
Summary. We examined the effect of treatment with
heparin and polyvalent antivenom on mice muscle
Extensor digitorum longus (EDL) regeneration, after
damage induced by injection of Bothrops jararacussu
crude venom over the muscle of the right posterior limb.
The mice were separated into groups and each group
received treatment, by intravenous route with either high
molecular weight heparin (H), low molecular weight
heparin (LMWH), polyvalent antivenom (PAV) or with
the combination of PAV plus H or PAV plus LMWH at
15 minutes and 4 hours after the injection of the venom.
Myotoxicity was measured by the increase in plasma
creatine kinase (CK) activity at two hours after the
injection of the venom. The histological changes in EDL
at 1, 3, 7 and 21 days after the injection of the venom
were analyzed by light microscopy. In each group the
normal and regenerated muscle fibers were quantified
using Scion Image computer program. We also evaluated
in vitro, the influence of these substances in the
proteolytic and phospholipase activities of the venom.
Heparins decreased the proteolytic activity of the venom
but did not affect its phospholipase activity. However the
PAV antagonized both activities. PAV and its
combinations showed antimyotoxic activity, according to
the magnitude of CK plasma levels. At 21 days the
regeneration was observed in all animals, also in those
that received only the venom. All treatments, except
LMWH, promote a significant increase in the number of
muscle fibers. 
Key words: Heparin, Bothrops jararacussu venom,
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Introduction

Muscle damage is a prominent manifestation of
snakebite accidents involving the Viperidae family. The
snake venoms of this family are a complex mixture of
many active proteins such as phospholipases and
metalloproteinases, which induce local edema,
hemorrhage and myonecrosis (Rosenfeld, 1971; Ownby
et al., 1976; Mebs et al., 1983; Gutierrez and Lomonte,
1989; Mebs and Ownby, 1990; Ownby, 1990). The
pathophysiology of the effects of venoms from snakes of
the genus Bothrops has been studied by many
investigators but the pathogenesis of the muscle damage
induced by Bothrops venoms has not been completely
elucidated (Queiroz et al., 1984; Gutiérrez et al., 1990;
Gutierrez and Lomonte, 1995). This damage could result
from primary actions of the venom components, named
myotoxins, which have a specific direct action on
skeletal muscle, or indirectly by ischemia as a
consequence of the blood vessel damage by the
hemorrhagic toxins (Ownby, 1990). The necrosis in mice
skeletal muscle induced by the injection of high doses of
Bothrops jararacussu crude venom, and subsequent
regeneration were described by Queiroz et al. (1984). 

In previous studies we have shown that heparin
antagonizes, in vitro and in vivo, the myotoxic activity of
B. jararacussu venom (Melo and Suarez-Kurtz, 1988a,b;
Melo et al., 1993; Melo and Ownby, 1999). We
suggested that heparin antagonized the myotoxic effect
due to neutralization of polycation present in the venom.
Moreover, some studies showed that this
glycosaminoglycan protects growth factor, like FGF
(fibroblast growth factor), from proteolytic enzymes,
improving muscle regeneration in tissues damaged by
mechanical lesion (Sommer and Rifkin, 1989; Tardieu et
al., 1992; Gautron et al., 1995). 

The purpose of the present work was to investigate
the effect of different molecular weight heparins on mice
Extensor digitorum longus (EDL) muscle regeneration
after B. jararacussu venom injection. We performed a
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q u a n t i t a t ive and statistical analysis on the number of
muscle fibers that are preserved and regenerated after the
venom injection and the treatment with Heparins and the
specific antivenom. 

Materials and methods

Materials

B o t h rops jara ra c u s s u venom and the antibothropic
p o l y valent antivenom (PAV) were kindly given by Dr.
Anibal R. Melgarejo from the Instituto Vital Brazil (Rio
de Janeiro, Brazil). The PAV is made by serum from
horse immunized by B. alternatus, B. cotiara, B.
jararaca, B. jararacussu, B. moojeni, B. neuwiedi and B.
pradoi; 1.0 µL of this antivenom neutralizes 2.5 µg of the
B. jara ra c u s s u venom. High molecular weight heparin
(H, mol. wt. ≅ 25,000) and low molecular weight heparin
(LMWH, mol. wt. ≅ 6,000) and a diagnostic kit to
determine the Creatine Kinase (CK) activity were
purchased from Sigma Chemical Co. (St. Louis, MO,
USA). All other reagents were of analytical grade. In our
experiments we used isolated muscles from Swiss adult
mice weighing 25.0±5.0 g and adhered to protocols
approved by the Committee of the Valuation of Animals
Use in Research.

Experimental Protocol

Mice, weighing 25.0±5.0 g were assembled into 24
groups of four mice each. The mice were anesthetized
with ether, then injected with crude venom (1.0 µg/g in
50 µL of physiological saline solution - PSS) and the
solution was positioned just over the Extensor digitorum
longus (EDL) muscle of the right limb, as described by
Melo and Ownby (1999). All groups except one (which
r e c e ived only the injection of the venom) were treated
i.v., 15 min and 4 h after the injection of the venom, with
one of the following drugs: high molecular weight
heparin (10.0 µg/g), low molecular weight heparin (10.0
µg/g), polyvalent antivenom (1.0 µL/g) or the
combinations of the heparins plus antivenom. The dose
of the two heparins were determined by prev i o u s
experiments (Calil-Elias et al, unpublished results). The
control group received only the injection of
physiological saline solution in the right paw (50,0 µL). 

Measurement of plasma creatine kinase activity

The plasma CK activity was measured in all groups
of mice mentioned above. The mice were anesthetized,
and blood was collected from the infraorbital plex u s
before and 2 hours after injection of B. jara ra c u s s u
venom (Melo and Suarez-Kurtz, 1988b). The blood was
centrifuged and the plasma CK activity was determined
using a diagnostic kit. The CK activity was expressed as
international units per liter (U/L), where 1 unit is the
amount of enzyme which catalyses the transformation of
1 µmol of substrate at 25 °C.

Histological examination

At intervals of 1, 3, 7 and 21 days after ve n o m
injection the mice were anesthetized with ether and
killed by cervical dislocation. The EDL muscles were
dissected and fixed for 2-3 hours in 2.5% glutaraldehyde
and 4% paraformaldehyde in sodium cacodylate bu ff e r
(0.1M; pH 7.4). Next, they were washed three times in
the same bu ffer and posfi xed for 1 hour in 1% OsO4.
The tissue was then dehydrated in ascending
concentrations of acetone (30-100%) and embedded in
Polybed 812 resin. Sections (400-600 nm) for light
microscopic examination were obtained using an RMC
ultramicrotome and stained with 1% toluidine blue dye.

Morphometry and image analysis

Whole transverse sections of all EDL muscles were
submitted to image analysis. Sections were
photographed at low magnification (x3.2) in a panoramic
v i ew, in order to quantify all normal-looking and
r egenerating cells of the muscles. Light micrographs
were then used to outline each muscle f i b e r. The
d r awings were then scanned and subjected to
quantification by Scion Image computer program (Scion
Corporation). This program allowed quantification of
cells. This procedure was performed on all sectioned
EDL muscles. 

Phospholipase A2 (PLA2) activity

The enzyme activity was determined by an indirect
hemolytic test using rabbit erythrocytes and hen’s eg g -
yolk emulsion as substrate (Zingali et al., 1990). The
substrate was prepared by mixing freshly separated egg-
yolk in the same volume of NaCl (150 mM). The
emulsion was then centrifuged at 15,000 rpm for 60 min
at 10 °C. For the hemolytic test, aliquots (50 µL) of the
substrate emulsion were mixed with Tris-HCl buffer (10
mL, 1M, pH 7.4), CaCl 2 100 mM (20 µL) and B .
jararacussu venom in the absence or presence of heparin
or antivenom. The first incubation was carried out at 
37 °C in a final volume of 250 µL. After 10 min the
reaction was stopped by adding 50 µL of EDTA (60
mM) followed by 3.2 mL of phosphate buffer (pH 7.4)
and 1.3 mL rabbit erythrocyte suspension (2% v/v in
PBS-KCl buffer). After a second incubation for 60 min
at 37 ºC, the final mixture was centrifuged and the
hemoglobin released into the supernatant was measured
spectrophotometrically at 578 nm.

Proteolytic activity

Proteolytic activity was quantified by a modifi e d
Kunitz method (Kunitz, 1947), using casein as the
substrate. The reaction mixture contained 1% casein (1
mL), 8 mM CaCl2 and 0.2M Tris-HCl buffer, pH 7.8 (1
mL). B. jararacussu venom alone or pre-incubated with
one of the substances used in this study was added to the
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mixture and incubated at 37 °C for 30 min. The reaction
was stopped by 5% trichloroacetic acid (1 ml) addition.
The mixture was centrifuged at 3000 rpm for 15 min and
the supernatant, which resulted from digestion of casein,
was quantified spectrophotometrically at 280 nm.

Statistical analysis

Data are expressed as the mean ± standard error of
the mean. The ANOVA test was used for statistical
analysis of the data with p<0.05. 

Results

Creatine kinase activity 

Two hours after the venom injection, the plasma CK
activity from injected mice increased from 49.56 ± 2.16
U/L to 889.43±110.18 U/L as shown in Fig. 1. The
treatments with LMWH and H, after the injection of the
venom, did not decrease the increasing plasma CK
activity significantly. However the animals that received
the treatment with PAV alone or with the addition of
LMWH and H shows a significant inhibition of the
increase of plasma CK activity by the venom injection,
of 48.8%, 47.3% and 39.7% respectively. 

Morphological analysis

Fig. 2 shows light micrographs of EDL muscle on
the third day after the injection of the venom and the
drugs. The animals that received only the venom showed
a complete destruction of all muscle cells (Fig. 2A).
However some fibers were preserved in the animals that
received the treatments (Fig. 2B-F). The necrosis on the
third day was similar to that which occurred on the first
d a y. How eve r, at this time it is possible to see a
neovascularization (Fig. 3 D).

Fig. 3 (A and B) shows the appearance of control
EDL muscle. The EDL muscle 24 h after exposure to B.
jararacussu venom and the treatments with LMWH, H,
PAV, LMWH plus PAV and H plus PAV showed normal
cells at the center while the peripheral cells were in
d i fferent stages of necrosis. We observed many fi b e r s
containing densely clumped myofibrils, cells with
persisting sarcolemal tube (Allbrook, 1962) and some
cells containing delta lesions (Ownby, 1990) (Fig. 3C).

On the seventh day the peripheral cells were smaller
than the central cells and had central nuclei indicating a
regenerative process (Fig. 3E).

In animals that received only the venom or the
treatments, the muscle arquitecture at 21 days wa s
similar to the control group (not shown). The peripheral
cells had central nuclei but the fiber diameter was bigger
than on the seventh day (Fig. 3 F).

Morphometry and image analysis

The total number of normal looking cells for each
experimental and control muscle was quantified as
described in materials and methods. Table 1 shows the
mean of total number of cells in cross sections of muscle
from all mice studied of each experimental group. One
day after injection, the animals that received only the
venom showed more normal cells than the other groups.
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Fig. 1. Effect of treatment with two different heparin (H e LMWH), PAV
or the combinations of the PAV plus the heparins, injected i.v. 15 min.
after the venom injection, on the increase of plasma CK activity by B.
jararacussu venom injection. Plasma CK activity was measured before
and two hours after the injection of the venom. Results are presented as
mean ± standard error (M ± SE) (n=4). The plasma CK activity before
the injection of the venom was 49.56±2.16 U/L denotes significantly
different from the group that received only the venom. *: p<0.05 
– ANOVA.

Table 1. Quantification of normal looking cells in the EDL muscle 1, 3, 7
and 21 days after injection of venom and different treatments (LMWH,
H, PAV, LMWH + PAV, H + PAV). 

GROUPS DAY 1 DAY 3 DAY 7 DAY 21

V 557.5±52.5 0.0±0.0 530.0±30.0 560.0±40.0
LMWH 237.3±7.6 175.0±25.0 618.0±79.0 574.5±9.5
H 492.7±73.3 74.5±6.5 560.5±39.5 1414.5±77.5*,f

PAV 305.0±84.0 255.7±26.4 751.7±85.5 995.0±15.0*
LMWH + PAV 451.0±102.1 86.0±4.0 795.5±59.5 1041.3±26.2*
H + PAV 395.5±57.5 60.5±9.5# 688.5±62.5 1034.0±6.0*

Data is expressed as mean of  total  number of cel ls fo r each
experimental group (n=3) and its standard error (M ± SE). For control
group (n=6) the mean numbers obtained were 593.83±62.79 (data not
shown in the table). ANOVA - #, p<0.05 for difference between the
numbers of cell of the PAV group vs others treatments groups, for 3rd
day. *; p<0.05 for difference between the numbers of cell of the control
group vs venom and venom plus treatments groups, for 21st day. 
f: p<0.05 for difference between the group that received treatment with
heparin (H) vs other treatments, for 21 st day. 
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Fig. 2. Panoramic light micrographs of transverse sections of mice EDL muscles 3 days after the injection of B. jararacussu venom and the treatments
15 min and 4 h after the venom injection. A . Venom (1.0 µg/g). B. Venom, LMWH (10 µg/g). C. Venom, H (10 µg/g). D. Venom, PAV (1.0 µL/g). 
E. Venom, LMWH (10 µg/g) + PAV (1.0 µL/g). F. Venom, H (10 µg/g) + PAV (1.0 µL/g). Note in A an intense degeneration of the muscle cells. The
groups that received the drugs have normal muscle cells in the central region and an inflammatory reaction in the periphery (*). Bars: A, 25 µm, B-F, 75
µm.
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Fig. 3. Light micrographs of cross sections of mice EDL muscle. Control (A-B) and details of different days and treatments after the injection of the
venom (C–F). A. Panoramic view of control muscle showing normal cells and muscle structure. Bar, 75 µm. B. Detail of the control muscle showing
fibers with peripheral nuclei (arrow). In C note the different stages of lesion induced by the venom 24 h after the injection: altered myofibrils (CM); delta
lesion (DL), cells with persistent sarcolemmal tube (arrowhead). Third day after the treatments (D) showing neovascularization (NV). Note that in seven
days after treatments (E) all the muscles show an intense vascularization (arrowhead) and cells with central nuclei and small diameter (C). In F, 21
days after the treatment muscle cells with central nuclei (Cn) with the diameter bigger than the most regenerated fibers are observed 7 days after the
venom injection. Bars: 10 µm.



This increase was statistically different only for the
group that received the treatment with PAV.

By the third day after venom injection there were no
normal cells in the group that received no further
treatment. Ho w ever those groups that receive d
treatments showed a different number of normal cells.
By the seventh day regeneration had begun and the
number of cells of all groups was similar to the control.
By the twenty-first day the group that received only the
venom or LMWH treatment showed complete
r egeneration with the same amount of muscle fi b e r s
when compared to the control groups. However, animals
receiving treatment with PAV and the combinations with
LMWH and H showed a statistically higher number of
muscle fibers when compared to control groups. In the
case of H treatment the number of cells was more than
double the control group. 

PLA2 and proteolytic activity

Both PLA 2 and proteolytic activities of B .
j a ra racussu venom (2.0-20.0 µg/mL) activities were
concentration-dependent (not shown). The PAV had an
antiphospholipase (Fig. 4A) and antiproteolytic activity.
LMWH and H alone did not affect the venom PLA2 (not
s h own), by the method of indirect hemolysis.
Concentrations higher than 300.0 µg/mL of LMWH and
H reduced the venom (10 µg/mL) proteolytic activ i t y
(Fig. 4B). 

Discussion

Our results show that the B. jara racussu ve n o m
induced a lesion with increase in plasma CK activ i t y,
which is in agreement with previous studies performed
by our group (Melo and Suarez-Kurtz, 1988a,b; Melo et
al., 1993, 1994). Morphometrical analysis showed that
heparin alone or with PAV combinations increased the
number of regenerated cells in EDL muscle. These data
show that although heparin alone or in combination with
the antivenom (PAV) did not protect completely the
skeletal muscle from the venom damage on the third day,

promoted a better regeneration of the muscle cells. The
P L A2 and proteolytic activities of this venom are
concentration-dependant as previously described
(Homsi-Brandenburgo et al., 1988; Zingali et al., 1988;
Ferreira et al., 1992). PAV has antiphospholipase and
antiproteolytic activ i t y, therefore we can suppose that
this substance has more specificity for the constituents of
the venom, as shown with in vitro tests. The
antiproteolytic activity of high concentrations of
heparins can be explained by the formation of a complex
between heparin and some venom toxins, as described
by Melo et al. (1993).

It is known that the increase in plasma CK activity
induced by the venom of B. jar a ra c u s s u has its
maximum value 2 hours after the injection of the venom
and decreases progressively in next 22 hours when
reaches its basal levels. Therefore plasma CK activ i t y
was measured before and 2 hours after the injection of
the venom (Melo and Suarez-Kurtz, 1988b).

Post treatment with heparins did not affect the
increase of plasma CK activity induced by the venom. A
d i fferent result was observed previously by Melo et al.
(1993), who described that, the treatment with LMWH
and the combinations of LMWH with antivenom, before
the injection of the venom, antagonized the increase of
plasma CK activity induced by the venom injection.
Melo et al. (1993) described that heparin has its
antimyotoxic effect by forming acid-base complexe s
with the basic myotoxins of B. jara ra c u s s u venom and
thereby neutralizes these venom components activ i t i e s .
Therefore one possible explanation of the lack of effect
of heparins on CK activity, as seen in the present work,
is that the lesion of the skeletal muscle by B o t h ro p s
j a ra ra c u s s u venom was induced not only by the basic
components, but also by other components such as
hemorrhagic toxins (Queiroz et al., 1984). However PAV
alone or PAV plus heparins promoted a decrease in the
plasma CK activ i t y, in agreement with our prev i o u s
results (Melo et al., 1993). So, we suggest that PAV can
neutralize not only the myotoxicity induced by basic
components but also the hemorrhagic components which
induce muscle damage.

468

Heparin improvement of muscle regeneration

Fig. 4. Effect of  PAV and hepar ins on
phospholipase and proteolytic activity of B .
j a r a r a c u s s u venom. Panel A shows inhibition of
venom PLA2 activity by PAV. Black circle: venom
alone; Black square: 0.1 µL of PAV/1.0 µg of the
crude venom; Black triangle: 1.0 mL of PAV /1.0
µg of the crude venom (n=4; M ± SE). Heparin
did not inhibi t this activi ty (not shown).
Panel B shows the inhibition of the proteolytic
activity of the B. jararacussu venom (10.0 µg/mL)
by heparins (10-500 µg/mL); H (black circle) and
LMWH (black square), is demonstrated (n=6; M ±
SE). 



The histological aspect of the muscle damage
induced by the B. jara ra c u s s u venom was the same as
that observed by Queiroz et al. (1984) and by other
authors that used different snake venoms (Gutiérrez et
al., 1986; Ownby and Colberg, 1988; Melo and Ownby,
1996). However, by the third day the treatments showed
an effective protection against the effects of the venom.
These results indicate that heparin and PAV produced a
delayed protection of the skeletal muscle lesion induced
by B. jararacussu venom. It is known that the protective
e ffect of PAV is due to the antigen/antibody complex
formed (Chippaux and Goy ffon, 1998). Melo et al.
(1993) showed that heparin forms a charged complex
with B. jara ra c u s s u myotoxin. Also, Lomonte et al.,
(1994a,b) suggested that heparin can bind to the Ly s
aminoacid present in myotoxin II, which is very similar
to B. jara ra c u s s u venom myotoxins. Morphometric
analysis, at the third day, showed that LMWH preserved
more fibers than H. This protective effect can be
explained by the fact that LMWH has a relatively lower
molecular weight and therefore can diffuse more quickly
across the capillary endothelium and contact the venom
within the muscle tissue. 

The regenerated cells with characteristic central
nuclei were observed on the seventh day. It is known that
e ff e c t ive muscle regeneration requires satellite cells
(Mauro, 1961) and a myogenic environment (Bischoff
and Heintz, 1994). The satellite cells are the only source
of myogenic stem cells in adult mice (Campion, 1984;
Schmalbruch, 1991; Bischoff, 1994). After muscle injury
induced by snake venoms the satellite cells remain
viable (Hanzlikova and Mackova, 1978; Maltin et al.,
1983; Arce et al., 1991), and are activated by grow t h
signals and enter the cell mitotic cycle (Allen and
Rankin, 1990; Bischoff, 1990a,b). Growth signals can be
fibroblast growth factors (FGF), insulin-like grow t h
factors (IGF) and transforming growth factor-ß (TGF-ß)
(Jennische and Olivecrona, 1987; Jennische, 1989;
Guthridge et al., 1992). The proteolytic enzymes
released by inflammatory cells can inactivate grow t h
factors; however heparin is able to bind to growth factors
p r eventing its proteolysis, as well as to potentiating its
activity (Sommer and Rifkin, 1989). It has been shown
that RGT 11 dextran, which imitates heparan sulfate and
acts as protector and potentiator of various heparin-
binding growth factors (Tardieu et al., 1992), accelerates
the fiber muscle reg e n e r a t ive process induced by
mechanical lesion (Aamiri et al., 1995; Goutron et al.,
1995; Desgranges et al., 1999). Our results showed an
increase in the number of muscle cells in the animal that
r e c e ived the treatment with H or the combinations of
heparins and antivenom. We suggest that this hyperplasia
appears as a result of the interaction of heparin with
growth factors.

Finally, the data presented in this article suggest that
the treatments with LMWH, H, PAV and the
combinations have a protective effect in the acute lesion
induced by B. jara ra c u s s u venom, and, except for
LMWH, they induce an augmentation of the number of

regenerated muscle cells. The significance of this result
is under current investigation in our laboratory.
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