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RESUMEN

Las picaduras de escolopendra (Scolopendra gigantea) en se-
res humanos y animales domésticos representan un accidente
agudo y muy doloroso. La necrosis y otros daños ocasionados
por este veneno pueden ser prevenidos, si se inyecta un anti-
veneno. Este estudio propone producir anticuerpos policlona-
les en gallinas hiper-inmunizadas contra el veneno de escolo-
pendra (Scolopendra gigantea Linneaus 1758). Un grupo de
gallinas fue inyectado subcutánea e intramuscularmente con
diluciones de venenos, de acuerdo con tres rutinas diferentes.
Los huevos fueron recogidos diariamente y los anticuerpos en
la yema fueron purificados con un método modificado de polie-
tilen-glicol y cloroformo. Los niveles de anticuerpos en yema
fueron calculados con prueba de precipitación de gel de agar y
pruebas de protección (ED��). Los huevos cosechados 15 días
post-inyección tenían los títulos más altos de anticuerpos.
Después de seis meses, los anticuerpos liofilizados y guarda-
dos a 5°C mantenían su actividad. Ratones envenenados, in-
yectados posteriormente con anticuerpos purificados, tuvieron
un 100% de supervivencia al compararse con los controles. La
limpieza, la eficacia, y la sencillez de producir los antivenenos
en gallina, y la incapacidad de estos anticuerpos (IgY) para fi-
jarse al complemento humano, formulan una alternativa intere-
sante a otros antivenenos producidos en mamíferos. Este es-
tudio puntualiza que los anticuerpos de huevo de gallina pue-
den ser provechosos como un instrumento terapéutico para
tratar escolopendrismo en seres humanos y animales domésti-
cos. Además, abre un campo terapéutico para la fabricación
de otros antivenenos contra el espectro amplio de las toxinas y
como probable herramienta de diagnóstico.

Palabras clave: Inmunoglobulina Y, antiveneno de escolopen-
dra, escolopendrismo, Scolopendra gigantea.

ABSTRACT

A scolopendra sting in humans and domestic animals is an
acute and highly painful accident. The present study was an at-
tempt to raise specific hyper-immune polyclonal antibodies
against scolopendra centipede (Scolopendra gigantea Lin-
neaus 1758) venom. A group of hens were injected with ven-
oms subcutaneously and intramuscularly according to three
different routines. This protocol was found to be effective for
hyperimmunization. Eggs were gathered daily and antibodies
were purified from yolk with a polyethylene-glycol and chloro-
form modified method. Titers of antibodies in yolk were esti-
mated with an agar gel precipitation test, and a serum protec-
tion (ED��) test. Eggs harvested at 15 days post-injection had
maximum antibody titers. After six months, antibodies lyophi-
lized and stored at 5°C still maintained their activity. Enven-
omed mice were injected with purified antibodies, which in-
duced 100% recovery as compared to those not treated with
the antibodies. The cleanliness, effectiveness, and simplicity of
producing antibodies against scolopendra venom in avian egg
yolk, and their incapability to attach human complement, for-
mulates an interesting option to equine and other mammalian
antivenoms. This study infers that avian egg yolk antibodies
may be useful as a therapeutic tool in treating scolopendrism in
humans and domestic animals. It also opens a field for the pro-
duction of other antivenoms against the wide spectrum of tox-
ins as well as the use of these antibodies as a diagnostic tool.

Key words: Immunoglobulin Y, scolopendra antivenom, scolo-
pendrism, Scolopendra gigantea.

INTRODUCTION

Scolopendrism is the envenomation by species of
Scolopendra [12]. The venom is toxic to humans (the venom
contains serotonin, acetylcholine, histamine, lipids, polysac-
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charides, enzymes such as proteases, hyaluronidases and es-
terases [1,12] and causes a local painful burn (similar to a
hornet-sting), severe edema, chills, fever (up to 39°), weak-
ness, erythema, local lymphangitis, dizziness, necrosis at the
site of the sting, myonecrosis and acute renal damage [1,17].
At experimental levels the Scolopendra venom causes, accord-
ing to the dose, death in mice (Mus musculus) within a few
minutes [31]. Accidents are not rare in human adults and se-
vere envenoming followed by death is an exception. Neverthe-
less, some fatal cases have been reported [20]. When the
scolopendra is irritated, it inoculates its venom through claws
or fangs; each gland drains its toxic contents through a small
aperture near the tip of the fang, and drops into the wounds
causing the referred symptoms.

Passive immunization with antibodies derived mainly
from horse’s (Equus caballus) blood is widely used to treat
snake (Viperidae), scorpion (Buthidae), and spiders (Arachnoi-

dea) envenomations [17]. However, there is no specific treat-
ment offered for scolopendra envenomation and the production
of antivenom is necessary for its treatment.

The current study was intended to produce and purify
hen (Gallus domesticus) specific hyper-immune polyclonal an-
tibodies against scolopendra venom. Evaluation of antibodies
was carried out through agar gel precipitation and serum pro-
tection (ED��) tests, in order to evaluate the antivenom as an
efficient therapeutic agent.

MATERIALS AND METHODS

Animals

Scolopendra. A group (twelve specimens) of Scolopen-

dra gigantea, coming from Zulia and Falcon States, Venezuela,
were maintained in the Immunochemistry Section of the Insti-
tute of Tropical Medicine at the Universidad Central de Vene-
zuela. The animals, once identified, were placed in boxes and
fed monthly with arthropods or neonates mice.

Mice. Male mice (INH strain) weighing 18-22 g from the
Instituto Nacional de Higiene “Rafael Rangel”, Caracas,
Venezuela were used. The colony of mice was kept in boxes
in a room maintained at 23°C on a 12/12-hr light/dark cycle as
outlined in the “Guide of Principles of Laboratory Animal
Care” [3].

Hens. Six egg-laying, red hens of Rhode Island strain of
approximately 16 wks of age, obtained from a poultry farm of
Lagunita town, Miranda State, Venezuela were located in indi-
vidual henhouses before the beginning of the production of
eggs. Hens were maintained on 12/12-hr light/dark cycle at
23°C with food and water ad libitum [3].

Venom

Between 7 and 15 days previous to venom extraction,
the scolopendras were fed to guarantee enough venom in their

glands. They were anesthetized by maintaining them at –20°C
for approximately 10 min. The specimens were fixed by means
of two connected stimulating electrodes (Grass model, USA).
An electrode was placed in the body and the other one in the
base of the claw. Once the animal was fixed, an electric stimu-
lation was carried out by administering pulses of 60V per pulse
at a frequency of 50 Hz to each claw. Each claw was given 3 to
5 pulses for approximately 15 s, with resting periods of ap-
proximately 30 s. Ejected venom through the excretory conduit
in the tip of the claw was collected in glass capillaries that were
placed in Eppendorf tubes and stored at –30°C until use. The
volume of each extraction was calculated knowing the volume
of the capillary used in the collection.

In order to avoid venom contamination with gastric juices
and also avoid the capillary fracture, special mask containing
holes to accommodate each claw and render them immobile
were used.

Determination of protein concentration

The crude venom was resuspended in distilled water and
the protein concentration was determined by means of absor-
bance read in a spectrometer (Spectronic� Model Genesis 2,
USA) at 280 nm, assuming that 1 absorbance unit represented
a concentration of 1 mg/mL.

Lethality assay

The intraperitoneal LD50 for scolopendra crude venom
was determined in mice. Three of 10 mice (18-22 g) each were
injected intraperitoneally with four doses of venom (0.3 µg to
0.6 µg in 0.1 mL) dissolved in saline. Forty eight hours later
dead animals were recorded and the results analyzed by the
Spearman-Karber method [27].

Sodium dodecyl sulphate-polyacrylamide gel

electrophoresis (SDS-PAGE) of scolopendra crude venom

Scolopendra crude venom under reduced and non re-
duced conditions was electrophoresed using a MINI-
PROTEAN II (BioRad, USA) chamber. SDS-PAGE was per-
formed according to the Laemmli method [15] using 12% gels.
Wide range molecular weight markers (Bio-Rad) were run in
parallel and gels were stained with Coomassie Blue R-250.

Immunization of egg-laying hens with scolopendra crude

venom

Six egg-laying, red hens were immunized with scolopen-
dra venom in three phases: The first phase consisted in the ad-
ministration of 80 µg/0.3 mL of scolopendra crude venom at
three day intervals. The first doses were an equivolumetric
emulsion of venom and Freund’s complete adjuvant, whereas
the second doses consisted of venom emulsified with Freund’s
incomplete adjuvant. The third and successive venom doses
were mixed with saline solution.
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All doses were administered subcutaneous via in the del-
toid region sequentially alternating right and left. One week af-
ter the last dose of the first phase, blood was obtained for the
detection of immunoglobulins that could recognize and precipi-
tate the venom.

The second phase of the immunization protocol contin-
ued with 160 µg/0.3 mL of scolopendra crude venom intramus-
cular via thigh injection, in two doses, with an interval of 15
days between dose, beginning 15 days after the sixth dose of
the first phase.

In the last phase a single dose of 500 µg/0.3 mL of
scolopendra crude venom was administered intramuscular via
in the thigh.

Isolation of eggs-yolk immunoglobulins from Scolopendra

venom immunized hens

The eggs were collected daily, weight and stored at 4°C
until use. The yolk was removed carefully and washed with tap
water and wrapped in absorbent paper to remove the albumin.
The yolk was processed to obtain immunoglobulins using a
modified chloroform-polyethylene glycol protocol [21]. Briefly,
0.01M PBS, pH 7.6 was added to the yolk at equal volumes
and mixed by vortexing. The mixture was equivolumetrically
dissolved in chloroform and vigorously mixed until obtaining a
homogeneous solution. After having centrifuged at 3000g for
35 min, the supernatant was decanted and treated with poly-
ethylene glycol 6000 at 12% concentration. Following Vortex®
shaking for 5 min, the mixture was centrifuged at 3000g for 30
min. The supernatant was discarded and the precipitate resus-
pended in equal volumes of PBS of the initial yolk volume.
Then, it was dialyzed, lyophilized and kept at 5°C until use.

Quantity and purity determination of eggs-yolk

immunoglobulins from scolopendra venom immunized hens

The immunoglobulin obtained from the eggs-yolk was
determined by the absorbance to 280 nm, considering that the
IgY extinction coefficient has been calculated to be 1.35 [16];
therefore, 1.35 UA = 1mg/mL.

The IgY purity was determined by protein polyacrylamide
gel electrophoresis (PAGE) at 12% according to Laemmli et al.
[15]. Wide range molecular weight markers (Biorad, USA) were
used, and the gel was stained with Coomassie blue.

In gel diffusion assay using specific IgY against

scolopendra venom

To demonstrate the specific IgY immunoglobulin activity,
an Ouchterlony double gel diffusion test was used [19]. The
scolopendra crude venom at 10mg/mL was placed in the cen-
tral well, while different dilutions of IgY were placed in the outer
wells and incubated at 37°C.

To explore the specific scolopendra antivenom against
the immunoglobulins of the hens’ sera, the sera were also as-

sayed by an Ouchterlony double gel diffusion test as else-
where described.

Serum protection test (ED��)

For antivenom potency, four groups of six mice were
challenged with a mixture of three LD�� of venom. Scolopendra
antivenom efficacy doses were calculated by mixing different
amounts of antivenom (from 1.2 to 2.6 mg of immunoglobulin)
with 1 mg scolopendra venom prepared at 0°C and incubated
for 30 min at 37°C prior to injection. Each mouse was injected
with 0.1 mL of venom/antivenom mixture into the peritoneum.
The mice were observed for 48 h and the percent survival and
ED�� was calculated. Saline controls and antivenom controls
were used. Results were analyzed by Probit analysis according
to the recommended WHO guidelines [32], and neutralizing ca-
pability was expressed as the 50% effective dose (the amount
of antivenom that protects 50% of the population).

RESULTS AND DISCUSSION

Antibodies have been used for over a century in the
treatment of envenomations caused by animal toxins. Antibod-
ies remain a critical component for the treatment of envenom-
ing by snakes, scorpions and spiders. Polyvalent equine an-
tivenom represents the main therapeutic supply to remedy
snakebite envenomations and it is the main source for these
sera [24]. Nevertheless, undesirable effects mainly related with
the capability of Fc of horse IgG to activate complement have
been exemplified [9]. Due to cases of hypersensitivity to horse
serum, other animals were assayed for alternative forms of an-
tivenoms, and favorable results have been observed with
sheeps (Ovis aries), goats (Capra hircus), rabbits (Oryctolagus

cuniculus), as well as other animals [12, 13, 22].

The current study was carried out to explore, by using an
experimental model, if a specific immunoglobulin raised in
avian egg yolks would be effective in neutralizing scolopendra
venom. To address this question, the ability of the antivenom
to neutralize the venom effects in vivo was investigated. One
hundred and ten milligrams of venom from twelve scolopen-
dras (S. gigantea) were obtained from 45 successful venom
extractions. The concentration of the crude venom was of 375
µg/µL. The lethal activity (LD��) of scolopendra crude venom in
mice was 0.3 mg/20 g mice. The venom dosages used in im-
munizing mice was extrapolated to hens and doses between
40 to 250 mg/kg were used to immunize the hens.

Scolopendra crude venom was subjected to electropho-
resis under native conditions, and ten bands from 6 to 190 kDa
were observed (FIG. 1). Under reduced conditions, new bands
at 116, 60 and 45 kDa were seen, while the bands at 190, 14
and 6 kDa remained.

Scolopendra stings are common in humans, and, al-
though they can be treated using unspecific therapies. The
uses of those therapies do not solve the problems of myotoxic-
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ity and hepatotoxicity [12]. Only specific antivenom may be
able to inhibit the development of these lesions. This study es-
tablishes that IgYs prepared from the egg yolk of hens immu-
nized with crude scolopendra venom were effective in the
treatment of scolopendrism. The first phase of immunization
subcutaneous via injections did not produce visible effects in
the hens in either of the six doses, while the administration of
the first intramuscular dose of the second phase, caused irrita-
tion and flexion of the femoral-tibial articulation of the injected
thigh in all the hens.

The isolation of egg-yolk immunoglobulins from hens im-
munized with scolopendra venom evidenced that the differ-
ences in the quantity of IgY from egg yolks among different
hens was not significant. The IgY average concentration was
8.4 mg/mL per egg-yolk averaging a volume of 15 mL. Thus,
an average of 124 mg of immunoglobulins from each egg was
obtained. After 6 months at 5°C, the lyophilized antibodies still
retained their activity.

Polyclonal antibodies against natural toxins are produced
in domestic animals, such as horses and goats that require
multiple bleedings to acquire the antibodies. A less invasive
method could be the production of antibodies in avian egg
yolks [8, 25]. The main classes of antibodies in hens are IgYs.
The use of hens for the production of antibodies instead of
mammals signify a decrease in the number of animals because
hens produce higher quantities of antibodies in egg yolks
(1500 mg of IgY per month) than that of small mammals (200
mg of IgG per month) [9]. Therefore, hens are an outstanding
selection for the development of mammalian antibodies [2, 6,
30]. Furthermore, the recovery of IgY does not require bleeding
procedures, because laying eggs is a hen’s natural process.
Hens can be considered an efficient source and an ideal alter-
native for the development of scolopendra antivenom as well
as other antivenoms.

The isolation of IgY from egg yolk using the chloroform-
polyethylene glycol method was uncomplicated and resulted in
high yields. The results are in accordance with a study con-
ducted by Polson et al. [21] whom evaluated extraction meth-
ods of IgY and demonstrated that the chloroform-polyethylene
glycol method was efficient, rapid and easy for antibody purifi-
cation. The lipids are soluble in organic solvents such as chlo-
roform, which allows the isolation of IgY from the watery phase
of the egg yolk [18]. The chloroform method was carried out in
this study allowing the recovery of 8.4 mg of IgY/mL per yolk.

In this study, 80 to 500 µg of crude scolopendra venom
in 0.1 mL of Freund’s complete and incomplete adjuvant were
used for initial and reinforced immunizations, respectively, fol-
lowed by final immunizations with venom and saline. The used
antigen concentrations and volumes were inside the scope of
10 ng to 1 mg in 0.1 mL, which are the recommended dosages
for immunizing hens [24].

The results demonstrate that antibody titers were consid-
erably higher in yolk as compared to hen´s sera tested after 26
days. These results are analogous to Kuhlmann et al. [14]
whom revealed that IgY generated by hen was 18 times higher
than IgG produced by rabbits. This elevated level of antibody
titer may be due to the steady existence of the venom-adjuvant
mixture in the subcutaneous tissue of hens, which probably ac-
tivates the immune cells over a long period of time. Moreover,
the immune response when challenged with mammal antigens
is increased in hens compared to mammals, which is due to
the hen’s distant phylogenetic differences [10]. Hens also pro-
duce antibodies against highly conservative mammalian pro-
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FIGURE 1. (SDS-PAGE) SCOLOPENDRA CRUDE VENOM

UNDER NONE REDUCING AND REDUCING CONDITIONS.

MW: MOLECULAR WEIGHT MARKERS; NRC: NONE RE-

DUCING CONDITIONS; RC: REDUCING CONDITIONS. A

10-20% TRIS-GLYCINE GEL WAS USED TO RUN 6 µG OF

SCOLOPENDRA GIGANTEA VENOM POOL. A MINI-GEL

(BIORAD, EUA) ELECTROPHORESIS SYSTEM WITH TRIS-

GLYCINE SDS RUNNING BUFFER WAS USED. THE GEL

WAS RUN AT 130V, 90 MIN. THE MARKERS USED WERE
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teins and the amount of antigen needed for immune response
is very low. On the other hand, the sera of hens immunized
with scolopendra venom presented a poor amount of precipi-
tant immunoglobulins. The sera was obtained a week after the
last dose of the immunogen during the first immunization
phase, revealing that an important immune response had not
yet taken place.

Purity determination of eggs-yolk immunoglobulins from
hens immunized with scolopendra venom was analyzed by
SDS-PAGE. The IgY has two major bands, the molecular
weight of the heavy chain is about 65 kDa and that of the light
chain is about 25 kDa (FIG. 2). The efficiency of this immuno-
globulin production method is illustrated by the cleanliness of
IgY in SDS-PAGE reducing conditions, which is presented by
the heavy and light bands representing the antibody. Immuno-
globulin Y has two structural differences compared with mam-
malian IgG, the molecular weight of the heavy chain of IgY is
larger than that of its mammalian counterpart, while the mo-
lecular weight of the light chain of IgY is smaller [29].

An in gel diffusion assay was carried out against
scolopendra venom and IgY, resulting in the development of
prominent precipitin bands in the immunodiffusion experiments
(FIG. 3). As a result of the immunization protocol, precipitin
bands were formed against both dilutions of scolopendra an-
tivenom. Further more, scolopendra venom did not show any
precipitin bands with the polyvalent antivenom against Crotalus

durissus cumanensis, Bothrops atrox, B. colombiensis and C.

vegrandis venoms indicating significant differences in venom
toxins of these snakes and scolopendra.

Mice were used to test the efficacy dose (ED��) of the
scolopendra antivenom. The ED�� for the scolopendra an-
tivenom calculated for scolopendra venom is 2.6 mg/20 g mice
(TABLE 1). Six control mice injected with 1 mg/0.1 mL of
scolopendra venom (3 LD��) died after 48 hr. Meanwhile, the
group injected with 0.1 mL of venom (1mg)/antivenom (2.6 mg)
mixture, protected the mice from the venom-induced death. Ani-
mals injected with the antivenom (2.6 mg/0.1 mL of immuno-
globulin) 5 min after venom injection survived beyond 24 h. The
antivenom also protected all mice when injected before admini-
stration of three LD�� of the venom. It also rescued all mice in-
jected with one LD�� of the venom, either immediately before
antivenom or 5 min after venom injection. The antivenom neu-
tralized not only the lethal effects of venom, but also other toxic
effects. For instance, it entirely neutralized the macroscopic ne-
crotizing effects [11] induced by scolopendra venom.

During the development of IgY isolation protocols for the
production of scolopendra antivenom, the current work main-
tained constant quality of IgY production, and required low
venom dosages and volumes. Furthermore, a multi-site immu-
nization protocol, the number and interval of immunizations
along with the hens’ age are all required parameters for such
aim [28]. It has been demonstrated in hens that, after the first
immunization with other immunogens (e.g. bacteria), the IgY
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FIGURE 2. SDS-PAGE OF EGG-YOLK IMMUNOGLOBULINS

FROM SCOLOPENDRA ANTIVENOM UNDER REDUCING

CONDITIONS. MW: MOLECULAR WEIGHT MARKERS; RC:
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against bacteria reaches a peak in serum in week 4, and
weeks 6 and 8 in egg yolk [7]. The development of antibodies
facing the stimulus of an antigen is a genetic inheritance for
each immunized animal [26]. To assure the development of
IgY against crude scolopendra venom following the scheme
proposed here, it is recommended to immunize a minimum of
three hens.

In this study, IgY against scolopendra venom reached its
peak production in week 8, which corresponded to the re-
sponse of the third immunization. In agreement with this result,
it is therefore recommended to immunize the hens with crude
scolopendra venom at week 7, applying one immunization with
an interval of two weeks between each one of them.

The additional therapeutic advantages of this antivenom
are the laborious elimination of the complement-reactive FC
fraction encountered in mammalian immunoglobulins, which is
usually performed by pepsin digestion, thus reducing the yield
and potency of the resulting antivenom. Where as, hen anti-
bodies do not fix human complement [4, 5, 23] and for that rea-
son the risk of anti-complement responses is avoided.

The low amounts of venom antigens required for immu-
nizing allowing for the utilization of animals, such as hens, with
low body weights, the quantity of egg yolk produced per ani-
mal, the ease of gathering eggs and most importantly, the low
cost and effort of isolating the IgY from the egg yolk all contrib-
ute to the low cost efficiency of the hen model.

In reviewing the scientific literature, many works producing
antibodies in avian egg yolks exist, but it is apparent that there
is no antivenom available in the market capable of neutralizing
the lethal effect of S. gigantea venom with the exception of the
one produced in this study. To the best of the author’s knowl-
edge, this work is the first report where IgY purified antibodies
against scolopendra venom is proposed as a therapeutic agent.
The IgY was subjected to a series of purification and toxicologi-
cal steps, sterilized by bacterial filtration and filled in ampoules
under aseptic conditions. Scolopendra antivenom will soon be
(once the clinical trials for tolerability and safety are completed)
accessible for human use in the Tropical Medicine Institute of
the Universidad Central de Venezuela,

CONCLUSIONS AND RECOMMENDATIONS

These results sustain the necessity to thoroughly con-
tinue investigating the possibilities of antivenoms manufactur-

ing with this novel methodology. It is ratified here that this is the
first antivenom produced in avians, against the toxins of the
scolopendra venom. This study remarks that the antibodies of
hen egg can be a valuable therapeutic instrument to treat
scolopendrism in humans and domestic animals. It also opens a
field for the production of other antivenoms against various natu-
ral toxins, which could also be used as possible diagnostic tools.
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