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NEUTRALIZATION OF CORAL SNAKE MICRURUS NIGROCINCTUS
VENOM BY A MONOVALENT ANTIVENOM

J.M. GUTIERREZ, G. ROJAS, A. PEREZ, I. ARGUELLO and B. LOMONTE

Instituto Clodomiro Picado, Facultad de Microbiologia, Universidad de Costa Rica,
San José, Costa Rica

1. The neutralizing ability of a monovalent anti-Micrurus nigrocinctus (coral snake) antivenom
“rroduced in Costa Rica was tested against the lethal, myotoxic and phospholipase A, activities of homologous
venom. In addition, immunodiffusion and Western blot analyses were performed.

2. In experiments where venom and antivenom were incubated prior to the test, antivenom was
effective in neutralizing lethal, myotoxic and phospholipase A, activities, with Effective Doses 50% of 2700 pl
antivenom/mg venom, 1840 ul antivenom/mg venom, and 3630 pl antivenom/mg venom, respectively.

3. When coral snake antivenom was administered at different times after coral snake venom injection,
neutralization of lethality was achieved when antivenom was injected iv immediately and 15 min after venom. In
contrast, lethality was not reduced when antivenom was administered by the im route. Only partial neutralization
of myotoxicity was observed even when antivenom was injected iv immediately after envenomation.

4. Immunodiffusion and immunoblot analyses demonstrated the presence of antibodies in antivenom
against several, but not all, venom components.
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Introduction

Envenomations by coral snakes (genera Micrurus, Leptomicrurus and Mi-
cruroides) are not very frequent in America (Parrish, 1967; Rosenfeld, 1971; Bolafios,
1982; Amaral et al., 1987; Kitchens and Van Mierop, 1987). However, they can be severe
and cause neurotoxic symptoms (Rosenfeld, 1971). Anti-coral snake antivenoms are
roduced in several countries for the treatment of these envenomations (Chippaux and

~—Joyffon, 1983).

There is evidence of little cross-reactivity between monovalent anti-coral snake
antivenoms (Bolafios et al., 1978). Therefore, specific antivenoms have to be prepared for
different species in different countries. In Central America, the most abundant coral snake
is Micrurus nigrocinctus (Bolafos, 1982). A monovalent antivenom against the venom of
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this species is produced at the Instituto Clodomiro Picado, Costa Rica. In the present
investigation we studied the neutralizing ability of this antivenom against the lethal,
myotoxic and phospholipase A, activities of M. nigrocinctus venom. In addition, the
presence of antibodies against venom components was assessed by immunochemical
procedures.

Material and Methods

Venom and antivenom

Venom was obtained from more than 60 specimens collected in both Atlantic
and Pacific regions of Costa Rica, corresponding to the subspecies M. n. nigrocinctus an?
M. n. mosquitensis (Roze, 1970). Venom was lyophilized and stored at -40°C. Venori._-
weight reported here includes salts. Monovalent antivenom (batch 158) was produced in
horses at the Instituto Clodomiro Picado, according to the immunization schedule and the
fractionation procedure described by Bolafios and Cerdas (1980).

Neutralization of lethal effect

For the determination of lethal dose 50% (LD, ), groups of four Webster white
mice (16-18 g) were injected either intraperitoneally or subcutaneously with different
doses of venom dissolved in 0.5 ml sodium phosphate-buffered saline, pH 7.2. Death was
scored at 72 h and the LD, was estimated by the Spearman-Karber method (WHO, 1981).
In the study of neutralization of lethal effect, two types of experiments were performed:
(A) experiments with preincubation of venom and antivenom and (B) experiments with
independent injection of venom and antivenom. In the former, a dose of 52 pg venom,
corresponding to four times the ip LD, , was mixed with various volumes of antivenom in
a constant final volume, in order to provide several antivenom/venom ratios. Incubations
were carried out at 37°C for 30 min, after which 0.5 ml of the mixture (containing four LD,
of venom) was injected ip into groups of four white mice (16-18 g body weight). Death was
scored at 72 h and neutralizing ability is reported as Effective Dose 50% (ED, ), defined
as the pl antivenom/mg venom ratio that protects half of the population of injected mice
ED,  was calculated by the Spearman-Karber method (WHO, 1981) using a computex—
program (Gené and Robles, 1987).

In the second type of experiment, 50 pg of venom was injected subcutaneously
into the back of white mice (16-18 g body weight). This dose corresponds to 1.4
subcutaneous LD, and was selected because it induced acute envenomation, with animals
dying 50-80 min after venom injection. Then, at three times after envenomation (0 min,
15 min and 30 min), different volumes of antivenom (100 ul, 200 ul and 400 pl) were
injected either iv into the tail vein or im into the left thigh. Death was recorded at 72 h.

Neutralization of myotoxic activity
A dose-response curve was performed for the neutralization of myotoxic

activity by injecting various amounts of venom im into the right gastrocnemius and plasma
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creatine kinase levels were determined 3 h later using the Sigma kit 520 (Sigma Chemical
Co., St. Louis, MO, USA). Activity is reported as units/ml, one unit corresponding to the
phosphorylation of 1 nmol creatine/min at 25°C. The dose-response curve showed that a
dose of 15 pg venom caused a submaximal response and this dose was selected for
neutralization studies. Histologically, previous studies have shown that this dose induces
extensive myonecrosis (Gutiérrez et al., 1983).

For the study of the neutralizing ability of antivenom, experiments with
preincubation and experiments with independent injection of venom and antivenom were
carried out. In the former, a constant amount of venom was incubated with various
volumes of antivenom at 37°C for 30 min. Then, 100 pl of the mixtures (containing 15 Hg

f venom) was injected im into the right gastrocnemius of four white mice (18-20 g body
weight). Mice were bled from the tail 3 h later and plasma creatine kinase levels were
measured as described. Mice were killed by cervical dislocation 24 h after venom
injection, and a sample of injected gastrocnemius was obtained, fixed in 10% formalde-
hyde and processed for embedding in paraffin. Sections were stained with hematoxylin-
eosin for histological observation. A group of four mice was injected with 15 ug venom
with no antivenom and another group was injected with saline. Two additional control
groups were included, i.e., mice injected with normal horse serum and mice injected with
a mixture of normal horse serum and venom. The neutralizing ability is reported as ED,,
defined as the pl antivenom/mg venom ratio in which the myotoxic activity of venom was
reduced by 50%.

Experiments with independent injection of venom and antivenom were
performed by injecting 15 pg of venom im as described. Then, 400 ul of antivenom were
injected iv into the tail vein at four different times (0, 30, 60 and 120 min). Control mice
were injected with venom and did not receive antivenom. Blood samples were obtained
3 hafter envenomation by cutting the tip of the tail and plasma creatine kinase levels were
quantitated as described. At 24 h, tissue samples were collected, fixed and processed for

histological observation.
S

~—Veutralization of phospholipase A , activity

A dose-response study of the phospholipase A, activity of venom was carried
out by adding 100 pl of various amounts of venom dissolved in sodium phosphate-buffered
saline, pH 7.2, to 1.0 ml of an egg yolk suspension. This was prepared by diluting egg yolk
1:5 with 0.1 M Tris-HCl buffer, pH 8.5, containing 10 mM CaCl, and 1% Triton X-100.
After 20 min of incubation at 37°C, free fatty acids were extracted and titrated by the
method of Dole (1956). From the dose-response curve, it was observed that 15 p g venom
gave a submaximal response and this dose was selected for the neutralization studies.
These studies were carried out by preparing mixtures containing a fixed amount of venom
and different volumes of antivenom in a constant final volume. Mixtures were incubated
for 30 min at 37°C and 100 pl (containing 15 pg of venom) were added to an egg yolk
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suspension as described above. For controls, the egg yolk suspension was incubated with
15 pg of venom with no antivenom (100% activity) and with saline (negative control).
Enzymatic reactions were carried out for 20 min at 37°C and free fatty acids were extracted
and titrated as described. Phospholipase A, activity was expressed as pEq fatty acids
released mg protein” min™ and the neutralizing ability of antivenom was expressed as
Effective Dose 50%, defined as the pl antivenom/mg venom ratio at which the phospho-
lipase activity of venom was neutralized by 50%.

Immunochemical studies

Immunodiffusion was performed in 0.5% agarose gels by the method ¢
Ouchterlony and Nilsson (1978). Several dilutions of M. nigrocinctus venom weré~
confronted with undiluted anti-M. nigrocinctus antivenom. After 48 h of incubation at 22-
25°C, gels were extensively washed with saline and stained with Amido Black. For
Western blot analysis, M. nigrocinctus venom (130 pg) was reduced with 2-mercaptoetha-
nol for 4 min at 95°C and then separated by SDS-polyacrylamide gel electrophoresis on
a 15% gel by the method of Laemmli (1970). A set of molecular weight markers
(Pharmacia Fine Chemicals, Uppsala, Sweden) was used as reference. Proteins were
transferred electrophoretically to a nitrocellulose membrane (0.45 pm; Bio-Rad Labora-
tories, Richmond, CA) as described by Towbin et al. (1979). After transfer, proteins were
visualized on the nitrocellulose by mild Amido Black staining (Syu and Kahan, 1977) and
the positions of the main bands were marked by punching pinholes. Nitrocellulose was
blocked for 2 h with 2% bovine serum albumin (BSA; Sigma Chemical Co., St. Louis, MO)
in sodium phosphate-buffered saline (PBS), pH 7.2. Then, anti-M. nigrocinctus antivenom
was added, either at 1:25 or 1:50 dilution in 0.2% BSA-PBS for 4 h. After four washings
with 0.2% BSA-PBS, bound antibodies were detected by the addition of an anti-horse
immunoglobulin-horseradish peroxidase conjugate (Sigma) diluted 1:1000 for 2 h. After
washing, color was developed with 4-Cl-1-naphthol (Bio-Rad) and hydrogen peroxide as

substrate.
N

Statistical analysis

When appropriate, the significance of the differences observed between means
was determined by the Student z-test.

Results
Neutralization of lethality

The estimated LD, was 13 pg (95% confidence limits: 9.1 to 16.9 pg) when the
venom was injected ip and 35 pg (95 % confidence limits: 29.7 to 43.1 ug) when the venom
was injected sc. In experiments in which venom and antivenom were incubated prior to
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injection, anti-coral snake an-  Table 1- Effect of the route of antivenom administration on the

tivenom was effective in neutral- ‘ethality of M. nigrocinctus venom when antivenom was admini-

S A . tered tion.

izing lethality, with an ED,  of T ekt

2700 “1 antlvenom/mg venom. Venom (50 pg) was injected subcutaneously and antivenom was
The results of experl-  administered either intravenously (iv) or intramusculatly (im) at

ments in which antivenom was  different times after envenomation. Control mice received only

injected at different times after sc ~ venom and died 50-80 min after venom injection. Death was

venom injection are shownin Table scored 72 h after venom administration.

1. With the dose of venom used, Route of administration Delay in antivenom  Lethality

mice receiving venom and no an-  and antivenom dose administration (dead mice/
enom died between 50 and 80 (uD) (min) total mice)
min after envenomation. Intramus-
cular administration of antivenom Intralvde(;lous " a3k
prolonged survival time, but was 200 0 0/4
ineffective in preventing death, 400 0 0/4
even when 400 pl of antivenom 100 15 2/4
was given immediately after en- 200 15 2/4
§ A 400 15 0/4
venomation. In contrast, intrave- 160 o 304
nous administration of antivenom 200 30 4/4
was effective in neutralizing le- 400 30 - 4/4
thality, particularly when Intramuscular
antivenom was given immedi- 100 a 4/4
ately or 15 min after envenoma- i% g Z:
tion (Table 1). 100 15 4/4
200 15 4/4
Neutralization of myotoxicity 400 15 4/4
100 30 4/4
Intramuscular injection 0 e 4%
400 30 4/a

of 15 ug M. nigrocinctus venom
1duced anincrease in plasma crea-
“tine kinase levels of 739 Units/ml (N = 4) 3 h after envenomation. Normal horse serum did
not reduce the myotoxic activity of venom, whereas antivenom was effective in neutral-
izing this activity in experiments with preincubation of venom and antivenom. The ED,
was 1840 pl anti-venom/mg venom (Figure 1). There was good correlation between
plasma creatine kinase levels and muscle tissue histology. Muscle from mice injected with
venom and receiving no antivenom showed prominent myonecrosis by histological
analysis, with 90-95% of the fibers being necrotic 24 h after envenomation. When mice
were injected with a mixture of venom and antivenom at a ratio of 2000 pl antivenom/mg
venom, myotoxic activity was reduced significantly, with 40-45% of all fibers showing
necrosis. Almost complete neutralization was obtained at an antivenom/venom ratio of
4000 pl/mg, with only 4-8% of muscle fibers showing necrosis. No myonecrosis was
observed in muscle injected with saline solution or with normal horse serum.
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In contrast, when
antivenom was administered ~
iv at various times after 100 <
envenomation, neutralization
of myotoxicity was only par-
tial (Figure 2). Again, there
was a good correlation be-
tween plasma creatine kinase
levels and histological extent
of myonecrosis. Despite the
difficulty in neutralizing
myotoxicity under these con-
ditions, there was partial neu-

80

CK ACTIVITY (%)
PN
s S

[
(=}
P |

=]

T T T 1

tralization even when 0 1 2 3 4

antivenom administration ml ANTIVENOM/mg VENOM

was delayed 120 min (Figure Er.. f

2. Figure 1'- Neutrahuuo:? of. the myotoxic effect o'f M. n‘igrocincn'ls‘venom
(determined by quantitation of plasma creatine kinase activity) by

Neutralization of p hosp ho- ant.ivenom in preincubation experiments. Mixtures containing various

lipase A2 activity ratios of ml antivenom/mg venom were prepared and 0.1 ml of each

mixture, containing 15 pg venom was injected im into mice. Creatine
M. ni grocinctus kinase (CK) levels in serum were quantitated 3 h later. Myotoxic activity
venom had a phospholipase is' expressed as pet.cen‘t ?ctivity, Psing as reference the plasma creatine
A2 activity of 52 + 3 pEq kmnse le\fels in mice injected with venom alone (100%?. The plasma
O A creatine kinase activity of venom-treated mice was 739 units/ml 3 h after
NaOH mg™ min™. Antivenom venom administration. Each value is the mean + SEM for 4 animals.
neutralized this activity, with

an ED,; of 3630 ul antivenom/mg venom (Figure 3).
Immunochemical studies

When M. nigro-cinctus venom and anti-venom were submitted to immunodif-
fusion, five precipitin arcs were observed (Figure 4). When venom was analyzed by SD¢
polyacrylamide gel electrophoresis under reducing conditions, several protein bands
migrating mainly in the molecular mass region below 26 kDa were observed. Western blot
analysis demonstrated the presence of antibodies in antivenom against the following
venom components: a) one band located in the migration front whose molecular mass was
less than 10 kDaj; b) one band of molecular mass 14 kDa; ¢) two bands of molecular mass
between 16 and 18 kDa. All of these bands showed moderate staining intensity. In addition,
there were two bands of molecular mass 23 and 70 kDa which stained for protein but not
with antibodies present in the antivenom.

Discussion

Very few studies have been carried out on the neutralizing ability of coral snake
antivenom. Most of them have dealt with neutralization of lethal effect in experiments in

Brazilian J Med Biol Res 24(7) 1991



Anti-Micrurus antivenom 707

120

which venom and antivenom
were incubated prior to in-
jection (Cohen et al., 1968;
Bolarios et al., 1978; Siles-
Villarroel et al., 1980/81). In
the present study we have
demonstrated the ability of
" the monovalent anti-M.
nigrocinctus anti-venom pro-
duced in Costa Rica to neu-
lize the lethality,
\K;'otoxicity and phospho-
lipase A, activity induced by
homologous venom.
Ourdataalsoshow
that coral snake antivenom is

% ACTIVITY

VENOM 0 30 60
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Figure 2 - Neutralization of myotoxic activity (plasma creatine kinase

effective in experiments with
independent injection, pro-
vided it is administered iv
early in the course of
envenomation. These find-
ings agree with data reported

levels) of M. nigrocinctus venom by antivenom. Venom (15 pg) was
administered im into the right gastrocnemius, followed by iv administra-
tion of 400 pl antivenom at various times (0, 30, 60 and 120 min) after
envenomation. Three h after venom injection, blood samples were
collected and plasma creatine kinase levels were determined. Myotoxic
activity is reported as percent plasma creatine kinase activity increase in
response to the venom (see legend to Figure 1). Each value is the mean

by Cohen (1966) for M.
fulvius venom. In contrast,
under the present experimen-
tal conditions, which resulted in an acute envenomation that killed mice 50-80 min after
venom injection, im administration of antivenom did not prevent lethality, even when this
was done immediately after envenomation. This experimental finding confirms observa-
tions of the ineffectiveness of the intramuscular route for antivenom administration

\utiérrez et al., 1981; Amaral et al., 1987) and suggests that, in cases of coral snake

“efivenomation, anti-venom should be given iv.

Lethality induced by M. nigrocinctus venom is probably due mainly to the
action of alpha-neurotoxins which act postsynaptically at the neuromuscular junction, by
blocking cholinergic receptors at the motor end-plate (Moussatché and Meléndez, 1979;
J.P. Rosso, unpublished results). In addition, there is evidence that this venom also exerts
a presynaptic action (Rodrigues-Simioni et al., 1990), as has also been demonstrated for
other coral snake venoms (Vital Brasil and Dias-Fontana, 1983/84).

Our previous studies have demonstrated that M. nigrocinctus venom induces
prominent myotoxicity when injected in mice, as indicated by histological analysis,
increase in plasma creatine kinase levels and myoglobinuria (Gutiérrez et al., 1980, 1983,
1986). Although this effect has not been described clinically, some reports suggest that
myotoxicity might occur in human victims of coral snake bites (Machado and Rosenfeld,

+ SEM for 5 animals. Myotoxic activity was significantly reduced
(P<0.05) in all groups receiving antivenom (Student z-test).
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1971; Bolanos, 1982; 120
Kitchens and Van Mierop,
1987). In the present study 100}

we showed that mono-
valent anti-M. nigrocinc-
tus antivenom is effective
inneutralizing the muscle-
damaging activity of ho-
mologous venom when
venom and antivenom are

o
i

PLA ACTIVITY (%)
e (=
£ . %

preincubated. A myotoxic 20 =
phospholipase A, hasbeen

isolated from this venom 0 - T T —
(Arroyo et al., 1987). It is 0 2 4 6 8
very likely that myotoxic- ml ANTIVENOM/mg VENOM

ity is due to the action of Figure 3 - Neutralization of M. nigrocinctus venom phospholipase A, activity
phospholipase Az’ asisthe by antivenom in experiments in which both were preincubated prior to the test.
case for other elapid ven- Phospholipase A, (PLA) activity is reported as percent activity relative to its
oms (Harris et al., 1980; specific activity in the absence of antivenom (52 pEq min mg™). Data are

Mebs, 1986). Thus, reported as mean + SEM (N = 3).

antivenom contains anti-

bodies against these myotoxins. In support of this conclusion, our results showed that
antivenom neutralizes phospholipase A, activity of this venom when tested using an egg
yolk suspension as source of phospholipids. In addition, Western blot analysis clearly
showed the presence of antibodies in antivenom which react against components of
molecular mass similar to that of phospholipase A, i.e. between 14 and 18 kDa.

When antivenom was injected iv after envenomation, neutralization of myotox-
icity was only partial. This agrees with previous studies carried out on other venoms,
myotoxins and antivenoms (Gutiérrez et al., 1981; Ownby et al., 1986), and is probably
due to the extremely rapid development of muscle cell damage after injection of cor ™"~
snake venom (Gutiérrez et al., 1980, 1986). Under these conditions, neutralization ‘"
achieved only partially, despite the rapid administration of antivenom. However, even
after a 120-min delay in administering antivenom, there was a significant reduction of the
myotoxic effect. The role of myotoxicity in human envenomation following coral snake
bites has not been studied. Thus, the routine evaluation of plasma CK levels and
myoglobinuria in these patients should be encouraged.

No information is available about other components of coral snake venoms in
addition to neurotoxins, myotoxins and phospholipases. However, the observation of five
precipitin arcs in immunodiffusion plates, together with the detection of several bands by
Western blot, indicates the presence of additional antigenic components in these venoms.
The nature and pharmacological activity of these components remain to be investigated.
Neutralization studies with anti-coral snake antivenoms are urgently required in order to
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define the neutralizing profile
of commercially available
antivenoms.
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