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a b s t r a c t

Tityus trivittatus is the Argentinean scorpion reported to cause the majority of human
fatalities in the country, however no systematic studies have been conducted with the
venom of this species. This communication describes a general biochemical and immu-
nological characterization of the venom obtained from T. trivittatus scorpions collected in
the city of Buenos Aires and various provinces of Argentina: Catamarca, Cordoba, Entre
Rios, La Rioja, Santa Fe and Santiago del Estero. These are places where human accidents
were reported to occur due to this scorpion. For comparative purposes two types of
samples were assayed: whole soluble venom obtained by electrical stimulation and
supernatant from homogenized venomous glands. Two strains of mice (NIH and CF-1)
were used for LD50 determinations by two distinct routes of administration (intravenously
and intraperitoneally). Important variations were found that goes from 0.5 to 12 mg/kg
mouse body weight. Samples of soluble venom were always more potent than Telson
homogenates. More complex pattern was observed in homogenates compared to soluble
venom, as expected. This was supported by gel electrophoretic analysis and high perfor-
mance liquid chromatographic (HPLC) separations. Additionally, the HPLC profile was
enriched in proteins resolved at similar elution times as other known toxins from scorpion
venoms studied. Immune enzymatic assays were also conducted comparatively, using four
different anti-venoms commercially available for treatment of scorpion stings (Argenti-
nean antidote from INPB, two anti-venoms from Butantan Institute of Brazil and Alacra-
myn from the Mexican Bioclon Institute). Cross-reactivities were observed and are
reported among the various venoms and anti-venoms used. Lung, heart, liver and pancreas
pathological modifications were observed on tissues of intoxicated mice. It seems that
x: þ54 11 4302 2492.
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there are important variations on the venom compositions of the various samples studied
and reported here, depending on the geographical area where the scorpions were
captured. The results reported here are important for the clinical outcome of human
accidents.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction
Envenomation due to scorpion stings is a problem of
growing medical importance in Argentina. In the period
from 1993 to 1999 three deadly accidents in humans were
registered (de Roodt et al., 2003), and in the period from
2000 to 2006, this number increased to twelve children
(Saracco et al., 2006; de Roodt 2007).

The scorpion species responsible for the majority of
these deadly accidents is Tityus trivittatus, here abbreviated
T. trivittatus. Its geographical distribution goes from the
North of the Patagonian region to the Northern provinces
(Southern latitudes 40�–26�) (de Roodt et al., 2003). This
scorpion belongs to the Buthidae family and is one of the
six species of Tityus found in Argentina: T. trivittatus,
T. bahiensis, T. confluens, T. uruguayensis, T. paraguayensis
and T. argentinus (Ojanguren-Affilastro, 2005). T. trivittatus
is a well adapted species to cohabit with humans dwellings,
which increases the probability of accidents (Salomón and
de Roodt, 2001; de Roodt et al., 2003; de Roodt 2007).

During the last years the Health Ministry of Argentina
(Ministerio de Salud, 2004, 2005, 2008) reported a consid-
erable increase on the total number of accidents and a fourth
fold increment of deadly cases, due to stings by scorpions (de
Roodt, 2007). Additionally, in recent years fatal events were
registered in provinces where this scorpion, although known
to occur, did not have record tracks of severe human enve-
nomations. Examples of these geographical localizations are
the provinces of Entre Rios, Santa Fe, Catamarca, La Rioja, San
Juan and Tucumán. In these provinces, despite the potential
risk associated with possible stings by T. trivittatus species, it
was not considered a medical problem until recently, when
deadly cases were registered to occur in children. Other
provinces such as Buenos Aires, including the federal city of
Buenos Aires, although having the presence of T. trivittatus
species, have not reported severe human accidents, yet
(de Roodt et al., 2003).

The treatment of scorpion envenomation consists in
the application of the specific anti-venom, which is
produced and freely distributed by the National Institute
for Production of Biologicals of the Ministry of Health
(INPB). Production of this anti-venom is difficult, since it
depends on the capture of this species of scorpion for
obtaining venom or venom glands for horse immuniza-
tion procedures. This is a synanthropic species showing in
some regions problems for correct taxonomic identifica-
tion, apart from the rather low number of specimens that
can be collected in the endemic areas. These facts not only
limited the production of anti-venoms but hampered the
conduction of systematic biochemical studies of its
venom components, as well as the estimation of its
toxicity and neutralization potency by the existent anti-
venoms.
The toxicity symptoms caused by T. trivittatus venom
vary according to distinct geographical regions and the
clinical manifestations due to their stings seems to change
abruptly in some provinces. It is thought that these changes
might reflect changes in venom compositions, among other
possible unknown factors. The human deaths in provinces
where the stings were frequent but severe envenomation
absent, strengths this observation.

In view of the above mentioned difficulties and due to the
lack of information on the regional characteristics of this
scorpion venom, the present communication reports toxi-
cological and biochemical data from different samples of
telson homogenates and/or soluble venom obtained by
electrical stimulation of T. trivittatus scorpions from different
provinces of Argentina. Among the data here considered are:
the chromatographic and electrophoretic profiles, immu-
nochemical reactivity and lethal potency of venom samples
in mice. We observed very different lethal potencies and
chromatographic profiles in the different samples even in
those from the same province. The chromatographic pattern
of the whole soluble venom showed clear differences
regarding those observed from telson gland homogenates.
The lethal potencies observed were in the range of potency
described for Brazilian species of Tityus.
2. Material and methods

2.1. Venom

Venom was obtained from telson homogenates of
scorpion of the provinces of Santiago del Estero (SdeE),
Catamarca (Cat), La Rioja (LaR), Córdoba (Cba), Entre Rı́os
(ER), Santa Fe (SFe) and from the city of Buenos Aires
(BsAs). Telsons were obtained from scorpions captured in
different provinces (Cba, SdeE, SFe), dried in situ, and sent
to the Institute in Buenos Aires for processing. In other
cases (ER, Cat and LaR) the scorpions were obtained in the
provinces but the telson extraction was done in our labo-
ratory in Buenos Aires, using always similar methodologies.
Telsons from BsAs were obtained in our laboratory from
scorpions captured in the city. In all the cases the meth-
odology to obtain the telsons was the same. Briefly, the
scorpions were killed by freezing and immediately the
telsons were cut and vacuum dried for two to six hours,
depending on the number of telsons been processed. In our
laboratory the telsons were dried again in the same way,
prior making the homogenates. The venom from homog-
enates was obtained from the supernatant of centrifuged
macerated telsons made by conventional methods
(de Roodt et al., 2001; Ozkan et al., 2006). The pool of
telsons used to prepare the homogenates from the different
samples in all the cases ranged from 20 (minimum) to
160 telsons (maximum). Venom was diluted in NaCl 0.15 M,
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aliquoted and stored at �20 �C until use. In addition,
venoms of scorpions from SFe, ER, a pool of LR and Cat, pool
of ER, SFe and Cba, and from BsAs were obtained by elec-
trical stimulation of scorpions maintained in our labora-
tory. The number of animals used for these extractions was
from 20 (minimum) to 220 (maximum) scorpions. Briefly,
scorpions were sedated with CO2 after which they were
electrically stimulated in the articulation of the telsons
with 12 V using a commercial battery. The venom collected
in micropipettes was diluted in 0.15 M NaCl, centrifuged at
5000� g, filtered through 0.22 mm (Minisart, Sartorius),
aliquoted and stored at �20 �C until use. The protein
concentration was determined by the method of Bradford
(1976) using the Protein Assay Kit (BioRad).

2.2. Animals

Scorpions were maintained in plastic boxes with water
ad libitum and were fed weekly with cockroaches, crickets
or spiders.

The mice used to determine the lethal doses were
18–22 g body weight CF-1 or NIH strain. Animals were
provided by the Animal Facilities of the National Institute
for Production of Biologicals (INPB). The animals were kept
under controlled environment and received food and
filtered water ad libitum. The institutional ethical approval
regarding the managing of animals was provided by the
INPB, in agreement with the recommendations of the
National Research Council (2002).

2.3. Lethal potency

Groups of five mice per dose level were inoculated by
intravenous (i.v.) or intraperitoneal (i.p.) route with several
dilutions of venom. After 48 h the number of animals
surviving the protocol of inoculation were recorded and the
median lethal dose (LD50) was calculated, expressing either
as the amount of venom that killed 50% of mice or the
quantity of telsons used to prepare the homogenate that
kills half of the mice under assay (de Roodt et al., 2001;
Ozkan et al., 2006). Data were analyzed by the method of
Spearman and Karber (World Health Organization, 1981).

The experiments were done with different samples of
telson homogenates (SFe, ER, SdE, Cba, Cat, LR and BsAs) or
milked venom of T. trivittatus from SFe, ER, Cba and pool of LR-
Cat, SFe-ER-SdeE and ER-Cba-SFe. Data recorded were from
experiments done in the Service of Therapeutic Sera or by the
Research and Development Area/Serpentarium of the INPB.

2.4. Histopathological studies

The histopathological analysis was performed using
animals (5–7 per geographical area) inoculated with 1.0
LD50 of telson homogenates from the following places: Cba,
SdE, ER or SFe. For the two last areas similar experiments
were also conducted by inoculation of 1.0 LD50 of whole
soluble venom, extracted by electrical stimulation. A group
of five mice was injected with 0.15 M NaCl and it was used
as negative control. A general pathologic examination was
conducted in all mice. Samples of lungs, heart, pancreas,
liver and other selected organs were fixed in 10%
formaldehyde in 0.15 M NaCl, 0.1 M phosphate buffer, pH
7.4. Paraffin-embedded tissues were sliced and stained
with hematoxilin and eosin and PAS for light microscopic
examination (Bancroft and Stevens, 1990). In order to make
the morphometry of the images from the tissues, images
were captured with a microscope Olympus CX31 with
digital video camera Sony Hyper Had, using the program
Image-Pro Plus for the measurement and position of
reference previous calibration of the 25� objective as
described by the manufacturer.

2.5. Electrophoretic analysis

Samples of soluble venom obtained by electrical stim-
ulation (milked venom) and samples from the supernatant
of telson homogenates of different regions were studied by
SDS-PAGE as a routine control to determine gross similar-
ities or differences in the samples obtained with both
systems of venom extraction and specially the protein
profile of the venom obtained by electrical stimulation.
Briefly, 10 mg of proteins of telson homogenates (ER, Cba,
SdeE, LR and SFe) or milked venom (SFe and ER) were
applied to SDS-PAGE (12.5% polyacrylamide concentration
in tris–glycine) analysis under non-reducing conditions as
described by Laemmli (1970) using a Mini-Protean II elec-
trophoresis system (BioRad). After running, the gels were
fixed with methanol–acetic acid–formaldehyde solution
for ten minutes, before staining with Coomassie Brilliant
Blue R-250. Molecular mass markers were from Promega
(Wide Range Molecular Mass).

It is known that gels with higher concentration of
acrylamide (i,e. 15%) or gels prepared with a gradient of
acrylamide concentration and/or using tricine (Schägger
and von Jagow, 1987) are better for the separation of low
molecular weight peptides. However, our experiments
with 12.5% acrylamide clearly show the differences existing
between components of the venom prepared from whole
telson homogenates from those obtained by electrical
stimulation. The samples from homogenates show more
venom components of higher molecular weight forms, than
that extracted by electrical stimulation.

2.6. Chromatographic profiles

Samples from telson homogenates of T. trivittatus of SFe,
ER, Cba, SdE, LR and Cat and samples of milked venom from
ER, SFe and BsAs were studied. Sample separation was per-
formed by (HPLC), as earlier described by Coronas et al.,
(2003). Usually 2 mg of milked venom or telson homoge-
nates were loaded onto the C18 reverse phase column of the
HPLC system. The components were separated by a linear
gradient of solution A (water in 0.12% trifluoroacetic acid,
TFA) to solution B (acetonitrile in 0.10% TFA) for 60 min.

2.7. Immunochemical studies

2.7.1. Anti-venoms
The anti-venoms used were: 1) Antiveneno escorpiónico

(henceforth A-Tt) of the INPB (this anti-venom is available
in the format of 2 ml ampoules of F(ab0)2 fragments of
equine immunoglobulin), batch 907 (Expiration date:
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07-2003), prepared from serum of pre-immunized horses
with telson homogenates from T. trivittatus 2) Soro Anti-
aracnı́dico (henceforth AA) of the Instituto Butantan of Sao
Paulo, Brazil (5 ml ampoules of F(ab0)2 fragments of equine
immunoglobulins), produced with T. serrulatus, Loxosceles
gaucho and Phoneutria sp milked venoms as immunogens,
batch 950a d 921 (Expiration date 11-15-1998). 3) Soro
antiescorpión (henceforth A-Ts) from the Instituto Butantan
of Sao Paulo (5 ml ampoules of F(ab0)2 fragments of equine
immunoglobulins), produced with milked venom of
T. serrulatus, batch 0204040/E (Expiration date: 20-03-
2005). 4) Alacramyn NR, an anti-venom against scorpions of
the genus Centruroides (henceforth A-Cn), from Instituto
Bioclón, México DF (liophilized presentation, to be recon-
stituted in a volume of 5 ml), produced in horses immu-
nized with telson homogenates, batch [B-8 J-04] B-7E-06
(Expiration date: 06/2001)1. The protein content of the
different anti-venoms was determined by the method of
Bradford (1976) as described. It is worth mentioning that
although the expiration dates of the various anti-venoms
used in this study are not the same, they were always kept
at low temperature (4 �C), which certainly prolongs their
validity, especially for comparative biochemical character-
ization, not for human use. In this regard, recently the
neutralizing capacity of anti-venoms stored for 15 years
after the expiration data were reported (O’Leary et al.,
2009), in agreement with previous literature showing that
anti-venoms still maintain their neutralizing capacity for
several years after the expiration date (World Health
Organization, 1981).

2.7.2. Double immunoprecipitation
The immunoprecipitation analysis was performed using

samples from milked venom or telson homogenates of
T. trivittatus from Cba, ER, SFe and SdeE against different
anti-venoms, using conventional methods (Margni, 1990).
Briefly, 10 ml of each anti-venom was confronted against
10 ml of a telson homogenate or milked venom in
a concentration of 0.8 mg/ml in 0.15 M NaCl. The gels were
incubated for 48 h at room temperature, washed in 0.15 M
NaCl for an additional 48 h, dried and stained with Amido
Schwartz.

2.7.3. ELISA studies
ELISA tests were conducted with telson homogenates of

scorpions from the provinces of LR, ER, SFe, a pool of telson
homogenates from the different provinces and with milked
venom from scorpions of ER, using standard procedures
(Nishikawa et al., 1994). The anti-venoms used for devel-
oping the immuno-cross-reactivity are those mentioned
above (see section Anti-venoms). Briefly, ELISA 96 wells
plates (Falcon) were coated with 100 ml/well of 5 mg/ml of
telson homogenates or whole soluble venom in 0.15 M
HCO3

� buffer pH 9.0 solution and blocked with 5% bovine
serum albumin (BSA) in PBS pH 7.4. The plates were incu-
bated with several dilutions of the different anti-venoms
for 30 min at 37 �C, washed three times for 3 min each, and
incubated with anti horse IgG labeled with peroxidase at
a dilution of 1:5000. After washing, the plates were
developed using o-phenylenediamine dihydrochloride
(Sigma) plus H2O2 (Riedel–Muench) as substrate after
which the reaction stopped and read at 490 nm and the
effective concentration (EC50) was determined. The EC50 is
defined as the dilution in which the absorbance of each
anti-venom reaches the 50% of the maximum absorbance.
To determine the EC50s of the different anti-venoms for the
different samples, the dose–response curves were analyzed
by non-linear regression (sigmoidal dose–response) using
the software Prism3.0 (Graph Pad, Inc., CA).

2.8. Statistics

For the determination of the lethal potencies, the
method of Spearman and Karber was used (WHO, 1979).
The LD50s and their 95% confidence intervals (into brackets)
are indicated in Table 1. The ELISA curves were analyzed by
non-linear regression using the software Prism3.0
(GraphPad Inc., CA). The EC50s are indicated in Table 2 and
their 95% confidence intervals are shown between brackets.
When it was necessary the t Student test was used to
compare results.

3. Results

3.1. Lethal potency

The lethal potencies of the venom from telson homog-
enates, expressed as LD50, ranged from 0.2 to 1.0 telson/
mouse. For the whole soluble venom it varies from 10 mg to
over 250 mg/20 g mouse weight, that is, 0.5 to over 12.5
mg/kg, showing that the milked venoms is more potent
than the venom from telson homogenates (p< 0.05). These
results were expected since the supernatant of whole
venomous gland homogenates contains many irrelevant
protein components that do not contribute to the lethality
of the sample (see Discussion below). In this regard,
samples from the same province showed difference
potencies depending on the way the venom were obtained,
either electrical stimulation or telson homogenates. Telson
homogenates from Santa Fe showed an LD50 from 8 to
12 mg/kg, whereas the LD50 of the whole soluble venom
was 1.75 mg/kg (p< 0.05). The same was observed with
telson homogenates from Entre Rios, which was much
higher (5.7 mg/kg) compared with milked venom
(0.5–1.0 mg/kg; p< 0.05) from scorpions of the same place.

The LD50s values obtained for animals injected intrave-
nously were lower than those injected intraperitoneally in
all the cases, meaning more lethal potency, although not in
all the cases the differences were significant (see Table 1).

The differences found using two distinct strains of mice
were not significant (p< 0.05). The samples of venom
obtained from scorpions of the geographical area of Buenos
Aires are the ones that show the lowest lethal potency. This
would make sense with what is described in the intro-
ductory section, since until now no deadly cases of humans
have been registered in this region.

3.2. Pathological studies

The histopathological lesions observed using venom
from different geographical areas and from different types
of venom sample preparations, are quite similar. Mice



Table 1
Mouse LD50 values of different T. trivittatus venoms from different regions of Argentina Lethal doses of different pools of T. trivittatus telson homogenates (Th)
or whole soluble venom (WsV) obtained by electrical stimulation. The columns indicate the Geographical Area from where the venoms were obtained, the
type of venom (Th or WsV), the route of administration (i.v.¼ intravenous, i.p.¼ intraperitoneal), the strain of mice used for the determination, the lethal
potency expressed as LD50 in mg/kg (LD50 mg/kg) and as proportion of telson necessary to kill the half of the mice challenged (Telson/LD50). The confidence
intervals are expressed between brackets. When the dose of sample necessary to determine the LD50 was too high, the value is expressed as less than of the
maximal value used to estimate the potency that did not kill the half of mice challenged. When the determinations were done in several samples from the
same province, the range of values are expressed from the minimal ED50 to the maximal ED50 value and the number of samples studied are expressed into
brackets as n¼ X. When it was not indicated, the values are from a single sample and the 95% confidence intervals are indicated into brackets. N.D. means not
determined. When one sample was determined by different routes, it was indicated with an asterisk (*).

Geographical Area Venom Route Strain of mice DL50 (mg/kg) Telson/DL50

Buenos Aires Th i.p. CF-1 > 11.85 From 0.95 to >1.00 (n¼ 2)
Buenos Aires Th i.p. NIH ND >1.00
Córdoba Th (*) i.p. NIH From 4.00 to 10.0 From 0.25 to 0.38 (n¼ 2)
Córdoba Th (*) i.v. NIH 3.45 (3.40–3.55) 0.33 (0.32–0.34)
Córdoba Th (*) i.v. CF-1 2.60 (1.65–4.05) From 0.25 to 0.67 (n¼ 3)
Córdoba WsV i.p. CF-1 1.45 (1.15–1.80) ND
Entre Rı́os Th i.p. NIH 5.70 (5.40–6.00) 0.26 (0.25–0.27)
Entre Rı́os WsV (*) i.p. NIH 1.03 (1.00–1.05) ND
Entre Rı́os WsV (*) i.v. NIH 0.50 (0.45–0.55) ND
La Rioja Th i.p. CF-1 11.15 (6.95–17.8) 1.09 (0.68–1.75)
Santa Fe Th i.p. NIH 11.45 (11.25–11.60) 0.63 (0.62–0.64)
Santa Fe Th i.v. NIH 8.30 (1.15–59.0) 0.46 (0.10–11.30)
Santa Fe WsV i.v. NIH 1.75 (0.75–1.20) ND
Santiago del Estero Th i.v. CF-1 5.40–11.80 From 0.16 to 0.35 (n¼ 11)
Santiago del Estero Th i.p NIH > 12.50 (n¼ 2) ND
S. Fe–S. del Estero WsV i.v. CF-1 1.55 (0.85–2.20) ND
Catamarca–La Rioja WsV i.p. CF-1 0.90 (0.60–1.15) ND
E. Rı́os–S. Fe WsV i.p. CF-1 0.70 (0.50–1.00) ND
E.Rios-S.Fe-Córdoba-La Rioja-Catamarca WsV (*) i.v CF-1 0.76 (0.51–1.13) ND

WsV (*) i.p CF-1 0.99 (0.86–1.13) ND
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showed generalized congestion. Analysis of specific organs
showed congested lungs in all cases studied and infiltration
of mononuclear cells. Thickening of the alveolar septa and
rupture of the alveolar structure and foci due to edema and
hemorrhage were observed (See Fig. 1a.1 and its negative
control Fig. 1b.1). Hearth tissue showed edema and focal
fragmentation of myocardial fibers, some with cytoplasmic
condensation and eosynophilia (Fig. 1a.2 and b.2). Pancre-
atic hemorrhage and signs of severe epithelial injury of
acini were also observed in some samples of mice injected
with material from the different regions (Fig. 1a.3 and b.3).
In addition, the material from all treated mice showed liver
esteatosis, sinusoidal congestion, vacuolization and hepa-
tocyte necrosis (Fig. 1a.4 and b.4).
3.3. Electrophoretic profiles

Fig. 2 shows the results of electrophoretic separation of
samples from various geographical areas and distinct
sources of venom preparations. It is clear that usually the
Table 2
EC50 Reactivity by ELISA of the different anti-venom on the samples from differen
was estimated by non-linear regression. The confidence intervals are indicated in
anti-venoms. TH: telson homogenate. Wsv: whole soluble venom. All the anti-v
‘‘Antiescorpión’’ from the INPB (anti-T. trivittatus); A-Ts: Soro ‘‘Antiescorpiónico’’ f
(antidote against scorpions and spiders); A-Cn: ‘‘Alacramyn’’ from Bioclon Inst
control, ‘‘Bivalent’’ anti-venom against the venom of snakes of the genus Bothrop

Sample A-Tt AA

WsV from E. Rios 82.0 (47–144) 374 (302–463)
Th from different provinces 872 (765–995) 1184 (905–1550)
Th from Santa Fe 138 (101–187) 409 (325–514)
Th from E. Rı́os 511 (371–705) 540 (363–802)
Th from La Rioja 414 (327–523) 330 (271–402)
venom obtained by homogenization of entire telsons
contains more protein of higher molecular weight forms,
whereas the venom obtained by electrical stimulation
contains mainly components of lower molecular weights.
In the samples of whole soluble venom, in addition to the
material around 8 kDa, there are other bands ranging from
10 do 35 KDa. They are present in all samples and possibly
are non-toxic or have a lower toxicity (de Roodt et al.,
2001). It is worth mentioning that most toxic peptides
present in scorpion venoms are known to migrate faster
than 10 kDa (Fig. 2).
3.4. Chromatographic profiles

Samples of venom from different sources were separated
by HPLC as indicated in the section of Material and methods.
Fig. 3 shows the various chromatogram profiles obtained.
Although some similarities of retention times and relative
concentration of certain components seems to occur, the
overall profile is quite distinct. This is mainly seen when
t provinces. The EC50 (dilution in which is reached the half of the A490nm)
brackets. Note the highest reactivity of the A-Tt and AA regarding the other
enoms are the F(ab0)2 fragments of equine immunoglobulins. A-Tt: Suero
rom Butantan Institute; AA: Soro ‘‘Antiaracnidico’’ from Butantan Institute
itute of Mexico (against Centruroides scorpion venom); F(ab́)2: negative
s.

A-Ts A-Cn F(ab́)2

20 (12–33) 14 (9–22) 2� 10�2 (2.3� 10�5�19.5)
122 (101–148) 106 (90–125) 1� 10�2 (1.2� 10�5�8.7)
30 (25–36) 20 (13–32) 1.9� 10�3 (1.7–2.1� 10�3)
36 (31–42) 105 (85–131) 2� 10�2 (2� 10�7�2564)
64 (56–70) 97 (86–110) 7.3 (3.8–14.0)



Fig. 1. Histopathological lessions of samples from mice inoculated with T. trivittatus venoms from different regions of Argentina. Fig. 1.a.1 Marked congestion and
thickening of the septa, intra-alveolar edema and hemorrhage. Focal rupture of the alveolar structure in the lungs of mice injected with T. Trivittatus. (H&E, �250).
Control: Fig. 1.b.1. 1.a.2. Cardiac changes consisting in cardiac injury, represented by focal fragmentation of the myocardiac fibers and intrafibrillar edema (H&E,
�250). Control: Fig. 1.b.2. 1.a.3. Pancreatic hemorrhages and signs of severe epithelial injury of acini (H&E, �250). Control: Fig. 1.b.3. 1.a.4. The liver showed
esteatosis, sinusoidal congestion, vacuolization and hepatocyte necrosis (H&E, �250). Control: Fig. 1.b.4.
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Fig. 2. Electropheretic separation of samples. A 12.5% acrylamde–bisacrylamide SDS-PAGE was run in Tris–Glycine buffer. Samples containing 10 mg of whole
soluble venom or telson homogenates of T. trivittatus were run and stained with Coomasie Brilliant blue. The extreme right and left lanes (numbered 1 and 12)
contain molecular weight markers (broad range, Promega), whose masses are indicated. Lane 2 contains soluble venom from Santa Fe; lane 3 soluble venom from
Entre Rı́os; lane 4 contains telson homogenates from Entre Rı́os; lanes 5 and 6 correspond to soluble venom from Entre Rı́os; lane 7 contains telson homogenate
from Santa Fe; lane 8, telson homogenates from Santiago del Estero; lane 9, telson homogenates from Entre Rı́os; lane 10 contains telson homogenates from
Córdoba and lane 11 telson homogenates from La Rioja.
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comparing the venom obtained by electrical stimulation
with the samples obtained from gland homogenates, as
expected. The supernatant from the centrifugation of telson
extracts contains many components that elute at earlier
retention times. On the first 20 min of HPLC separation there
are many components that usually are not present when
a less complex sample is applied, like that obtained by
electrical stimulation. However it is worth mentioning that
important components are separated around 30–40 min
retention time. This is known to correspond mainly to
peptides that were shown to be toxins that recognize Naþ-
channels isolated from other species of Tityus scorpion
venoms (Batista et al., 2007).
3.5. Immunochemical studies

Fig. 4 shows the results of double immunoprecipitation
experiments done with selected samples of venom
obtained by homogenization of telsons from scorpions
collected in Cordoba, Entre Rios, Santa Fe and Santiago del
Estero. The anti-venoms used were the anti-arachnidic
from Butantan (AA), the specific anti T. trivittatus from
Argentina (A-Tt) and the anti-Centruroides venom from
Mexico (A-Cn).

Fig. 5 and Table 2 show the results of ELISA obtained by
using the four anti-venoms described in the section of
Material and methods and various combinations of venom
samples from various places. It is worth mentioning that the
protein content of the anti-venoms were: 45� 6 mg/ml for
the specific A-Tt, 43� 3 mg/ml for the AA, 5.4� 0.1 mg/ml
for the A-Ts and 4.5�1.2 mg/ml for the A-Cn. The ELISAs
studies showed an important reactivity of the three anti-
Tityus anti-venoms, in which the reactivity using the
heterologous A-Cn anti-venom is the lowest as observed in
the immunoprecipitation studies (Fig. 5).
The reactivity of the anti-venoms is expressed as the
EC50 in Table 2. As it can be seen in Table 2, the EC50 for the
different anti-venoms in all the cases showed an important
difference between the A-Tt and the AA regarding the A-Ts
and A-Cn (p< 0.05), and in almost all the cases the reac-
tivity between A-Tt and AA was similar (p< 0.05) (Fig. 5)
and the confidence intervals overlap (Table 2). In all the
cases the reactivity of the different anti-venoms was over
the negative control (p< 0.05).

Although one of the anti-venoms used for immuno-
chemical analysis contained a label showing that the
product had an expiration data no longer valid for human
use, it showed high immunochemical reactivity against the
soluble venom and telson homogenates. In other words, the
anti-venom was still good for the purposes here reported.
The rationale applied in these cases is: if the anti-venom
shows no precipitates or turbidity, if it was conserved in
sterile conditions and more important yet maintained in
refrigerated places, the neutralizing capacity is maintained.
These observations are in agreement with data obtained
with anti-venoms tested ten years after production, which
still maintain their neutralizing potency around 80–90%
regarding the original value (World Health Organisation,
1981). In addition, it was recently reported that anti-venoms
are more robust than indicated on their label and maintain
useful activity long past their nominal expiration dates,
since it was found neutralizing capacity in samples inclusive
after 15 years expiration (O’Leary et al., 2009).
4. Discussion

Although T. trivittatus is an Argentinean scorpion that has
caused human fatalities in the country, little has been
reported on its venom. For this reason, in the present
communication a comparative analysis regarding venom
composition of T. trivittatus collected in various



Fig. 3. HPLC separation of venom samples. Reverse phase HPLC separation of whole soluble venom and homogenates from telsons of T. trivittatus collected in the
places indicated. The Y axes indicate the absorbance at 230 nm, the X axis the elution time of the fractions. The extreme right side indicates the gradient of
acetonitrile used for separation. Samples 1, 2 and 3 are from whole soluble venom (V) of scorpions collected in Buenos Aires city (Bs.As.), Santa Fe (S. Fe) and Entre
Rios (E. Rı́os), respectively. Sample 4 to 12 are from telson homogenates (THs) of scorpions collected in Entre Rı́os, Córdoba (Cba.), Santa Fe, La Rioja, Santiago del
Estero (S. d. E.), Córdoba, Santa Fe and Catamarca (Catam.). Please note that are some repeated chromatograms from the same place, collected in different times.

A.R. de Roodt et al. / Toxicon 55 (2010) 307–319314
geographical areas, together with a general biochemical and
immunological characterization of the various samples of
venom studied are reported. To the best of our knowledge,
there is only a couple of reports dealing with the experi-
mental toxicity of the telson homogenates (de Roodt et al.,
2001; 2005), the characterization of peptides from this
venom that affect Kþ channels (Coronas et al., 2003; Abdel-
Mottaleb et al., 2006) and a congress communication
describing the presence of a Naþ channel specific peptide in
the venom of T. trivittatus (Corornas et al., 2007), thought to
be responsible for the toxicity symptoms observed in
mammals (humans and mice). This is a peptide with high
degree of similarity with toxin gamma isolated from the
Brazilian dangerous species T. serrulatus, T. bahiensis and
T. stigmurus (Becerril et al.,1996). Actually the LD50 reported
here (around 0.3–12 mg/kg mouse body weight) for T. triv-
ittatus is within the range of that found for the Brazilian
species (Nishikawa et al., 1994; Kalapothakis and Chávez-
Olórtegui, 1997). The venom of the Argentinean scorpion is
less potent than the venoms of African and Asian species of
scorpions, which have LD50s in the range of 0.1–2.4 mg/Kg
(de Roodt et al., 2006). The wider variation on the values of
the LD50 reported here are certainly due to several factors.
The most important one is the type of sample used for the
estimation of the lethality test. Samples were obtained
either by electrical stimulation of the scorpion (whole
soluble venom) or by grinding the entire telsons (Bucherl,
1971; Sisson et al., 1990) and saving the supernatant of the
homogenates after centrifugation. This is usually the way
most manufacturers of anti-venoms do for immunization of
horses for antidote production (Calderón-Aranda et al.,
1996). However it is clear that the venom extracted by
electrical impulses is more potent than the venom obtained
from homogenates. Our data show that the lethal potency of
telson homogenates from Santa Fe, ranged from 8 to 12
mg/kg, whereas the value of lethality of whole soluble



Fig. 4. Double immunodiffusion of venoms and anti-venoms. Samples containing telson homogenates from Cordoba, Entre Rios, Santa Fe and Santiago del Estero
were tested against three anti-venoms: AA (left) is from the anti-arachnid of Butantan, A-Tt developed with T. serrulatus venom (center) is the specific anti
T. trivittatus from the INPB and A-Cn is an anti-Centruroides anti-venom Alacramyn from Mexico.

A.R. de Roodt et al. / Toxicon 55 (2010) 307–319 315
venom showed a potency of 1.75 mg/kg (p< 0.05). The same
can be observed with the telson homogenates from Entre
Rios (5.7 mg/kg) when compared with the soluble venom
from scorpions of this province (0.5–1.0 mg/kg, p< 0.05). In
addition, if all the values are compared the p value between
the toxicity of the whole venom and the telson homogenates
is <0.0001 (see Table 1). This is expected since the homog-
enization of telsons can liberate in soluble format many
proteins from the glandular cells that usually are not
constituents of venom secretion extracted by electrical
stimulation. This can certainly explain the higher molecular
weight components found with the homogenate samples
run in SDS-PAGE gels as shown in Fig. 2, when compared to
the samples run with the whole soluble venom. Another
factor found in this study is that there must have venom
variations among the specimens collected in certain areas.
For example the cities of Santa Fe and Paraná (Entre Rios),
from where the majority of the scorpions from both prov-
inces were obtained, are separated by the river Parana, but
they are linked by a tunnel communicating both cities. The
first human deadly case occurred first in Santa Fe, followed
a few years late by a fatal accident in the other city (City of
Parana). Although the population of scorpions seems to be
very close, the potency of their venoms is slightly different
(See Table 1). Children stung by scorpions on both places
show symptoms of intoxication and need to be treated with
anti-venom (Peirano et al., 2000; de Roodt 2007; Piola
2007). Another factor to be considered is that the venom of
homogenized glands or whole soluble venom from scor-
pions of the provinces of the Center (Córdoba) and North
West (La Rioja, Catamarca, S. del Estero) is in the range of
those obtained from Santa Fe and Entre Rios. However, the
samples of scorpions collected in Buenos Aires are less toxic
(t¼ 3.366; p< 0.0046), in agreement with the historical
data of scorpion sting in humans in this city (de Roodt et al.,
2003).

It is interesting to observe that both strains of mice
assayed for toxicity tests did not showed a great variability on
the LD50s registered (Table 1), contrary to what was reported
for some strains of mice in Mexico (Alagón et al., 1988).

The route of administration of the venom seems to be
relevant for the value of LD50 found. In same case, the
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Fig. 5. ELISA titration of venoms from different places using anti-venoms. Samples of venom obtained by homogenates of telsons from T. trivittatus collected in
various places were titrated using anti-venoms Antiescorpión from the INPB (C) against T. trivittatus (A-Tt); Antiescorpiónico from Butantan Institute (:),
antidote against T. serrulatus (A-Ts); Antiaracnı́dico from Butantan Institute (;), antidote against scorpions and spiders (AA) and Alacramyn (-) from Bioclon
Institute of Mexico, antidote against Centruroides scorpion venom (A-Cn). An irrelevant F(ab0)2 fragment , antidote against snake of the genus Bothrops was used
as negative control (A). In Fig. 5A the venom homogenate used was a mixture from different regions; Fig. 5B the sample is from homogenates coming from La
Rioja; Fig. 5C is homogenates from Santa Fe; Fig. 5D is homogenates from Entre Rios and finally Fig. 5E is the only sample obtained by milking the scorpion (whole
soluble venom) from Entre Rios.
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intravenously injected venom seems to be more potent
than the intraperitoneally injected. As it can be seen in
Table 1, the telson homogenates from Cordoba and the
whole soluble venom from Entre Rios show a high potency
by i.v. route (p< 0.05 in both cases). These assays were
done with venom from a single sample, using the two
different routes. If all the values (i.p. versus i.v.), are
considered the p value is <0.0001. However when consid-
ered separately the LD50s of telson homogenates or the
whole venom by these two different routes, the differences
are not in all the cases of significance (the p value is >0.05)
as shown in Table 1. In conclusion, the variations reported
in the present study showed that the values of LD50 found
for T. trivittatus are affected by the type of venom used, the
place where the scorpions were collected and very possibly
by the route of administration of the venom.

The chromatographic profiles of the various types of
sample analyzed as shown in Fig. 3 also support some of the
data found with the LD50. There is a great variability on the
profile of the HPLC separation of the samples obtained by
homogenization. More components are visible, especially
those that elute at earlier stage from the chromatogram. They
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very likely correspond to more hydrophilic components, not
necessarily toxic to mammals. Samples from electrical
stimulated scorpions show to contain more peptides in the
elution times around 30–40 min, where it is known that
toxins that recognize Naþ-channels occur in other scorpion
venoms (Batista et al., 2007). This is the elution time found
for the gamma-like component of T. trivittatus, earlier
reported by our group (Corornas et al., 2007).

The necropsy analysis of various tissues obtained from
intoxicated mice, showed several histopathological lesions,
but they all were very similar independently of the source
of venom (Fig. 1). Among the most prominent observations
were a generalized congestion and lesions in lungs, heart
and liver damage with pancreatic lesions in some cases,
similar to the results obtained previously when using
a mixture of venoms from scorpions of different regions of
the country (de Roodt et al., 2001) and with the lesions
described for other Tityus venoms (Freire-Maia, 1990;
D’Suze et al., 1999; 2004; Cupo et al., 2003; de Roodt et al.,
2009). The pulmonary lesions observed in this study are
consistent with those described in mice injected experi-
mentally with venom of Tityus confluens and other Tityus
(de Roodt et al., 2009) and with the venom of other
Buthidae non American scorpions like Buthus occitanus
tunetanus, Androctonus australis Hector, Leiurus quinques-
triatus haebraus, Parabuthus transvaalicus and Parabuthus
granulatus (de Roodt et al., 2006). In addition, the conges-
tive pulmonary lesions are similar to those recently
described in rats injected with venom of Buthus occitanus
tunetanus (Ben Nasr et al., 2009).

Various samples of venom (either electrically obtained
or from telson homogenates) were also used for immuno-
chemical studies by means of two techniques: double
immunodiffusion (Fig. 4) and enzymatic assays by ELISA
(Fig. 5 and Table 2), in which either three or four anti-
venoms mentioned in the section of Material and methods
were tested: anti-scorpion of Argentina (A-Tt), anti-
arachnid (AA) and anti-Tityus serrulatus (A-Ts) of Brazil and
Alacramyn (A-Cn) against Centruroides of Mexico.

For the immunodiffusion only three anti-venoms were
used and as it can be observed the strongest cross-reac-
tivity was seen with the homologous anti-venom, the A-Tt
from the Argentinean INPB, as expected since it is the
homologous anti-serum (Fig. 4). But the extent of cross-
reactivity with the anti-venom anti-arachnids of Brazil (AA)
is quite comparable. This is not surprising since in previous
work it was found that the AA anti-venom from Brazil was
able to neutralize the venom of T. trivittatus. In Argentina
the AA was successfully used to treat human stings by
scorpions before the production of the specific anti-venom
(de Roodt et al., 2001, 2003). It is also necessary to mention
that both countries have scorpions that belong to the same
genus and very similar components have been isolated
from T. trivittatus of Argentina and T. serrulatus from Brazil
(Coronas et al. 2003 and 2007). However the anti-venom
from Mexico (A-Cn) showed less cross-reactivity, as also
expected because the venom used to produce the antidote
comes from a different genus of scorpion (Centruroides).
The intensity of the bands observed is fainter, in part due to
the fact that the concentration of protein from the anti-
venom of Argentina (A-Tt) is 9 folds higher than the
Alacramyn from Mexico. The cross-reactivity can also come
from venom components other than toxins, such as
hemocyanin or the enzyme hyaluronidase, which is ubiq-
uitous in all these venoms. It would be interesting to
conduct comparative neutralization assays using both anti-
venoms (A-Tt and A-Cn).

Fig. 5 and Table 2 show the results of ELISA, using the four
anti-venoms available and a variety of different combina-
tions of sample venoms. Fig. 5A shows the results obtained
using a mixture of homogenated venoms from the various
regions studied. Fig. 5B was obtained with telson homoge-
nates from La Rioja; Fig. 5C with telson homogenates from
Santa Fe; Fig. 5D from telson homogenates of Entre Rios and
Fig. 5E was obtained using whole soluble venom from
scorpions of Entre Rios. A non relevant F(ab0)2 anti-venom
was used as negative control. The most important obser-
vation from the 5 graphics showed that there is a significant
cross-reactivity, especially between the various venoms
used in the homologous anti-venom produced in Argentina.
This again was somehow expected, but also a significant
recognition was observed using the anti-arachnid antidote
of the Butantan from Brazil. In this way, the EC50 values of
the A-Tt and the AA did not show major differences con-
fronted against the different samples being their curves and
EC50s very similar (p< 0.05) in almost all the cases. The
Mexican anti-venom (A-Cn) and the specific A-Ts of Brazil
had comparable results (see Fig. 5 and Table 2).

It is interesting to note that the specific anti-venom A-Ts
of Butantan had lower reactivity than the AA anti-venom
(p< 0.05). The latter is polyvalent anti-venom obtained by
immunizing horses against electrical stimulated venom
from T. serrulatus, and a mixture of milked venom from the
spiders of the genera Phoneutria and Loxosceles (Ministerio
de Saude, 1999). Certainly there is cross-reactivity of spider
venom components with other components of T. trivittatus
venom. However it is also necessary to clarify that the
amount of protein content of the A-Ts anti-venom is about
nine folds less concentrate than that of anti-arachnid AA.

This communication reports a general characterization
of various types of venoms obtained from the scorpion of
the species T. trivittatus collected in distinct regions of
Argentina, showing some differences in venom composi-
tion and lethality, as well immunological characteristics
using several anti-venoms commercially available and used
by medical doctors. To the best of our knowledge, this is the
first systematic record on the subject and it is relevant for
the treatment of accidents by scorpions in Argentina.
Medical doctors certainly will be benefit by reading this
communication, because the results reported here can help
taking decision on how to treat patients from the various
geographical areas that are stung by T. trivittatus.

The toxicity of the venom from T. trivittatus in human
envenomation seems to have grown in the last years in
some regions of the country. In provinces in which the
stings of these scorpions were cases without medical
importance, abruptly became medical emergency. This
happened in the provinces of Santa Fe, Catamarca, La Rioja,
Entre Rı́os and more recently in the province of San Juan. In
these provinces more than six deaths related with this
scorpion were recorded during the last five years (Piola
2007; de Roodt 2007). This means it is necessary to study
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what is happening, both in terms of venom composition
and in terms of human exposition to more often accidents.

The lack of information is one of the causes that make
difficult to evaluate a possible change in scorpion venom
toxicity. This type of information is relevant since the
different studies of the venom showed differences among
samples of venom collected in the same province and city.
Only the record along the time of different data will help to
detect modifications of the characteristics of the venoms.

The human deadly cases occurred due to scorpion stings
very possibly can be attributed to a variation in the toxicity,
but it is possible in addition, that a major frequency of
contacts human-scorpion due to environmental changes,
the growing or movement of scorpion populations or the
colonization by humans in zones where this scorpion
inhabits, could facilitate this contact. At present we do not
have response for these questions.
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