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This manuscript describes the general biochemical properties and immunological char-
acteristics of Peruvian spider Loxosceles laeta venom (PLlv), which is responsible for the
largest number of accidents involving venomous animals in Peru. In this work, we
observed that the venom of this spider is more lethal to mice when compared with L. laeta
venom from Brazil (BLlv). The LD50 of PLlv was 1.213 mg/kg when the venom was intra-
dermally injected. The venom displayed sphingomyelinase activity and produced dermo-
necrotic, hemorrhagic and edema effects in rabbits. 2-D SDS-PAGE separation of the
soluble venoms resulted in a protein profile ranging from 20 to 205 kDa. Anti-PLlv and
anti-BLlv sera produced in rabbits and assayed by ELISA showed that rabbit antibodies
cross-reacted with PLlv and BLlv and also with other Brazilian Loxosceles venoms. Western
blotting analysis showed that bands corresponding to 25–35 kDa are the proteins best
recognized in every Loxosceles spp venoms analyzed. The immunized rabbits displayed
protective effect after challenge with PLlv and BLlv. In vitro assays with horse anti-
loxoscelic antivenoms produced in Brazil and Peru demonstrated that these commercial
antivenoms were efficient to inhibit the sphingomyelinase activity of PLlv and BLlv.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Loxoscelism is the most important clinical syndrome
resulting from Loxosceles spp spider bite and follows two
well-defined clinical variants: the cutaneous form which
-Olortegui).

. All rights reserved.
manifests as erythema and edema that may develop into
necrotic ulcer, whilst systemic loxoscelism is characterized
by intravascular hemolysis and occasional renal failure (da
Silva et al., 2004; Ministério da Saúde, 2011).

Loxosceles laeta (Nicolet, 1849) (Araneae, Sicariidae),
known as “brown spider”, “corner spider” and “spider
violin”, is an endemic species of South America, which has
been introduced into the East of this continent and also into
both North and Central America (Gerstch, 1967). L. laeta
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species is found throughout Argentina (de Roodt et al.,
2002), frequently reported in the South region of Brazil
(Malaque et al., 2002), widely distributed in Chile
(Manriquez and Silva, 2009) and also found throughout the
Peruvian territory, where it is also named “killer spider”,
due to the association of this spider withmany fatal cases of
loxoscelism (Maguiña-Vargas et al., 2004). Loxoscelism is a
serious public health problem in Peru, the number of
human accidents caused by spiders of Loxosceles genus
attains 2500 per year (Panaftosa, 2007). L. Laeta and in a
lesser extent Loxosceles rufipes are the most medically
relevant species in Peru (Sanabria and Zavaleta, 1997). The
highest incidence of envenomations is recorded in cities
along the Peruvian Coast (Sanabria and Zavaleta, 1997).

In Peru, although early work on loxoscelism dates from
1953 (Yzu, 1953), hardly anything is known about the
structural and functional characteristics of this Peruvian
spider venom, while significant progress has been made in
other regions where Loxosceles spp spider live. Loxosceles
venoms contains several protein toxins including alkaline
phosphatases, hyaluronidases, metalloproteases, sphingo-
myelinases, and insecticidal peptides (da Silva et al., 2004).
Among venom toxins, sphingomyelinases, also called der-
monecrotic toxins, are the major toxic components and
play an essential role on the pathogenesis of loxoscelism
(Tambourgi et al., 2010). By using molecular biology tools,
dermonecrotic toxins have been identified, the crystal
structure determined, the cDNAs encoding toxins isolated,
characterized and the recombinant proteins expressed,
providing new insight for this group of toxins (Kalapothakis
et al., 2002; Murakami et al., 2006; de Santi Ferrara et al.,
2009; Catalán et al., 2011; da Silveira et al., 2006). Immu-
nization strategies using crude Loxosceles venoms, recom-
binant toxins or synthetic epitopes derived from these
toxins support the notion of using these immunogens as
therapeutics via anti-sera development or vaccine strategy
(Olvera et al., 2006; de Almeida et al., 2008; Dias-Lopes
et al., 2010; de Moura et al., 2011). Antivenoms prepared
from horse sera immunized with crude Loxosceles venoms
are an important tool for treatment of human envenom-
ation by spider and its use recommended by the Public
Health Organizations (Pauli et al., 2009).

In view of the absence of information about the prop-
erties of PLlv toxins, the main goal of this work is to report
some biochemical, immunological and toxic properties of
this venom. In this paper, the sphingomyelinase, dermo-
necrotic, hemorrhagic, edematogenic and lethal activities
of crude venom were investigated. This manuscript also
describes the separation of soluble venoms proteins by 2-D
SDS-PAGE, highlighting the differences between PLlv and
BLlv protein pattern. In addition, this study shows the ca-
pacity of rabbit polyclonal anti-PLlv, anti-BLlv and, also
horse anti-loxoscelic sera to neutralize Brazilian and
Peruvian Loxosceles laeta venoms toxic effects.

2. Materials and methods

2.1. Animals, venoms and antivenoms

Adult male Swiss mice (weighing 18–22 g) were main-
tained at the Centro de Bioterismo of the Instituto de
Ciências Biológicas of the Universidade Federal de Minas
Gerais (UFMG), Belo Horizonte, MG, Brazil. All animals
received water and food ad libitum. The experimental
protocols conformed to the Guide for the Care and Use of
Laboratory Animals published by the US National Institutes
of Health (NIH Publication No. 85-23, revised 1996)
(A5452-01). Eight- to nine-week-old New Zealand rabbits
were used to produce the sera anti-PLlv and anti-BLlv. An-
imals were maintained and handled as described above.

L. laeta (Peru) mature spiders were collected in the re-
gion of Cañete (Lima, Peru) and maintained in the herpe-
tarium of the Centro Nacional de Producción de Biologicos
of Instituto Nacional de Salud (INS), in Lima, Peru. Spiders
were maintained in plastic boxes with water ad libitum and
were fed weekly with cockroaches. The venom from
mature spiders was obtained from dissected venom glands
of ten spiders. Venomwas collected according to da Silveira
et al. (2002), pooled and stored at �20 �C until use. Protein
concentration was determined by Bradford method
(Bradford, 1976). L. laeta, Loxosceles intermedia and Lox-
osceles gaucho Brazilian mature spiders were collected in
the region of Curitiba, PR, Brazil and maintained at the
Centro de Produção e Pesquisa de Imunobiológicos (CPPI)
of the State of Paraná, Brazil. The venoms from mature
spiders were obtained as described before. Phoneutria
nigriventer spiders and Tityus serrulatus scorpions were
collected in the region of Belo Horizonte and maintained at
the “Seção de Animais Peçonhentos” of Ezequiel Dias
Foundation (FUNED) of Belo Horizonte, Brazil. The crude
venoms were obtained by electric stimulation, lyophilized
and stored at �20 �C in the dark until use.

Two commercial antivenoms were used for the
neutralization assay, the antivenom produced in CPPI,
Brazil (Lot. S02100) against BLlv, L. intermedia and L. gaucho
venoms and an antivenom produced by Instituto Nacional
de Salud del Perú (INS) (Lot. 0300069), containing anti-
bodies against PLlv.

2.2. Toxic activities of L. laeta venom

2.2.1. Determination of median lethal dose (LD50)
The lethality was assessed via intradermal (i.d.) route.

Groups of four mice were injected with different doses of
venoms (0.4, 0.56, 0.784, 1.098, 1.537, 2.152 mg per kg of
body weight) dissolved in 0.1 mL of PBS-BSA 0.5%. Seventy-
two hours later deaths were recorded and the LD50 was
then calculated by Probit analysis (Finney, 1971).

2.2.2. Determination of dermonecrotic, hemorrhagic and
edematogenic activities

The dermonecrotic, hemorrhagic and edematogenic
activities of PLlv and BLlv were determined by intradermal
injection of 10 mg of crude venom in 100 mL of PBS pH 7.2
into the shaved back of five rabbits for each venom, as
described by Furlanetto (1962). Injection of PBS alone was
used as negative control. The diameters of dermonecrotic,
hemorrhagic and edematogenic lesions were measured in
the skin areas with a scale meter and caliper rule, 72 h after
injection. Three measures of each lesion were made and
their arithmetic mean was considered the mean diameter
of the lesion.



Fig. 1. Biological activities of PLlv and BLlv. (A) Dermonecrotic activity, (B) hemorrhagic activity and (C) edema of PLlv and BLlv were measured (area) 72 h after
intradermal injection of 10 mg of each venom..

Fig. 2. Sphingomyelinase activity of PLlv and BLlv. The SMase activities using
different amounts (0.125, 0.25, 0.5, 1.0 mg) of PLlv (A) and BLlv (B) were
assessed by Amplex Red Sphingomyelinase assay kit (Invitrogen) (**p < 0.01
PLlv vs. BLlv; values shown represent mean plus standard errors).
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2.2.3. Determination of sphingomyelinase activity
The sphingomyelinase (SMase) activity was measured

using the Amplex Red Sphingomyelinase Assay Kit (Invi-
trogen) as previously described (Gatt et al., 1978; Binford
et al., 2009). Briefly, different amounts of the venoms
(0.125, 0.25, 0.5, 1.0 mg) were assayed in triplicates. Varion
Cary eclipse fluorescence spectrophotometer was used to
measure the fluorescence emission from the reactions.

2.3. Electrophoretic determinations

Protein profile of PLlv and BLlv was analyzed by two-
dimensional electrophoresis using the IPG-SDS-PAGE sys-
tem (Gorg, 1993). The venomwas solubilized in lysis buffer
containing 8 M urea, 2 M thiourea, 4% w/v CHAPS, 65 mM
dithioerythritol, 40 mM Tris, 0.002% bromophenol blue,
protease inhibitor and 1% of IPG buffer. Nonlinear immo-
bilized pH 3–10 gradient IPG strips were rehydrated with
100 mg of the venom for 4 h (no electric field) and then for
12 h at 30 V. Isoelectric focusing was carried out using a
gradient mode to a total of 50 kVh. Strip equilibration was
done with 65 mM DTT and then 135 mM iodoacetamide.
For the second dimension the proteins were separated in
18 cm 12% SDS-PAGE gel at 200 V. The proteins were
stainedwith silver nitrate. To analyze and compare PLlv and
BLlv profile the software Progenesis SameSpot was used.

2.4. Immunological studies

2.4.1. Immunization protocols
Adult New Zealand female rabbits were used for the

production of anti-PLlv and anti-BLlv antibodies (3 rabbits
for each venom). After collection of pre-immune sera, the
animals received an initial subcutaneous injection of 20 mg
of crude venom absorbed in aluminum hydroxide adjuvant
(day 1). Three booster injections were made subcutane-
ously 14, 28 and 52 days later with a same dose (20 mg). The
animals were bled one week after the last injection.

2.4.2. Indirect ELISA and immunoblotting assays
Falcon flexible microtitration plates (BD Biosciences,

USA) were coated overnight at 5 �C with 100 ml of a 5 mg/ml
solution of PLlv, BLlv, L. intermedia, L. gaucho, Phoneutria
nigriventer, or Tityus serrulatus whole venoms in carbonate
buffer (0.02 M, pH 9.6). The assay was performed as pre-
viously described (Chavez-Olortegui et al., 1998). Absor-
bance values were determined at 492 nm using an ELISA
plate reader (BIO-RAD, 680 models). All the samples were
done in triplicate.

For immunoblotting assays, SDS-PAGE gels of BLlv, PLlv,
L. intermedia and L. gaucho venoms (20 mg of each) were
used. The venoms were solubilized in non reducing sample
buffer and electrophoresed on 12.5% SDS-PAGE gel, ac-
cording to Laemmli (1970), and then transferred onto
Hybond-P PVDF membranes (Amersham Life science). The
membrane was blocked with PBS-Tween 0.3% for 1 h. After
washing three times for 5 min with PBS-Tween 0.05%, the
membrane was incubated with anti-PLlv and anti-BLlv
rabbit sera (1:250) for 1 h. The membrane was washed
(PBS-Tween 0.05%) three times and immunoreactive pro-
teins were detected using anti-rabbit IgG conjugated to
peroxidase for 1 h at room temperature. After washing
three times for 5 min with PBS-Tween 0.05%, blots were
developed using DAB/chloronaphthol according to manu-
facturer’s instructions.

2.5. In vivo and in vitro neutralization assays

For the in vivo neutralization assays, immunized rabbits
were challenged with 10 mg of PLlv and BLlv 10 days after
the last immunization. The diameters of dermonecrotic,
hemorrhagic and edematogenic lesions were measured
72 h after the injection as described before. Non-
immunized rabbits were used as positive control.
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The neutralization of sphingomyelinase activity of PLlv
and BLlv was assessed by pre-incubation of 0.125 mg of PLlv
or 0.25 mg of BLlv (values previously established as the same
amount of sphingomyelinase activity for these venoms)
with different dilutions (1:100, 1:500, 1:2500 and
1:12,500) of the commercial horse anti-loxoscelic anti-
venom produced in Brazil (CPPI) and commercial horse
anti-PLlv antivenom produced in Peru (INS), for 1 h at 37 �C.
The venom alone was used as positive control, established
as 100% of sphingomyelinase activity. After pre-incubation,
the sphingomyelinase activity was assessed as described
before.

3. Results and discussion

3.1. General venom characterization

The lethal activity of PLlv and BLlv was compared in
mice subjected to intradermal toxin injection. We observed
that both venoms are lethal to mice, but PLlv was more
efficacious than BLlv (LD50 ¼ 1.21 mg/kg and 2.18 mg/kg,
respectively).

In previous similar studies, with whole venom of
five Brazilian Loxosceles species, it was shown that the LD50
of Loxosceles similis was the most lethal in mice
(LD50 ¼ 0.32 mg/kg (Silvestre et al., 2005)); followed by
Fig. 3. Loxosceles laeta venoms 2D protein profile. PLlv (A) and BLlv (B) were separ
strip 3–10 non linear, 18 cm. The proteins were stained with silver. (C) Alignment of b
SameSpot. The green spots are from PLlv gel, the pink spots from BLlv gel, and the
LD50 for L. intermedia (0.48 mg/kg (Barbaro et al., 1996) and
0.5 mg/kg (Braz et al., 1999), respectively). Different LD50
values were found for L. gaucho venom (0.74 mg/kg
(Barbaro et al., 1996) and 0.574 mg/kg (Pretel et al., 2005),
respectively); in L. laeta the venom LD50 was 1.45 mg/kg
(Barbaro et al., 1996) and for Loxosceles adelaida venom
0.696 mg/kg (Pretel et al., 2005). The LD50 for BLlv obtained
here is 1.5-fold higher than that obtained by Barbaro et al.
(1996). This divergence can be explained because in our
experiments venomwas collected by extraction after gland
dissection as described by da Silveira et al. (2002),whilst in
their study the venom was obtained by electrical stimula-
tion. In addition, interspecies variations in Loxosceles
venom composition have been reported (de Oliveira et al.,
2005). The standard murine lethal assay (LD50 of venom
and ED50 for antivenom), is viewed as yardstick to deter-
mine the neutralizing potency of antivenoms for thera-
peutic use, and is currently the most accepted method in
various countries (Theakston and Reid, 1983). In Peru, this
is the pre-clinical test for assessing the antivenom potency
of anti-loxoscelic antivenom.

Since the main effect of Loxosceles envenomation is the
development of skin lesions on experimental or fortuitous
inoculation (da Silva et al., 2004), we studied the ability of
PLlv to induce dermonecrosis, hemorrhage and edema in
rabbits using 10 mg of crude venom. The rationale for this
ated by two dimensional electrophoresis of 100 mg of each venom using IPG
oth two-dimensional SDS-PAGE gels was done using the software Progenesis
dark ones represent the overlapping spots.
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dose of Loxosceles venom is that we determined that this
value represents a MinimumNecrotizing Dose (MND)/kg in
rabbits when L. intermedia venom (considered as reference
venom) is injected (Felicori et al., 2006). The results (Fig. 1)
showed that PLlv was capable to produce, 72 h after in-
jection, dermonecrosis, hemorrhage and edema effects
with typical pattern development of loxoscelic lesions.
Comparative analysis of PLlv and BLlv showed that both
Peruvian and Brazilian venoms exhibited same dermone-
crotic activities (PLlv and BLlv ¼ 0.53 cm2, approximately).
Rabbits injected with PLlv and BLlv showed hemorrhagic
area of 3.12 cm2 and 2.85 cm2, respectively. Concerning the
edematogenic activity, the rabbits injected with PLlv
showed an edematogenic area smaller than the rabbits
injected with BLlv (PLlv ¼ 0.845 cm2 and BLlv ¼ 1.04 cm2).

To determine if differences in lethal dose and skin le-
sions effects by PLlv and BLlv correlate with changes in
sphingomyelinase activity, both venoms were analyzed for
their ability to cleave sphingomyelin. Fig. 2 confirms that
both venoms were able to hydrolyze sphingomyelin, but
PLlv exhibited higher sphingomyelinase activity than BLlv,
and this difference was statistically significant. These data
confirm previous observations suggesting that lethal and
skin effects of Loxosceles venoms are correlated to their
sphingomyelinase activity (de Oliveira et al., 2005). The
higher lethal and sphingomyelinase activity observed in
PLlv, may explain the higher frequency of systemic lox-
oscelism reported in Peru: 25–32% of cases in this country
are reported as viscerocutaneous loxoscelism (Sanabria and
Zavaleta, 1997; Instituto Nacional de Salud, 2006),
compared to 13–16% of cases reported with Loxosceles spp
in Brazil (Isbister and Fan, 2011).

The components of PLlv (Fig. 3A) and BLlv (Fig. 3B) were
separated by two-dimensional gel electrophoresis and the
gels were stained with silver nitrate. Differences in the
number and intensity of spots were found between the
venoms. A large portion of proteins from PLlv and BLlv
venoms (52 of 105 and 52 of 134 for, respectively) had
molecular mass between 29 and 36 kDa. Fig. 3C shows the
alignment between PLlv and BLlv profiles, using the
Fig. 4. Immunoreativity of PLlv and BLlv by ELISA. ELISA showing the reaction of ant
L. intermedia, L. gaucho, Phoneutria nigriventer and Tityus serrulatus). ELISA plates we
tested at 5 different dilutions (1:100; 1:500; 1:2500; 1:12,500 and 1:62,500). The a
**p < 0.01 PLlv vs. BLlv; values shown represent mean plus standard errors).
software Progenesis SameSpot. The green spots belong to
PLlv, the pink spots to BLlv and the dark signals are over-
lapping spots. The alignment revealed 40.4% of difference
in the protein pattern between both venoms, within the
29–36 kDa region, particularly in the zone with basic iso-
electric point (pI), where several PLlv proteins are located
(green spots). This region corresponds to proteins with
dermonecrotic and/or sphingomyelinase activity previ-
ously isolated from the venom gland of Loxosceles spiders
(Kalapothakis et al., 2007). In addition, PLlv presents
several other proteins, between 20 and 29 kDa, with basic
pI. This region probably corresponds to proteins with
metalloprotease (astacin-like) activity, described as a pro-
tein family in venoms of L. intermedia, L. gaucho and BLlv
(Trevisan-Silva et al., 2010). Machado et al. (2005), reported
several isoforms of dermonecrotic toxins in the venoms of
L. laeta, L. gaucho and L. intermedia Brazilian spiders, thus,
corroborating our results showing intraspecific differences
in the protein profile. Dermonecrotic toxins, sphingomye-
linases D (SMases D), phospholipase D family or Loxtox
protein family (Tambourgi et al., 1995; Chaim et al., 2006;
Kalapothakis et al., 2007), are the main toxic venom com-
ponents, responsible for local and systemic effects induced
by whole venom from Loxosceles spiders. These proteins
constitute a family of homologs with 190 non-redundant
sequences described in 21 species of the Sicariidae family
(Binford et al., 2009). SMase D (EC number 3.1.4.41) cata-
lyzes the hydrolysis of sphingomyelin resulting in forma-
tion of ceramide 1-phosphate (C1P) and choline or the
hydrolysis of lysophosphatidyl choline, generating the lipid
mediator lysophosphatidic acid (LPA) (van Meeteren et al.,
2004). C1P is implicated in the stimulation of cell prolif-
eration via a pathway that involves inhibition of acid
sphingomyelinase and the simultaneous blocking of
ceramide synthesis (Gomez-Munoz et al., 2004). LPA is
known to induce various biological and pathological re-
sponses such as platelet aggregation, endothelial hyper-
permeability, and pro-inflammatory responses by signaling
through three G-protein-coupled receptors (Anliker and
Chun, 2004; Moolenaar et al., 2004).
i-PLlv (A) and anti-BLlv (B) rabbits sera against arachnidic venoms (PLlv, BLlv,
re coated with 5 mg/mL solution of each venom. Antivenom rabbit sera were
bsorbance of the samples was determined at 492 nm (*p < 0.05 PLlv vs. BLlv;



Fig. 5. Immunoreativity of PLlv and BLlv by western blotting. Four Loxosceles
species (PLlv, BLlv), Loxosceles gaucho (Lg) and Loxosceles intermedia (Li) were
separated by 12.5% SDS-PAGE gel (20 mg), and then transferred to Hybon-P
PVDF membrane (Amersham Life Science). The cross-reactivity was
assayed by incubating anti-PLlv (A) and anti-BLlv rabbits (B) sera (1:250
dilution) with the membrane.
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3.2. Immunological studies

In this study, we defined the antigenic/immunogenic
potential of PLlv and BLlv by ELISA and immunoblotting.
Immune sera anti-PLlv and anti-BLlv were produced in
rabbits and their cross-reactivity against L. gaucho, L.
intermedia, Phoneutria nigriventer venoms and Tityus ser-
rulatus scorpion venom was evaluated. Fig. 4A and B show
the ELISA reactivity (A492 nm) using different serum di-
lutions (1:100 to 1:62,500). As expected, each serum
reacted strongly against its own venom antigens, and also
with venoms from L. intermedia and L. gaucho. Notably, PLlv
(Fig. 4A) is moderately more immunogenic than BLlv
(Fig. 4B). None of the antivenoms reacted with P. nigriventer
spider or T. serrulatus scorpion venoms. These observations
suggest the presence of similar antigenic identities or
common epitopes across the four Loxosceles spiders
venoms studied. The antigen–antibody reactivity was also
examined using western blotting and the cross-reactivity
between Loxosceles venoms and anti-PLlv and anti-BLlv
antivenom sera were confirmed (Fig. 5A and B). A strong
cross-reactivity with components ranging from 25 to
35 kDa was evident. Proteins with molecular masses
Fig. 6. Neutralization of in vivo activities. Rabbits immunized with PLlv (A) and BLlv
neutralization of the dermonecrotic and hemorrhagic activity and edema were mea
positive control, and their lesions were considered 100% (**p < 0.01 PLlv vs. BLlv; **
between 25 and 35 kDa have been found to be the most
immunogenic components of Loxosceles venoms (Barbaro
et al., 1996). Antibodies against dermonecrotic toxins can
be responsible for the strong cross-reactivity in the ELISA
assay of the four spider venoms analyzed in this study
(Barbaro et al., 1994; Guilherme et al., 2001).

The in vivo neutralizing activity in rabbits immunized
with whole PLlv or BLlv venoms was studied by assaying
protection against dermonecrosis, hemorrhage and edema.
Ten days after the last immunization, rabbits were chal-
lengedby intradermal injectionof 10mgwhole venoms (PLlv
or BLlv), an amount equivalent to 1 MND/kg (Felicori et al.,
2006). Rabbits immunized with PLlv and challenged
showed full protection against dermonecrosis and 80–90%
protection against the hemorrhagic activity induced byboth
venoms (Fig. 6A). Concerning the edematogenic activity,
immunized rabbits afforded about 50% protection to BLlv,
but lower protection against PLlv (Fig. 6A). On the other
hand, rabbits immunizedwith BLlv (Fig. 6B) showed similar
pattern of neutralization for dermonecrosis and edema, but
close to 50% protection against the hemorrhagic-inducing
activities by BLlv. These results suggest that an efficient
neutralization of the dermonecrotic and hemorrhagic ef-
fects are obtained by immunizing animals with PLlv and
BLlv, anddemonstrate the ability of each specific antibody to
neutralize the non-cognate venom, confirming the cross
neutralization capability, previously described by Gomez
et al. (2001). These results support the notion that toxins
venoms share similar epitopes for dermonecrotic toxins
(Guilherme et al., 2001). In these assays, the neutralization
of edema-inducing activity by PLlv afforded lower protec-
tion in immunized rabbits.

Finally, we investigated the neutralization of sphingo-
myelinase activity by commercial sera produced in Brazil
and Peru. An in vitro neutralization assay was performed by
pre-incubating PLlv and BLlv with different antivenom di-
lutions from CPPI and INS. The applied doses were 0.125 mg
of PLlv and 0.250 mg of BLlv, once these values showed
similar sphingomyelinase activity. Both antivenoms
neutralized about 100% of both venoms activities in the
dilution 1:100, and more than 80% in the dilution 1:500
(Fig. 6A and B). On the other hand, with the 1:2500 dilution,
(B) were intradermally challenged with 10 mg of both venoms in PBS, and the
sured (area) 72 h after the injection. Non immunized animals were used as
*p < 0.001 PLlv vs. BLlv; values shown represent mean plus standard errors).



Fig. 7. Neutralization of in vitro activity. Both venoms were pre-incubated with different dilutions (1:100, 1:500, 1:2500 and 1:12,500) of anti-PLlv serum (INS)(A)
Or anti-loxoscelic serum (CPPI) (B) For 1 h at 37 �C and the SMase activity was tested using the Amplex Red sphingomyelinase assay kit (Invitrogen) (*p < 0.05
PLlv vs. BLlv; **p < 0.01 PLlv vs. BLlv; values shown represent mean plus standard errors).
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only the CPPI serum partially neutralize both venom (30%
for BLlv and 80% for PLlv, respectively). Previously, Olvera
et al. (2006), had suggested designing a polyvalent anti-
venom and our results confirm that two different and
interspecific commercial antivenoms are able to cross
neutralize venoms from different species, supporting the
idea of developing a “pan-American” or global loxoscelic
antivenom (Barbaro et al., 2005; Olvera et al., 2006). Fig. 7

In conclusion, our data suggest, based on the in vivo
lethal effect and in vitro sphingomyelinase activity, that
venom of Loxosceles laeta from Peru is more toxic than BLlv
and that antivenom antibodies raised in immunized rabbits
or commercial sera produced in Brazil and in Peru are
efficient in neutralizing the toxic activity of both venoms.
Acknowledgments

We would like to express gratitude to Dr. Marcelo San-
toro for his critical review of this manuscript. This research
was supported by Coordenação de Aperfeiçoamento de
Pessoal de Nível Superior, Brazil – CAPES (Toxinologia no.
23038000825/2011-63), Fundação de Amparo a Pesquisa
do Estado de Minas Gerais, Brazil (FAPEMIG) and by funds
of the INCTTOX Program of Conselho Nacional de Desen-
volvimento Científico e Tecnológico, Brazil (CNPq). The
authors gratefully acknowledge the support and assistance
of the Instituto Nacional de Salud, Peru.

Conflict of interest

None declared.
References

Anliker, B., Chun, J., 2004. Lysophospholipid G protein-coupled receptors.
J. Biol. Chem. 279, 20555–20558.

Barbaro, K.C., Eickstedt, V.R., Mota, I., 1994. Antigenic cross-reactivity of
venoms from medically important Loxosceles (Araneae) species in
Brazil. Toxicon 32, 113–120.

Barbaro, K.C., Ferreira, M.L., Cardoso, D.F., Eickstedt, V.R., Mota, I., 1996.
Identification and neutralization of biological activities in the venoms
of Loxosceles spiders. J. Med. Biol. 29, 1491–1497.
Barbaro, K.C., Knysak, I., Martins, R., Hogan, C., Winkel, K., 2005. Enzy-
matic characterization, antigenic cross-reactivity and neutralization
of dermonecrotic activity of five Loxosceles spider venoms of medical
importance in the Americas. Toxicon 45 (4), 489–499.

Binford, G.J., Bodner, M.R., Cordes, M.H., Baldwin, K.L., Rynerson, M.R.,
Burns, S.N., Zobel-Thropp, P.A., 2009. Molecular evolution, functional
variation, and proposed nomenclature of the gene family that in-
cludes sphingomyelinase D in sicariid spider venoms. Mol. Biol. Evol.
26, 547–566.

Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal. Biochem. 72, 248–254.

Braz, A., Minozzo, J., Abreu, J.C., Gubert, I.C., Chavez-Olortegui, C., 1999.
Development and evaluation of the neutralizing capacity of horse
antivenom against the Brazilian spider Loxosceles intermedia. Toxicon
37, 1323–1328.

Catalán, A., Cortes, W., Sagua, H., González, J., Araya, J.E., 2011. Two new
phospholipase d isoforms of Loxosceles laeta: cloning, heterologous
expression, functional characterization, and potential biotechnolog-
ical application. J. Biochem. Mol. Toxicol. 25, 6.

Chaim, O.M., Sade, Y.B., da Silveira, R.B., Toma, L., Kalapothakis, E., Chavez-
Olortegui, C., Mangili, O.C., Gremski, W., von Dietrich, C.P., Nader, H.B.,
Sanches Veiga, S., 2006. Brown spider dermonecrotic toxin directly
induces nephrotoxicity. Toxicol. Appl. Pharmacol. 211, 64–77.

Chavez-Olortegui, C., Zanetti, V.C., Ferreira, A.P., Minozzo, J.C.,
Mangili, O.C., Gubert, I.C., 1998. ELISA for the detection of venom
antigens in experimental and clinical envenoming by Loxosceles
intermedia spiders. Toxicon 36, 563–569.

da Silva, P.H., da Silveira, R.B., Appel, M.H., Mangili, O.C., Gremski, W.,
Veiga, S.S., 2004. Brown spiders and loxoscelism. Toxicon 44, 693–
709.

da Silveira, R.B., dos Santos Filho, J.F., Mangili, O.C., Veiga, S.S.,
Gremski, W., Nader, H.B., Von Dietrich, C.P., 2002. Identification of
proteases in the extract of venom glands from brown spiders. Toxicon
40, 815–822.

da Silveira, R.B., Pigozzo, R.B., Chaim, O.M., Appel, M.H., Dreyfuss, J.L.,
Toma, L., Mangili, O.C., Gremski, W., Dietrich, C.P., Nader, H.B.,
Veiga, S.S., 2006. Molecular cloning and functional characterization of
two isoforms of dermonecrotic toxin from Loxosceles intermedia
(brown spider) venom gland. Biochimie 88, 1241–1253.

de Almeida, D.M., Fernandes-Pedrosa, M.F., de Andrade, R.M.,
Marcelino, J.R., Gondo-Higashi, H., de Azevedo, I.L., Ho, P.L., van den
Berg, C., Tambourgi, D.V., 2008. A new anti-loxoscelic serum produced
against recombinant sphingomyelinase D: results of preclinical trials.
Am. J. Trop. Med. Hyg. 79, 463–470.

de Moura, J., Felicori, L., Moreau, V., Guimaraes, G., Dias-Lopes, C.,
Molina, L., Alvarenga, L.M., Fernandes, P., Frezard, F., Ribeiro, R.R.,
Fleury, C., Nguyen, C., Molina, F., Granier, C., Chavez-Olortegui, C.,
2011. Protection against the toxic effects of Loxosceles intermedia
spider venom elicited by mimotope peptides. Vaccine 29, 7992–8001.

de Oliveira, K.C., Goncalves de Andrade, R.M., Piazza, R.M., Ferreira Jr., J.M.,
van den Berg, C.W., Tambourgi, D.V., 2005. Variations in Loxosceles
spider venom composition and toxicity contribute to the severity of
envenomation. Toxicon 45, 421–429.

http://refhub.elsevier.com/S0041-0101(13)00157-8/sref1
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref1
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref2
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref2
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref2
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref3
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref3
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref3
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref52
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref52
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref52
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref52
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref4
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref4
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref4
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref4
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref4
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref5
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref5
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref5
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref6
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref6
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref6
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref6
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref7
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref7
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref7
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref7
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref8
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref8
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref8
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref8
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref9
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref9
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref9
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref9
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref10
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref10
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref10
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref11
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref11
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref11
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref11
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref12
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref12
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref12
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref12
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref12
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref13
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref13
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref13
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref13
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref13
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref14
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref14
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref14
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref14
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref14
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref15
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref15
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref15
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref15


G. Guimarães et al. / Toxicon 70 (2013) 90–97 97
de Roodt, A.R., Salomon, O.D., Lloveras, S.C., Orduna, T.A., 2002. Poisoning
by spiders of Loxosceles genus. Medicina (B Aires) 62, 83–94.

de Santi Ferrara, G.I., Fernandes-Pedrosa, M.F., Junqueira- de-
Azevedo, I.L.M., Gonçalves-de-Andrade, R.M., Portaro, F.C.V., Man-
zoni- de-Almeida, D., Murakami, M.T., Arni, R.K., van den Berg, C.W.,
Ho, P.L., Tambourgi, D.V., 2009. SMase II, a new sphingomyelinase D
from Loxosceles laeta venom gland: molecular cloning, expression,
function and structural analysis. Toxicon 53, 743–753.

Dias-Lopes, C., Guimaraes, G., Felicori, L., Fernandes, P., Emery, L.,
Kalapothakis, E., Nguyen, C., Molina, F., Granier, C., Chavez-
Olortegui, C., 2010. A protective immune response against lethal,
dermonecrotic and hemorrhagic effects of Loxosceles intermedia
venom elicited by a 27-residue peptide. Toxicon 55, 481–487.

Felicori, L., Araujo, S.C., de Avila, R.A., Sanchez, E.F., Granier, C.,
Kalapothakis, E., Chavez-Olortegui, C., 2006. Functional character-
ization and epitope analysis of a recombinant dermonecrotic protein
from Loxosceles intermedia spider. Toxicon 48, 509–519.

Finney, D.J., 1971. Probit Analysis. Cambridge University Press, Cambridge,
p. 333.

Furlanetto, R.S.R.R.R., 1962. Efeito neutralizante do soro anti-loxoscélico
administrado em tempos variáveis após a inoculação do veneno.
Ciência e Cultura 14, 253.

Gatt, S., Dinur, T., Barenholz, Y., 1978. A spectrophotometric method for
determination of sphingomyelinase. Biochim. Biophis. Acta 530, 503–
507.

Gertsch, W.J., 1967. The spider genus Loxosceles in South America (Ara-
neae, Scytodidae). Bull. Am. Museum Nat. Hist. 136, 117–182.

Gomez, H.F., Miller, M.J., Waggener, M.W., Lankford, H.A., Warren, J.S.,
2001. Antigenic cross-reactivity of venoms from medically
important North American Loxosceles spider species. Toxicon 39,
817–824.

Gomez-Munoz, A., Kong, J.Y., Salh, B., Steinbrecher, U.P., 2004. Ceramide-
1-phosphate blocks apoptosis through inhibition of acid sphingo-
myelinase in macrophages. J. Lipid. Res. 45, 99–105.

Gorg, A., 1993. Two-dimensional electrophoresis with immobilized pH
gradients: current state. Biochem. Soc. Trans. 21, 130–132.

Guilherme, P., Fernandes, I., Barbaro, K.C., 2001. Neutralization of der-
monecrotic and lethal activities and differences among 32�35 kDa
toxins of medically important Loxosceles spider venoms in Brazil
revealed by monoclonal antibodies. Toxicon 39, 1333–1342.

Instituto Nacional de Salud, 2006. Boletin Nacional de Salud, 21st ed.
Instituto Nacional de Salud, Lima, Peru.

Isbister, G.K., Fan, H.W., 2011. Spider bite. Lancet 378, 2039–2047.
Kalapothakis, E., Araujo, S.C., de Castro, C.S., Mendes, T.M., Gomez, M.V.,

Mangili, O.C., Gubert, I.C., Chavez-Olortegui, C., 2002. Molecular
cloning, expression and immunological properties of LiD1, a protein
from the dermonecrotic family of Loxosceles intermedia spider venom.
Toxicon 40, 1691–1699.

Kalapothakis, E., Chatzaki, M., Goncalves-Dornelas, H., de Castro, C.S.,
Silvestre, F.G., Laborne, F.V., de Moura, J.F., Veiga, S.S., Chavez-
Olortegui, C., Granier, C., Barbaro, K.C., 2007. The Loxtox protein
family in Loxosceles intermedia (Mello-Leitao) venom. Toxicon 50,
938–946.

Laemmli, U.K., 1970. Cleavage of structural proteins during the assembly
of the head of bacteriophage T4. Nature 227, 680–685.

Machado, L.F., Laugesen, S., Botelho, E.D., Ricart, C.A., Fontes, W.,
Barbaro, K.C., Roepstorff, P., Sousa, M.V., 2005. Proteome analysis of
brown spider venom: identification of loxnecrogin isoforms in Lox-
osceles gaucho venom. Proteomics 5, 2167–2176.

Maguiña-Vargas, C., Juan, C.H., Gutiérrez, R., Henríquez, C., Ugarte, C.,
2004. Diseases by arthropods. Part I: cutaneous and visceral cuta-
neous loxoscelism in Peru. Dermatologia Peruana 14 (2).
Malaque, C.M., Castro-Valencia, J.E., Cardoso, J.L.C., França, F.O.S.,
Barbaro, K.C., Fan, H.W., 2002. Clinical and epidemiological features of
definitive and presumed loxoscelism in São Paulo, Brazil. Revista do
Instituto de Medicina trop. 44, 139–143.

Manriquez, J.J., Silva, S., 2009. Cutaneous and visceral loxoscelism: a
systematic review. Revista Chilena de Infectologia 26, 420–432.

Ministério da Saúde, 2011. Sistema nacional de notificação de agravos.
Ministério da Saúde, Brasília, Distrito Federal.

Moolenaar, W.H., van Meeteren, L.A., Giepmans, B.N., 2004. The ins and
outs of lysophosphatidic acid signaling. Bioessays 26, 870–881.

Murakami, M.T., Fernades-Pedrosa, M.F., de Andrade, S.A.,
Gabdoulkhakov, A., Betzel, C., Tambourgi, D.V., Arni, R.K., 2006.
Structural insights into the catalytic mechanism of sphingomyeli-
nases D and evolutionary relationship to glycerophosphodiester
phosphodiesterases. Biochem. Biophys. Res. Commun. 342, 323–329.

Olvera, A., Ramos-Cerrillo, B., Estevez, J., Clement, H., de Roodt, A., Pan-
iagua-Solis, J., Vazquez, H., Zavaleta, A., Arruz, M.S., Stock, R.P.,
Alagon, A., 2006. North and South American Loxosceles spiders:
development of a polyvalent antivenom with recombinant sphingo-
myelinases D as antigens. Toxicon 48, 64–74.

Panaftosa, 2007. Consulta técnica sobre accidentes con animales ponzo-
ñosos en Latinoamérica informe final de la consulta técnica sobre
accidentes con animales ponzoñosos en latino América. São Paulo,
Brasil.

Pauli, I., Minozzo, J.C., da Silva, P.H., Chaim, O.M., Veiga, S.S., 2009. Anal-
ysis of therapeutic benefits of antivenin at different time intervals
after experimental envenomation in rabbits by venom of the brown
spider (Loxosceles intermedia). Toxicon 53, 660–671.

Pretel, F., Goncalves-de-Andrade, R.M., Magnoli, F.C., da Silva, M.E.,
Ferreira Jr., J.M., van den Berg, C.W., Tambourgi, D.V., 2005. Analysis of
the toxic potential of venom from Loxosceles adelaida, a Brazilian
brown spider from karstic areas. Toxicon 45, 449–458.

Sanabria, H., Zavaleta, A., 1997. Panorama epidemiológico del lox-
oscelismo en el Perú. Rev Peru Med Exp. Salud Publica 14 (2), 33–41.

Silvestre, F.G., de Castro, C.S., de Moura, J.F., Giusta, M.S., de Maria, M.,
Alvares, E.S., Lobato, F.C., Assis, R.A., Goncalves, L.A., Gubert, I.C.,
Chavez-Olortegui, C., Kalapothakis, E., 2005. Characterization of the
venom from the Brazilian brown spider Loxosceles similis Moenkhaus,
1898 (Araneae, Sicariidae). Toxicon 46, 927–936.

Tambourgi, D.V., Magnoli, F.C., Von Eickstedt, V.R., Benedetti, Z.C.,
Petricevich, V.L., da Silva, W.D., 1995. Incorporation of a 35-kilodalton
purified protein from Loxosceles intermedia spider venom transforms
human erythrocytes into activators of autologous complement
alternative pathway. J. Immunol. 155, 4459–4466.

Tambourgi, D.V., Goncalves-de-Andrade, R.M., van den Berg, C.W., 2010.
Loxoscelism: from basic research to the proposal of new therapies.
Toxicon 56, 1113–1119.

Theakston, R.D., Reid, H.A., 1983. Development of simple standard assay
procedures for the characterization of snake venom. Bull. World
Health Organ 61, 949–956.

Trevisan-Silva, D., Gremski, L.H., Chaim, O.M., da Silveira, R.B.,
Meissner, G.O., Mangili, O.C., Barbaro, K.C., Gremski, W., Veiga, S.S.,
Senff-Ribeiro, A., 2010. Astacin-like metalloproteases are a gene
family of toxins present in the venom of different species of the
brown spider (genus Loxosceles). Biochimie 92, 21–32.

van Meeteren, L.A., Frederiks, F., Giepmans, B.N., Pedrosa, M.F.,
Billington, S.J., Jost, B.H., Tambourgi, D.V., Moolenaar, W.H., 2004.
Spider and bacterial sphingomyelinases D target cellular lysophos-
phatidic acid receptors by hydrolyzing lysophosphatidylcholine. J.
Biol. Chem. 279, 10833–10836.

Yzu, W., 1953. Aracneismo por Loxosceles laeta en el Perú: Estudio clínico
y experimental. Tesis de Bachiller en Medicina. UNMSM, Lima.

http://refhub.elsevier.com/S0041-0101(13)00157-8/sref16
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref16
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref17
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref17
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref17
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref17
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref17
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref17
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref18
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref18
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref18
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref18
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref18
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref19
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref19
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref19
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref19
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref20
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref20
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref21
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref21
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref21
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref22
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref22
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref22
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref23
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref23
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref24
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref24
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref24
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref24
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref25
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref25
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref25
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref26
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref26
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref27
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref27
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref27
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref27
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref27
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref28
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref28
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref29
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref30
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref30
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref30
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref30
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref30
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref31
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref31
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref31
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref31
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref31
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref32
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref32
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref33
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref33
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref33
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref33
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref34
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref34
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref34
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref35
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref35
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref35
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref35
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref36
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref36
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref37
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref37
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref38
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref38
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref39
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref39
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref39
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref39
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref39
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref40
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref40
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref40
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref40
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref40
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref41
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref41
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref41
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref41
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref42
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref42
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref42
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref42
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref43
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref43
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref44
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref44
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref44
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref44
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref44
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref45
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref45
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref45
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref45
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref45
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref46
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref46
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref46
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref47
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref47
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref47
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref48
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref48
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref48
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref48
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref48
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref49
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref49
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref49
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref49
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref49
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref50
http://refhub.elsevier.com/S0041-0101(13)00157-8/sref50

	Biochemical and immunological characteristics of Peruvian Loxosceles laeta spider venom: Neutralization of its toxic effect ...
	1. Introduction
	2. Materials and methods
	2.1. Animals, venoms and antivenoms
	2.2. Toxic activities of L. laeta venom
	2.2.1. Determination of median lethal dose (LD50)
	2.2.2. Determination of dermonecrotic, hemorrhagic and edematogenic activities
	2.2.3. Determination of sphingomyelinase activity

	2.3. Electrophoretic determinations
	2.4. Immunological studies
	2.4.1. Immunization protocols
	2.4.2. Indirect ELISA and immunoblotting assays

	2.5. In vivo and in vitro neutralization assays

	3. Results and discussion
	3.1. General venom characterization
	3.2. Immunological studies

	Acknowledgments
	Conflict of interest
	References


