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SUMMARY

Coral snakes, the New ‘World Elapidae, are included in the genera Micruroides
and Micrurus. The genus Micrurus comprises nearly all coral snake species and
those which are responsible for human snake-bite accidents. The following gene-
ralizations concerning the effects induced by their venoms, and their venom-pro-
perties can be made. Coral snake venoms are neurotoxic, produeing loss of muscle
strenght and death by respiratory paralysis. Local edema and hecrosis are not
induced nor blood coagulation or hemorrhages, Proteolysis activity is absent or
of very low grade. They display phospholipase A, activity. Nephrotoxlc effects are
nof evoked.

The main toxins from elapid venoms are postsynaptic and presynaptic neuro-
toxing and cardiotoxins. Phospholipases A, endowed with myonecrotic or cardioc-
toxin-like properties are important toxic components from some elapid venoms.

The mode of action of Micrurus frontalis, M. lemniscatus, M. corallinus and M.
fulvitis venoms has been investigated in isolated muscle preparations and is here
discussed. It is shown that while M. frontalis and M. lemniscatus venoms must
contain only neurotoxins that act at the cholinergic end-plate receptor (postsynap-
tic neurotoxing), M. corallinus venom also inhibits evoked acetylcholine release by
the motor nerve endings (presynaptie. neurotoxinlike effect) and M. fulvius induces
muscle fiber membrane depolarization (cardiotoxin- lilce effect). The effects pro-
duced by M. corallinus and M. fulvius venoms in v1vo in dogs and M. frontalis
venom in dogs and monkeys are also reported. C

KEY WORDS: Coral snzke venoms; Neuromuscular junction; Postsynaptic action;
Presynaptic action; Cardiotoxin.like action; Neostigmine antagonistic effect.

INTRODUCTION

Coral snakes are the Elapidae of the New
World. Contrary to the main representatives of
this family in Asia, Africa and Ausiralia, they
are burroing, timid, low agressive snakes. This
explains why accidents caused by them are so
infrequent. Actually they generally occur when
an incautiocus person handles one of these beau-
tifu! snakes thinking they are nonvenomous and

(1) Lecture delivered at the South African Institute for Medical Research, Johanmeshurg,

3rd. 15983.

inoffensive, a confusion with some coral shake-
like serpents (false coral snakes belonging to the
family Colubridae). Coral snakes are included i
two genera, Micrurcides and Micrurus. Micru-
roides is mown from southwestern United Sta~
tes and western Mexico. There is only one spe-
cies of Micrureides, Micruroides euryxanthus,
of which three subspecies are recognized. The

South Africa, in  August

(2} Department of Pharmacology, Faculty of Medical Sciences, State University of Campinas, P.O, Box 6.11L. 13.100

Campinas — SP., Brazil.
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species and subspecies of Micrurus, on the con-
trary, are very numerous, about 120 according
to Roze 11, They are distributed throughout the
tropical and warm-temperate parts of North,
Central and South America. However, the mode
of action of the venom of only a few species
has been submitted to investigation. They are
the venom of M. fulvius, M. frontalis, M. coralli-
.nus and M. lemniscatus, the first from United
States and Mexico, the others from South Ame-
rica. Nevertheless, the following generalizations -
concerning the effects induced by their venoms, _
"and venom-properties can be made (BRAZIL 2
ROSENFELD ¥; SHAW 2}, Coral snake venoms
are neurotoxic, producing loss of muscle strenght
‘and death by respiratory paralysis. Eyelid pto-

sis, ophthalmoplegia, paralysis of jaw muscle, .

Jarynx and pharynx, besides sialorrhea and pa-
ralysis of neck and limb muscles are observed’
in the poisoning produced by coral snake ve-
noms. Local edema and necrosis are not induc-
ed. They do nof cause aiso blood eoagulation
or hemorragies. Proteolysis activity in subs-
tracts such as gelatin, casein or fibrin is absent
or of low grade. Coral snake venoms have phos-

. Ppholipase A, activity, producing in vitro indi-

rect hemolysis. However, in vivo they do not
cause intravascular hemolysis, and hemoglobinu-
Tia does not occur in coral snake venom-induc-
€d poisoning. Nephrotoxic effects are not evok:
€d in animal or human envenomation.

PRESYNATIC NEUROTGXINS ACT AT
THE KERVE ENDIHGS BLDCKING ACh
RELEASE BY NERVE |MPULSES

. CARDIGTOXINS DEPOLARIZE MUSCLE -
AND_NERVE F!{:& MEMBRANE

POSTSYRAPTIC KEURQTOXINS INTERACT
AT THE RECEFTIVE SITES FOR ACh IN
THE CHOLINERGIC RECEPTORS AT THE
TIPS OF POSTSYHAPTIC MEMBRANE FOLDS

Fig. 1 — Local of action of the elapid neurotoxins and
wcardiotoxing, Diagram of a neuromuscular junction. In
the axoplasm of the nerve terminal, synaptic vesicles (which
<contain acetylcholine), and mitochondria are represented.
At the crests of the folds of the muscle fiber membrane,
ihe acetylcholine receptors are represented by very small
Bblack circles.

The main toxins from elapid venoms are
postsynaptic neurotoxins, presynaptic neuroto-
xins and cardiotoxins (LEE 7). Fhospholipase A,
endowed with myonecrotic (FOHMAN &
EAKER %) or cardiotoxinlike (LEE et al?) pro-
perties are other important toxic components
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from some elapid venoms. Postsynaptic neuro-
toxins consist of a peplide chain containing 6¢
to 62 aminoacids and four disulfide bridges
{(short neurotoxins) or' 71 t¢ 74 aminoacids and
tive dissulfide bridges (KARLSSON ¢). They are:
low molecular weight basic proteins with iso-
eletric points in the vecinity of pH9-10. Post-
synaptic neurotoxins interzet with the end-pla-
te cholinergic receptors, causing a slowly rever-
sible or an irreversible neuromuscular biockade

*(Fig. 1). As curare. they are acetylcholine anta-

gonists, at the end-plate nicotinic receptor. Post-
synaptic neurotoxins has been found to oceur
in al! Elapidae and Hydrophiinae venoms sp far
investigated. Presynaptic neurotoﬁns_ are pro-
teins larger than the postsynaptic neurotoxins.
Some are complex of two or three subunits not
covalently linked. All display 2 week phospholi-
base A, activity which seems to be indispensa-
ble for their action. Their primary action is on
the motor nerve endings (Fig. 1), inhibiting
acetylcholine release produced by nerve impul-
ses and increasing spontaneous acetylcholine re-
lease. They may exert also a myotoxic action
and, at least in one case (crotoxin), transform
the receptor protein from the state of low affi-
nity for agonists to one of high affinity, that is,
to induce receptor desensitization (BON et all).
Presynaptic neurotoxins are the most toxic com-
ponents of snake venoms. They occur in some
elapine venoms and also in those of a few cro-
taline (HAWGOODS). Cardiotoxins, also called
direct lytic factor, cobramines, cytotoxins or
membrane toxins, are as the postsynaptic neu-
rotoxins, basic polypeptide toxins of low mo-
lecular weight (about 6000 to 7000 daltons).
They cause depolarization and disruption of
the membrane of excitable and non excitable
cells. Arrhytmias and cardiovascular depres-
sion are also evoked by them. Their potency is
much lower than that of postsynaptic neuro-
toxins. They ocur in cobra venoms.

The studies so far carried out show that
coral snake venoms interact with end-plate re
ceptor like the postsynaptic neurotoxins. They
show also that they may contain components
acting like the presynaptic neurotoxins or the
cardiotoxins, )

CORAL SNAKE VENOMS EXERTING ONLY
POSTSYNAPTIC NEUROTOXIN-LIKE ACTION:
MICRURUS FRONTALIS AND M. LEMNISCA-
TUS VENOM.
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M. frontalis is distributed over centralea-
stern (Minas Gerais, Sdao Paulo), centralwestern
(Southeastern Mato Grosso) and southern Bra-
zil. It is also found in Uruguay, northeastern
and northwestern Argentine, Paraguay and San.
ta Cruz in Boolivia. It comprises seven subspe-
cies (ROZE 1),

M. frontalis venom from snakes captured
in the State of SAo Paulo induces a reversible
neuromuscular blockade in the isolated rat
phrenic nerve-diaphragm preparation while the
blockade elicited by the venom of snakes from
southeastern Mato Grosso is irreversible in that
preparation (VITAL BRAZIL et al. 7). Evoked
acetylcholine release at the phrenic nerve-dia-
phragm preparation is rather increased by the

. venom, sn effect also produced by alpha-bunga.
rotoxin (MILEDI et al. #) and whose mechanism
is not well understood. In the chronically de-
nervated rat hemidiaphragm, M. frontalis ve-
hom causes an irreversible inhibition of the
contracture induced by acetylcholine. D-tubocu-
rarine protects the denervated hemidiaphragm
from the venom action (Fig. 2). D-tubocurarine
and M. frontalis venom act therefore at the

. same site in the cholinergic receptor. In the
toad sartorius, the resting membrane potential
and the miniature end-plate potential (m.epp.)
frequency are not altered by the wvenom.

M. e.p.ps. are rapidly depressed. All these re.
sults show that M. frontalis venom must con-

tain postsynaptic neurotoxin(s), being devoid of

RERRLLUES
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Fig. 2 — Protection by d-tubocurarine {(dTe) of the ¢ho-
linergic receptors from the action of Micrurus frontally
venom (V) in the isolated and chronically denervated rot
hemidiaphragm. Contractures of the denervated muscle
were produced hy acetylcholine bromide (ACh) 2 ug/ml.
1. Two responses to ACh befors dTc addition to the bath.
2. Addition of dTe 10 ug/ml to the bath; after 30 min
the response to ACh was blocked; upon washing of the
preparation the ACh-induced contractures gradually returned
and after 60 min they were compietely recovered. 3. Addi-
tion of dTc 10 ug/ml and atter 30 min, V 2 ug/ml to the
bath; 30 min after ¥V addition and 60 min after dTe¢ addi-
tfon, washing of the preparation was started; complete
recovery of ACh responses occured 80 min after the wash-
ing start, 4. Addition of V 2 ug/ml! to the bath; washing
of the preparation for 90 min had no effect on the de-
pression produced by V of the ACh-induced responses.
(From ref, 17).

presynaptic neurotoxins and of depolarizing
components.

M. frontalis venom when injected i.v. in anes.
thetized dogs produces an abrupt fall of blood

.pressure ‘which can be lethal to the animals

(VITAL BRAZIL et al.!}). However, when in-
Jjected intramusculazy, the effect on blood pres-
sur¢ is always mild and the dogs die from res-
piratory paralysis. After cessation of sponta-
neous respiration, the animals ¢an be mantained
alive under artificial respiration. The respira-
tory paralysis is peripheral in origin. This was
proven by recording discharges of action po-
tentials in the phrenic nerve after cessation of
spontaneous respiration in dogs supported by

artificial respiration (Fig. 3). In the dog sciz-

tic nerve-tibialis anterior muscle preparation
in situ, the neuromuscular blockade produ-
ced by the venom is antagonized by neostig-
mine (VITAL BRAZIL et al'}, The same occurs
in the rat sciatic nerve-gastrocnemius muscle
preparation in situ (VITAL BRAZIL & BAR-
RIO 5). Neostigmine also antagonizes the res-
piratory paralysis induced by the venom. This
was documented by recording the electromyo-
gram of diaphragms of dogs injected with M.,
frontalis venom (Fig. 4). The effectiveness of
neostigmine in counteracting the paralysis and
preventing death produced by M. frontalis ve-
noem was also proven in unanesthetized mon.-
keys (Fig. 5) and dogs (Table I).

M. lemniscatus distribution is very large,
It is found in the Guyanas, Trinidad, Venezuela,
Colombia, Equador, Bolivia and. in~ northern,
northeastern and central Brazil until Parznj
and Mato Grosso. It comprises four subspecies
(ROZE 11),

M. lemniseatns venom elicits a reversible
neuromuscular blockade in the rat phrenic ner-
ve-diaphragm preparation (VITAL BRAZIL I¥),
1n the chronically denervated rathemidiaphragm,
it inhibits the contracture induced by acetyl-
choline (Fig. 6) and other cholinergic agonists.
It does not depress the contracture produced
in that preparation by potassium ions. The am-
plitude of the responses induced by direct mus-
cle stimulation is not reduced in the innervated
diaphragm by the venom. Its effects on acetyl
choline release was not investigated However,
since the action of all presynaptic neurotoxins

21



' VFTAL BRAZIL, O. — Coral snake venoms: mode of action and - pathophysiology of experimental envenomation. Rev.

Inst, Med. frop. Sac Paulo, 29:119-126, 18817

Fig. 3 — Peripheral origin of the respiratory paralysis
induced by Micrurus frontalis venom. Discharges of action
potentials recorded In central slip of a phrenic nerve root of
a dog injected with M. frontalis venom (0.7 mg/kg im.}
about 3 h 20 min before the experiment. The dog spon-
taneous respiration stoped 1 hour before. I A, II A, III A,
IV 4 snd B, V A and VI A, discharges of action potentials
recorded during artificial respiration. I B, II B, III B,
V B and VI B records of the bloelectrical activity in the
phrenic nerve after stopping artlficial respiration respectively
for 0.5, 1.0, 2.0, 1,0 and 2,0 min, IV B, V and V] dischar.
ges of action potentials were recorded after section of both
vagl (observe in IV B, V A and VI A tbat the discharges
did not accompany any more the rhythm of the ariificial
respiration). (From ref. I7).

is irreversible, it seems that M, lemniscatus ve-
nom induces neurormuscular blockade by inte-
racting only with the end plate cholinergic re-
ceptors.

CORAL SNAKE VENOMS EXERTING

POSTSYNAPTIC NEUROTOXIN-LIKE AND

- PRESYNAPTIC NEUROTOXIN-LIKE ACTIONS:
MICRURUS CORALLINS VENOM.

M. corallinus is distributed over central and
southern Brazil, south of Amazon Basin and nor-
thern Argentine; it occurs probably also in Uru-

guay according to ROZE !, Its venom induces

gn irreversible neuromuscular blockade in the
rat phrenic nerve-diaphragm preparation (VI-
TAL BRAZIL & PONTANA 16). Spontaneous ace-
tylcholine release is increased by M. corallinus
venom while the evoked one Is inhibited (Ta-
ble II). The venormn increases m.ep.p. Ireguen-
¢y before depressing the amplitude of these
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‘dirscted by Vitel Brazil,
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Fig. 4 — Antagonistis effect of neostigmine ont the respi-
ratory paralysis induced by Micrurns frontalis venom. Elee-
tromyogram of the diaphragm of a dog injected im. with
0.85 mg/kg of venom. I. Electromyogram before venom in-
jection, II. II¥, IV and V, electromyograms 110, 135, 200
and 240 min after venom injection. VI, VII and VIII, elec-
tromyograms after injection i.v. of 0.1 mg/kg of methyl-
sulfate of neostigmine. Neostipmine was injected £ min
after spontaneous respiration arrest (V). {From ref, IT).

Fig. 5 — Antegonistic effect of neostigmine on the paralysis
induced by Micrurus frontalis venom in unanesthetized mon-
keys (Cebus sp). 1 and 2: Phoiographs of a monkey about
3 h after the injection ian, of 0.5 mg/kg and 2 h afler a
second injection 0.4 mg/kg. The photographs show that
the monkey has completely lost its muscle strenght and
presents eyellid and mandibular ptosis. 3 and 4: Fho-
tographs 5 and 10 min after the injection fwv, of 0.05
mg/kg of methylsulfate of neostigmine. The photographs
show that all motor signs of M. fronialls venom poisoning
have disappeared. The Injection of neostigmine was made
immediately after the photographs I and II were taken (Irom
the film). The antagonistic effect produced by neostigmine
upon the paralysis caused by Micrurus frontalls venom,
0. & Pellegrini Filho, A. See
Rosenberg, P. (Ed,) Toxins Animal, Plant and Microbial,
Oxford, Pergamon Press, 1978, pp. 437-438).



VITAL BRAZIL, O. — Coral snake venoms: mode of action and pathophysiology of experimental envencmation. Rev.
Inst. Med. trop. 'S3o Paulo, 29:119-126, 1887,

Treatmen{ with neostigmine (neostigmine methjlsulta{e)Ao]: :xpEeﬂ;Jental poisoning induced by Micrurus frontalis venom
in dogs
Exp. Dog Venom (0.95 mg, Respiratory - depres- Negstigmine (0.05 g/ Result
ne {weight) im.) injection ision {(hour}) kg i.v.) injection
_ _ _7(_1311:2 B (hour)

4.9 kg 9 h 55 min am. il h am. 11 h 55 min am.* Survived

! 4.0 kg 9 h 50 min am, 11 h am. e — Dead at 11 h 50 min a.m.
6.3 kg i1 h 50 min a.m. 1 h 20 min pm. 1 h 30 min am. Survived

: 5.8 kg 11 h 30 min a.m. 12 h 50 min noon E— Dead-at 1 h 20 min p.m,
7.7kg 9 h 40 min am. 10 h 30 min am, 10 h 40 min am. Survived

: 6.4 kg 9 h 25 min am. 11 h am. JR— © Desd st 11 h 20 min amn.
5.8 kg 12 h 5 min noon 2 h pm. 14 h 5 min pm.** Survived

! 53 kg 12 h 10 min noon 2 h pm. _ Dead at 2 h 30 min p.m.
5.4 kg 10 h am. 11 h 5 min a.m. 12 h 15 min noon - Survived

: 48 kg 10 h 5 min am. 12 h 10 min noon E— Dead at 1 h pm.

* A second injection of neostigmine was made after 45 min
** A second injection of neostigmine was made after 20 min

Fig. 8 — Antagonistic effect of Micrurus lemniscatus on the
acethylcholine-induced contracture in the isclated and chro-
mically denervated rat hemidiaphragm. The denervated he-
midiephragm ' was stimulated by electrical pulses 0.1 Hz,
407V, 2 ms) and mdethylcholine iodide (4 ug/ml). The -
venom was added to the bath 30 min before the start of
electrical stimulation and 35 min before ACh addition to
the bath., (From ref. 14),

potentials (Fig. 7). The resting membrane po- ‘
tential and excitability of the rat diaphragm are
not altered by M. corrallinus venom. In the
isolated and chronically denervated rai hemi-
diaphragm, the venom reversibly blocks ace
tylcholine-induced contracture (Fig. 8). These
results show that M. corallinus venom must
contain postsynaptic and presynaptic neuroto-

Fig. T — Elfects of Micrurus corallinus venom on miniature
endplate potentials (m.e;p.ps.). I M.ep.ps. before venom
addition to the bath. II, III and IV M.e.p.ps. 20, 40 and
60 min after the addition of 5 ug/ml of venom to the
bath (From ref. 16).

AV L B

.
Aty TSRV ih 1h ik Ach

Fig. 8 — Antagonistic effect of Micrurus corallious venom
on the acetylcholine induced contracture inm the isolated
and chronically denervated rat hemidiaphragm, Acetyl-
choline iodide (ACh), 4 ug/ml; venom, 2 ug/ml. The res-
ponses fo ACh gradually returned on washing the prepars-
tion. (From ref. 16).

123




VITAL BRAZIL, O. - Coral snake venoms: mode of action and pathophysiology of experimental envenomation. Rev,
Inst. Med. trop. Sio Paulo, 29:119-126, 1987.

TABLE II
Effect of Micrurus corallinus venom on acetylcholine (ACh) release (in nanograms). Rat phrenic nerve-diaphragm
preparations

Exps. ACh release before venom * ACh release after neuromuscular

addition to the bath blockade induced by 10 ug/ml of
venom
Spontaneous Release by Spontaneous Release by
release nerve impulses release nerve impulses

1 6.4 55.6 9.1 ’ 211

2 8.4 64.8 14.0 28.0

3 8.5 49.0 15.0 30.0

Mean =+

SEM. 77 = 09 56.4 + 0.9 12.7 = 2.5 264 = 338

xins and that it is devoid of myotoxic compo- muscle. The venom slowly infused iv. in cats
nents. evokes a rapid and temporary fa11 of blood pres-
sure. Neuromuscular and respiratory depression

The ultrastructure changes caused by M. ... ranifect after ome hour. After complete

corallinus venom were investigated in the mou- e ae
. . . neuromuscular blockade, the muscle (tibialis an.
se phrenic nerve.diaphragm preparation (CRUZ | terior) responds to direct stimulation for about
HOFLING et al. 3). They were found to be si- o L .
milar to those produced by the presynaptic neu- one hour. Artificial respiration after cessation
rotoxin beta-bungarotoxin: reduction in num- of spontaneous respiration maintains the cats
"ber of synaptic vesicles, appearance of omega- alive for some time (bteween 2.5 and 9.5 hours
shaped axolemmal indentations, swelling and after the start of venom injection) but they
disruption of motor nerve ending mitochondria. finally die presumably from hypotension. In
At the latest stages disappearance of many ner- isolated rat muscle preparations the venom pro-
ve terminals, increase in the axoplasmic elec- duces neuromuscular blockade and also depres-
tron opacity and the presence of large vesicles sion of the responses to direct muscle stimula-
and vacuoles are observed. tion. The neuromuscular blockade was not
M. corallinus venom injected im. in dogs antagonized by neostigmine or edrop?xonium,
does not depress blood pressure. The neuro- and prolonged washing of the preparation cau-
muscular blockade elicited by it is not antago. SeS Only less than a 10 per cent recovery. M.
nized by neostigmine (VITAIL BRAZIL & FON. fulvius venom induces depolarization of the
TANA ). This suggests that in the dog the muscle fiber membrane and cause muscle fiber
main cause of the neuromuscular blockade is swelling and hyaline degeneration. A small re-
presynaptic in origin. duction, not dose-dependent, is produced by the

CORAL S venom in the responses of the frog rectus ab-
Pos'rssl?g APTIEINH‘EEURX?&?%SHI?&%%SE dominis to acetylcholine. WEISS & McISAAK 18
) - de f the results of their research.

AND INDUGING DEPOLARIZATION OF Myus. Conclude from the re ;

LE ) . that M. fulvius venom acts in a fashion analo--
¢ FIBER MEMBRANE: MICRURUS L- gous in some respects to the cardiotoxin from.
VIUS VENOM.

cobra venom and that it possibly contains a
M. fulvius is distributed over southeastern Iraction which blocks the acetylcholine recep-
North Caroline to the tip of Florida, the Gulf tors. On the other hand, SNYDER and co-wor-
coastal plain to the Mississippi River and, west kers® isolated from M. fulvius venom a neuro-
of it, Louisiana. Arkansas and Texas in United toxic fraction which produces neuromuscular
blockade in chick biventer cervicis nerve-mus-
cle preparation and inhibits the acetylcholine-
induced contracture in this preparation in 2
M. fulvius venom was investigated by WEISS  dose-dependent manner. It does not show the
& MCcISAAC B8 in amesthetized cats, isolated rat depolarizing activity of the crude venom. The
muscle preparations and frog rectus abdominis action of the fraction is irreversible.

States, and northeastern Mexico. It comprises
five subspecies (ROZE 11),
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RESUMO

Peconhas de cobras corais: modo de acio e
fisiopatologia do envenenamento experimental.

As cobras corais s@o os representantes da
familia Elapidae nas Américas. Classificam-se
em dois géneros Micruroides e Micrurus. O gé-
nero Micrurus compreende a quase totalidade
das espécies de cobra coral e todas as que cau-
sam acidentes no homem. Podem-se fazer as
seguintes generalizagbes quanto aos efeitos pro-

duzidos por suas pegonhas e a algumas pro-

. priedades destas. As peconhas das cobras co-
rais sio neurotoxicas, causando perda da forca
muscular e morte por paralisia respiratdria.
Nao provocam edema local e necrose assim co-
mo ndo produzem coagulacio sanguinea ou he-
morragias. A atividade proteolitica das peco-
nhas de cobras corais € pequena ou nula. Exer-
cem atividade fosfolipase A, Nio induzem
efeitos nefrotéxicos.

Os componentes toxicos da peconha das
Elapidae sdo as neurotoxinas pré-sindpticas, as
neurotoxinas pods-singpticas, as cardiotoxinas e
fosfolipases A, com atividade mionecrdética ou
semelhante & das cardiotoxinas.

O modo de acio das pegonhas de Micrurus
frontalis, M. lemniscatus, M. corallinus e M, ful-
vius foi investigado em preparacdes neuromus-
culares isoladas e € aqui exposto. Mostra-se
que enquanto as peconhas de M. frontalis e M.
lemniscatus devem conter apenas toxinas que
atuam através de ligagio com os receptores co-
linérgicos da placa terminal (neurotoxinas pés-
sindpticas), a de M. corallinus atua também na
juncdo neuromuscular inibindo a liberacdo de
acetilcolina pelos impulsos nervosos e a de M.
fulvius induz despolarizacio da membrana das
fibras musculares. Relatam-se também os efeitos
produzidos pelas pegonhas de M. corallinus e
M. fulvius in vivo em cées e os provocados pela
peconha de M. frontalis em cies e macacos.
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