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Brown widow spider (BrWS) (Latrodectus geometricus) venom produces intense systemic reactions such as
cramps, harshmuscle nociceptive, nauseas, vomiting and hypertension. The proposed pathogenicmechanisms
resulting in these accidents have principally been damages occurring at the nervous system. However, it is
suspected that there is also damage of the adrenal glands, as a result of the experimental animal's clinical
manifestations, which developed symptoms compatible with acute adrenal insufficiency. We have currently
found that the adrenal gland is damaged by this venom gland homogenates (VGH) producing severe
alterations on cortex cells resulting in death by acute adrenal insufficiency. In general, the ultrastructural study
on the glands of mice under transmission electronic microscopy observations showed alterations in the
majority of the intracellular membranes within 3 to 24 h. BrWSVGH also showed specific actions on
extracellular matrix proteins such as fibronectin, laminin and fibrinogen. In addition, zymogram experiments
using gelatin as substrates detected gelatinolytic activity. The molecular exclusion fractionation of crude
BrWSVGH resulted in 15 fractions, of which F1 and F2 presented α/β-fibrinogenase and fibronectinolytic
activities. Fractions F6, F14 and F15 showed only α-fibrinogenase activity; in contrast, the gelatinolytic action
was only observed in fraction F11. Only metalloproteinase inhibitors abolished all these proteolytic activities.
Our results suggest that adrenal cortex lesionsmay be relevant in the etiopathogenesis of severe brownwidow
spider envenoming. To our knowledge, this is the first report on adrenal gland damages, fibrinogenolytic
activity and interrelations with cell-matrix adhesion proteins caused by L. geometricus VGH. The venom of this
spider could be inducing hemostatic system damages on envenomed patients.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Brown widow spider venom (BrWSV) (Latrodectus geometricus)
could contain toxins such as α-latrotoxin, similar to that of the black
widow spider, that stimulate substantial neurotransmitter discharge
when injected in mammals, followed by complete vesicle exhaustion
and impedance of neuromuscular transmission at the neuromuscular
connection (Orlova et al., 2000; Ushkaryov et al., 2008). Müller (1993)
reported that blackwidow spider bites are amore severe envenomation
than brown widow bites, characterized by broad muscle nociceptive
and cramps, abdominal muscle hardness, copious sweating, elevated
blood pressure and tachycardia. They proposed that symptoms and
signs of brown widow spider bites were not as severe and have a
tendency to be limited to the bite site and nearby tissues.

Some authors (Shukla and Broome, 2007) infer that despite the
effects that Lactrodectus venom has on muscle activity, there are no
long-term effects to the human body. However, as a result of the
current findings, this venom produced intense ultrastructural
damages on mice adrenal glands. Adrenal cellular activities occur
within active and multi-molecular compartments whose character-
ization involves analysis of cell-matrix adhesion sites, which consist of
numerous cytoskeletal and signaling proteins. These adhesions sites
are extremely variable in their morphology, dynamics, and obvious
function, yet their molecular diversity is not well known. In the
present work, we studied the activity of brown widow spider venom
gland homogenates (BrWSVGH) and some of its chromatographic
fractions on extracellular matrix (ECM) proteins, with particular
emphasis on fibronectin, laminin, collagen type IV, and fibrinogen,
with the purpose to elucidate potential effects on the basal membrane
as well as to comprehend the hemorrhagic symptomatology rarely
observed in patients bitten by this spider. Three types of enzymes
from animal venoms have been described affecting fibrinogen and
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other hemostatic proteins: 1) thrombin-like enzymes; 2) plasmino-
gen activators; and 3) fibrinolytic enzymes (Zhang et al., 1995;
Markland, 1998a,b; Arocha-Piñango et al., 1999; Tatematsu et al.,
2000; Champagne 2004; Swenson and Markland, 2005).

Fibrinogen-depleting agents reduce plasma fibrinogen levels; thus
having potential in the treatment and prevention of acute strokes and
heart attacks. No enzymes, including fibrinogenolytic enzymes, with
these activities had been found in the venom of the Latrodectus genus.
For these reasons, the therapeutic efficacy of L. geometricus fibrino-
genases,whenpurified andcharacterized, couldbe an importantfinding.

2. Materials and methods

2.1. Reagents

Fibronectin was purified from human plasma following Lucena et al.
(2006) method. Sepharose–Gelatine and Sepharose–Arginine gels were
from Pharmacia Biotechnology (Uppsala, Sweden). Chromogenic sub-
strates and bovine fibrinogen (10%w/w of plasminogen as contaminant
demonstrated by immunoblotting) were obtained from Chromogenix
AB (Mölndal Sweden). Superose H12-HR (GE Healthcare, USA) and
broad molecular mass standards for PAGE-SDS (Bio-Rad Laboratories
Ltd., CA, USA). Purified factor Xa, bovine alpha thrombin and plasmin
were from American Diagnostica Inc. (Greenwich, CT, USA). ADP,
collagen and thrombin as platelet aggregation inducers were purchased
from Chrono-log (Havertown, USA). Laminin from Engelbreth–Holm–

Swarm murine sarcoma basement membrane, collagen from human
placenta, mouse sarcoma anti-human fibronectin, goat anti-rabbit IgG
conjugated to horseradish peroxidase, apyrase, prostaglandin E1,
aprotinin, benzamidine/HCI, 1-10 phenantroline, phenylmethylsulfonyl
fluoride (PMSF), aprotinin, ethylene glycol-bis-N,N,N′,N′-tetraacetic acid
(EGTA), ethylenediaminetetraacetic acid (EDTA) andother chemical and
solvent were from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).

2.2. Animals and venoms

L. geometricus (Koch, 1841, Araneae, Theridiidae) spiders used in this
work were captured in the field from El Hatillo, Miranda state,
Venezuela and kept in theMedical Entomology Section “Pablo Anduze”
at the Tropical Medicine Institute of the Universidad Central de
Venezuela. Brown widow spider crude venom gland extract was
prepared from female specimens. Venom glands were dissected from
frozen spiders through the cephalothoraxes and a sagittal incision was
done amid their eyes, and the complete venom glandwas separated via
chelicerae articulation and homogenized in cold lysis buffer (25 mM
Tris/HCl, 100 mM NaCl, and pH 8.0). The venom gland homogenate
(VGH) was cleared by centrifugation (20 min, 15,000 ×g) and assayed
for biological activity using BALB/c mice (18–22 g) obtained from the
Animal House of the National Institute of Hygiene “Rafael Rangel”,
Venezuela.

2.3. Ethical statement

All the experimental events concerning the use of live animals
were done by specialized personnel. The Venezuelan pertinent
regulations as well as institutional guidelines, according to protocols
approved by the Tropical Medicine Institute of the Universidad
Central de Venezuela and the norms obtained from the guidelines for
the care and use of laboratory animals, published by the US National
Institute of Health (NIH, 1985) were followed.

2.4. Protein concentration

Protein concentration of VGH was spectrophotometrically esti-
mated by assuming that 1unit of absorbance/cm of path length at
280 nm corresponds to 1 mg protein/mL (Stoscheck, 1990).

2.5. Polyacrylamide gel electrophoresis (SDS-PAGE) analysis

Polyacrylamide gel electrophoresis was performed following
Laemmli (1970) or Schägger and von Jagow (1987) methods, using
a Mini-Protean II system (Bio-Rad Laboratories, Hercules, CA, USA).
Protein bands were visualized with silver stain. Molecular mass
estimations were determined using commercial standard proteins
(Bio-Rad).

2.6. Superose VGH fractionation

L. geometricus VGH was fractionated by molecular exclusion
chromatography on a Superose 12 HR10/30 size exclusion column
equilibrated with 50 mM ammonium acetate buffer pH 6.8, in a Biologic
Work Station (Bio-Rad). TheVGHwasdissolved in the equilibriumbuffer
(3 mg/500 µL) and injected into the column. The elutionwas carried out
with the same buffer at 0.5 mL/min flow rate and monitored at 280 nm.

2.7. Preparation of specimens for electron microscopy

Adult male mice were separated into a control group, in whichmice
were injected intraperitoneally (i.p.) with 0.1 mL of saline solution and
the experimental group inwhichninemicewere injected i.p. with 40 μg
of VGH in 200 µL of PBS. After 3, 6 and 24 h, threemice from each group
were prepared for adrenal gland biopsies. The biopsies were obtained
from control and experimental mice under anaesthesia. Samples were
immediately in situ fixed with 3% glutaraldehyde and 1% OsO4 (both
fixatives diluted in 320 mM phosphate buffer saline, pH 7.4), dehy-
drated in ethanol and embedded in LX-112 resin (Ladd Research Inc.).
Ultrathin sections were stained with uranyl acetate and lead citrate and
observed with a Hitachi HS-500 transmission electronmicroscope with
an accelerating voltage of 100 kV.

2.8. Amidolytic activity

Amidolytic activity of VGH was measured by a micromethod of
Guerrero and Arocha-Piñango (1992) using chromogenic substrates
(Chromogenix-Instrumentation Laboratory, Milano, Italy). Briefly, in 96
wells polystyrene plates, a mixture of 80 µL of the recommended buffer
for each substrate, 10 µL of venom sample and 10 µL of chromogenic
substrate was placed in each well. The final concentrations for the
substrates were 1.00mM S-2302, 1.20mM S-2288, 0.80mM S-2251,
0.60mM S-2238 and 0.30mM S-2444. After incubation at 37 °C for
30 min, the absorbance at 405 nmwasmeasured. One unit of amidolytic
activitywas expressed asΔA405 UA/min. Specific activitywas calculated
as UA/min/μg.

2.9. Coagulant activity

Coagulant activity of VGH was tested by the Salazar et al. (2007)
method. Briefly, 0.1 mL of 0.3% purified fibrinogen solution in Tris–HCl
buffer, pH 7.4 (coagulation buffer) was incubated in a borosilicate tube
at 37 °C for 1 min. Then 0.1 mL of coagulation buffer and 0.1 mL venom
sample (diluted in coagulation buffer) or 0.1 mL thrombin solution (0.5
to 15 IU/mL)were added. The solutionwas thoroughlymixedmanually
in a 37 °C water bath and the clotting time recorded when the
appearance of a clot was visually detected. Assays were carried out
four times and the mean clotting time was calculated. The results were
expressed in thrombin-like units by plotting the clotting times against a
calibration curve preparedwith a standard thrombin (National Institute
for Biological Standards and Control, London, England).

2.10. Fibrinolytic activity

Fibrinolytic activity of VGH was studied by the fibrin plate method
(Marsh and Arocha-Pinango, 1972). Briefly, fibrin plates were settled
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using 3-cm diameter Petri dishes: 1.5 mL of a 0.1% plasminogen-rich
fibrinogen (10% plasminogen as contaminant) in 5 mM imidazol saline
buffer, pH 7.4 was clotted by adding 75 µL bovine thrombin (10 IU/mL,
in 0.025 M CaCl2). The mixture was incubated at room temperature for
30 min. Then, 10 µL (3–10 µg) sampleswere applied over thefibrin, and
after 24 h incubation at 37 °C the diameter of the lysed areas was
measured. Fibrinolytic activity was expressed as the diameter of the
lysed area per µg of protein (mm2/µg). Human plasmin, sct-PA and tcu-
PA were used as positive controls.

2.11. Fibrino(geno)lytic activity

The activity on fibrinogen by proteinases present in L. geometricus
crude VGH and fractions venom was tested. Briefly, bovine fibrinogen
was incubated with venom at a 1 µg VGH/100 µg fibrinogen ratio, for
2 h and 24 h at 37 °C. The degradation of the fibrinogen molecule was
visualized by SDS-PAGE on a 10% gel under reduced conditions by a
Tris–Tricine-system (Schägger and von Jagow, 1987).

The fibrino(geno)lytic effect was also assayed in the presence of
enzymatic inhibitors by incubation of crude venom for 30 min at 37 °C
with a mixture of inhibitors. Serine proteinase inhibitors (SPI) were
employed as a mixture of 10 mmol/L PMSF, 10 mmol/L benzamidine/
HCl, and 100 IU/mL aprotinine (final concentrations). Metalloprotei-
nase inhibitors (MPI) were used as a mixture of 10 mmol/L EGTA-Na
and EDTA 10 mmol (final concentrations) (Girón et al., 2008).

2.12. Effects of crude VGH and fractions on ECM proteins

The effect of VGH and Superose 12 HR10/30 VGH fractions on ECM
proteins was evaluated using purified fibronectin, laminin, and
collagen type IV. The substrates were incubated at a 1 μg VGH/
100 μg adhesive protein ratios, for 2 or 24 h at 37 °C, and then the
changes in themolecules were visualized by SDS-PAGE under reduced
conditions. These effects were also evaluated in the presence of the
serine proteinase and metalloproteinase inhibitor mixtures.

2.13. Gelatin zymogram

To study the gelatinolytic activity of BrWSVGH and its fractions,
gelatin zymography was carried out as described previously by da
Silveira et al. (2002). Venom gland homogenate proteins were diluted
in SDS sample buffer without reducing agents and electrophoresed on

a 10% SDS-polyacrylamide gels co-polymerized with 1 mg/mL of
gelatin. Following electrophoresis, the gels were washed twice for
30 min in 2.5% Triton X-100 to remove the SDS and then incubated in
zymography incubation buffer (0.05 M Tris–HCl, pH 7.4, 0.15 M NaCl,
0.01 M CaCl2, 0.01 M MgCl2) at 37 °C for 18 h. The gels were then
stained with Coomassie blue for 2 h and then destained. The presence
of gelatinolytic activity was recognized as clear bands on a uniform
black background. This gelatinolytic activity was also evaluated in the
presence of the serine proteinase and metalloproteinase inhibitor
mixtures.

2.14. Platelet aggregation assay

Platelet aggregation was estimated by turbidimetry using a dual-
channel Chrono-log model 560 CA aggregometer (Havertown, USA).
Platelet-rich plasma (PRP) was prepared by mixing fresh blood
sample with trisodium citrate solution (3.8%, w/v) in a volume ratio of
9:1, followed by centrifugation at 190×g at 4 °C for 20 min to
sediment leukocytes and erythrocytes. The platelet count was
adjusted to 3.0×105 platelets/mL with platelet-poor plasma. Four
hundred ninety microliters of citrated PRP was pre-incubated with
10 μg/10 µL of VGH in Tyrode's buffer or Tyrode's buffer alone for
4 min at 37 °C after which 5 µL of ADP (final concentration 10 μM), or
1 µL collagen (final concentration 2 μg/mL), or 1 µL ristocetin (final
concentration 0.77 mg/mL) was added. The changes in light trans-
mittance were continuously recorded for 8 min. The maximum
aggregation response obtained after addition of inducer in the
absence of VGH was taken as 100% aggregation. The inhibition
percentage was calculated by comparing light transmittance obtained
in the presence of VGH against the control sample.

3. Results

3.1. Chromatographic analysis

The VGH molecular exclusion chromatographic profile from a
Superose 12-HR10/30 column is shown in Fig. 1B. Fifteen main
chromatographic fractions were collected of which F1 and F2
presented α/β-fibrinogenase activity. Fractions F6, F14 and F15
showed only α-fibrinogenase activity. In contrast, only fraction 11
had gelatinolytic activity on a zymographic-gelatin gel.

Fig. 1. (A)Molecular exclusion chromatography of Latrodectus geometricus venom. Venomwas separated by a superose 12HR10/30 column, equilibratedwith 50 mMammonium acetate
buffer, pH 6.9 plus 125 mMNaCl. The flow rate was at 0.4 mL/min. Activities: (*):α/β-fibrinogenases; (■):α-fibrinogenase; (♦): gelatinase. (B) 10% SDS-PAGE of Latrodectus geometricus
crude venom. Lanes: 1) high molecular weight markers; 2) low molecular weight markers; 3) crude venom under reducing conditions; and 4) crude venom under non-reducing
conditions.
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3.2. Electrophoretic analysis

The VGH electrophoretic profile on SDS-PAGE (Fig. 1A) demon-
strated that the protein bands correspond to an ample range of
molecular masses. There were a small number of proteins dispersed
between 30 and 14 kDa. Additionally, under non-reducing conditions,
there were extra bands between 120/115, 97/66, and 36/40 kDa.
Under reducing conditions multiple bands between 25/27 and 30/
120 kDa were visible.

3.3. Adrenal gland cortex alterations analyzed by transmission electron
microscopy (TEM)

Normal controls of adrenal gland cortex in unstressed mice after
24 h of i.p. saline solution injections were analyzed by TEM. The
samples displayed a normal ultrastructure with a smooth endothelial
reticulum, mitochondria, lipid and lipofucsin drops and typical

capillary ultrastructure with normal endothelial wall and fenestrae
(Fig. 2A and B).

After 3 h of L. geometricus VGH injection, a change on erythrocytes
density was seen. Mitochondria devoid of internal membrane and
cristae and some with lipid impregnation were observed. Nuclear
envelope loss was noticed. A myelinic figure was noticed. In the right
top (high magnification) mitochondria devoid of cristae are noticed
(Fig. 3A). The fenestrae (pinocytotic vesicles) of capillary endothelia
disappeared. Mitochondria devoid of internal membrane and cristae
were seen. A myelinic figure was detected. In the right top (high
magnification) mitochondria devoid of cristae are noticed (Fig. 3B).

After 6 h of L. geometricus VGH injection, adrenal gland cortex
showed electron dense inclusions with aspect of myelinic figures.
Capillary without fenestrae and endothelium loss was also noticed.
Swollenmitochondriawithout cristaewere detected (Fig. 4A). Intensely
damaged mitochondria without internal structures and autophagic
vacuoles were seen. Electron dense inclusions were observed. The

Fig. 2. Transmission electron micrographs (TEM) analysis of the control mouse adrenal gland after 24 h of an intraperitoneal (i.p.) saline solution injection. (A) The magnification
analysis viewing the main cellular components displayed a normal ultrastructure with a smooth endothelial reticulum (SER), mitochondria (Mit), lipid (Lip) and lipofucsin drops
(LF) (×26,000). (B) Capillary typical ultrastructure with normal endothelial wall (empty square), lipid droplets (LD) and fenestrae (arrows) were noticed (×26,000).

Fig. 3. TEM analysis of adrenal gland after 3 h of an i.p. injection of L. geometricus venom. (A) Lesions were characterized by a change on erythrocytes density (Er). Mitochondria
devoid of internal membrane and cristae (arrowheads) and some with lipid impregnation (arrows) were observed. Nuclear (Nu) envelope loss was noticed. A myelinic figure
(square) was noticed. In the right top (high magnification) mitochondria devoid of cristae (arrowheads) are noticed (×20,000). (B) The fenestrae (pinocytotic vesicles) of capillary
endothelia (triangle) were absent. Mitochondria devoid of internal membrane and cristae (arrowheads) were seen. Myelinic figure (ray) was observed. In the right top (high
magnification) mitochondria devoid of cristae (arrowhweads) are noticed (×20,000).
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capillary displayed swollen endothelium without fenestrae or pinocy-
totic vesicles (Fig. 4B).

After 24 h of L. geometricus VGH injection, adrenal gland cortex
presented mitochondria lacking internal membrane and cristae.
Electron dense lipofucsin granules and some without lipid drops
were observed. Intense damage of capillary endothelium was seen,
showing disappearance of fenestrae and caveoles (Fig. 5A). Pleomor-
phic mitochondria with different electron density and lost of cristae
were detected. Intense edema and capillary fenestrae lost were also
seen. Intercellular spaces without defined membranes and nucleus
capsule disappearance in some places were noticed. Nucleoli with
differences in electron density were observed. Plasmatic membrane
separation by edema was seen; however, smooth endoplasmic
reticulum seemed to be normal (Fig. 5B).

3.4. Effects of L. geometricus venom on hemostatic components

3.4.1. Crude VGH
Brownwidowspider VGHpresented strongfibrinogenolytic activity.

Degradation of the Aα-chain occurred primarily, followed by the Bβ-
chain. At a molar ratio of 100:5 (fibrinogen:BrWSVGH), the SDS-PAGE
results under reduced conditions showed a fast (30 min) degradation of
the fibrinogen Aα chains and a slow (2 h) degradation of Bβ chains.
After 24 h incubation, a full degradation of both chains was observed.
Associated with the digestion of both fibrinogen chains, major
fragments between Mr ~45 and 20 kDa were observed. The γg-chain
was not degraded following prolonged 24 h incubation with VGH
(Fig. 6). Degradation of fibrinogenwith VGH in the presence of protease
inhibitors was also evaluated in which metalloproteinase inhibitors

Fig. 4. TEM analysis of adrenal gland after 6 h of an i.p. injection of L. geometricus venom. (A) Electron dense inclusions with aspect of myelinic figures (stars) were seen. Capillary
without fenestrae and endothelium loss (asterisk) was also noticed. Swollen mitochondria without cristae (arrowheads) were observed (×26,000). (B) The mitochondria intensely
damaged without internal structures and autophagic vacuoles (arrowhead) were seen. Electron dense inclusions (stars) were observed. The capillary showed swollen endothelium
without fenestrae or pinocytotic vesicles (empty square) (×26,000).

Fig. 5. TEM analysis of adrenal gland after 24 h of an i.p. injection of L. geometricus venom. (A) Mitochondria lacking internal membrane and cristae (arrowheads) were observed.
Electron dense lipofucsin granules (Li) and somewithout lipid drops (arrow)were observed. Intense damage of capillary endothelium (triangle) was seen, showing disappearance of
fenestrae, and caveoles (empty square) (×20,000). (B) Pleomorphic mitochondria with different electron density (Mit) and lost of cristae (arrowhead) were seen. Intense edema and
capillary fenestra lost (triangle) were also seen. Intercellular spaces without defined membranes and nucleus capsule disappearance in some places were also noticed (circle).
Nucleoli (Nu) with differences in electron density were observed. Plasmatic membrane separation by edema (rhombus) was observed; however, smooth endoplasmic reticulum
seemed to be normal (×26,000).
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abolished the proteolytic effect in fibrinogen chains. In addition to the
fibrinogenolytic effect, this figure also shows fibronectin degradation.
Fibronectin is a contaminant adhesive protein of the purified fibrinogen
used in the test, which was demonstrated using an immunoblotting
assay (data not shown). At 24 h, total degradation of thefibronectinwas
observed, and metalloproteinase inhibitors also abolished this degra-
dation activity.

Furthermore, the crude VGH did not present significant fibrinolytic
activity on fibrin plate or amidolytic-like activities to hemostatic
enzymes such as thrombin, factor Xa, plasmin, urokinase, kallikrein, or
on t-PA likes or on proteolytic enzymes such as chymotrypsin-like.
This VGH had no effect on ristocethin-induced platelet aggregation.
However, it showed an inhibitory effect on collagen and/or ADP-
induced platelet aggregation (between 15 and 20% in the presence of
40 µg VGH/3.0×105 platelets), results not shown. The VGH at a dose
up to 50 µg did not show gelatinolytic activity on a gelatin zymogram.

To determine the activity of VGH on ECM proteins, the VGH with
purified fibronectin, laminin and collagen type IV was tested. As shown
in Fig. 7, under the conditions assayed (2 and 24 h of incubation time at
37 °C, and at a 10 µg venom/100 µg protein ratio), fibronectin and
laminin were degraded. In the SDS-PAGE, under reduced conditions,
controlfibronectin appeared as a broadbandpositioned at the top of the
gel. After incubation with VGH, fibronectin degradation was evident as
early as 2 h, inwhich this large banddisappeared andmanydegradation
products with lower molecular masses were observed. After 24 h,
fibronectinwas cleaved into several fragments that ranged in sizes from

105 to 16 kDa. Laminin degradation was manifested as early as 2 h, at
this incubation time several fragmentswere observed. Furthermore, the
collagen type IV molecule was lightly changed in the presence of VGH
(data not shown). The proteolytic activity on ECM proteins was
abolished only by metalloprotease inhibitors (results not shown).

3.4.2. Venom gland homogenate fractions
The VGH fractions were tested for fibrinogenolytic activity on

fibrinogen (Fg) (100 µg Fg: 10 µg fraction) for 24 h at 37 °C (Fig. 8).
The SDS-PAGE under reduced conditions demonstrated that F1 and F2
fractions were active, degrading both αA and βB chains, as well as
fibronectin chains which appear as high molecular weight bands. In
contrast, F6, F14 and F15 fractions presented activity only on αA.
Additionally, these fractions were not active on the fibronectin chains.

Gelatinolytic activity was observed only in fraction F11. The
zymogram-gelatin gel showed three well-defined areas of lysis that
correspond to enzymes with molecular masses of 50–55 kDa;
~45 kDa; and ≥29 kDa, respectively (Fig. 9). This proteolytic activity
on fibrinogen and fibronectin chains and gelatinolytic activity present
in the chromatographic fractions was abolished by metalloprotease
inhibitors (results not shown).

4. Discussion

L. geometricus is frequently known as the brown widow or
geometric button spider. The brown widow is described in South
America, United States, South Africa, and Australia. They are
responsible for a number of bites and envenomations around the
world (Jelinek, 1997). Latrodectism also represents a problem of
health in some highly populated communities. For instance, in
America they constitute a true medical emergency contributing to
the rapid evolution of aracnoidism syndrome. L. geometricus VGH
contains neurotoxins that cause alterations on striated muscle,
causing several symptoms including paralysis, especially thoracic
paralysis (Müller, 1993; Kiriakos et al., 2008; Goddard et al., 2008;
Reyes-Lugo et al., 2009).

A comprehensive examination of the venomous proteins from
spiders is not easily obtainable since it is very difficult to get enough
quantities of spider venoms by extraction (even themilked venommay
contain regurgitated material). This has been a challenge for analytical
and identifying procedures, which require methodologies that

Fig. 6. Fibrinogenolytic activity of L. geometricus venom. Fibrinogen treated with BrWSV
at 5 μg BrWSV/100 μg Fg ratio for 37 °C, and at different incubation times. Samples
(30 μg) were electrophoresed under reducing conditions in the presence of SDS on 10%
gel and stained with Coomassie blue. (A) Lanes: 1) high molecular weight markers;
2) Fg control in the presence of fibronectin (Fn) as contaminant; 3–5) Fg+BrWSV at
30 min, 2 h and 24 h, respectively. (B) Fibrinogenolytic effect at 5 μg BrWSV/100 μg Fg
ratio for 37 °C, and at 24 h incubation, in the presence of protease inhibitors. Lanes:
1) Fg control in the presence of fibronectin (Fn) as contaminant; 2) Fg+BrWSV; 3) Fg+
BrWSV in the presence of MPI; 4) Fg+BrWSV in the presence of SPI.

Fig. 7. The effects of L. geometricus venom on ECM proteins. BrWSV was incubated for 2
and 24 h at 37 °C with purified fibronectin (FN), laminin (LM) at a 10 μg BrWSV/100 μg
adhesive protein ratio. Samples (20 μg) were electrophoresed under reducing
conditions in the presence of SDS on 4 to 8% gel and stained with Coomassie blue.
Lanes: 1) FN control; 2) FN+BrWSV at 24 h; 3) FN+BrWSV at 2 h; 4) LM control;
5) LM+BrWSV at 2 h; 6) LM+BrWSV at 24 h.
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successfully detach and recognize amultifaceted combination of toxins,
peptides and proteins with different physicochemical characteristics.
For these reasons it was compulsory to use venom gland homogenates
inevitably contaminated by other gland cellular constituents instead of
pure venom (Kristensen, 2005). The intraperitoneal lethal dose fifty
value found for L. tredecimguttatus venom whole-gland homogenate
was 0.59 mg/kg (McCrone, 1964); whichwas the same as that reported
by others (Wang et al., 2007), but more toxic when injected sub-
cutaneously at 0.33 mg/kg. The LD50 of L. mactans venom sub-
cutaneously injected was 1.20 mg/kg (Daly et al., 2001). In the present
experiment, BrWSVGH was extracted from dissected venom gland
homogenate and injected intraperitoneally resulting in an LD50 of
0.225 mg/kg. According to these results, the BrWS appears to have one
of the most toxic venoms of the Latrodectus genus.

Adrenotoxic activities in this current study, which was suspected
due to clinical signs observed in the experimental mice, indicated that
the mice adrenal glands were particularly vulnerable to BrWSVGH.
Mice became irritable and aggressive immediately following injec-
tions and then they began to vomit, show fatigue evident by slow,
sluggish and lethargic movement, followed by profound weakness.
They also showed signs of unusual and excessive sweating, tachypnea
and symptoms interpreted as shaking chills. The animals turned into
adynamic and atonic states and their incapacity to continue moving
preceded a coma and lifeless conduct. Finally, respiratory paralysis
occurred, due in part to neurotoxic activity, but this does not exclude
the severe acute adrenocortical insufficiency, which could also be
contributed to the animals' death. Evidence of acute adrenal damage
is manifested by circulatory collapse, which is characterized by a rapid

thready pulse, laboured respiration, an alarming drop in blood
pressure, and coma. Other features may include vomiting and
diarrhoea, occasionally anuria. Death usually occurred after a few
hours, adrenal insufficiency being the immediate cause (Waterhouse,
1911). As it is known, primary adrenal insufficiency can be a result of
adrenal gland destruction by either direct or indirect actions of
infectious agents caused by hemorrhage or coagulation disorders
(e.g., humanWaterhouse–Friderichsen syndrome), or by the activities
of natural toxins such as those found in bee (Apis mellifera)
(Rodriguez-Acosta et al., 2003; Rodriguez-Acosta et al., 2004) and
scorpion (Tityus discrepans) venoms (Rodriguez-Acosta et al., 2000).

The profound adrenal cortex damages by BrWSVGH observed from
3 to 24 h on endothelial capillaries (a formation of great significance
for vessel stability), and mitochondrial membranes (if these mem-
branes are injured, a lesser amount of energy will be formed and
consequently the performance of the organ will then be distressed),
intracellular membranes, edema of rough endoplasmic reticulum
cisterns and the destruction of the nucleus capsule and plasmatic
membrane could explain the acute clinical picture presented by the
experimental animals. The lesions observed in mitochondria and
endoplasmic reticulum might be sufficient to cause impairment of
steroid synthesis. These results suggest that different degrees of
adrenal dysfunction could be present in animals displaying the clinical
manifestation of envenoming described above. Picotti et al. (1982), by
intraarterial injections of α-latrotoxin (alpha LTx) into rats, provoked
rapid and clear rises in plasma adrenaline and noradrenaline
concentrations, indicating that the toxin stimulates catecholamine
release from the adrenal medulla and other catecholamine tissue
secretors. The catecholamine release from the adrenal medulla was
possibly mediated by preganglionic release of acetylcholine. In
primary adrenocortical insufficiency, glucocorticoid and mineral-
corticoid properties are lost. Although more than 50 steroids are
produced within the adrenal cortex, cortisol and aldosterone are by
far the most abundant and physiologically active. Strongly affected
animals may present a life-threatening adrenocortical crisis (Harvey
et al., 2007).

Several compounds with activities similar to or against compo-
nents of hemostatic systems have been identified in invertebrate
venoms. Approximately three types of enzymes from animal venoms
have been described affecting hemostatic proteins: 1) thrombin-like
enzymes; 2) plasminogen activators; and 3) fibrinolytic enzymes
(Zhang et al., 1995; Markland, 1998a,b; Arocha-Piñango et al., 1999;
Tatematsu et al., 2000; Champagne 2004; Swenson and Markland,
2005). BrWSVGH did not present significant fibrinolytic activity or
thrombin, factor Xa, plasmin, urokinase, kallikrein, or t-PA-like
activities. However, the VGH did show an inhibitory effect on collagen
or ADP-induced platelet aggregation (between 15 and 20% in the

Fig. 8. Fibrinogenolytic effect of L. geometricus venom size exclusion fractions. Fibrinogen (Fg) and fractions were incubated at a 10 μg fraction/100 μg Fg ratio, for 24 h at 37 °C.
Samples (30 μg) were electrophoresed under reducing conditions on a 10% gel SDS-PAGE and stained with Coomassie blue. Lanes: 1) high molecular weight markers; 2) Fg control in
the presence of fibronectin (Fn) as contaminant; 3–17) Fg+chromatographic fractions: F1 to F15, respectively; and 18) Fg control.

Fig. 9. Zymographic-gelatin-of L. geometricus venom size exclusion fractions. Twenty-
five micrograms of each fraction was run on a 10% SDS-PAGE gel in the presence of
1 mg/mL gelatin. Lanes: 1) high molecular weight markers; BrWSV fractions: 2) F1; 3)
F2; 4) F9; 5) F10; 6) F11; 7) F12; 8) F13; 9) F14; and 10) F15. The gelatinolytic activity is
in the 60–30 kDa area.
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presence of 40 µg venom/3.0×105 platelets), which could be
explained by the fibrinogenolytic activity described above. Studies
on platelet functions in the presence of L. geometricus venom fractions
are currently being performed in our laboratory.

Several extracellular matrix molecules (ECM) such as fibronectin,
fibrinogen, laminin, vitronectin, entactin, and heparan sulfate pro-
teoglycan have been described as targets for degradation evoked by
proteases present in other arthropod venoms such as those found in
spiders or caterpillars (Paludo et al., 2006; Lucena et al., 2006, 2008).
BrWSVGH demonstrated other proteolytic activities and could also
degrade fibronectin, laminin and collagen. To our knowledge, no
enzymes acting on extracellular matrix proteins and those with
activities on hemostatic system have been described in L. geometricus
venom until now.

Our results demonstrated that the BrWSVGH contains fibrinogen-
olytic activity since the Aα and Bβ chains of fibrinogen were degraded,
while the γ chain was unaffected. The Aα and Bβ chains of fibrinogen
were very susceptible to BrWSVGH, because they were completely
degraded within 2 h. The α/β-fibrinogenase and α fibrinogenase
activities have been also described in venoms of Loxosceles spiders
(Veiga et al., 2000, 2001; Zanetti et al., 2002; Da Silva et al., 2004).

The molecular exclusion fractionation of crude venom showed 15
fractions, of which F1 and F2 presented α/β-fibrinogenase activity, also
presenting action on fibronectin. Fractions F6, F14 and F15 showed only
α-fibrinogenase activity, and had no activity on fibronectin chains.
Additionally, a zymograph gelatin was also carried out. In fraction F11,
gelatinolytic activity is evident in the 55–30 kDa area (Fig. 9).

The fibrinogenolytic activities observed in BrWSVGH, as well as in
chromatographic fractions were abolished by EDTA–EGTA and 1,10-
phenanthroline, metal chelators suggesting that these enzymes
belong to the family of metalloproteinases. Metalloproteinases from
natural toxins producing local or systemic hemorrhage have been
separated from snake and spider venoms (Huang et al., 1995; Feitosa
et al., 1998; Da Silveira et al., 2002), and according to our present
results and the literature data, metalloproteinase activities have been
identified for the first time in the VGH of L. geometricus venom.

In addition to gelatinolytic and fibrinogenolytic activities, BrWSVGH
demonstrated other proteolytic activities and could also degrade
fibronectin, laminin and collagen. Fibronectin plays important functions
in the adhesive and migratory performance of cells associated to basic
processes such as embryogenesis, malignancy, hemostasis, wound
healing, host defense and preservation of tissue integrity. Plasma
fibronectin was first revealed as a contaminant of purified plasma
fibrinogen (Cho and Mosher, 2006). Fibronectin proteolysis by
BrWSVGH could damage its functions, such as those of cross-linking
to fibrin and its cellular adhesion. Laminin is themajor non-collagenous
complex glycoprotein, which plays a part of the architectural of
basement membranes (Paulsson, 1992). We evaluated the relative
proteolytic susceptibility of the two laminin subunits by BrWSVGH and
our results showed that the venom degraded the laminin chains
generating fragments with molecular masses from 105 to 16 kDa.

Some of the pathogenic activities of Latrodectus VGH detected in the
current work were probably imputable to the presence of proteolytic
enzymes such as hyaluronidase, described in other spiders, which is an
enzyme that breaks down intercellular reinforcements and basement
membrane molecules (da Silveira et al., 2007; Young and Pincus, 2001)
allowing other venom components to spread to other areas of the body.
In spiders, electrostimulated venom and venom gland extract demon-
strated very similar hyaluronidase activity, signifying that hyaluroni-
dases are self-components of spider venom instead of oral digest
contamination (da Silveira et al., 2007). These proteolytic actions could
contribute to the dissemination of venom across the vessel walls. These
proteinases probably have numerous synergistic functions within
different organs (adrenal gland, nervous system, muscles, etc.).

The fibronectin, fibrinogen and laminin proteolysis may play a role
in the production of degradation fragments that may assist the

stimulation of inflammatory processes, which indirectly injures other
new tissue. The identity of the metalloproteinase(s) present in La-
trodectus venom and the role in the pathology of Latrodectism remains
to be established. Even though the clinical signals of latrodectism have
been well acknowledged in the past years, data regarding the
hemorrhagic syndromes induced by L. geometricus venom have not
been described and the effects of the venom on hemostasis and
platelet aggregation are unclear. However, VGH actions on platelet
aggregation and proteolytic effects on extracellular matrix compo-
nents, including fibrinogen chains, evidenced in the current work,
could be related to the potential hemorrhagic syndromes that may be
produced when encountered with this spider venom. Additional
studies to identify these factors could shed light on human hemostasis
alterations after envenomation.

To our knowledge, these results represent the first ultrastructural
description of severe adrenal gland damage triggered in mice by
BrWSVGH, in addition to its interrelations with cell-matrix adhesion
proteins and hemostatic activities.
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