20 l. O 60 80 100 120 
m1n 

Application of CGE at a high concentralion (50 fJ.li ml ) did not cause 
an y fibriUation. or contracturc. in frog m. tibialis a. l. dcncrvatcd 10-15 days 
l'arlicr. or in r urarized preparations . Only a t I'Xtremcly high ronccntra­
Lions . 75-100 !J-l'ml. a ~ligbt rontract ttrc was ubscrvcd. Controls on dener­
' atrd or ('urarized muscle ~howcd, as expected, no rcsponsf• to indirect 
:-l imulation an d n orma l re1-pon~>e lo 1lirrct sti mulation. 

fig. 4 iJlus lrates the dft·ct of CGE, at a cunccntration of ::!5 (J.l ,'ml, on 
fro~ m . tibialis a. l after applic•ation of csrr ine ( l.3 ·lO - 5 g /m i). T h e intcns ity 
a111l 1lura t ion of fibrillatious due to CGE a·re increaHcd in prcparations pr <'-
1 r•·aL •·tl with cscrin e, as t•ompared to t he effects of CGE a lone (Fig. lA) 
11 hcrc thc p reparation had bccn t r t>atcd with highcr f•oncentra tion (50 (J.l /m1). 
ConlroJs ronfirmcd that c·serin c at this concentration does not cause any 
•· \ j,),·nL C)IICtic acti' ity uf thc muscle. 

T hr dfect of vc•nom + ACh on a curarized frog m. tibialis a. l. prepara· 
1 ion is ~hown in Fig. 5. T lw prcparation was pretreatcd \1 ith d-tubocurarine 
(l.) !lg,'ml) for 10-15 min. uftrr which the app lication of 10 - s .\ Ch induud 
no I'Untraction. Thcn f.GE (50 [J.l of conct>ntratrcl ~<o lution 'mi saline) was 

.1 nn. ht. Su ve r. $11nilà (1971) 1, H -:, ;; 
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added. Af tcr b n1i11, application o f 10 _;; g /ml of ACh hrou~ht alwul a r e· 
s poH!>I' 1'\' Cil Ja rw·r in ampli tudt- than that ohtained wi th ] 0 - 4 g!m l of ACh 
Lefou tlw curarizeJ prcpuratiou ha d he,·n t rcateù wit h CGE. 

3 5 

•• nt:IIJ•• 
lO 

.... 1, ·--·~ 
20 

30 .,,,,, 
40 

• 
l min 

, .•• ,, .•.•.. 
15 

• 
25 

35 

45 mi n 

Fi,.:. ·1. - Motilit y of t•,...·riui7-<'li 
(1.3 )< }0-5 W{!' / 1111 

ecsriue) frop: m. tibial is 

ant icus lonJ!IL.< follu­
wiug appli<·atiou of 
CGE (25 !J.I of con('. 
extractlml). 

In another experiment tbc muscles gastrocnemius, peronierus a nd tibitt· 
lis a. I. wcre dissected out from both. limbs of a frog, t reatcd for l O min with 
CGE a t a concentration of 50 (.11/ml and, after washing, werc k ept fo r 60 min 
in saline containing 1.3 10 - 5 g/ml of eserine. Tbc cse.r inized ~alinf' , placcrl 

Fig. 5. - E ffectofCGEand ACh on frog 
m. tibialis onticus l<mgus follo­
wiog 10-15 min contnct with 
d·tubocurarine (15 !J.gfml): a, 
ACh IO -6 mg/ml; '"• washing 
with saline; b, ACh. 10-S; c, -+ t t t 
ACI..t 10 - 4 ; d, ACh 10-Saf- 1 
ter 6 tnin cootact with CGE él w b w 
(50 !J. I of couc. extract iml). 

t 
c 

J 
t 
d 

then in conract with frog m . abdominis, ca uscd tlie muscJe to contracl in a 
m casun· cornparahl C' t o t hat obtained on the sarnc prcparation with lO -s 
g/ml of ACh. 

An tivcnin (30 tJ.l/ml), lO min aftcr appJication of CGE l .6 ILI 'mi t o 
m. tibialis a. L.. dett"rmined withi n 12 mio the disappcarancc of both fibril· 
lation a ncl coutracturc. 

A nn. ls t Suvn. Su11ilil (1971) 7, ~4 -r,:. 
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Comparative studies on insect neuromuscular junction did not show 
any alteration of the indirectly inùuced contraclions (fr cquency 6/min) nor 

Fig. 6. - Applicntion of CG E (50 ~-t i 

of eone. extroctfml) on co­
ckroach extensor muscles of 
t h e trochantrr indirectly sti­

rnulatecl al a freqnency of 
6 /min. No modificat ions of 
rr ~ponse were obsrrved. 

J t i l-l J t t t l 
o 10 

~tttt ~tlll 
20 

sponlaneous fihrillations or contracture (Fig. 6), after incubation for 30-40 
min in a solution containing 50 !J.l/ml of CGE. 

Diswssion 

On tbe has is of tbe results of our experimeuts , it is confirmed that CGE 
cletcrmines burs ts 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 twitchlngs of isolated muscle fibers 
were present, especially in tbe pectoral groups») and it was also noticed on 
frog muscle in vitro as early as 1929 by TROISE and r ecently by MAu RO (LON· 
GEN~CKER et al., 1970). Furtbermore it is proven that CGE at high concen· 
t rations causes a reduction to zero of the indirectly induced contractions, 
has no effect on the directly induced contractions and dctermincs a contrae· 
ture of the musclc preparation. The fact that muscle preparations, after the 
disappearan ce of contractions due to indirect stimulation, maintain their 
normal contractility to direct stimulation, confirms that t he venom causes 
no impairemen t of the muscle fibres. The intensity aud duration of 1.he fi­
brillation and contractures phascs app ('ar to dep end on the concentration 
of CGE. While the fibriUation phas c is bhorter in the mouse m. rectus abdo· 
minis, i ts contraeture phase is about twice as long, a t equa! CGE concentra· 
tions, as that of frog m. tibialis a. l. T he duration of both phenomena, as 
ohserved in different muscle preparations, may be r elatcd to th e number 
of uerve terminals/muscJe fiber. I t should be r ecalled in this r espect that 
latrodcetism in humans dctermines a markcd <"()ntracture of th t> ndbomi­
nal wall musclcs wlùch usually djsappears in a few hours after bite and onJy 
oceasionally persis ts for 24 hours ( B ETTIN I & CANTORE, 1959). 

Onr results :;;et'm to b e in acrorclaoce with the mode of action charactc­
ristic of the BWS venom proposed by LONCENECK,Ell t' L al. ( 1970) a od CLARK 

et al. (1970). According to tbc hypothesis of tbese authors, tht· venom act!:! 

.-h m. l at. S11 1>e r . Snnir<l !197tl 7, 44- G6 
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on tll<' m ·n t' entling .... h~ ù ctt·rmiuiu~ a m a,;:.h t' rdca!>r of .\Ch quant a . Thc 
n·latiwl~- high a m o un t of ACh r rleaseù appan ·ntly ean n nt be c·op ed with 
h y tiH· AChE pr<'«t·nt at thr :< )' ltaptif' junf'ticm•. whil'h h-ad :- lo ACh a rrttrnu · 
la tion . 

Tlu· mode of attion of H\\'S vcnom on vcrt<'hrate IH'u romu;-;cula r j ur ll'· 

tion Sl'rms . tlter cforc •. !'imilar 10 thal of ~-bungaro tvxin obtai nrd fro m tl11· 
s nak c Bungarus multicinctus ' errum. ller~ LHII thc t oxin aCt!'i presynatlli­
cally ou Lhc motor ncr ve t'ndings , causing a transicnl iu crc·as c ~ . followc·cl 

by complete tli sapp(·arancr. of miniature rndplatn p ot cnliah.. Almu!-51 l'Olll · 

ple t e cl ~>pletion of ~>ynaptic ' c:o<·id rs ·was oL,;er n d elcctromicro.;wc>pirull ~ 
{L EE 8.: C BEN I-Lt. 1970). 

Thr fact that thc fìbrillation and contract ur e start a ucl t'cJme to an cnel 
simulluneously is in favour of thc· hypothcsi~ thnl thl' t wo phenom c rra an· 
f'Orre• lnt cù and possibJy due· to the same agrnt. in our e ai' <' ACh. 

As expect cd , thcrcfore. CGE :;hows no cfl't'cl , i. P . n o fibrillati on nor 

<'ontrarturc. o n the dener\'all'll mu!>cle ( *) . In the case of prr para tion s trca­
t ed with curare, which acts hy competing with ACh, CGE intlut-cs a ma~siw 
releas c• of transmittPr wh:ich potcntiates thf' c ll'cct of thc• ACh addccl to tlw 
bath. Jt should IH· cxpccted tha t an incrcasC' of ACh al tw n ·c t{'rminals . 
inducc·d by r cp r tith'<' indirc1' l stimulation of t b e musdl·. '' ould cau!'r a 
mor1· rapid effcct by f• nhancing tbc deplction of ACh vrscicl r!- if parall..lc•d 
hy t ho• ae tion of CCE. This, howcvcr , was no t 1 Le casr C' \'C' Il wht·n tbr t·on­
cenlra liou of CGE e• mployeù was just s uffiri r nt to dt'cn·a~P th c musclt· n·· 
sponst· without cn u ;,; iu~ complett• hlock within oue ho ur. 

1'ht· rcason for the non·appca ranre of thit- s umma tion nf efrc•c·b li,•;: 
proba LI ) in the faet that tbc amount of ACh r .-lr nsrd at rach encl-platC' fol­
lowin g ucr,·e s timulation, i. e. aLout 30.000 tjuanta 011 a !'iO miu period [l·aJ­
cuJalc•u on the hus i" of 100 q is timulus (ENcl::Lt., J970)] i f- V<·ry low C (lnlfHl· 

r cd 10 that relea~ t·d throught tlrc• cff cct of CGE. i. c. aboul 500.000 qua nta 

within a 40-50 min pcrion ( L oN"ca::xECKEII et al .. 1970) aud rn ay no t be· ap­
prcciatc·d in thc r ccorclinf! . 

F ollowing thc application of low cone<•ntrations of CGE (1 ,6 !J.Ifml) 
to frog m. tibialis a. / .. fì brillatiun folluws a difl'n ent pa ttcrn showing rcdu­
ccd fr t"quency and intr nsity. Tbc· t·ontraction amplitud<' i;: abo dccr<'a!'ecL 

hu t 90 min after application of CG E the prrpa ration ~htn\ S no s ignt- of 
hlol'k. On thc otlw r band. as clcmonstratcd h) Lo~GE~ECKER. c'l al. (1970) 
Ùtc frog m. sartorius miniature cnù-platc polcntiab reach zero levcl 75 miu 

aftc·r t hc applica tiun of an equal conrentra tion of CGE. Thilo diffcrc ll<' t' in 

( • ) SA111' AYO (19 11 ) hud oLsrn rtl t Lut t rt·mhling, CttJil raction•. and ~tifl'nt"•• wrrc 
albeut if mu~cles !HOd ht•cu d«>nr·n·atecl nutl tlti -; ob,<crvatiun led h im tu cousider tiH' vt•nom 
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behaviour of the two preparations is probably due to the fact that in I .on· 
genecker's experiments CGE had reached more r eadily the surface muscle 
fibers, i . e. those which are impaled by microelectrodes, while in our case 
the venom might not reach a t all the inner fiber s of the intact muscle bundJe. 

At this point wc may s trongly suspect that the muscle contracting 
substance, released in the eserinized Huid by isolated muscles previously 
treated with venom, is ACh itself. This is also supported by the recent fin­
dings of FRONTALI and PARJSl (personal communication) who observed that 
rat brain cortex slices incubated with CGE r elease 100 % more ACh into 
the medium. 

If a parallelism can be tentatively suggested between the mode of action 
of BWS venom on vertebrates neuromuscular p reparations and the symp· 
toms related to muscular impairment in man, the same cannot be said about 
the recovery of symptoms. In vitro experiments showed that at high CGE 
concentrations the muscle preparation is unable to recover except when 
treated, hefore exhaustion, with antivenin. At low concentrations, howe­
ver, i t was observcd 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· 
tcr case applica to vertebrates bitten by the BWS, for in this case the ve· 
nom reaches the muscle 6bcrs 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 welllast three months or even more (ANON., 1937; 
B AERC, 1923; GAND & DALESALLE, 1949; MARETl C, 1951). 

lt 8hould be r ecalled that at any stage of the syndrome, the admini­
stration of antivenin completely eliminates ali symptoms. From this it ap· 
pears that, unless neutralized by antivenin, the venom toxic proteina per· 
sist and remain active for a rather long period until aspecific proteinases 
metabolize them or spontaneously degenerate. 

I t cannot be excluded, however, that the toxic protein may cause an 
irriversible damage to the neuromuscular junction and that a slow « r ein­
nervation » may take piace as i t occurs in incomplet ely denervated fibers 
(~flLEDI, 1960). 

lt is not surprising that CGE shows no eifect on the neuromuscular 
junctions of the cockroach motor muscles. Our r esults are in agreement 
with those of PARNAS & R usSELL (1967) who found non evident effects fol· 
lowing the application of L. mactans venom on the d eep extensor abdomi· 
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nal musclc, mediaJ, of the crayfìsh Procambarus clarki.. The alth.ropod motor 
neuromuscular junctions bave been prove.o to behave pharmacologically 
quite d.ifferently from the vertehrate junctions and to be definitely .ACh­
insensitive (KERKUT & W ALKER, 1966). 

Note: W e read the recent paper by Okamoto et al. (Scien.ce, 172, 733, 1971) only 
after the presentation of the present work. Our conclwio.a are on the whole io agreement 
with those of Okamot.o et ol. What u etili open to diacunion, however, ia the fate of verte­
brate nerve terminals after BWS bite i.e., when the toxic eyndrome (6.hrillations, contrae· 
tures, etc.) caused by the iuoculation o( a very amali amount of venom is followed in the 
majority of cases by complete recovery within a 2-3 day period. 

Rueived June 7, 1971. 

A.cctpted July 27, 1971. 
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