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ABSTRACT 
 

The aim of this work was to evaluate the mesenchymal stem cells treatment of rats with myonecrosis caused by 
Rhinocerophis alternatus venom through acute phase proteins (APP) profile. The animals were distributed into three 
experimental groups (G1, G2 and G3). G1 and G2 were inoculated with 120 µg of R. alternatus venom diluted in 
200 µL of ultra-pure water in gastrocnemic muscle, while G3 received 200 µL of ultra-pure water. Three days after, 
G1 was treated with 5 X 106 MSC diluted in PBS and G2 and G3 only with PBS. Each three days after the 
treatments (3rd, 6th, 9th, 12th 15th days), blood of five animals in each group was collected in order to evaluate the 
APP. A decrease (P<0.05) in α2-globulin fraction was observed in G1 on the 6th day. In G1 and G2, a raise 
(P<0.05) was observed in β globulin, a common occurrence in the late phases of inflammatory process, although no 
significant difference was observed between them. Concerning gamma globulins levels, on the 6th day after the 
treatments, in G1 and G2 groups, increase in the levels was observed. These data showed that the MSC treatment 
after bothropic envenomation in the rats caused alteration in APP. 
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INTRODUCTION 
 
The majority of snake bite accidents in South 
America are inflicted by the species belonging to 
Bothrops genus (Bochner and Struchiner 2003). 
The bothropic venom induces a qualitatively 
similar pathophysiological picture, characterized 
by immediate and prominent local tissue damage 
(edema, hemorrhage and mionecrosis), vascular 
alterations (hemorrhage and hypovolemic shock) 
and coagulation disorders (defibrination) 
(Chiacchio et al. 2011).  

If specific antivenom (antibothropic) 
administration is initiated rapidly after 
envenomation, neutralization of systemic effects is 
usually successfully achieved, but neutralization of 
the local tissue damage is a more difficult task. 
This therapy has low and limited effectiveness 
against the local myonecrosis and cytotoxicity 
(Gutiérrez and Ownby 2003; Quesada et al. 2006; 
Silva et al. 2007). In a number of snake bite cases, 
lack of neutralization of local effects results in 
permanent sequelae, with tissue loss (Battellino et 
al. 2003).  
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Due to the relevance of local effects in 
envenomation induced by the snakes of the genus 
Bothrops, several studies have been made on its 
different perspectives (Dourado et al. 2008). The 
use of phytotherapy against the snake venom has 
long been recognized, even in modern times but 
only for the last 20 years, it gained closer scientific 
attention (Mors et al. 2000). However, the 
isolation of plant compounds is difficult and 
expensive and often only a little amount can be 
isolated. 
The mesenchymal stem cell (MS) therapy has been 
a promise for the repair of acute and chronic 
cutaneous wounds. MSC has the unusual capacity 
for self-renewal and differentiation, which has a 
high therapeutic value in reprogramming growth 
of tissues to repair injuries and treat diseases 
(Alonso and Fuchs 2003).  
Another important property of MSC is to generate 
the cell types of tissues completely different from 
its origin, a phenomenon called plasticity 
(Gomillion and Burg 2006; Fuchs 2008). Recent 
studies have shown that MSC from the bone 
marrow can differentiate into various cells such as 
ectodermal, mesodermal and endodermal when 
transplanted into the body, repairing surgically 
induced wounds and burn injuries (Liu et al. 
2008). Thus, through what is known by the 
regenerative medicine and cell therapy, it can be 
inferred that MSC can be used to repair the 
damaged tissue or wounds, which has minimized 
the complications caused by skin graft rejection of 
patients suffering from extensive burns or skin 
lesions (Metcalfe and Ferguson 2007; Liu et al. 
2008). 
The use of the MSC as treatment for the injuries 
caused by snake venom has not been reported in 
the literature. Considering the severity of local 
lesions observed in bothropic envenomation and 
the difficulty to reverse these manifestations, the 
search for novel toxin inhibitors represents a 
potential promise for improving the treatment of 
this serious aspect of this envenomation. In the 
present work, the ability of MSC to antagonize the 
myonecrosis in rats after venom injection was 
studied, evaluating some of the early inflammatory 
changes, such as acute phase proteins (APP). 
 
 
 
 
 

MATERIAL AND METHODS 
 
Cell Harvesting and Culture 
To obtain bone marrow samples, three female rats 
(30 days old) were sacrificed with an overdose of 
anesthesia (pentobarbital sodium, 30 mg/kg). The 
femurs and tibias were removed from the attached 
muscle and connective tissue under aseptic 
conditions, and the epiphyses were removed 
(Ocarino et al. 2010). The bone marrow was 
flushed with Dulbecco’s modified Eagle’s medium 
(DMEM; Gibco, Grand Island, N.Y., USA), and 
the released cells were suspended in DMEM, 
supplemented with 10% fetal bovine serum 
(Gibco) and antibiotics (60 µg/L gentamicin, 25 
µg/L amphotericin B, 100 U/mL penicillin and 
100 µg/mL streptomycin; Merck, Germany) and 
collected in a 75-cm two-culture flask containing 
10 mL of culture medium. The cells were grown at 
37°C/5% CO2 for three days. The non-adherent 
cell population was removed and the adherent 
layer was washed once with fresh medium. The 
culture medium was changed two times in a week 
during the culturing. 
 
FACS Analysis 
Cells at the fourth passage were harvested with 
trypsin/EDTA, centrifuged at 1,400 rpm for 10 
min and re-suspended at 1 X 106 cells/well in 
phosphate-buffered saline (PBS). The cell aliquots 
were incubated with individual primary or control 
antibodies for 30 min at 4°C and were washed in 
PBS and incubated with fluorophore-conjugated 
secondary antibody for at 4°C for 30 min. The 
samples were analyzed using a FACScan 
cytometer (Becton Dickinson) and data were 
analyzed using the Cellquest software (Becton 
Dickinson). The following primary antibodies 
were used: anti-CD45, anti-CD90, anti-CD73 and 
anti-CD54 (BD Biosciences, San Jose, Calif., 
USA). 
 
Cells viability for blue trypan assay 
Immediately before the injection, the cells viability 
was analyzed. For trypan blue exclusion assay, the 
cells were exposed to trypan blue for 10 min. The 
number of viable cells (by dye exclusion) was 
counted under the light microscope using a 
Neubauer camera and expressed as a percentage of 
total cells. 
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Venom 
The venom pool from the adult Rhinocerophis 
alternatus (Bothrops alternatus) snakes was dried 
in a vacuum desiccator at room temperature 
immediately after milking and then stored at –
20°C until the moment of utilization. 
 
Animals Assays 
Seventy-five male Wistar rats with mean weight of 
120 g were kept in cages (40 x 45 x 45 cm) and 
were maintained under the controlled light cycle 
(12/12 h) and temperature (22 ± 2°C) with free 
access to food and water for all the experiments. 
The study animals were distributed into three 
equal groups of 25 animals each, G1, G2 and G3. 
Rats of G1 and G2 received 120 µg of R. 
alternatus venom diluted in 200 µL of ultra pure 
water, while G3 received only 200 µL of ultra pure 
water. Such doses were previously determined in a 
pilot experiment. In all the cases, administration 
occurred via intra muscular injection into right 
gastrocnemius muscle using a hypodermic syringe. 
After three days (72 h), G1 was treated with one 
injection of 5 X 106 MSC diluted in 200 µL of 
PBS and G2 (positive control) and G3 were treated 
with 200 µL of PBS (negative control). The time 
of treatment (72 h after venom inoculation) was 
chosen due the kinetics of R. alternatus (B. 
alternatus) described by Mello et al. (2010).  
Every three days after the treatments, blood was 
collected by cardiac puncture of five animals of 
each group on 3rd (TI), 6th (TII), 9th (TIII), 12th 
(TIV) and 15th (TV) day to perform the protein 
profile. All the animals were anesthetized by 
means of intramuscular injection in the 
contralateral limb of a mixture containing 10 
mg/kg of xylazine hydrochloride and 75 mg/kg of 
ketamine (Sigma Chemical Co. – USA). 
Blood samples were stored in the flasks without 
anticoagulant. The total protein concentration was 
calculated by refratometer (Ningbo Utech 
International CO LTD) and the fractioned proteins 
(albumin, alfa, beta and gamma globulins) were 
evaluated by eletrophoresis in agarose gel 
(CELMGEL) (30 min) in TRIS buffer. The gels 
were stained for 5 minutes in 200 mL of Amido 
black and destained in acid acetic solution (7%) 
until de gel background was completely clear. The 
concentration of protein fractions was determined 
by the use of computer-assisted software CELM 
SE- 250. 
 

Statistics 
The experiment followed a random design. Data 
were subjected to Lillifors, Kolmogorov-Smirnov 
and Shapiro-Wilk normality tests. The analysis of 
variance (ANOVA) was applied to variables that 
were normally distributed, the mean values of 
which were compared using the SNK test. 
Statistical analyses were carried out with the aid of 
SAS (Cary, NC, USA). 
 
 

RESULTS AND DISCUSSION  
 

The phenotypic characterization of the bone 
marrow MSC indicated that there was no CD45 
expression in 96.94% of the cells. There was, 
however, expression of CD73, CD54 (intercellular 
adhesion molecule-1; ICAM-1) and CD90 in 
93.99, 95.1 and 86.77.0% of the cells, 
respectively.  
Even under the anesthesia, after venom injection, 
pain was observed manifestating in all the G1 and 
G2 animals. There was muscle fasciculation in the 
right hind limb, which stayed flexed for about 20 
h. Same demonstration was also observed by 
Dourado et al. (2008) in mice inoculated with  
B. neuwiedi venom for 12 h. In the present study, 
the peak of hyperalgesia was observed after one 
hour after venom inoculation and clinical signs of 
pain gradually decreased and disappeared 
completely after 24 h. The pharmacological basis 
of hyperalgesia and allodynia induced by the 
bothropic venom has been investigated and the 
involvement of various mediators, such as 
bradykinin and leucotrienes has shown a 
multifactorial mechanism in the onset of pain 
(Chacur et al. 2001). This effect can be 
potentialized by increased local pressure caused by 
edema. The envenomed animals (G1 and G2) 
showed moderate local edema, with no extension 
to the rest of the limb. In the cases of bothropic 
envenomation, local edema is commonly found 
and may worsen the hypovolemia condition. 
Bothropic envenomation causes rapid 
development of edema and inflammation at the 
bite site. The edema induced by these venoms is 
associated with the action of various substances 
such as hemorragins (that act directly on the 
endothelium of capillaries and small veins, 
increasing the permeability), cytotoxins (induce 
the release of histamine, PLA2, and arachidonic 
acid, which releases membrane phospholipids, 
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leading to the synthesis of prostaglandins that, in 
turn, increases the capillary permeability), 
proteases (that break kininogen, releasing kinins 
and leading to the production of nitric oxide and 
prostaglandins), vasoactive peptides (inhibit the 
action of the angiotensin converting enzyme and 
boost the action of bradykinin); and components of 
the complement cascade (Gutiérrez et al. 2009). 
The injection of ultra pure water (control group) 
did not modify the pain threshold of the animals.  
No macroscopic signs of hemorrhage, 
dermonecrosis and blistering were observed in all 
the animals, but envenomed animals stayed 

apathetic, hypoxemic and hypodipsic for about 24 
h, returning to normal activities after this period. 
As shown in Figure 1, there were differences in 
serum total protein values between G1 (7.64+0.80 
mg/dL) and G3 (6.56+0.26 mg/dL) in TI (3rd day), 
probably due to an increase in α1-globulin fraction 
in G1, as shown in Figure 3. On the12th day (TIV), 
the G1 presented a significant reduction in total 
protein, when compared to others studied times 
(TI, TII, TIII and TV). A significant decrease in 
albumin values, as shown in Figure 2, could be 
responsible for this phenomenon. 
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Figure 1 – Total protein (g/dl) serum levels (mean ± SD) in rats after Rhinocerophis alternatus venom 

inoculation treated with MSC (group 1) and PBS (group 2), and in rats after placebo 
inoculation (group 3) in different times. (P< 0.05 according to SNK test). 
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Figure 2 - Albumin (mg/dl) serum levels (mean ± SD) in rats after Rhinocerophis alternatus venom 
inoculation treated with MSC (group 1) and PBS (group 2), and in rats after placebo 
inoculation (group 3) in different times (P< 0.05 according to SNK test). 
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There was no difference in the albumin levels 
between the groups during all the times, except 
12th day (TIV), when a decrease was observed 
(P<0.05) in G1. Albumin is a negative acute phase 
protein and its concentration gradually falls during 
the infectious and inflammatory diseases. The 
secretion of albumin is stimulated by a decrease in 
osmotic pressure but can also be affected by the 
pathophysiological changes such as during 
infectious or inflammatory disease when the 
secretion is reduced. This is caused by the 
proinflammatory cytokines such as interleukin 
(IL)-1, IL-6, and tumor necrosis factor- α (TNF). 
These cytokines are simultaneously responsible for 
the increased synthesis and secretion of the APP. 

The results of α1-globulin showed statistical 
difference between groups only on 12th day (Fig. 
3), when there was an increase (P<0.05) of α1-
globulin in the G2 (venom + PBS). 
On 3rd day (TI), the α2-globulin showed a 
statistically increase in the groups that received 
venom (G1 and G2) when compared to the control 
group (G3) (Fig 4). These values tended to decline 
over the time, and especially in G1 after 6 days (in 
TIII), there was a significant decrease in the α2-
globulin fraction. The α2-globulin is considerate 
APP. Inside α2-globulin, there are two proteins, 
alfa-2-macroglobulin, and the haptoglobin, which 
is a moderate APP and responds to inflammatory 
and infectious disease.  
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Figure 3 - α1-globulin (g/dl) serum levels (mean ± SD) in rats after Rhinocerophis alternatus 
venom inoculation treated with MSC (group 1) and PBS (group 2), and in rats after 
placebo inoculation (group 3) in different times (P< 0.05 according to SNK test). 
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Figure 4 - α2-globulin (g/dl) serum levels (mean ± SD) in rats after Rhinocerophis alternatus venom 

inoculation treated with MSC (group 1) and PBS (group 2), and in rats after placebo 
inoculation (group 3) in different times (P< 0.05 according to SNK test). 
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Evidently on 12th day, the G2, group that received 
venom and was treated with PBS (placebo) 
showed an increase in α1 and α2 globulins. On the 
3rd, 6th and 12th days, the same group, G2, also 
showed an increase in beta globulins. 
In the animals that received bothropic venom (G1 
and G2), the β-globulin was elevated until 12th day 
(Fig. 5) when compared to the control (G3). These 
data agreed with those in literature describing an 
increase of the β-globulin in a latter phase of 
inflammatory process. The beta-globulins are β -
lipoprotein and complement C3, which are located 

in the β1 region, and transferrin and IgM which 
are located in the β2 region. Transferrin and 
complement C3 participate in many 
immunological and inflammatory reactions. The 
activation of complement C3 has been described 
after snake venom envenomation. But it must be 
stressed that in the group that received the venom 
and was treated with MSC (G1), there was a 
significant decrease of beta globulins when 
compared with the group that received venom and 
was treated with placebo (G2). 
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Figure 5 - β globulin (g/dl) serum levels (mean ± SD) in rats after Rhinocerophis alternatus venom 
inoculation treated with MSC (group 1) and PBS (group 2), and in rats after placebo 
inoculation (group 3) in different times (P< 0.05 according to SNK test). 

 
 
 
In order to understand this kind of envenomation 
and improve its therapeutic strategy, besides 
clinical and epidemiological studies, it is necessary 
to understand the role of inflammatory mediators 
such as nitric oxide (NO), cytokines and the 
complement system (Petricevich et al. 2000). 
Nitric oxide also participates in the pathogenesis 
of snake envenomations by two different 
mechanisms: it may lead to tissue damage due to 
its ability to generate peroxynitrite and hydroxyl 
radicals after interaction with superoxide ions, 
and, it may provoke hypotension by its vasodilator 
action (Radi et al. 1991; Hoog et al. 1992). The 
precise function of NO in snake envenomations 
has yet to be investigated, but it is probably 
important in the systemic effects caused by snake 
envenomations. The mechanism by which snake 
venoms induce the production of cytokines and 

NO is unknown (Petricevich et al. 2000). It has 
been observed that the animals experimentally 
injected with Bothrops venoms showed leukocyte 
accumulation, which was dependent on eicosanoid 
release and chemotactic factors derived from the 
serum (Farsky et al. 1997). However, the latter 
effect is probably due to the complement 
activation (Dias-da-Silva et al. 1995. 
According to Gutiérrez et al. (2009), local tissue 
damage is induced by Bothrops venom, 
neutrophils, cytokines, but nitric oxide does not 
contribute to a significant extent in the 
pathogenesis of myonecrosis in animal models. 
The scenario that emerges from these observations 
is one in which the local pathology is mostly 
caused by the direct action of venom PLA2s and 
metaloproteinases in the tissue. The prominent 
inflammatory reaction that ensues is likely to 
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participate in the processes of tissue repair and 
regeneration. Therefore, the manipulation of the 
local inflammatory response has to be analyzed in 
the light of this hypothesis in order to promote its 
favorable aspects that contribute to tissue 
regeneration.  
The last fraction normally viewed in 
electrophoresis is immunoglobulin (IgA and IgG), 
therefore, express mainly the IgG immunogama-
globulin, with a correlation with concentrations of 
immunochemistry. Thus, the statistical increase of 
γ-globulin in G1 and G2 compared to G3 (Fig. 6) 

was due to increase of IgG, a common occurrence 
in bothropic envenomation. 
Due to the increase of the globulins in the groups 
that received venom, a less significant albumin / 
globulin relationship was observed. However, this 
result was not observed on 9th day (TIII), when the 
groups were statistically equal and differentiated 
on 12th and 15th day (Fig. 7). 
This is first report on the activity of mesenchymal 
stem cells in the inflammation response caused by 
R. alternatus venom in vivo. 
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Figure 6 - γ globulin (g/dl) serum levels (mean ± SD) in rats after Rhinocerophis alternatus venom 
inoculation treated with MSC (group 1) and PBS (group 2), and in rats after placebo 
inoculation (group 3) in different times (P< 0.05 according to SNK test). 
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Figure 7 - Albumin/globulin (g/dl) serum levels (mean ± S) in rats after Rhinocerophis alternatus 

venom inoculation treated with MSC (group 1) and PBS (group 2), and in rats after 
placebo inoculation (group 3) in different times (P< 0.05 according to SNK test). 
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CONCLUSION 
 
These results showed that the MSC treatment after 
bothropic envenomation in the rats caused a 
decrease in α2-globulin and beta globulin 
fractions. 
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