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ABSTRACT — Philodryas nattereri is distributed in arid and semiarid regions of South America and 
is most common in northeastern Brazil. The aims of the work were to investigate the edematogenic and 
myotoxic effects promoted by P. nattereri venom. In this work, mice weighing 20-30 g (n = 4 for each 
experimental group) were used. For the edematogenic activity mice were injected in the subplantar region 
of the right foot pad with 50 μL of solutions containing different amounts of venom (3 and 10 μg) meas-
ured by plethysmometry at 0.5, 1, 2, 3, 6, 12 and 24 hr and pretreated with indomethacin, dexamethasone 
and antibothropic serum, whereas the left foot pad was injected with 50 μL of NaCl 0.15 M. Two hours 
after injection mice were killed by cervical dislocation and both feet were cut off and weighed individu-
ally. For the myotoxic activity mice were injected i.m. with 100 mL of solutions containing 50 μg of ven-
om. Blood samples were extracted after 2, 4, 8, 12, 24 and 48 hr of venom injection to determinate serum 
CK activity and mice were sacrificed at the same time intervals to obtain the inoculated gastrocnemius 
muscle. They were fixed with formalin solution and stained with Hematoxylin-Eosin. Results showed that 
P. nattereri venom exhibits a high edematogenic and myotoxic activities. Myonecrosis reached its high-
est level after 2 hr of venom injection as shown by plasmatic CK levels (364 ± 92 U/L) and microscop-
ic assay. It demonstrates the potential toxicity of the venom of P. nattereri, who inhabits the North-East 
region of Brazil.
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INTRODUCTION

Philodryas nattereri, Steindachner, 1870, of the family 
Dipsadidae (Zaher et al., 2009), is commonly known as 
the brown racer and distributed across arid and semiarid 
regions of South America but is most common in North-
eastern Brazil (Ceará and Rio Grande do Norte) (Mesquita,  
2010). It has an olive-green color with a brown end. The 
snake is 1.20 m to 1.60 m long, on average, with large 

eyes and round pupils. It is quite fast and has very intense 
daily activity (Vitt and Colli, 1994). Its dentition is 
opisthoglyphous and is connected to Duvernoy’s gland.

Among the snakes belonging to the Dipsadidae family, 
the genus Philodryas is considered as not venomous, but 
the presence of Duvernoy’s gland, whose secretion has a 
high hemorrhagic, edema-inducing and fibrinogenolytic 
activities. However, it is devoid of thrombin-like, pro-
coagulant, phospholipase A2 and platelet aggregating 
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enzymes (Assakura et al., 1992, 1994; Hill and Mackessy, 
2000; Acosta de Perez et al., 2003). 

The envenomation symptoms are similar to those 
caused by snakes of the genus Bothrops (Cardoso et al., 
1993; Ribeiro and Jorge, 1997), and there by patients bit-
ten by Philodryas sp. are frequently treated with Both-
rops antivenom, which is inappropriate antiserum treat-
ment (Nishioka and Silveira, 1994; Acosta de Perez et al., 
2003).

Snake venom consists of various substances that vary 
in proportion and characteristics between families, gen-
era and even species. The composition of venom can 
even vary as a function of an animal’s age and sex, feed-
ing habits, geographical range, individual characteristics 
of snakes and season. For example, female Bothrops jara-
raca produce five fold more venom than males (Rocha et 
al., 2006).

For that reason, it is important the study of envenom-
ation symptoms promoted by P. nattereri venom for rap-
id treatment with appropriate antivenom. The present 
work will concentrate on the edematogenic and myotox-
ic effects of P. nattereri venom.

MATERIALS AND METHODS 

Snakes and venom extraction
Philodryas nattereri snakes were captured on Aroe-

iras Farm in the municipality of Upanema (5°38’32’’ 
S and 37°15’27’’ W), state of Rio Grande do Norte and 
transported to NUROF (Ophiology Regional Nucleus of 
Ceará).

The animals were maintained in individual cages with 
free access to water and fed with 15 g mice every 30 days. 
Venom pools were made from more than 40 individual 
snakes and collected from the venom gland into capillary 
tubes to prevent contamination with saliva. After the out-
flow of the venom into the capillary tube, the venom was 
lyophilized and maintained at -20°C.

Animals
Male Swiss mice (20-30 g) were maintained under 

standard conditions of temperature and humidity with 
standard 12 hr light/dark cycles. Food and water were 
provided ad libitum, according with described by  
Sousa et al. (2013). All experiments were in accordance 
with the guidelines for the ethical use of experimental ani-
mals published by the Brazilian College on Experimental 
Animal Care (COBEA), with a project license approved 
by the Animal Ethics Committee of Federal University of 
Ceará (protocol number 68/2008).

Drugs and chemicals
The following drugs were used in this study: Indometh-

acin (Indocid; Merck Sharp & Dohme, Northumberland, 
UK, Merck), dexamethasone (Merck Sharp & Dohme, 
Northumberland, UK, Merck) and antibothropic serum 
(ABS) from Center of Toxicological Assistance of the 
José Frota Institute (CEATOX/IJF). Drugs were dissolved 
in sterile saline solution (0.15 M), except for indometh-
acin, that was initially dissolved in dimethylsulfoxide up 
to 10% and then in saline.

Paw edema induced by P. nattereri venom 
The ability of P. nattereri venom to induce edema was 

studied in three groups of four Swiss mice. Fifty micro-
liters of sterile saline solution (0.15M) with venom in 
concentrations of 3 and 10 μg per paw were injected in 
the subplantar region of the right hind paw. The left hind 
paw received an equal volume of sterile saline alone and 
served as the control. Prior to injection, the venom solu-
tion was filtered through 0.22 mm Millipore filters. The 
volumes of both hind paws were measured by plethys-
mometry (model 7140 plethysmometer, Ugo Basile,  
Italy) at 0.5, 1, 2, 3, 6, 12 and 24 hr after venom adminis-
tration according to Van Arman et al. (1965). The edema 
was expressed as the percentage increase in the volume of 
the treated (right) paw relative to that of the control (left) 
paw at each time interval.

Effect of drug pretreatment on edema-forming 
activity

To determine the principal mediators involved in the 
venom-induced edema, mice were pretreated with drugs 
for the indicated times prior to the injection of a fixed 
amount of venom (10 μg/paw). Groups of four mice were 
given subcutaneous intraplantar injections in the right 
hind paw with indomethacin (2 mg.kg-1), dexamethasone 
(1 mg.kg-1) and antibothropic serum (1 : 5), respectively. 
Half hour later, animals were injected s.c. in the right hind 
paw with 10 μg/50 μL of P. nattereri venom, whereas the 
left hind paw was injected with 50 μL of 0.15 M NaCl. 
The paw volume was measured as described above. 

Myotoxic activity
For the evaluate of miotoxic activity, groups of four 

Swiss mice received an intramuscular injection (i.m.) of 
50 μg of P. nattereri venom dissolved in 100 μL of ster-
ile saline solution (0.15 M NaCl), in the right gastrocne-
mius. A control group received 100 μL of sterile saline 
solution. Subsequently, the animals were killed by cervi-
cal dislocation at 2, 4, 8, 12, 24 and 48 hr after injection 
of the poison.
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The samples of muscle were removed and submitted 
to histological analysis, while the blood samples were 
collected from the tail into heparinized capillary tubes, 
and the plasma creatine kinase (CK) activity was deter-
mined by a kinetic assay (Sigma 47-UV, Sigma-Aldrich  
Chemical Co., St. Louis, MO, USA). Activity was expres-
sed in U/L, one unit defined as the phosphorylation of  
1 �mol of creatine/min at 25°C. 

Histological evaluation
In order to have a histological assessment of paw ede-

ma and myotoxicity promoted by P. nattereri venom, the 
samples of muscle were removed, fixed in 10% forma-
lin solution for 2 days and dehydrated in a graded alco-
hol series and embedded in paraffin. Sections of 5 mm of 
thickness were stained with hematoxylin-eosin and fur-
ther processed for light microscopy (Olympus BX41, 
Olympus, Miami, FL, USA). The photomicrographs were 
taken by means of a digital camera (Nikon Coolpix 885,  
Nikon, Tokyo, Japan).

Statistical analysis
All collected data were analyzed using Prism 5 for 

Windows (GraphPad Software, San Diego, CA, USA) 
and were expressed as mean  ±  standard error of the mean 
(SEM) (n = 4). Statistical evaluation was determined by 
analysis of variance (ANOVA), followed by t-paired test 
between times and Student-Newman-Keuls test between 
groups. Non-parametric parameters were subjected to 
Kruskall-Wallis test and Dunn’s post hoc test (p < 0.05). 

RESULTS

Evaluation of the paw edema induced by P. 
nattereri venom 

In the present study, the P. nattereri venom caused sig-
nificant increase in paw edema, reaching peak inflamma-
tory response with 2 hr after injection in concentrations 
of 3 μg (110 ± 10 μL) and 10 μg (208.7 ± 16.3 μL) of the 
poison, compared to the saline-injected controls (20 ± 0.6 
μL) (Fig. 1).

The pharmacological modulation with amplification or 
reduction of edematogenic activity was analyzed using 10 
μg of P. nattereri venom alone (208.7 ± 16.38 μL) and 
pretreated with the anti-inflammatory indomethacin at 2 
mg/kg (202 ± 17.51 μL), both produced an intense edema, 
characterized by epithelial and conjunctive tissue blisters 
and infiltrates of inflammatory PMN cells (polymorpho-
nuclear leukocytes), mainly neutrophils (Figs. 2, 3C, 3D), 
while the anti-inflammatory steroid dexamethasone at 1 
mg/kg (106. 9 ± 6.22 μL) and antibothropic serum (97 ± 

15.94 μL) inhibited the edematogenic and inflammato-
ry activities (Figs. 2, 3E, 3F), in comparison to the saline 
injected control (19.17 ± 0.6 μL) (Figs. 2, 3 A).

Myotoxic activity by plasma creatine kinase (CK) 
After i.m. injection, the venom from P. nattereri 

induced an increase in serum creatine kinase (CK), which 

Fig. 1. Mice paw edema induced by selected doses (3 and 
10 μg) of P. nattereri venom. The edema, which was 
measured by plethysmometry at 0.5, 1, 2, 3, 6, 12 and 
24 hr, was maximal after 2 hr and decreased thereaf-
ter. The points are the mean ± S.E.M. of four mice.  
*p < 0.05 compared to the corresponding time points 
for venom alone of four mice. 

  

Fig. 2. Effects of pretreatment with indomethacin (2 mg.kg-1), 
dexamethasone (1 mg.kg-1) and antibothropic serum 
(1:5) on edema induced by P. nattereri venom in mice 
hind paw. Control mice injected with 50 μL of sterile 
saline solution (0.15 M NaCl). The bars are the mean 
± S.E.M. of four mice. Legends: PnV-Philodryas nat-
tereri venom, Dexa-dexamethasone, Indo-indometh-
acin, ABS-antibothropic serum, Saline-sterile saline 
solution (0.15 M NaCl).
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is a specific marker for muscle damage. At a dose of 50 
μg/animal, the CK level after 0.5 hr was not significantly 
different from the control value (14.34 ± 1.99 U/L). The 
highest levels were observed between 1 and 4 hr after 

injection with 169.5 ± 29.3 U/L and 248.3 ± 69.6 U/L, 
respectively. The CK levels after 8 and 48 hr were not 
significantly different from the control value (Fig. 4).

The histological observations of samples of gastrocne-

Fig. 3. Histological changes in edema paws promoted by P. nattereri venom. Paws were harvested in different times after intra-
plantar injection of the poison with 3 μg and 10 μg of venom for pretreatments with indomethacin, dexamethasone and 
antibothropic serum. A-Saline control group: normal appearance; B-3 μg of venom: edema (arrow) and presence of inflam-
matory PMN cells (asterisk); C-10 μg of venom: edema (arrow) and presence of inflammatory PMN cells (asterisk); D-In-
domethacin: intense edema, hemorrhage (arrow) and presence of inflammatory PMN cells (asterisk); E, F- Dexamethasone 
and Antibothropic serum: note normal appearance of tissue. All figures were magnified by 400 ×.
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mius muscle obtained 0, 2, 4, 8, 24 and 48 hr after injec-
tion corroborated the myotoxicity and edema forming 
activity. The control sample retained a normal appear-
ance (Fig. 5A), whereas those samples of gastrocnemius 
muscle injected with 50 μg of the poison showed prom-
inent damage characterized by focal hemorrhaging, ede-
ma, inflated muscle fibers, inflammatory exudates and 
myonecrosis. 

At 2 hr after injection, moderate plasma extravasation 
and prominent hemorrhage were evident in the interstitial 
space (Fig. 5B). Four hours later, the histological sections 
of gastrocnemius muscle showed a moderate inflamma-
tory infiltrate, prominent interfibrilar hemorrhage and 
edema, and a number of necrotic muscle cells (Fig. 5C). 
There was a moderate amount of inflammatory exudate 
that remained until 8 hr (Fig. 5D).

At 24 and 48 hr, the muscle fibers showed few changes 
under repair and regeneration, with discrete inflammatory 
exudates (Figs. 5 E, 5F).

DISCUSSION

The venoms of the family Dipsadidae have been 
increasingly studied in recent years, and many of their 
components and actions have been described. In gener-
al, it has been suggested that there is a great similarity 
between some of these venoms and those of the family 
Viperidae due to the presence of proteases, phospholi-

pases, hyaluronidases and other enzymes that cause local 
injury that culminates in edema, pain (hyperalgesia), 
ecchymosis, blisters and necrosis (Puorto and França, 
2003; Salomão et al., 2003).

The results of this study revealed that this venom caus-
es maximum edematogenic activity at 2 hr after inocula-
tion, followed by a gradual decline to control levels after 
24 hr. P. nattereri venom has rapid kinetics, while other 
venoms, such as that of Bothrops species, cause peak ede-
ma 3 hr after inoculation (Barbosa et al., 2003). 

The pretreatment with indomethacin no promoted 
reduction in paw edema induced by P. nattereri venom. 
Despite, the indomethacin was able to reverse the edema-
togenic and inflammatory effects induced by B. insula-
ris and B. jararacussu venom, because those inhibitors of 
cyclooxygenases markedly attenuated the edema indicat-
ed the involvement of arachidonic acid metabolites (pros-
taglandins) (Barbosa et al., 2003; Braga et al., 2008).

However, the corticosteroid dexamethasone and anti-
bothropic serum have significantly mitigated the ede-
matogenic activity of the venom, as it does for the ven-
oms of P. patagoniensis (Lopes, 2008), B. lanceolatus  
(Guimarães et al., 2004), B. asper (Chaves et al., 1995), 
B. insularis (Barbosa et al., 2003) and L. muta rhombeata 
(Soares de Moura et al., 1998).

Due to the scarcity of available information regard-
ing the importance of myotoxicity in the mode of action 
of Dipsadidae secretions, the histological observations of 
samples of gastrocnemius muscle obtained 0, 2, 4, 8, 24 
and 48 hr after i.m. injection showed myotoxicity with 
hemorrhage at 2 hr, increasing its intensity until reaching 
its maximum level between 2 and 8 hr. Similar lesions 
were reported for P. olfersii venom (Acosta de Pérez et 
al., 2003; Rocha et al., 2006). 

CK release in in vivo assays, studied until after 48 hr 
of venom injection, is further evidence of a direct myo-
lytic action of the whole Duvernoy’s secretion, reaching 
maximum levels after 2 hr of venom injection. Acosta de 
Pérez (2003) found a significantly increase serum CK lev-
els 2 hr after P. olfersii venom inoculation. 

In conclusion, raw venom of P. nattereri showed a ede-
matogenic and myotoxic activities. The poison promot-
ed a rapid edema evolution, reaching peak inflammatory 
response with 2 hr after injection and pretreatment with 
dexamethasone and anti bothropic serum decreased these 
effects.

The muscular damage observed in the fibers of injected 
gastrocnemius muscle, although the latter is later and less 
intense than that observed with Bothrops venoms, demon-
strate the potential toxicity of the venom of P. nattereri, 
who inhabits the Northeast region of Brazil.

Fig. 4. Changes in serum CK levels of mice after i.m. injec-
tion of either 50 μg of P. nattereri. At various time 
intervals mice serum CK levels determined. The CK 
activity was expressed in international units/L. Con-
trol mice injected with 100 μL of sterile saline solution 
(0.15 M NaCl). The points are the mean ± S.E.M. of 
four mice. *p < 0.05 compared to the corresponding 
time points for venom alone of four mice. 

Vol. 1 No. 1

11

Edematogenic and myotoxic activities induced by P. nattereri 



Conflict of interest---- The authors declare that there is 
no conflict of interest.

REFERENCES

Acosta de Pérez, O., Leiva, L.C., Peichoto, M.E., Maruñak, S.,  

Teibler, P. and Rey, L. (2003): Hemorrhagic activity of the 
Duvernoy’s glands secretion of the Xenodontine Colubrid Phi-
lodryas patagoniensis from the northeast region of Argentina. 
Toxicon., 41, 1007-1012.

Assakura, M.T., Salomão, M.G., Puorto, G. and Mandelbaum, F.R. 
(1992): Hemorrhagic, fibrinogenolytic and edema forming activ-
ities of the venom of the colubrid snake Philodryas olfersii 

 

Fig. 5. Longitudinal sections of mice gastrocnemius muscle after i.m. injection of 50 μg of Philodryas nattereri venom. A-Saline 
control group with normal appearance of muscular fibers (asterisk); B-After 2 hr: note moderate plasma extravasation and 
interfibrilar hemorrhage (arrow); C-After 4 hr: note moderate inflammatory infiltrate, hemorrhage and edema (arrow); D-
After 8 hr: note moderate amount of inflammatory exudates (arrow); E- After 24 hr: note initial regeneration of muscular 
fibers, with discrete and inflammatory exudates (asterisk); F- After 48 hr: note completely regeneration of muscular fibers 
(asterisk). The sections were stained with hematoxylin-eosin and magnified by 400 ×. 

Vol. 1 No. 1

12

M. Dantas de Aquino Nery et al.



(green snake). Toxicon., 30, 427-438.
Assakura, M.T., Reichl, A.P. and Mandelbaum, F.R. (1994): Isola-

tion and characterization of five fibrin(ogen)olytic enzymes from 
the venom of Philodryas olfersii (green snake). Toxicon., 32, 
819-831.

Barbosa, A.M., Amaral, R.O., Teixeira, C.F., Hyslop, S. and Cogo, 
J.C. (2003): Pharmacological characterization of mouse hind 
paw oedema induced by Bothrops insularis (jararaca ilhoa) 
snake venom. Toxicon., 42, 515-523.

Braga, M.D., Martins, A.M., Amora, D.N., Menezes, D.B., Toyama,  
M.H. and Toyama, D.O. (2008): Purification and biological 
effects of L-amino acid oxidase isolated from Bothrops insula-
ris venom. Toxicon., 51, 199-207. 

Cardoso, J.L.C., Fan, H.W., Franca, F.O.S., Jorge, M.T., Leite, R.P., 
Nishioka, S.A., Avila, A., Sano, M.I.S., Tomy, S.C., Santoro, 
M.L., Chudzinski, A.M., Castro, S.C.B., Kamiguti, A.S., Kelen, 
E.M.A., Hirata, M.H., Mirandola, R.M.S., Theakston, R.D.G. 
and Warrell, D.A. (1993): Randomized comparative trial of three 
antivenoms in the treatment of envenoming by lance-headed 
vipers (Bothrops jararaca) in São Paulo, Brazil. Q. J. Med., 86, 
315-325.

Chaves, F., Barboza, M. and Gutiérrez, J.M. (1995): Pharmacolog-
ical study of edema induced by venom of the snake Bothrops 
asper (terciopelo) in mice. Toxicon., 33, 31-39.

Guimarães, A.Q., Cruz-Höfling, M.A., Araújo, P.M.F., Bon, C. 
and Araújo, A.L. (2004): Pharmacological and histopathologi-
cal characterization of Bothrops lancelatus venom-induced ede-
ma. Inflamm. Res., 53, 284-291. 

Hill, R.E. and Mackessy, S.P. (2000): Characterization of venom 
(Duvernoy´s secretion) from twelve species of colubrid snakes 
and partial sequence of four venom proteins. Toxicon., 38, 1663-
1687.

 Lopes, H.P. (2008): Changes induced by toxic secretions of Philo-
dryas patagoniensis Girard, 1857 (Serpentes: Colubridae). Mas-
ter thesis. Biosciences Institute of the University of São Paulo.

Mesquita, P.C.M.D. (2010): História natural das serpentes Oxybelis 
aeneus (Wagler, 1824) (Squamata, Colubridae) e Philodryas nat-
tereri Steindachner, 1870 (Squamata, Dipsadidae) em domínio 

de Caatinga no Estado do Ceará.
Nishioka, S.A. and Silveira, P.V.P. (1994): Philodryas patagoniensis 

bite and local envenoming. Rev. Inst. Med. Trop., 36, 279-281.
Puorto, G. and França, F.O.S. (2003): Serpentes não peçonhentas 

e aspectos clínicos dos acidentes. In: Cardoso, J.L.C., França, 
F.O.S., Wen, F.H., Málaque, C.M.S and Haddad, V.J.R. (Eds.). 
Sarvier., 108-114.

Ribeiro, L.A. and Jorge, M.T. (1997): Acidente por serpentes do 
género Bothrops: Série de 3139 casos. Rev. Soc. Brasil. Med. 
Trop., 30, 475-480.

Rocha, M.M.T., Paixão-Cavalcante, D., Tambourgi, D.V. and  
Furtado, M.F.D. (2006): Duvernoy’s gland secretion of Philo-
dryas olfersii and Philodryas patagoniensis (Colubridae): Neu-
tralization of local and systemic effects by commercial bothropic 
antivenom (Bothrops genus). Toxicon., 47, 95-103.

Salomão, M.G., Albolea, A.B.P. and Almeida-Santos, S.M. (2003): 
Colubrid snakebite: a public health problem in Brazil. Herpet. 
Review., 34, 307-312.

Soares de Moura, R., Aguiar, A.S., Melgarejo, A.R. and Carvalho, 
L.C.R.M. (1998): Pharmacological aspects of mouse hind paw 
edema induced by Lachesis muta rhombeata venom. Toxicon., 
36, 771-780.

Sousa, P.C., Brito, T.S., Freire, D.S., Ximenes, R.M., Magalhães, 
P.J., Monteiro, H.S., Alves, R.S., Martins, A.M., Toyama, D.O. 
and Toyama, M.H. (2013): Vasoconstrictor effect of Africanized 
honeybee (Apis mellifera L.) venom on rat aorta. J. Venom 
Anim. Toxins. Incl. Trop. Dis., 19, 24. 

Van Arman, C.G., Begany, A., Miller, L.M. and Pless, H.H. (1965): 
Some details of the inflammations caused by yeast and carra-
geenin. J. Pharmacol. Experiment. Therap., 150, 377-380.

Vitt, L.J. and Colli, G.R. (1994): Geographical ecology of a neo-
tropical lizard: Ameiva ameiva (Teiidae) in Brazil. Can. J. Zool., 
72, 1986-2008.

Zaher, H., Grazziotin, F.G., Cadle, J.E., Murphy, R.W., Moura-
Leite, J.C. and Bonatto, S.L. (2009): Molecular phylogeny of 
advanced snakes (Serpentes, Caenophidia) with an emphasis 
on South American Xenodontines: A revised classification and 
descriptions of new taxa. Pap. Avul. Zool., 49, 115-153.

Vol. 1 No. 1

13

Edematogenic and myotoxic activities induced by P. nattereri 




