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Summary. - T he li terature on the pharmacological and electropbyl 
s iologicaJ effects of Latrotlecttts spp. venom, obtained by dilferent m ethods, 
on vertebrates aud iow•r tebrates (arthropods) is list cd . Rccent unpubli!:'hcd 
finding!:' on the v enom effects on vcrtehrate neuromuscular junctions and on 
artbropod afferent nerve junctions are Teportcrl. It is pointed out that, 
in arthropods, ali sites where the vcnom has b ecn proven to be active are 
ACh-~>ensitive. Nor can it be cxcluded that latrodcctism symptoms and 
pharmacological cffects on vcrtehrate6 may be rlue to tbe action on cholin­
crgic s ites unly. 

Riassunto (Sul rne.:canismo d'azione del vt>leno Ji Lattodectus spp.). -
Vengono riferiti i dati , r iportati in letteratura, sugli effetti farmacologici 
ed elettrofisiologici del veleno rli LattolÙ·ctus sp p., ottenuto con varie t ecniche. 
sui vertebrati ed inver tebrati (artropoùii). 

L'Autore quinrli descrive i risultati, non ancora pubblicati, osservati 
in segtùto all'effetto del veleno sulle giunzioni neuromuscolari di vertebrato 
e sulle giun~ioni nervose tli a rtropodo. Viene sottolineato il fatto che negli 
artropodi tutti i s iti , Qve il veleno si è manifestato attivo, sono sensibili 
all'ACh. Non può essere csdu!'o, !lecondo l'Autore, ch e i sintomi d a latrodec­
tismo c gli effetti farmacologici sui vertt'brati pos:!lano essere dovuti all'azione 
stti soli siti colinergici. 

(•) Most of the resenrcb worlc reported ir. tbe present paper was carried out on Lotro­
d!etus mactan~ trcdeciml(ultarus and Latrodutu:s mactatu n~1CIIln1. 

(• •) Present.ed at Lhe 2nrl l.Jtl'_mational Symposium on Animai and Plant T oxins, 
Tel Aviv, February 22-28. lQ70. From thi, date t hl' following r)apers bave been publisbed: 
BETTINI, FRONTALI & CRA'i'lO, C LAR& l't al., o ' <\JF.l.LO, MAGN I & BETTINl, LONGENECXER 

et al .. MAROLI & BETTINI; the papf"r of ~'lAJ01U & B l':TTIN1 hns been accepted for publl-
, cation. The text and bibliography ha~ been modified occordingly. 
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2 RASSECNE 

Tbc present paper dcals witb a brief review of tbe findings, mauy of 
wbicb s till unpublisb ed, on tbe mode of action of black widow spider vcnom 
and includcs a disrussion, in tbc light of tbesc observatiuns, of latroùectism 
symptoma tology. 

Thc experimentAl work on in vitro v ertebrate preparations dates h ack 
ahout 50 ycars, wbile tbat on invcrtehrates (artbropods) is abont 5 years old. 
Ali cxperiments reported bere, unless otberwise stated, wer c carried out by 
using crude venom gland extracts . The grcatest part of thc r esearch has 
been devoted to tbc n ervous and mu:;;cular systems of both vertcbrates 
IBETT(NI & CANTORE, 1959) and invcrtebratcs. However, a few other vital 
systems bave h een explored and the following results obtained. Tbc venom 
shows a marked byaluronidasc effect (CANTORE & B ETTI ·r, 1958a), but no 
anti-acetylcholincst erase (AChE) activity (BETTINI & Toscm-FRo~TAU, 
1960); its cytotoxic activity on vertcbrate cells cultivat cd in vitro is strikingly 
high (VJCART et. al., 1965). 

Arthropod preparations 

Latrodectus venom is highly toxic to artbropods (BETT!Nl & Tosc lli­
FnoNTALI, 1960; GRASSO & PACCJ, 1967). Tbis observation bas encouragcd 
researcb on nervc and neuromuscular prcparations of crustacea and insect s. 

Tbc effect s of tbc venom on tht! spontancous electrical activity recorded 
across the m esothoracic ganglion of the cockroach Periplaneta americana 
are characterized by an increase in e:pike frequency followed immediatcly 
after by block of thc activity (~ERe, BETTINI & FRANK, l 965) . 

Two n erve junctions'\f tbc cockroach bave also becn invcstigatcd: thc 
cercai ncrve-giant nl'urons,)md thc gian t neurons-NS of the metathoracic 
ganglion. They are both affectcd h y the venom wbicb induccs a transi rnt 
incrense of spontaneous artivity, followed b y its block, and failure of induced 
synaptic transmis~<ion. It has also been demonstruted that tbc venom docs 
not alter axonic conduction (n'AJE LLO,M:AURO & BETTJNl, 1969; l\!AROLI &: 
BE'M'J~I , 1971). 

Recently, the effects of tbc venom have bcen more clearly sbown by 
intraccllular clectrodc invcstigations. Herc too the venom determines failurc 
of rcsponse in tbe giant neurons, evcn at higbcr voltage impulses, foll<Jwing 
orthodromic stimulation by tbe cercai nerves, and a graduai decrease of 
cx citntory postsynaptic potential. Along with tbis phenomcnon, the venom 
induces a transient bursl of spontaneous activity, but does n ot block thc 
response to antidromic stimulation (n'AJELLO, MACNI & BI'TTJNI, 1971). 
In discussing the mod<' of action of the venom, thc authors puint out that 
an eventual acetylcholinomimctic action is bighly improbahle owing 
to tbe high molecular weigbt of tbc toxjc protcins [bighcr than 50,000, 
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accorcling to F RONTALI & GRASso {1964), and of about 5,000, accordiog to 
Mc CRONE & fuTALA (1967)]. That the venom possesses n o ant i-AChE 
uctivity has already bcen demonstrated by BETTJNt & Toscru-FRONTALI 
(1960). The hypothesis put forward by o 'AJELLO, MAGNl & BETTI 'IJ (1971) 
is that the venom act s on the presynaptic membrane inclucing a sustained 
release of ACh and , conijequently, a depolarization of the postsynaptic 
membrane. 

The v enom also induces on the strctch receptor of tbc crayfìsh Astacus 
astaws an increuse of impulse frequency followed by hlock of activity 
GRASSO & PAGGI, 1967). 

The cockroach semi-isola t t>d heart preparation uacts at ver y low vcnom 
concentrations; it causes fìrst an increase of fr equency of the heartheat 
and then its block {l\iAJORI & BETTlNJ, in press). 

Finally, Latrodectus venom has been t ested on two neuromnscular 
preparations: the venom obtained by l'lectrical extraction, on the motor 
nerve-deep abdominal e:ctensor medialis muscle of the crayfìsh Procambaru.s 
clarki (PARNAS & RusSELL, 1967) and the gland extract on nerve 4-extensor 
of the troch anter (metathorax) of the cockroach (MAROLJ & BETTI;-ii , 1971). 
No effect on the neuromuscular junction or on thc muscle of either 
preparation was noted. 

I t appears, therefore, that the venom act s on the ncrve junction of these 
arthropods whcre ACh has b een indicated as being the probable t'hemical 
trans1uitter or where at least the nerve junction has been demonstraterl to be 
sensitive to ACb (BOISTEL, 1968), narnely, at the 6t h abdominal ganglion 
(transmission b etween cercai fibres an1l giant fìbrcs) and at t he 3rd 
t horacic ganglion (transmission b etween giant neurons and leg motor lihres), 
and at the cardiac ganglionic cells whose spontaneous nctivity i s extrernely 
Sl~nsitive to cholinergic compounds, although n() eviden ce has been found 
for a cholinergic synapse in t he cardine nervous systcm (MlLLER, 1968). 

On the other hand, the venom seems to have no effect on the arthropod 
nclll'omuscular junction@, which bave r epctitively h een demonstra tcd to be 
ACh -insensitive (KERKUT & W ALKER, 1966). 

Vertebrate preparations 

Several authors , by employing different t cchniques, have shown t.hat the 
venom causes a markcd bronchospasm in the guinen pig (HoussAY & NE­
CRETE, 1919; KELLEWAY, 1930; 5AMPAYO, ]944; CANTORE & B ETTINr, 1958l,). 

It was also deruonstratcd that the top.us of thc isola ted rabbit ileum 
incr ease!\ s i~;nificantly whilc its rhythmic spont ancous contractions ar e 
unaffect ed by the venom (SAMPAYO, 194·2; CANTORE, 19!i8) . 
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Exrwriments bave Lc<'n conductcd by severa! authors on ncu.romuscular 
prcparations. As far hack as 1929. TROlSE ohserved that an c\ident fibrilla­
tion was induccd on frog sartorius musclc batbed in venoru solution. 

By t•mploying n ral ncuromuscu..lar preparatiou (not hc!tter identifìcd 
by Lh<· aulhor), o'AMotTR, RECKER & VAN RtPF.H (1936) rcporteù that the 
vcnom sho,,·ed no e1fect on the nerve trunk, tbc muscle or thc neur omu cular 
junction. NegatiVI:' rcstÙts wrre aJso obtaineJ by SAl\tPAYO (1941) on loacl 
sartorius neuromuscular prrparation and on thtl dcnervatcd muscle. 

Rescarch carried out by TnoiSE (1928) and more fully by SAMf'AYO 

(19 ~2) on anacs thctizcd ami oo spinnl animals, led thc author~o t o conclud(• 
that tbc' veno.m acted on tbe cerebral l'Ortex (EEG modifi cations) a111l on 
tbe spina! cord (exaggeration of museular sympotms in spinal animals), 
hut n<IL on motor nervcs or on muscles. 

On the othc:r hand. oLhcr authors uo,ing tbc ph.reni<· ncrve-djaphra~n 
preparatiou of rat (C;\NTORI:., 19:l8) nr of guinea pi~ (RussELL & Lo:-.-c. 
1961; n USSEI.L, O'RrnEK & hA-rH, L 96'1), whcrC' l hc IH'TV{' wa~ elect r ically 
stimulated, found that tlw ' enotn c:aused a definile ot•ururuuqcular 
blnck. 

'fhesc findinl!~ ha,'e h r<• n rccen tly suhstantial(·d. J ntrat: .. llular rccord­
ings of frng sartorr:us rnur-;de filtres huvt slutwn that the vcnnm indu<'t:d very 
high rate!\ of minipotcntial rclt~ast· at r.cro calcium c·oncentr~ttiun. Throuf!h 
electron microscop e pictures, it has al~o been d<·monstratcd that th<• ncrve 
endings, followiug thc minipotential r elease , wcr~: co.mplctely dcplctcd of 
ACh vesciclcs ~ARK et al., l9i0; l.ONGENECKER et al., 1970). 

Rccordings rough transduccr nf thc dytuuni,. cffcc-t.s of venum on 
&og musclcs (l\ ow & B r::rrr:>~t. 1971) ha,•e shown that a crics of 
fìbriUations and fascicuJaLions prccedf's t hc neuromusctùar block and that 
this phenomcnou is accompanietl Ly increased ruu!\clc tension, lasting ahout 
30 minutes . Eserine strongly potentiatcs fibrillalion and fasciculation. 
Furthcrmore, Crog leg musdcs batbt·d iu venom solution. Wf'rc subse­
quenùy washed and kcpt in !\aline· + J0 - 5 gfml eserinc for 40 minutes. 
Tlùs wa!~hing Bwd, in ronta1•t witb thc abdominal rectus musclc, proòuced 
a contracturc cornparahlc 111 tbat ohtaincd on thc same ruuscle by I0-8 

g!ml t\Ch. 
LN us now list thc main symptoau:< due to LatrodPctus bite in man and 

see wbether any cor r t>lation may L<· druwu with thc above repurtcd obscr va­
tion~. 

Thr symptoms may l1t srparated for convenicncc into three main groups 
(BETTIN"I & CA"<TORE, l %9). The fìrsl one involvn· the CNS: psychomotor 
excitatiou, balluciuation!o, ronf.J!'Ìnn. rtt:. makc up thc wcll known and 
very dramatic psydn(· pie t un· "hi1·h , '' ith no cxceplion, accompanies lntro­
dccli<~m cases. 
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The second group is related to the voluntary muscles and their motor 
nerves. lt includes spastic muscular contractions, tremors and contracturcs. 

The third group, which is by far the largest, is r elated t o symptoms 
connected with thc autonomie NS. Mydriasis and contraction of cat's 
nictidating membrane, constipation, hypertension, (CANTORE & BETTIN ( , 

1958c) perspiration, are all symptoms to be refcrred to s timulation of the 
sympathetic pathways. Ali other autonomie symptoms are r elated to the 
parasympathetic pathways. They indude lacrimation, vonùting, broncho­
spasm, urine retention and prispism. On the othcr hand, symptoms of 
both cholinergic and adrenergic origin may appear: excessive salivation 
(1,500 ml in 24 hours) or d ry mouth; bradycardia or tachycardia. 

In the light of the above reported pharmacological and neurophysiolo­
gical results, two closely rdated mechanism~ may he advanced to explain 
the mode of action of Latrodt>ctus venom. 

T he 6rst hypothesis suggests that the venom possesses a selective action 
at cholinergic presynaptic membranes, and would account for all cholinergic 
rffects wlùch appear at differcnt lcvels- CNS ymptoms, post gauglionic 
cffect s on autoovmic cholinergic terminals (muscarinlc effect) and gunglio­
nic effect (nicotinic effect) with conse<plent cholinergic and adrenergic 
cfft>cts. 

lt would fit into this picture that atropine, though acting as a venom 
antagonist on the isolatecl ileum, shows no effects at the level of gnnglia; 
its possible anti·muscarinic effect wotùd manifest itself through a potentiation 
of the venom adrenergic effects thypertension, perspiration, mydriasia, etc.). 
This occuh in experimental latrodectism treated with atropine. Thcrefore, 
the absence of untidotic effects of atropine in human poisoning (SAMPAYO, 
1942) wotÙd h e justified. 

The fact that the extirpation of the superior cervical ganglion suppressecl 
mydrinsis and contrnction of the nictidating membrane (SAMPAYO, 1944,), 
would also fìt this hyp(1thesis. 

As second hypothesis, it is assumed that ACh massively rt>lensed at 
the neuromuseular junctions and not coped with by AChE, could be ùirectly 
taken into the blood strcam. Should this be the case, the venom , besides 
the direct muscular cffects, '"ould also induce all the cholinergic symptoms 
repot ted for the first hypothesis. 

Furthcrmore, owing to tho increasecl pe1meability of the blood-brain 
harrier, as shown by MARETlC & Jr-:LASIC (1953) jn cats bittcn by Latrodec­
tus, ACh could reach the CNS and induce there the EEG modifications and 
the characteristic psychic symptoms. According to this mechanism, .ACh 
c01ùd eventually a.ffet:t also tllC affcrent endings, e.g. sweat response (Coo~ 
& ROTH)lAN, 1939); nicotinic uction in nervcs of the mesentery (BnowN & 
G RAY, 1918). 
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Finall). il shocLid he pointed out that death by suheutaneous inj cction 

of ACh i l' clct cnnincd Ly hron chos pasm an d pulmonar~· oeclcma. '' h.ich ar<' 
constantly found also in t:xpc·rimcntal nn.imals killf'd IJy tlw venoul. 

The fa rs l h~·potht·.;is l'o1t.ld ·n- r y well a c('ount for a <'ommon mocle nf 
a ction of Llce vt•num on huth artluopods and Vt'rtt'bratcs . whil t' thl· s•·cond 
h ypothrsis <·ou lù not possibly r.xplain the LoxÌ(' pictun• prcsentcd b y urth­
r o pocl .. s inrt' thcir U('uromuH·ular junct ioos are n ot chol.inergit:. 

Furtht•r cviden rc i >< needrd t o solvc t hc mode of nction of this venoru. 

Thc p roblt~lll bN·uwl'~o mon· coruplex when wc cons ider tltat severa! tox.ic 
protein frac·tiOIIS bun• becn St'paral cd , Showing seJcctÌV(' ar:tJVIties a CC'Orrung 

t o an imal group arlfl to organ ( B F.TTI NI , PROt\'TAU & GR&sso, 1970). 
lt wotdd b e Lnterc•sting to invcstigatt: to whi~h fraction, or fract ions, the 
ac tivity o n thr choJjnergic ver tebra le j nnction s is due. Sin cc t hcsc proteins 
WPrc oiJtained from gland rxtracts, a parallcl research with milkc<l venom 
would a l so Le caUt:d for. 

R ect•ived J une 6, 197 1. 

A ccrpwl July 20, 1971. 
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