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Tityus serrulatus venom (Tsv) modifies the behavior of immune cells and induces the
production of inflammatory and anti-inflammatory cytokines; such action may interfere
with physiological or pathological states. Because sepsis is characterized as an inflam-
matory disorder, the aim of present study was to investigate the effect of a non-lethal dose
of Tsv in mice submitted to a polymicrobial infection by cecal ligation and puncture (CLP)
model. The parameters evaluated were survival index, cellularity on lymphoid organs,
peritoneal cavity and brochoalveolar space, production of IL-10, IL-12, IL-6, TNF-a, IFN-g
and MCP-1, pulmonary inflammation and oxidative burst. The results demonstrated that in
sharp contrast to CLP group in which sepsis was lethal in a 24 h period all mice pretreated
with Tsv survived even 60 h after CLP. Lung inflammation, another hallmark of CLP group,
was also dramatically down regulated in Tsv/CLP group. Despite pretreatment with Tsv did
not reduce the inflammatory serum cytokines when compared to CLP group; there was an
increase in IL-10. In conclusion, subcutaneous Tsv administration 6 h before CLP was able
to control the harmful effects of sepsis (lethality and lung inflammation). We suggest that
both systemic IL-10 and oxidative burst are involved in this effect.

© 2014 Published by Elsevier Ltd.
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1. Introduction

Sepsis is a complex clinical syndrome that results from
the host response to an infectious process, which leads to
an exacerbated inflammatory response. The condition can
progress to disseminated intravascular coagulation, acute
respiratory distress syndrome, multiple organ failure, and
death. Severe sepsis and septic shock represent major
causes of morbidity and mortality and affect more than
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750,000 people per year in the United States of America,
with an annual mortality of approximately 220,000 (Angus
et al., 2001). In Brazil, sepsis was suggested as a major
public health problem in intensive care units, with an
incidence density of approximately 57 per 1000 patient-
days and with mortality rates as high as 50% (Silva et al.,
2004). Although sepsis is a well-studied condition in
different animal models, it remains very difficult tomanage
and treat in humans, opening the possibility of studying
alternative ways to improve the host response to sepsis or
treatment.

Some natural products exert a positive impact on the
survival index of mice subjected to a cecal ligation and
puncture (CLP) model of polymicrobial sepsis (Wang et al.,
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2006; Maciel et al., 2008; Yang et al., 2009). Previous
studies revealed the important effects of some venoms on
experimental sepsis (Frolkis et al., 2010). In addition,
venom from Tityus spp. scorpions increases the number of
neutrophils in the blood (Fialho et al., 2011) as well as ac-
tivates these cells (Borges et al., 2011). Because neutrophils
play an important role in the clearance of bacterial infec-
tion, it is reasonable to propose that the venom from Tityus
scorpions may improve the organic dysfunction that occurs
during sepsis.

Tityus serrulatus venom (Tsv) can cause local and sys-
temic inflammation and the generation of soluble media-
tors with a vast array of effects (Pessini et al., 2003;
Severino et al., 2009). Despite deleterious effects, Tsv has
immune modulatory properties that could be useful for
pathological states inwhich the modulation of the immune
system is an important goal. Studies of the effects of Tsv or
its toxins on the immune system have demonstrated that
this venom increases the in vitro production of reactive
oxygen species and cytokines, such as tumor necrosis fac-
tor-a (TNF-a), interferon-g (IFN-g) and interleukin-6 (IL-6),
by murine macrophages (Petricevich, 2002; Zoccal et al.,
2011). Systemic IL-6, IL-1a and TNF-a were also detected
in patients who experienced moderate to severe accidents
up to 24 h later (Fukuhara et al., 2003). In fact, some of the
consequences of human and experimental envenomation
are associated with the secretion of soluble mediators by
immune cells (Petricevich, 2010).

In view of the immune-modulatory effects of Tsv and
the success achieved in previous studies, we assessed the
effect of Tsv on sepsis induced by CLP. The CLP model was
chosen because after the perforation of the intestinal wall, a
subsequent and gradual release of fecal material into the
peritoneal cavity induces peritonitis, which can progress to
sepsis and septic shock, reproducing the physiopathology
of polymicrobial sepsis in humans that is caused by bowel
perforation, colitis, or postoperative peritonitis (Garrido
et al., 2004).

2. Material and Methods

2.1. Venom

The lyophilized crude T. serrulatus scorpion venom (Tsv)
was obtained from the Arthropod Laboratory of Instituto
Butantan. The venomwas stored at�20 �C until the time of
use, when it was diluted in sterile phosphate-buffered sa-
line (PBS).

2.2. Animals

Swiss male mice (2e3 months, 20e25 g) were obtained
from the Central Animal House of Universidade Federal de
Maranh~ao (UFMA) and kept at the animal house of the
Laboratory of Immunophysiology in a controlled environ-
ment under a 12/12-h light/dark cycle. Water and food
were available ad libitum until the day of sacrifice. The
animals were handled according to the guidelines of the
Brazilian Society for Laboratory Animal Science (SBCAL)
and the Ethics Committee of UFMA (protocol No. 006438/
2008-68) approved the study.
Please cite this article in press as: Maciel, M.C.G., et al., Tityus ser
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2.3. Experimental design

The mice were shared in four groups. The first group
(PBS group, n¼ 5) received only sterile PBS, the second (Tsv
group, n ¼ 5) received a non-lethal dose of Tsv (200 mg/kg),
the third (CLP group, n ¼ 10) received PBS and 6 h later it
was induced the CLP and the fourth (CLP þ Tsv group,
n ¼ 10) received a non-lethal dose of Tsv (200 mg/kg) and
6 h later it was induced the CLP. The non-lethal dose was
chosen according to Pessini et al. (2003). All the treatments
were done by subcutaneous (sc.) route. Polymicrobial
sepsis was induced using CLP method according to previ-
ously described (Benjamim et al., 2000). Briefly, under deep
anesthesia, a laparotomy was performed and the cecum
wasmobilized and ligated below the cecal valve, punctured
10 � with an 18-gauge needle to induce the lethal sepsis.
The cecum was replaced into peritoneal cavity and the
abdomenwas closed in two layers. Saline (0.5 mL/10 g body
weight) was given subcutaneously to CLP animals for fluid
resuscitation. After 12 h of CLP a half of the animals was
sacrificed with an overdose of the anesthetic (150 mg/kg
ketamine hydrochloride and 120 mg/kg xylazine hydro-
chloride) to perform the assays. Another half of the animals
were maintained alive to evaluate the lifespan. The mor-
tality of the animals was recorded every 12 h until the 5th
day (Maciel et al., 2008).

2.4. Isolation of peritoneal cells

The peritoneal cavity of the animals was washed with
5 mL sterile PBS. Cell suspensions were aspirated with a
syringe and needle and transferred to conical propylene
tubes. The tubes were kept on ice (4 �C) until the assays.

2.5. Bronchoalveolar lavage (BAL) and histopathologic
analyses

The trachea was exposed and intubated using catheter
andwas instilled with 1mL of cold PBS. The total number of
BAL cells was determined as described bellow. Thereafter,
the lungs were collected, weighed, and fixed in 10%
formalin for histology. The histological analysis evaluated
the following parameters: vascular congestion, hemor-
rhage and cellular infiltration, according the following
scores: 0-absent, 1-weak, 2-moderate, 3-strong. Histologi-
cal evaluation was performed randomly and blindly.

2.6. Total and differential count of blood, peritoneal and
bronchoalveolar cells

For total peritoneal cell determination, nine volumes of
the cellular suspension were added to 1 volume of 0.05%
crystal violet dissolved in 30% acetic acid and the cells were
counted using a bright-line Neubauer chamber (Sigma)
under a common light microscopy at 400 � magnification.
Differential cell counts were determined using the cytospin
system (800 rpm/3 min), fixed, and stained with the
Instant-Prov kit (Newprov, Pinhais, Brazil). The percentage
of cell subpopulations was calculated based on the count of
100 cells and transformed in absolute number based on the
total counting. Blood smears were prepared and stained
rulatus scorpion venom improves survival and lung inflam-
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Table 1
Evaluation of pulmonary inflammation. The mice were injected subcuta-
neously with PBS (CLP) or Tsv (200 mg/kg) and submitted to CLP 6 h later.
The lungs were removed and fixed in 10% formalin 12 h after CLP. The lung
histology of either the CLP (A) or the Tsv group (B) was evaluated at
400 � magnification.

CLP CLP þ Tsv

Hemorrhage 2.3 ± 0.5a 0.0 ± 0.0*
Vascular congestion 3.0 ± 0.0 0.0 ± 0.0*
Cell Infiltration 2.3 ± 0.5 1.0 ± 0.0*

N ¼ 5 animals per group. *p < 0.05 when compared to control.
a The results are expressed as themeans± SD from the scores: 0-absent,

1-weak, 2-moderate, 3-strong.
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with the Instant-Prov kit (Newprov, Pinhais, Brazil). The
slides were examined under a common light microscopy at
1000 � magnification. The percentage of cell sub-
populations was calculated based on the count of 100 cells.

2.7. Lymph node, spleen and bone marrow's cells counting

After sacrifice, the femur, spleen and inguinal lymph
node were removed. The femur was perfused with 1 mL of
PBS for the isolation of bone marrow cells. The spleen was
removed, triturated with 5 mL PBS and passed through a
silk sieve. The inguinal lymph node was removed and
triturated with 1 mL RPMI medium supplemented with L-
glutamine and 10% fetal bovine serum. Nine volumes of the
cellular suspensionwere added to 1 volume of 0.05% crystal
violet dissolved in 30% acetic acid and the cells were
counted using a bright-line Neubauer chamber (Sigma)
under a common light microscopy at 400 � magnification.

2.8. Quantification of cytokines by the CBA technique

The cytometric bead array (CBA) technique was used for
thequantificationof IL-12,MCP-1, IL-6, IL-10, TNF-a, and IFN-
g. The mouse inflammatory cytokine kit was obtained from
Becton Dickinson Biosciences (San Jose, CA, USA). Serum or
bronchoalveolar lavage (BAL) samples obtained 12 h after
the CLP, were centrifuged at 1500 rpm for 10 min at room
temperature for theprecipitation of debris. Next, 25 mL of the
standard, providedby themanufacturer, or the samples to be
tested was mixed with the detection reagent from the kit.
The samples were incubated 2 h at room temperature, pro-
tected from light. After, the samples were suspended in
500 mL of wash buffer to each assay tube and centrifuge at
200 g for 5 min. The samples were suspended in 150 mL of
wash buffer to each assay tube and read in a FACSCalibur
flow cytometer (Becton Dickinson). The cytometer was
calibrated using three samples of setup beads previously
incubated with FITC or PE, or without any developing re-
agent according to manufacturer instructions. After reading
of the standards and samples, the data were analyzed with
the BD CBA Isotype Analysis software (Becton Dickinson).
The results are expressed as pg/mL for each cytokine.

2.9. Hydrogen peroxide assay

To evaluate H2O2 release, a horseradish peroxidase-
dependent phenol red oxidation micro assay was used
(Pick and Mizel, 1981; Pick and Keisari, 1980). In this assay
twomillion peritoneal cells were suspended in 1mL freshly
prepared phenol red solution that consisted of ice-cold
Dulbecco's PBS containing 5.5 mM dextrose, 0.56 mM
phenol red (Sigma) and 8.5 U/mL horseradish peroxidase
type II (Sigma). One hundred microliters of the cell sus-
pension were added to each well, and incubated in the
presence or not of 10 ng phorbol myristate acetate (PMA)
(Sigma), for 1 h at 37 �C in a humid atmosphere containing
5% CO2 and 95% air. The plates were centrifuged once at
150 � g for 3 min and the supernatants were collected and
transferred to another plate. The reactionwas stopped with
10 mL 1N NaOH. The absorbance was measured at 620 nm
with a micro plate reader (MR 5000, Dynatech Laboratories
Please cite this article in press as: Maciel, M.C.G., et al., Tityus ser
mation in lethal sepsis induced by CLP in mice, Toxicon (2014), ht
Inc., Gainesville, VA, USA). Conversion of absorbance to mM
H2O2 was done by comparison to a standard curve obtained
with known concentrations of H2O2 (5e40 mM).

2.10. Statistical analysis

Results were expressed as the mean ± standard devia-
tion. Statistical analysis was performed using the t test or
analysis of variance (ANOVA) followed by multiple com-
parison test (NewmaneKeuls) using the Graph Pad Prism
software, version 5.0. The differences were considered to be
significant when p � 0.05. Mice lifespan was demonstrated
using the KaplaneMeier curve and the log-rank statistical
test was applied to compare the curves. All experiments
were repeated for at least two times.

3. Results

3.1. Effect of pretreatment with Tsv on the lethality induced
by CLP

The sepsis induced by CLP was lethal to 100% of the
animals 24 h after CLP. In sharp contrast, 100% of the ani-
mals pretreated with Tsv 6 h before CLP were still alive 5
days after CLP.

3.2. Effect of pretreatment with Tsv on pulmonary
inflammation

CLP induced pulmonary inflammation with cellular
infiltration, vascular congestion and hemorrhage. Vascular
congestion and hemorrhage were not present in the group
pretreated with Tsv (Table 1), but cellular infiltration,
which was identified via histological analysis of the lungs
(Table 1 and Fig. 1A, B) and the evaluation of cells recovered
by bronchoalveolar lavage (BAL), were present in reduced
numbers (Fig. 1C). The envenomation per se did not alter
the number of cells in the BAL (PBS group,
14 ± 6� 104 cells/mL vs. Tsv group,10 ± 6� 104 cells/mL). It
is important to emphasize that the CLP þ Tsv group
exhibited the same number of cells in the BAL as the non-
septic mice.

3.3. Production of cytokines

Cytokine production was analyzed both systemically
(i.e., in the blood) (Table 2) and in the lungs (i.e., in the BAL)
rulatus scorpion venom improves survival and lung inflam-
tp://dx.doi.org/10.1016/j.toxicon.2014.06.018



Fig. 1. Pulmonary inflammation in septic mice treated with Tityus serrulatus
venom (Tsv). The mice were injected subcutaneously with PBS (CLP) or Tsv
(200 mg/kg) and submitted to CLP 6 h later. The BAL fluid was collected 12 h
after CLP, and the lungs were removed and fixed in 10% formalin. The lung
histology of either the CLP (A) or the Tsv group (B) was evaluated at
400 � magnification. The number of leucocytes in the BAL fluid was quan-
tified (C). The results are expressed as the means ± SD of 5 animals per
group. *p < 0.05 compared to CLP.
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(Table 3). In the animals that were not subjected to CLP (i.e.,
the PBS group), Tsv (i.e., the Tsv group) did not induce
systemic or pulmonary production of any cytokines, with
the exception of systemic IL-10. In the animals subjected to
Please cite this article in press as: Maciel, M.C.G., et al., Tityus ser
mation in lethal sepsis induced by CLP in mice, Toxicon (2014), ht
CLP, increased systemic production levels of TNF-a, IFN-g,
MCP-1, IL-6 and IL-10 were observed, but only MCP-1 and
IL-6 were elevated in the lungs. Pretreatment with Tsv (i.e.,
the CLP þ Tsv group) did not modify the cytokine profile in
septic animals, even compared to the Tsv group in non-
septic mice, with the exception of the large amount of
systemic IL-10.

3.4. Effect of pretreatment with Tsv on inflammatory cell
recruitment

The envenomation did not induce alterations in the total
or differential cell counts in the peritoneal cavity per se. The
CLP induced an increase of the total cell number in the
peritoneal cavity that was not altered by Tsv pretreatment.
However, the differential cell counts in the CLP þ Tsv group
revealed an increased number of macrophages and a
reduced number of neutrophils when compared to the PBS
group (Table 4).

3.5. Hematological alterations

Prophylactic treatment with Tsv reversed the percent
increase in the number of neutrophils that was induced by
sepsis. However, mice pretreated with the venom pre-
sented increases in the percentages of lymphocytes and
monocytes when compared to the control group (Fig. 2).

3.6. Effects of pretreatment with Tsv on lymphoid organs

The envenomation did not induce alterations in the
bone marrow and spleen cell numbers, but the treatment
induced a decrease in the lymph node cell number. Pre-
treatment with Tsv reduced the numbers of bone marrow,
lymph node and spleen cells when compared to the CLP
group (Table 5).

3.7. Effect of pretreatment with Tsv on the peritoneal cell
activation induced by CLP

Pretreatment with Tsv significantly increased ex vivo
hydrogen peroxide release by peritoneal cells when
compared to the control group. The venom increased the
ex vivo spontaneous and PMA-stimulated H2O2 released by
peritoneal cells (Fig. 3). No H2O2 secretion was induced by
Tsv in non-septic mice.

4. Discussion

This study demonstrated the protective effects of the
subcutaneous administration of Tsv on CLP-induced sepsis.
Tsv injected 6 h prior to CLP protected the animals against
lung inflammation and death caused by sepsis.

Sepsis is recognized as one cause of lung injury, and in
this study, an indirect insult on the lungs was likely ach-
ieved. The observed signs of lung inflammation were
caused by cytokines or other mediators released into blood
as a result of peritonitis; the main target of these mediators
is represented by pulmonary endothelial cells (Rocco and
Pelosi, 2008). Thus, the vascular congestion, hemorrhage
and cellular infiltration found in the lungs of septic animals
rulatus scorpion venom improves survival and lung inflam-
tp://dx.doi.org/10.1016/j.toxicon.2014.06.018



Table 2
Cytokine levels in the serum of non-septic or septic mice treated with Tityus serrulatus venom (Tsv). Mice were injected subcutaneously with PBS or Tsv
(200 mg/kg). A half of the animals in each group were subjected to CLP 6 h later (CLP and CLP þ Tsv). The blood was collected 18 h after the Tsv injection (i.e.
12 h after the CLP). The cytokines levels were performed in the serum using CBA assay.Q1Q2

PBS Tsv CLP CLP þ Tsv

MCP-1 96.7 ± 5.8 93.3 ± 15.3 30,493.0 ± 24,703.0 29,007.0 ± 28,129.0
IL-12 44.3 ± 11.7 42.9 ± 12.4 50.0 ± 10.1 50.0 ± 13.0
IL- 6 28.2 ± 20.8 17.6 ± 7.9 1099.0 ± 2822.0 1099.0 ± 3135.0
TNF-a 31.3 ± 6.4 34.7 ± 5.8 321.1 ± 130.6 417.2 ± 202.4
IFN-g 4.3 ± 0.4 5.0 ± 1.2 8.2 ± 1.6 6.2 ± 1.5
IL-10 87.9 ± 4.7 111.7 ± 10.1# 269.7 ± 109.6 1343.0 ± 1099.0*

a means ± S.D. of 5 animals per group (pg/mL).
#p < 0.05 when compared to PBS group. *p < 0.05 when compared to CLP group.
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without Tsv pretreatment might have been caused by in-
flammatory cytokines (i.e., TNF-a, IL-6 and MCP-1) that
were released into the blood and that then acted on lung
vessels and endothelial cells. During sepsis, proin-
flammatory cytokines, such as IL-6, TNF-a, IL-12, MCP-1,
among others, are up-regulated and play roles in the
complex network of interactions associated with sepsis
(Cavaillon et al., 2003). Because inflammatory and anti-
inflammatory cytokines are involved in the dysfunctions
observed during sepsis, we first investigated the produc-
tion of selected cytokines (i.e., IL-6, IL-12, TNF-a, IL-10 and
MCP-1) under those conditions and the effects of Tsv pre-
treatment on cytokine production.

Here, pretreatment with Tsv failed to modify the levels
of inflammatory cytokines found in the blood 12 h after CLP
but increased the level of IL-10 found in the sera from septic
animals. This increase was detected in non-septic mice
receiving Tsv and in greater amounts in the septic group
pretreated with Tsv. This overproduction of IL-10 that was
induced by Tsv in septic mice likely protected the animals
against sepsis lethality and lung inflammation. We previ-
ously demonstrated that Tsv administration via the sub-
cutaneous route promotes systemic alterations in cellular
mobilization and cytokine secretion. In fact, inflammatory
and anti-inflammatory cytokines are also produced during
human moderate to severe envenomation (Fukuhara et al.,
2003) and in experimental models of envenomation using
Tsv (Petricevichi and Pe~na, 2002; Pessini et al., 2003).

Despite the rapid production of inflammatory cytokines
(i.e., TNF-a and IL-6 were produced 30 and 120 min after
Tsv administration, respectively), significant production of
the inflammatory cytokine IL-10 occurred 6 h after Tsv
Table 3
Cytokine levels in the bronchoalveolar lavage from nonseptic or septic mice treat
with PBS or Tsv (200 mg/kg). A half of the animals in each group were subjected
collected 18 h after the Tsv injection (i.e. 12 h after the CLP). The cytokines level

PBS Tsv

MCP-1 55.0 ± 5.8 58.0 ± 13.0
IL-12 33.9 ± 6.8 37.1 ± 12.8
IL-6 16.5 ± 9.4 13.0 ± 0.9
TNF-a 62.2 ± 40.8 50.0 ± 15.6
IFN-g 3.7 ± 1.2 4.3 ± 1.4
IL-10 213.6 ± 109.7 287.3 ± 141.9

a mean ± S.D. of 5 animals per group (pg/mL).
#p < 0.05 when compared to PBS group.
*p < 0.05 when compared to Tsv group.

Please cite this article in press as: Maciel, M.C.G., et al., Tityus ser
mation in lethal sepsis induced by CLP in mice, Toxicon (2014), ht
administration (Fialho et al., 2011). This time corresponded
with the time at which we induced the CLP in the mice;
thus, the milieu was primarily and persistently anti-
inflammatory. This effect could explain the observed
reduction of lung inflammation and the improvement in
survival.

IL-10 has also been detected after human envenomation
(Fukuhara et al., 2003) and in models of moderate to severe
envenomation with T. serrulatus (Petricevichi and Pe~na,
2002), Centruroides noxius and Androctonus australis hec-
tor venoms (Petricevich, 2006; Adi-Bessalem et al., 2008),
which are all scorpions from the Buthidae family. IL-10 is a
mediator that is released as a part of a regulatory mecha-
nism that limits collateral damage when an immune
response is established (Moore et al., 2001). Our results are
consistent with those reported for experimental endotox-
emia (G�erard et al., 1993) and CLP-induced sepsis (Van Der
Poll et al., 1995), in which IL-10 production was related to
protection against lethality.

Peptides with antimicrobial activity can be detected in
venoms from African scorpions, as described previously
(Conde et al., 2000; Corzo et al., 2001; Moerman et al.,
2002). In the Tityus genus, one report demonstrated that
antibacterial peptides isolated from Tityus discrepans
exhibited activity against Gram-positive and Gram-
negative bacteria (Díaz et al., 2009). However, working
with crude venoms from T. serrulatus and Tityus bahiensis,
another group found no activity against the Gram-positive
bacterium Staphylococcus aureus (Ciscotto et al., 2009). The
bactericidal activity of crude venom is possible and was
described in a recent study that used venom isolated from
Heterometrus xanthopus (Ahmed et al., 2012). In our in vivo
ed with Tityus serrulatus venom (Tsv). Mice were injected subcutaneously
to CLP 6 h later (CLP and CLP þ Tsv). The bronchoalveolar lavage fluid was
s were performed in the BAL using CBA assay.

CLP CLP þ Tsv

78.0 ± 10.9# 92.0 ± 37.7*
44.3 ± 9.3 40.0 ± 12.9

177.4 ± 13.7# 380.3 ± 341.4*
45.4 ± 31.5 66.7 ± 44.1
4.1 ± 0.9 3.9 ± 1.1

350.0 ± 110.5 283.6 ± 98.2
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Table 4
Total and differential cell counting in the peritoneal cavity fromnon-septic
or septic mice treated with Tityus serrulatus venom (Tsv). Mice were
injected subcutaneously with PBS or Tsv (200 mg/kg). A half of the animals
in each group were subjected to CLP 6 h later (CLP and CLP þ Tsv). The
peritoneal cells were collected and counted 18 h after the Tsv injection (i.e.
12 h after the CLP).

PBS Tsv CLP CLP þ Tsv

Total 1.2 ± 0.2a 1.3 ± 0.2 4.6 ± 0.8 4.2 ± 0.7
Macrophage 1.1 ± 0.1 1.1 ± 0.2 0.5 ± 0.2 1.7 ± 1.0*
Neutrophils 0.0 ± 0.0 0.0 ± 0.0 3.9 ± 0.9 2.3 ± 1.7*
Lymphocytes 0.1 ± 0.1 0.1 ± 0.1 0.3 ± 0.1 0.2 ± 0.1
Mast cell 0.0 ± 0.0 0.1 ± 0.1 0.0 ± 0.0 0.0 ± 0.0

*p < 0.05 when compared to the CLP group.
a means ± S.D. of 5 animals per group (� 106/mL).

Table 5
Evaluation of prophylactic treatment with Tsv on the lymphoid organs
from non-septic or septic mice treated with Tityus serrulatus venom (Tsv).
Mice were injected subcutaneously with PBS or Tsv (200 mg/kg). A half of
the animals in each group were subjected to CLP 6 h later (CLP and
CLPþ Tsv). The lymphoid organs were collected and counted 18 h after the
Tsv injection (i.e. 12 h after the CLP).

PBS Tsv CLP CLP þ Tsv

Bone marrow 5.7 ± 0.5a 5.2 ± 1.4 9.0 ± 0.4 6.0 ± 0.3*
Lymph node 4.4 ± 0.4 2.7 ± 0.5# 11.0 ± 1.6 6.0 ± 0.8*
Spleen 5.6 ± 1.4 6.5 ± 0.8 14.0 ± 1.6 8.0 ± 0.5*

#p < 0.05 when compared to PBS group.
*p < 0.05 when compared to CLP group.

a The data are expressed as means ± SD of 5 animals per group (n ¼ 5/
group).
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experiments, the effect of Tsv on peritoneal and/or blood
Gram-negative enterobacteria that extravasated after CLP
could be one feature that improves sepsis outcomes in
mice. The in vivo bactericidal activity of scorpion venom
was demonstrated in a recent study (Cao et al., 2012).

In addition to the possible bactericidal effects of scor-
pion venoms, indirect activity via the production of
microbicidal products by leukocytes could also be associ-
ated with the survival index. In a CLP model of sepsis, the
first leukocytes that contact extravasated bacteria are
macrophages and mast cells in the peritoneal cavity, which
is the initial locus of the inflammatory reaction during CLP-
induced sepsis.

Here, we demonstrated that peritoneal cells from ani-
mals pretreated with Tsv produced more H2O2 ex vivo than
those from mice submitted only to CLP; even more H2O2
was produced when such cells were co-stimulated with
phorbol myristate acetate (PMA). Macrophages and neu-
trophils are involved H2O2 production, and both of these
cell types were present in the peritoneal cavities in the CLP
and Tsv-pretreated groups. In the CLP group, the number of
neutrophils was higher than the number of macrophages.
In the Tsv-pretreated group, the number of macrophages
was increased and the number of neutrophils was
decreased compared to the CLP group. A similar pattern in
Fig. 2. Differential cell counts in the blood of septic mice pretreated with
Tityus serrulatus venom (Tsv). The mice were injected subcutaneously with
PBS (CLP) or Tsv (200 mg/kg) and submitted to CLP 6 h later. Blood samples
were collected 12 h after CLP to prepare the slides. The results are expressed
as the means ± SD of 5 animals per group. *p < 0.05 compared to CLP.

Please cite this article in press as: Maciel, M.C.G., et al., Tityus ser
mation in lethal sepsis induced by CLP in mice, Toxicon (2014), ht
the number of monocytes and neutrophils was observed in
the blood; at the same time, a reduction in the number of
cells was observed in the lymphoid organs. Previously, we
demonstrated that 6 h after the subcutaneous administra-
tion of Tsv, the number of neutrophils was increased in the
blood; this time corresponded to the moment of sepsis
induction in this study. However, the neutrophil number in
the peritoneal cavity was not changed by subcutaneous Tsv
administration (Fialho et al., 2011). Taken together, the data
described above allow us to speculate that in the Tsv-
pretreated animals, there was a mobilization of immune
cells from the lymphoid organs to the blood and subse-
quently towards the peritoneal cavity, which is the focus of
inflammation after CLP. In the peritoneal cavity, the
phagocytes stimulated by Tsv interacted with bacteria that
extravasated from the cecum. The subsequent high pro-
duction of H2O2 gives phagocytes an advantage when
killing bacteria. In fact, phagocytosis and the production of
H2O2 and nitric oxide (NO) were observed in vitro in Tsv-
stimulated macrophages (Petricevich, 2002; Petricevich
et al., 2008). The augmented number of macrophages in
the peritoneal cavity of Tsv-pretreated mice may be related
Fig. 3. Ex vivo hydrogen peroxide release by peritoneal cells from septic
mice treated with Tityus serrulatus venom (Tsv). The mice were injected
subcutaneously with PBS (CLP) or Tsv (200 mg/kg) and submitted to CLP 6 h
later. The peritoneal cells were collected 12 h after CLP and were cultured in
the presence or absence of PMA to quantify H2O2 secretion. The results are
expressed as the means ± SD of 5 animals per group. *p < 0.05 compared to
CLP, #p < 0.05 compared to spontaneous release.
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to the activation of neutrophils and resident macrophages
because these cells may produce MCP-1 (Speyer et al.,
2004; Henderson et al., 2003).

Neutrophils are important effectors in the control of
CLP-induced sepsis, and early neutrophil depletion prior to
CLP is associated with high bacteremia and rapid death in
animals (Hoesel et al., 2005). The outcome of sepsis is
correlated with neutrophil migration to the peritoneal
cavity, and the presence of few neutrophils in the focus of
the inflammatory response is associated with a worse
prognosis (Alves-Filho et al., 2005, 2010). Considering the
involvement of immune cells, our results suggest that after
Tsv pretreatment, more neutrophils in the blood were
ready to migrate towards the peritoneal cavity soon after
the trigger of sepsis by CLP; as a result, extravasated bac-
teria were killed by neutrophils and macrophages, which
were both activated by Tsv, thus avoiding the establishment
of fatal sepsis.
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