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a b s t r a c t

Envenomation by the South American opisthoglyphous snake Philodryas olfersii causes local pain, edema,
erythema and ecchymosis; systemic envenomation is rare. In this work, we examined the inflammatory
activity of P. olfersii venom (10, 30 and 60 mg) in mouse gastrocnemius muscle 6 h after venom injection.
Intramuscular injection of venom did not affect hematological parameters such as red cell count, he-
moglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin and mean corpuscular
hemoglobin concentration. The venom caused thrombocytopenia (at all three doses), leukopenia and
lymphopenia (both at the two highest doses), as well as neutrophilia (30 mg), monocytosis (30 mg) and
basophilia (10 mg). Of the cytokines that were screened [IL-1b, IL-6, IL-10, IL-13, IL-17, TNF-a, IFN-g, MIP-2
and KC] and IGF-1, only IGF-1 showed a significant increase in its circulating concentration, seen with
60 mg of venom; there were no significant changes in the cytokines compared to control mice. Histo-
logical analysis revealed the presence of edema, an inflammatory infiltrate and progressive myonecrosis.
Edema and myonecrosis were greatest with 60 mg of venom, while the inflammatory infiltrate was
greatest with 10 mg of venom. All venom doses caused the migration of polymorphonuclear and
mononuclear leukocytes into muscle, but with no significant dose-dependence in the response. These
findings show that, at the doses tested, P. olfersii venom does not cause hematological alterations and has
limited effect on circulating cytokine concentrations. These data also confirm that the principal effects of
the venom in mice are local edema, inflammatory cell infiltration and myonecrosis.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The back-fanged colubroid snake genus Philodryas (Dipsadidae,
Xenodontinae), commonly referred to as racers, consists of ~20
species with a widespread distribution throughout South America
(Zaher et al., 2008, 2014). Snakes of this genus are the principal
nna).
cause of non-front-fanged colubroid envenomations in this conti-
nent (Prado-Franceschi and Hyslop, 2002; Weinstein et al., 2011,
2013), with the main species involved in human envenomations
being P. chamissonis (Otero et al., 2007), P. olfersii (Ribeiro et al.,
1999; Correia et al., 2010) and P. patagoniensis (Medeiros et al.,
2010); species less commonly involved include P. aestivus (Fowler
and Salom~ao, 1994), P. baroni (Küch and Jesberger, 1993) and
P. viridissima (Means, 2010).

The venoms of P. olfersii (Assakura et al., 1992; Acosta de P�erez
et al., 2003; Rodríguez-Acosta et al., 2006) and P. patagoniensis
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(Acosta et al., 2003; Peichoto et al., 2004, 2005, 2006; Lopes, 2008)
cause edema, hemorrhage and myonecrosis in experimental ani-
mals, while in humans the primary manifestations are local effects
such as pain, edema, erythema and ecchymosis (Ribeiro et al., 1999;
Medeiros et al., 2010). A few components have been isolated from
these venoms, including a myotoxin (Prado-Franceschi et al., 1998)
and five fibrinogenolytic proteases (four metalloproteinases and
one serine protease, with two of these enzymes also being hem-
orrhagic) (Assakura et al., 1992) from P. olfersii, and a metal-
loproteinase (patagonfibrase) (Peichoto et al., 2007, 2010, 2011) and
cysteine-rich secretory protein (CRISP; patagonin) (Peichoto et al.,
2009) from P. patagoniensis. The identification of these isolated
components agrees with proteomic and transcriptomic analyses
indicating the presence of metalloproteinases, serine proteases,
CRISPs and other components in these venoms (Ching et al., 2006;
Peichoto et al., 2012).

Philodryas olfersii venom degrades fibrinogen in vitro and in vivo
via the action of metalloproteinases and serine proteinases
(Assakura et al., 1994), but is devoid of thrombin-like activity; this
degradation delays the clotting of fibrinogen by thrombin
(Assakura et al., 1992). The venom also has fibrinolytic activity, but
is devoid of platelet-aggregating or inhibitory effects (Assakura
et al., 1992). In contrast to these effects on hemostasis, the effect
of P. olfersii venom on general hematological parameters is un-
known. In addition, compared to P. patagoniensis (Peichoto et al.,
2004; Lopes, 2008), the edematogenic response to P. olfersii
venom (Assakura et al., 1992; Acosta et al., 2003) has not been
investigated in detail, particularly with regard to the profile of in-
flammatory cells involved and the possible changes in the con-
centrations of cytokines in the general circulation.

In this work, we therefore examined the profile of the cellular
infiltrate associated with the inflammatory response after the
intramuscular injection of P. olfersii venom in mice. We also
quantified a variety of cytokines (IL-1b, IL-6, IL-10, IL-13, IL-17,
TNFa, IFNg, MIP-2 and KC) and the growth factor IGF-1 known to be
involved in the development and modulation of inflammation and
examined the occurrence of myonecrosis.

2. Material and methods

2.1. Venom

Venomwas obtained bymanual extraction from an adult female
P. olfersii maintained at the Serpentarium of the Center for Nature
Studies at UNIVAP (Environmental license SMA 15.380/2012). The
venom was collected using glass capillary tubes, essentially as
described by Ferlan et al. (1983), and was lyophilized and stored at
2e6 �C until use. For the experiments, venomwas dissolved in 0.9%
NaCl immediately before use and injected into the left gastrocne-
mius muscle of mice. Control mice were injected with an equal
volume (50 ml) of saline. Six hours later, the mice were killed and
blood and tissue samples were collected for analysis.

2.2. Animals and experimental groups

Male C57BL/6 mice (18e22 g) were housed (5/cage) in poly-
propylene cages with a wood shaving substrate at 22 ± 2 �C on a
12 h light/dark cycle with lights on at 6 a.m. and free access to food
(Purina® rodent chow) and water. The experiments were approved
by the Committee for Ethics in Animal Use of Vale do Paraíba
University (CEUA/UNIVAP, protocol no. A13/CEUA/2015) and were
done in accordance with the ethical guidelines for animal experi-
mentation established by the Brazilian Society for Laboratory Ani-
mal Science (SBCAL).

For the experiments, 40 mice were randomly allocated to four
groups (n ¼ 10/group): Group 1 e mice injected with phosphate-
buffered 150 mM saline (PBS) solution (control group) in the left
gastrocnemius muscle and Groups 2e4 emice injected with 10 mg,
30 mg and 60 mg of P. olfersii venom, respectively, in a volume of 50
ml/gastrocnemius muscle. Six hours after saline or venom injection,
the mice were anesthetized with a mixture of xylazine hydro-
chloride (Xilazin™ 2% injectable solution; 10 mg/kg, i.p.) plus ke-
tamine hydrochloride (Cetamin™ 10% injectable solution; 100 mg/
kg, i.p.). Once satisfactory anesthesia had been reached, blood was
collected via the inferior vena cava in a 1 ml syringe containing
0.1 ml of EDTA. Ten microliters of blood were used for a complete
blood count and the remainder was centrifuged (900 g, 10 min,
4 �C) and the plasma then collected and stored at �80 �C for sub-
sequent quantification of inflammatory mediators. After blood
collection, the left gastrocnemius muscle was removed from the
exsanguinated mice and three samples of each muscle were placed
in separate polypropylene microtubes and stored at �80 �C.

2.3. Hematological analysis

Hematological analyses were done in an automated hemato-
logical analyzer (Sysmex 800i, Roche, Germany) using blood sam-
ples collected from the inferior vena cava. The parameters
measured included red blood cell count (RBC), hemoglobin, he-
matocrit, mean corpuscular volume (MCV), mean corpuscular he-
moglobin (HCM), mean corpuscular hemoglobin concentration
(CHMC), white blood cell (WBC) count, neutrophils, lymphocytes,
monocytes and platelets.

2.4. Cytokine quantification

Plasma cytokine levels were quantified by ELISA using com-
mercial kits obtained from Biolegend (San Diego, CA, USA) and R&D
Systems (Minneapolis, MN, USA). The cytokines investigated were
IL-1b, IL-6, IL-10, IL-13, IL-17,MIP-2,KC, TNF-a and IFN-g and the
growth factor IGF-1. All of the assays were done according to each
manufacturer's recommended protocol.

2.5. Histological and quantitative analysis of polymorphonuclear
and mononuclear cells

After removal, the gastrocnemius muscle was sectioned into
three parts, frozen in liquid nitrogen, fixed in cardboard chips and
embedded in tissue freezingmediummixedwith powderedmilk to
increase the viscosity and support the tissue during cryotomy.
Sections 10-mm thick were cut with a Leica DM1250 cryostat and
then stained with hematoxylin-eosin (HE) for semi-quantitative
evaluation of edema, inflammatory infiltrate and muscle degener-
ation (myonecrosis), as well as quantitative evaluation of poly-
morphonuclear and mononuclear cells in the muscle tissue.

For HE staining, the slides were immersed in acetone for 7 min,
washed three times with deionized water and then incubated with
hematoxylin for 1 min followed by three washes under running
water. The sections were then submerged in a differentiating so-
lution (9.90 ml of 70% ethanol þ 10 ml of HCl) for 1 s, immersed in
water for 3 min and in 80% ethanol for ~30 s. After this processing,
the slides were stained with eosin for 1 min and submerged in 95%
ethanol for ~30 s and then washed in absolute ethanol. The slides
were subsequently dried and mounted with Entelan®.

For the semi-quantitative evaluation of edema, inflammatory
infiltrate and muscle degeneration, the slides were examined with
a Nikon Eclipse E200 optical microscope at 400�magnification and
the alterations or extent of damage was scored using the following
arbitrary scale: 0 e no alteration or damage, 1 e mild alteration or
damage, 2 e moderate alteration or damage, 3 e intense alteration
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or damage, 4 e very intense alteration or damage. The individual
responsible for this analysis was blinded or unaware of the treat-
ments from which the different sections had been obtained. The
mean scores of five microscopic fields, one from each of five
randomly chosen histological sections from each mouse, were used
to create a single score for each mouse in each experimental group.
The mean of these mouse scores provided the overall mean for the
corresponding group.

For the quantitative analysis of polymorphonuclear and mono-
nuclear inflammatory cells in gastrocnemius muscle, histo-
morphometry was used in conjunction with image analysis, in an
adaptation of similar analyses reported elsewhere (Vieira et al.,
2008; Ramos et al., 2010; Gonçalves et al., 2012; Vieira et al.,
2012). A total of 20 slides (five from each experimental group)
were analyzed. From each slide, five microscopic fields were
randomly selected for analysis. Photomicrographs were captured
with a digital video camera (Leica DF425) coupled to an optical
microscope (Leica DM2500) and scanned at 1024 � 768 pixels, 24
bits/pixel resolution at a global magnification of 400�. Image-Pro
Plus 4.0 software was then used to calculate the total area of the
photomicrograph and clear area (area without tissue section). The
difference in area obtained by subtracting the clear area from the
total area of the photomicrograph yielded the tissue area.

Polymorphonuclear (PMN) and mononuclear (MN) cells were
counted manually and the number of polymorphonuclear cells/
mm2 of tissue was calculated using the formula (number of PMN x
1000 cells) ÷ tissue area ¼ PMN/mm2. Likewise, the number of
polymorphonuclear cells/mm2 of tissue was calculated using the
formula (number of MN x 1000 cells) ÷ tissue area ¼ MN/mm2. In
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Fig. 1. Changes in the number of circulating total leukocytes (A), platelets (B), neutrophils
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both cases, tissue area was calculated as described in the preceding
paragraph.

2.6. Statistical analysis

Quantitative (numerical) data were expressed as the mean ± SD
whenever appropriate. Prior to statistical analysis, the Shapiro-
Wilk normality test was applied to examine the distribution of
the data. Data with a normal distribution were analyzed by one-
way analysis of variance (ANOVA) followed by the Newman-Keuls
test for multiple comparisons among groups. For data without a
normal distribution, the non-parametric Kruskal-Wallis test was
used followed by the Dunn test for multiple comparisons. In all
cases, the level of significance was set at 5% (p < 0.05). All data
analyses and statistical comparisons were done using Prism 5.0
software (GraphPad Inc., La Jolla, CA, USA).

3. Results

3.1. Hematological parameters

The intramuscular injection of P. olfersii venom (10, 30 and
60 mg) produced no significant alterations in the following he-
matological parameters: red cell count, hemoglobin, hematocrit,
mean corpuscular volume, mean corpuscular hemoglobin and
mean corpuscular hemoglobin concentration (see Supplemen-
tary table).

In contrast, as shown in Fig. 1, therewas a significant decrease in
the number of leukocytes (leukopenia), particularly with 30 mg and
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o EDTA), followed by exsanguination. The cells in plasma samples were counted in an
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60 mg of venom. There was also a significant reduction (~30%) in
platelet count, but no significant difference in the response to the
three doses of venom. There was a significant increase in the
number of neutrophils and monocytes with 30 mg of venom
compared to the control group (PBS solution). For neutrophils,
venom doses of 10 mg and 60 mg also produced an increase, but this
was considerably less marked than with 30 mg of venom. For
monocytes, the dose of 10 mg caused an increase in cell numbers
whereas with 60 mg the number of monocytes was not significantly
different from that of the PBS control. The changes in the number of
lymphocytes mirrored those for total leukocytes but were rather
more pronounced, with 30 mg and 60 mg producing the greatest
reductions (lymphopenia). There was a significant increase in the
number of basophils (basophilia) with 10 mg of venom, but not with
the other doses.

3.2. Cytokine quantification

Fig. 2 shows the plasma concentrations of IGF-1 and various
cytokines measured by ELISA in PBS- and venom-treated mice 6 h
after venom injection. Therewas a very large increase (p < 0.001) in
serum IGF-1 levels with 60 mg of venom compared to the control
(PBS) group and the other two doses of venom. There was no sig-
nificant increase in KC levels compared to the PBS group. However,
the concentration with 30 mg of venom was significantly greater
than that seen with 10 mg and 60 mg, primarily because of a
reduction associated with the latter two doses. There were no
significant changes in the concentrations of various other pro-
inflammatory cytokines (MIP 2, IFN-g TNF-a, IL-1b, IL-6 and IL-
17) or the anti-inflammatory interleukins IL-10 and IL-13 for the
three venom doses.

3.3. Histological analysis

Gastrocnemius muscle inoculated with PBS alone showed the
characteristics of normal skeletal striated muscle, namely, multi-
nucleated cylindrical cells, peripheral nuclei and transverse stria-
tions visible in light microscopy, with the presence of mild edema
and a discrete inflammatory infiltrate. In muscle inoculated with
10 mg of P. olfersii venom, there was edema, an intense inflamma-
tory infiltrate characterized by a predominance of poly-
morphonuclear cells, and mild degeneration of the muscle fibers
seen as membrane rupture and fibrillar disorganization. In muscle
inoculated with 30 mg of venom, there was moderate edema and an
inflammatory infiltrate characterized by a predominance of poly-
morphonuclear cells accompanied by foci of muscle degeneration
with fiber destruction (myonecrosis). In muscle injected with 60 mg
of venom there was intense edema, inflammatory infiltrate with a
predominance of polymorphonuclear cells, and muscle degenera-
tion, the latter involving membrane rupture, fibrillar disorganiza-
tion and myonecrosis (Fig. 3).

Semi-quantitative analysis (Fig. 4) showed significant edema
and muscle degeneration with 60 mg of venom compared to the
control group (PBS alone) after 6 h. In contrast, the inflammatory
infiltrate was greatest with 10 mg of venom compared to the control
group. Muscle degeneration, but not edema or inflammatory infil-
trate, showed dose-dependence. The intramuscular injection of
P. olfersii venom caused a significant increase in poly-
morphonuclear leukocyte density/mm2 with 30 mg and 60 mg of
venom compared to the control group (PBS alone), but therewas no
difference in the responses among venom doses. Although all three
venom doses increased the number of mononuclear leucocytes/
mm2, this increase was not significantly different from the control
(PBS) group, nor was there any difference in the responses among
venom doses (Fig. 5).
4. Discussion

Philodryas olfersii and P. patagoniensis are the two species most
commonly involved in envenomation by Philodryas snakes in Brazil
(Ribeiro et al., 1999; Medeiros et al., 2010) and their venoms are the
best studied among South American non-front-fanged colubroid
snakes. However, compared to P. patagoniensis (Acosta et al., 2003;
Peichoto et al., 2004, 2005, 2006, 2007, 2009, 2010, 2011, 2012),
relatively few studies have examined the biological activities of
P. olfersii venom. Assakura et al. (1992, 1994) showed that P. olfersii
venom was hemorrhagic, fibrinogenolytic and edematogenic, and
subsequent studies confirmed the edematogenic (Acosta et al.,
2003) and hemorrhagic (Rocha et al., 2006; Rodríguez-Acosta
et al., 2006) activities and the ability of this venom to cause myo-
necrosis in vitro (Prado-Franceschi et al., 1996, 1998; Collaço et al.,
2012) and in vivo (Acosta et al., 2003). In this work, we examined
the edema and myonecrosis caused by P. olfersii venom in mouse
gastrocnemiusmuscle, and also assessed the ability of the venom to
alter hematologic parameters and increase the circulating cytokine
concentrations. The doses of venom used here were chosen based
on Rocha and Furtado (2007), who reported a minimum hemor-
rhagic dose of 24 mg/mouse, a minimum necrotizing dose of 79,1
mg/mouse and a lethality (LD50) of 62.43 mg/mouse for this venom.
An interval of 6 h post-venom was studied because literature re-
ports of envenoming by P. olfersii indicate that this interval shows
typical changes associated with an acute inflammatory reaction.

The lack of significant changes in the hematological parameters
6 h after the intramuscular injection of P.olfersii venom indicated
that there were no systemic alterations in these parameters asso-
ciated with the venom doses, route of administration and time
interval examined here. The unaltered hemoglobin and hematocrit
also indicated that there was no intravascular hemolysis, perhaps
reflecting the absence of PLA2 activity in this venom (Assakura
et al., 1992; Peichoto et al., 2012).

In contrast to the lack of effect on hematological parameters,
significant thrombocytopenia was seen with all doses of venom,
although there was no difference in the extent of the response
among the three doses. Possible changes in circulating platelet
numbers have not previously been examined after injection of
Philodryas venoms. Metalloproteinases (Assakura et al., 1992, 1994;
Ching et al., 2006; Rocha et al., 2006; Peichoto et al., 2012) and C-
type lectins (Ching et al., 2006; Peichoto et al., 2012) in P. olfersii
venom could possibly contribute to this decrease in platelet num-
ber, whereas PLA2, thrombin-like enzymes and procoagulant en-
zymes are unlikely to be involved since the venom is devoid of
these activities (Assakura et al., 1992; Ching et al., 2006; Peichoto
et al., 2012). However, the venoms of P. baroni (S�anchez et al.,
2014) and P. patagoniensis (Peichoto, 2007) do not aggregate hu-
man washed platelets in vitro, but inhibit collagen- and thrombin-
induced aggregation. Similarly, the metalloproteinase patagonfi-
brase from P. patagoniensis venom does not aggregate human
washed platelets but inhibits collagen- and ADP-induced aggrega-
tion without affecting that induced by thrombin or ristocetin; the
inhibitory activity is independent of the protein's enzymatic ac-
tivity (Peichoto et al., 2007). The thrombocytopenia observed here
was similar to that reported by Yamashita (2013) in mice inoculated
with Bothropsjararaca venom. In contrast, Graça et al. (2008) found
no significant variations in the platelet count in an experimental
study of crotalic envenomation in cattle treated with venom of the
South American rattlesnake Crotalus durissus terrificus.

Philodryas olfersii venom caused leukopenia that was greatest
with 30 mg of venom. Leukopenia is generally defined as a global
decrease in the number of white blood cells and is most often
caused by a reduction in the number of neutrophils (the most
common type of leukocyte) followed by a reduction in lymphocytes
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Fig. 3. Histological analysis of mouse gastrocnemius muscle injected with P. olfersii venom (10, 30 or 60 mg in 50 ml of PBS) or PBS alone (control). Male Balb/c mice were injected
with venom or PBS in the left gastrocnemius muscle and 6 h later the animals were killed with an overdose of anesthetic and exsanguinated. The muscle was removed and
processed for histological analysis as described in section 2.5. Asterisks e edema, triangles e inflammatory infiltrate, and arrows e muscle fiber degeneration. H-E staining. Scale
bars: 20 mm in all panels.
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(the second most common type of leukocyte) (Stock and Hoffman,
2000). However, as shown here, the significant decrease in leuko-
cytes apparently resulted from a decrease in the number of lym-
phocytes rather than neutrophils since the latter showed a
significant increase in number with this dose of venom (30 mg).
Acosta de P�erez et al. (2003) also reported a neutrophilic infiltrate
in mouse gastrocnemius muscle injected with 40 mg of P. olfersii
venom from Argentina. Our findings contrast with those for venom
of the pitviper B. jararaca that caused an increase in the total
leukocyte count 3 and 6 h after venom administration i.v.
(Yamashita, 2013).

There was a significant increase in the number of circulating
basophils in mice injected with 10 mg of venom, but not with the
other doses, the counts for which were similar to basal (control)
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increase in the number of circulating neutrophils, with the greatest
increase seen with 30 mg of venom. Graça et al. (2008) reported a
moderate increase in the total leukocyte count in nine out of ten
cattle injected with C. d. terrificus venom; this increase was char-
acterized by neutrophilia, relative lymphopenia, eosinopenia and
monocytosis, with their findings for lymphopenia and monocytosis
being similar to those observed here for P. olfersii.

Cytokines are important mediators in the inflammatory
response to snake venoms (Petricevich et al., 2000; Petricevich,
2004; Cruz et al., 2008). In this regard, the increase in the num-
ber of circulating neutrophils seen with 30 mg of venom was
possibly related to the greater circulating concentration of KC seen
with this dose of venom relative to that in mice treated with 10 mg
and 60 mg of venom, although the levels of KC were not significantly
different from the control group (injected with PBS). KC belongs to
the CXC class of chemokines and is selective for the recruitment of
polymorphonuclear leukocytes. Wengner et al. (2008) demon-
strated that KC participates in neutrophil chemotaxis by activating
the CXCR2 receptor expressed in these cells, leading to an increase
in the number of this cell type in the peripheral circulation. This
mechanism could explain the increase in circulating neutrophils in
mice injected with 30 mg of venom.

Petricevich et al. (2000) observed an increase in the serum
levels of TNF-a, IL-1b, IL-6, IL-10 and IFN-g in mice injected intra-
peritoneally with the mean lethal dose (LD50) of Bothropsasper and
B. jararaca venoms. Similarly, Cruz et al. (2008) reported an increase
in the serum levels of TNF-a, IL-10 and IL-6 15e30 min after the
administration of one LD50 of C. d. terrificus venom, with peak
concentrations occurring ~2 h after envenomation, followed by a
decrease thereafter; there were no significant changes in the serum
concentration of IFN-g. Overall, pro-inflammatory cytokines pre-
dominated in the early phases of envenomation, whereas anti-
inflammatory cytokines predominated in the later stages (Cruz
et al., 2008). In contrast to these findings, 6 h after the injection
of all three doses of P. olfersii venom there were no significant
changes in the circulating concentrations of IL-1b, IL-6, IL-10, IL-13,
IL -17, IFN-g and TNF-a, although there was a trend towards an
increase in the levels of IL-6, IL-1b, IL-10 and especially TNF-a. This
finding indicates that the release of cytokines from the site of
venom injection into the general circulation is not a major feature
of envenomation by P. olfersii in mice. However, local production of
at least some of these cytokines could be involved in muscle
damage since in mouse phrenic nerve-diaphragm and chick
biventer cervicis preparations in vitro P. olfersii venom enhances the
expression of IFN-g and TNF-a, as assessed immunohistochemically
(Collaço et al., 2012).

Growth factors such as IGF-1 act as positive regulators in the
control and activation of satellite cells located between the basal
lamina and plasma membrane of the muscle fiber and are indis-
pensable for muscle regeneration. Takahashi et al. (2003) demon-
strated that IGF-1 promoted muscle regeneration after transfer by
electroporation in experimentally injured mouse muscle. Lopes
(2008) observed that from the sixth hour after the inoculation of
P. patagoniensis venom onwards there was regression of the myo-
necrotic lesions and the initiation of muscle fiber regeneration,
such that 24 h later normal fibers were surrounded by an inflam-
matory infiltrate. As shown here, there was a very marked increase
in the circulating IGF-1 concentration in mice 6 h after the injection
of 60 mg of P. olfersii venom, perhaps in response to the extensive
muscle degeneration seen with this dose.

Philodryas olfersii venom caused edema, an inflammatory infil-
trate and myonecrosis but no hemorrhage after 6 h. The absence of
hemorrhage at 6 h post-venom may reflect a previous finding that
the hemorrhagic response to P. olfersii venom peaks at 2e4 h after
injection (Rocha and Furtado, 2007). All venom doses stimulated
the migration of polymorphonuclear and mononuclear cells into
gastrocnemius muscle, but with no clear dose-dependence. An
inflammatory infiltrate has also been observed with P. olfersii
venom from Argentina (Acosta et al., 2003) and for the venoms of
P. baroni (S�anchez et al., 2014) and P. patagoniensis (Acosta et al.,
2003; Peichoto et al., 2004), as well as purified proteins such as
the metalloproteinase patagonfibrase (Peichoto et al., 2007, 2011)
and the CRISP patagonin (Peichoto et al., 2009).

The discrepancy between the apparently greater inflammatory
infiltrate observed with 10 mg of venom compared to the other two
doses and the lack of significant differences among the doses with
regard to the number of polymorphonuclear and mononuclear
leukocytes in the inflammatory infiltrate probably reflects differ-
ences in the methodological approaches used for the quantitative
and semi-quantitative assessments, with the semi-quantitative
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analysis providing amore comprehensive assessment of themuscle
tissue. It is also possible that the photomicrographs used for the
quantitative analysis of mice injected with 10 mg of venom were
obtained from areas with a lower inflammatory infiltrate that was
not representative of the true response for this venom dose.

Myonecrosis is a common finding in experimental studies with
Philodryas venoms in vitro (Prado-Franceschi et al., 1996, 1998;
Carreiro da Costa et al., 2008; Collaço et al., 2012) and in vivo
(Acosta et al., 2003; Acosta de P�erez et al., 2003; Peichoto et al.,
2004, 2007; Lopes, 2008; S�anchez et al., 2014). As shown here,
myonecrosis was present 6 h after the inoculation of the three
doses of P. olfersii venom and similar activity was reported for
P. olfersii venom from Argentina (Acosta et al., 2003). Although we
did not investigate the time-course of myonecrosis, Lopes (2008)
noted that myonecrosis started within 30 min after the injection
of 10 mg of P. patagoniensis venom. The venom components
responsible for myonecrosis remain poorly studied, although a
myotoxin has been identified in P. olfersii venom (Prado-Franceschi
et al., 1998). In addition, a CRISP (patagonin) from P. patagoniensis
venom causes myonecrosis but no edema or hemorrhage (Peichoto
et al., 2009). Venom metalloproteinases may also contribute to the
myonecrosis since Philodryas venoms have consistently been
shown to be very proteolytic when compared to Bothrops (lance-
head) snake venoms (Assakura et al., 1992; Acosta et al., 2003;
Rocha et al., 2006; Carreiro da Costa et al., 2008; S�anchez et al.,
2014). PLA2 is not involved since these venoms are generally
devoid of this enzyme (Assakura et al., 1992; Peichoto et al., 2004,
2012; Ching et al., 2006).

In conclusion, the results described here indicate that P. olfersii
venom (10e60 mg) does not affect erythrocyte parameters or the
serum levels of pro- and anti-inflammatory interleukins, but in-
creases the serum levels of IGF-1. The venom-induced inflamma-
tory response was characterized by edema and a cellular response
involving leukopenia and lymphopenia, with neutrophilia, mono-
cytosis, basophilia and thrombocytopenia. Myonecrosis without
hemorrhage was seen 6 h after venom injection. These various al-
terations are probably mediated by metalloproteinases, serine
proteinases, CRISPs and C-type lectins present in the venom.
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