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ABSTRACT: Philodryas olfersii is found in South America, from Amazonas to Patagonia. It is important to
characterize the venom of P. olfersii, who inhabits the North-East region of Argentina, since snake venoms
are known to exhibit considerable variability in composition and biological activities. In this work, mice
weighing 18-20 g (n = 4 for each experimental group) were used. For the edematogenic activity mice were
injected s.c. in the right foot pad with 50 µl of solutions containing different amounts of venom, whereas the
left foot pad was injected with 50 µl of PBS. Two hours after injection mice were killed by cervical disloca-
tion and both feet were cut off and weighed individually. For the myotoxic activity mice were injected i.m.
with 100 µl of solutions containing 40 µg of venom. Blood samples were extracted after 1, 3, 6, 8, 10, 12, 14,
16 and 24 h of venom injection to determinate serum CPK activity and mice were sacrif iced at the same time
intervals to obtain the inoculated gastrocnemius muscle. They were f ixed with Bouin solution and stained
with Hematoxylin-Eosin. Results showed that P. olfersii venom exhibits a high edematogenic activity (MED
= 0.31 µg) and a moderate myotoxic activity. Myonecrosis reached its highest level after 12 h of venom
injection as shown by plasmatic CPK levels (5,401 ± 330 IU/l) and microscopic assay. It demonstrates the
potential toxicity of the venom of P. olfersii, who inhabits the North-East region of Argentina. It also rein-
forces the original warning concerning the potential danger of bites by colubrids.
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Introduction

Reports on toxic saliva in colubrid snakes are few
and the chances of being bitten by colubrid snakes are
rare, because of its non-aggressive behavior and the

anatomical disavantage of having fangs situated be-
hind its other teeth. Nevertheless, some species have
caused severe reactions in humans. Paralysis, respira-
tory failure, hemorrhage and death have been observed.
While many reports are found on venom constituents
of snakes belonging to the f amilies Elapidae,
Hydrophidae, Crotalidae and Viperidae, because of the
small quantity of secretion of the Duvernoy’s gland,
very little has been done to elucidate the composition
and biological activities of colubrid venoms (Assakura
et al., 1992, 1994). It is worthwhile to point out that
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non-clotting blood and hemorrhage, usually associated
with viperid envenomations, are the most striking
clinical manifestations of colubrid envenomations
(Vest, 1978; Visser and Chapman, 1978; Silva and
Buononato, 1983/84).

Among the snakes belonging to the Colubridae
family, the genus Philodryas are widespread all over
South America and are considered as not venomous.
However, they have a Duvernoy’s gland, whose secre-
tion possesses a toxicity such as to bring about serious
lesions (Assakura et al., 1992, 1994).

There have been reports of bites in humans by vari-
ous Philodryas species: P. aestivus (Fowler and
Salomão, 1994), P. baroni (Kuch and Jesberger, 1993),
P. olfersii (Nickerson and Henderson, 1976; Silva and
Buononato, 1983/84; Fowler and Salomão, 1994) and
P. patagoniensis (Fowler and Salomão, 1994; Nishioka
and Silveira, 1994). However, the most studied spe-
cies so far is Philodryas olfersii (green snake).

Philodryas olfersii, a Colubridae-Xenodontinae,
is an opistoglyphous snake with a well-developed
Duvernoy’s gland connected with a grooved tooth. This
snake is found in South America, from Amazonas to
Patagonia (Assakura et al., 1992, 1994).

Accidents with Philodryas olfersii, although rare
and not lethal, are usually painful, followed by edema
and hemorrhage of the limb (Martins, Ph. D. Thesis,
São Paulo, 1916; Nickerson and Henderson, 1976;
Silva and Buononato, 1983/84). Most of the manifes-
tations at the bite site could be caused by both, the
mechanical trauma of the bite and the local activity of
toxins who are present in the venom (Ribeiro et al.,
1999).

The venom of Philodryas olfersii has high hem-
orrhagic, edema-inducing and fibrin(ogen)olytic ac-
tivities. However, it is devoid of thrombin-like,
procoagulant, phospholipase A

2
 and platelet aggregat-

ing enzymes (Assakura et al., 1992).
Local symptoms can be misinterpreted as

envenoming by Bothrops species (yarará) (Cardoso et
al., 1993; Ribeiro and Jorge, 1997), who are present
in the same region (Campbell and Lamar, 1989), what
may result in inappropriate antiserum treatment
(Nishioka and Silveira, 1994).

Snake venoms are known to exhibit considerable
variability in composition and biological activities,
which may due to inherent, but genetically variable,
characteristics of specific protein synthesis or to ex-
ogenous factors such as habitat conditions, climate,
age, and feeding habits (Kuch et al., 1996; Cavinato
et al ., 1998; World Health Organization, 1971;

FIGURE 1. Changes in serum creatinphospho-
kinase (CPK) levels of mice after i.m. injection
of 40 µg Philodryas olfersii Duvernoy’s gland
secretion. At various time intervals, mice were
bled and serum CPK levels determined. CPK
activity is expressed in international units/l. Re-
sults are presented as means ± SE (n = 4).

Gutiérrez et al., 1980). For that reason, it is important
to characterize the Duvernoy’s gland secretion of
Philodryas olfersii, who inhabits the North-East re-
gion of Argentina. The present work will concentrate
on the necrotizing and edema-forming effects of
Philodryas olfersii Duvernoy’s gland secretion.

Material and Methods

Material

Duvernoy’s gland secretion of Philodryas olfersii
was obtained from adult snakes measuring 90-120 cm
and kept in the local Zoo (Corrientes, Argentina). The
snakes were milked by introducing a 100 µl micropipet
over each fang following the procedure of Ferlan et al.
(1983). Crude venom was lyophilized; after that, it was
kept frozen at –20ºC. When required, the venom was
diluted with phosphate buffered saline solution, pH 7.2.
The small amount of insoluble material was centrifuged
and the clear supernatant was applied for studies.

The protein concentration of venom solutions was
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determined by measuring the absorbance at 280 nm in
a 1 cm cell, based upon the assumption that the absor-
bance of 1 mg/ml of crude venom was 1.183.

Solutions containing the venom diluted in phos-
phate buffered saline solution (pH 7.2) were used for
inoculating male white mice belonging to the line CF1
and weighing 18 to 20 g.

Methods

Edema-forming activity

Method of Yamakawa et al. (1976) was used. Five
groups of four mice were injected s.c. in the right foot
pad with 50 µl of solutions containing different amounts

of venom (from 0.05 to 5 µg), whereas the left foot pad
was injected with 50 µl of phosphate buffered saline
solution (pH 7.2). Mice were anesthetized with i.p. in-
jection of cloral hydrate and killed by cervical disloca-
tion 1 h after injection and both feet were cut off and
weighed individually. Edema was expressed as the per-
centage increase in weight of the right foot compared
to that of the left one. The minimum edema dose (MED)
was defined as the least quantity of venom causing 30%
increase in the weight, compared to the control.

Myotoxic activity

Groups of 4 mice (animals for which the LD50 had
previously been reported by Assakura et al. (1992) to

FIGURE 2. A- Longitudinal section of control mouse gastrocnemius muscle. Bar represents 20 µm. B-; C-; D-;
E- Paraffin histological section of mouse gastrocnemius muscle after i.m. injection of 40 µg of Philodryas olfersii
Duvernoy’s gland secretion. B- After 60 min: note interfibrilar hemorrhage and normal muscular fibers (aster-
isk). Bar represents 20 µm. C- After 3 h: note necrosis of muscular fibers (asterisk), polymorphonuclear neutro-
phil inflammatory infiltrate (arrow) and hemorrhage (star). Bar represents 20 µm. D- After 12 h: note myolitic
necrosis (asterisk), polymorphonuclear neutrophil inflammatory infiltrate (arrow) and hemorrhage (star). Bar
represents 20 µm. E- After 24 h: note rests of necrotic fibers (asterisk) sorrounded by neutrophils and hemor-
rhage, and normal muscular fibers (star). Bar represents 45 µm. (Hematoxylin-Eosin).

Figure 2-A.
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Figure 2-B.

Figure 2-C.



367EDEMATOGENIC AND MYOTOXIC ACTIVITIES OF Philodryas olfersii VENOM

Figure 2-D.

Figure 2-E.
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be 2.8 mg/kg) were injected i.m. in the right gastrocne-
mius with 40 µg of the whole Duvernoy’s secretion dis-
solved in 0.1 ml of phosphate buffered saline solution,
pH 7.2. Four mice were used as control samples, re-
ceiving each of them 0.1 ml of phosphate buffered sa-
line solution (pH 7.2). After 1, 3, 6, 8, 10, 12, 14, 16
and 24 h of venom injection, mice were anesthetized
with cloral hydrate i.p. 300 mg/kg to collect blood
samples without using anticoagulant. Serum was ob-
tained to analyze the activity of creatinphosphokinase
(CPK) with the kinetic method UV (GT laboratory)
based on the measurement of the creatinine formed in
the reaction ADP/phosphocreatine. Creatinphosphokinase
activity was expressed in units per liter. In order to have a
histological assessment of miotoxicity, mice were sacri-
ficed by cervical dislocation 1, 3, 6, 8; 10; 12; 14; 16 and
24 hours after venom injection and samples of injected
muscle were taken and fixed with Bouin solution for 24-
48 h. Thereafter, the muscle was dehydrated in a graded
alcohol series and embedded in paraffin. Sections 10 µm
thick were stained with Hematoxylin-Eosin (HE). Con-
trol muscles were processed in an identical manner.

Necrosis was classified according to the method of
Homma and Tu (1971), based on the morphology of the
necrotic fibers. The myolitic type was characterized by
fibrilar material, alterning with clear areas. In the co-
agulative necrosis type, the fibers acquired a hyaline
appearance and its distribution was homogeneous.

Statistical analysis

Statistical evaluation was performed using Statis-
tics 4.5 (Statsoft Inc. USA) on a Pentium personal com-
puter. Comparisons between groups were made using a
Student’s test, using a t critical calculated with Bon
Ferroni corrections. The CPK enzyme was evaluated
by the variance analysis. P < 0.05 was considered sta-
tistically significant.

Results

Edema-forming activity

The Duvernoy’s gland secretion of Philodryas
olfersii exhibited intense edematogenic activity when
tested by the foot-pad assay (four mice per dose were
used, n = 4). The percentage increases in weight of the
right foot compared to that of the left were evaluated 1
h after venom injection and were proportional to the
amount of venom injected; the obtained linear relation-

ship (r = 0.9371) let us to determine the MED. Com-
pared to mouse foot pads injected with phosphate buff-
ered saline solution, a 30% increase in the weight was
produced by injecting 0.31 µg of the venom.

Myotoxic activity

After i.m. injection, Philodryas olfersii Duvernoy’s
gland secretion induced a late increase in serum
creatinphosphokinase (Fig. 1), which is a specif ic
marker for muscle damage. At a dose of 40 µg/animal,
the CPK levels after 1 h and 3 h were low. Maximum
levels were observed after 12 h, and decreased after-
ward. CPK levels after 24 h were similar to those ob-
tained with control samples.

Histological observations in samples of gastrocne-
mius muscle obtained 1, 3, 6, 8, 10, 12, 14, 16 and 24 h
after venom injection confirmed myotoxicity and
edema-forming activity. Control sample retained a nor-
mal appearance (Fig. 2. A), whereas those samples of
gastrocnemius muscle inoculated with 40 µg of P. olfersii
venom showed intense damage characterized by edema,
hemorrhage, polymorphonuclear neutrophil inflamma-
tory infiltrate and myonecrosis (Fig. 2.B-C-D-E). Sixty
minutes after venom injection, histological cuttings of
gastrocnemius muscle showed interfibrilar hemorrhage
and normal muscular fibers (Fig. 2.B). Three hours later,
necrotic muscular fibers, polymorphonuclear neutrophil
inflammatory infiltrate, extensive hemorrhagic effects
and interf ibrilar edema were observed (Fig. 2.C). Re-
sults obtained 6 h after venom injection were not sig-
nificantly different from those of 3 h later. Twelve hours
later, edema, hemorrhage, polymorphonuclear neutro-
phil inflammatory infiltrate and necrotic muscular fi-
bers were observed. Myonecrosis belonging to myolitic
type reached its highest level after 12 h of venom injec-
tion (Fig. 2.D). Twenty four hours later, abundant amount
of rests of celular membranes, resulting of the phago-
cytic process carried out by neutrophils, was observed.
Blood red cells remained in the interstice, sorrounded
by edema (Fig. 2.E). CPK release, observed in in vivo
assays, was coincident with results obtained from these
preparations.

Discussion

The purpose of this work was to characterize the
necrotizing and edema-forming effects of the Duvernoy’s
gland secretion of Philodryas olfersii, who inhabits the
North-East region of Argentina, and however, it is poorly
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studied in this country. New information about this venom
could help to improve the interpretation of the lesions
caused by the bite of this colubrid snake, being it is very
important to prevent people from receiving the incorrect
treatment, which could have harmful effects on the
patient’s health.

Swelling and edema are often the paramount early
features of snake venom poisoning at the affected part
of the victims (Reid, 1968). Duvernoy’s gland secretion
of Philodryas olfersii, who inhabits the North-East re-
gion of Argentina, showed a value of edema-producing
activity similar to that reported by Assakura et al., 1992
(0.25 µg). This edema-forming activity is much higher
than the edema caused by venom of Bothrops species
from Argentina: B. jararaca, B. jararacussu,B. neuwiedii
and B. alternatus, who present values of MED of 0.85
µg, 1.5 µg, 2.05 µg and 4.00 µg, respectively (Acosta et
al., 1998).

Compared to hemorrhagic activity, little is known
about the importance of myotoxicity in the mode of ac-
tion of Duvernoy’s gland secretions from colubrid snakes
(Weinstein and Kardong, 1994). Prado-Franceschi et al.
(1996, 1998) studied the creatinphosphokinase (CPK)
release after 3 h and 5 h of the injection in gastrocnemius
muscle of 20 µg and 40 µg of P. olfersii venom, and ef-
fects of whole Duvernoy’s secretion on mouse phrenic
nerve-diaphragm and chick biventer cervicis preparations,
obtaining similar results to those described above for the
secretion of P. olfersii coming from Argentina. Results of
our investigation, about the effects of whole Duvernoy’s
secretion on mouse gastrocnemius muscle, clearly show
that P. olfersii venom induces various morphological al-
terations which result in myonecrosis. CPK release in in
vivo assays, studied until after 24 h of venom injection, is
further evidence of a direct myolytic action of the whole
Duvernoy’s secretion, reaching maximum levels after 12
h of venom injection. The morphological appearance of
small portions of muscle obtained 60 min after the in
vivo administration of whole secretion was not signifi-
cantly different from that of control tissues (injected with
phosphate buffered saline solution). Similarly, levels of
CPK released within 60 min were slightly higher than
those obtained with control samples. Histological obser-
vations in samples of gastrocnemius muscle showed hem-
orrhage from 1 h of venom injection, increasing its in-

tensity until reaching its maximum level between 6 and
12 h. Accompaning to the hemorrhage, a polymorpho-
nuclear neutrophil inflammatory infiltrate was observed.
Maximum arrival of neutrophils also took place between
6 and 12 h. Edema was also observed, which was in-
creasing progressively from 3 h of the venom injection.
The latter was accompanied by necrosis of muscular
fibers, mainly belonging to myolitic type, which reached
maximum levels after 12 h of venom injection. At this
time, maximum levels of creatinphosphokinase release
was also observed, confirming the maximum level of
muscular damage. After 24 h of venom injection, edema
remained and muscular fibers were empty, with scarce
blood white cells and abundant amount of dispersed
celular membranes. This situation suggests us that the
damaged field is in conditions of iniciating the process
of muscular regeneration.

The light microscopy findings reveal little about
the mechanism(s) of the myotoxicity involved here. The
venom of Philodryas olfersii has high hemorrhagic and
proteolytic activities. However, it is devoid of phospho-
lipase A

2
 enzyme (Assakura et al., 1992). For that rea-

son, we can presume that the late myonecrotic effect of
the venom could be due to either the local ischemia re-
sulting of the hemorrhagic action of the venom (detected
in histological cuttings through blood red and white cells
infiltration, being it already observed after 60 min of
the i.m. injection of 40 µg of P. olfersii venom) and the
action of proteolytic enzymes. In order to examine the
relationship of necrotic activity to hemorrhagic and pro-
teolytic activities in Philodryas olfersii venom, more
morphological and biochemical studies are necessary
to carry out. Further elucidation of the nature of venom
components that induce necrosis obviously depends on
the devising of a reliable method for quantitative assay
of necrotic activity.

The low value obtained for the MED and the mus-
cular damage observed in the f ibers of injected gastroc-
nemius muscle, although the latter is later and less in-
tense than that observed with Bothrops venoms
(Gutiérrez and Lomonte, 1995), demonstrate the poten-
tial toxicity of the venom of P. olfersii, who inhabits the
North-East region of Argentina. It also reinforces the
original warning concerning the potential danger of bites
by colubrids (Minton, 1978).
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