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Pain is the most conspicuous symptom observed in patients wounded by stingrays, and
skin necrosis is common in accidents by freshwater stingrays. The extract from the stinger
integumentary tissue of Potamotrygon falkneri containing toxic components (venom) was
tested for its ability to induce histopathological changes in the dorsal skin of mice at
different times. 3-6 h after injection, foci of necrosis in isolated basal epidermal cells were
observed. Full coagulative necrosis of the skin, subcutaneous tissue and skeletal muscle

Igg{l V;f;j: was evident as soon as 24 h after venom exposure, with a clear demarcation from the
Potamotrygon normal skin. After 48 h, round collections of necrotic cells start to coalesce originating
Venom extensive skin necrotic plaques that detach from viable tissue after 72-96 h. Inflammatory
Toxin infiltrate was observed after 6 h, but was always mild. Acute vascular thrombosis was rare,

and hemorrhage was not present at any time. Superficial bacterial infection was present in
two of the examined cases. In conclusion, the venom of P. falkneri is responsible for the
development of an early necrosis with mild inflammatory reaction, probably due to direct
action of the venom. The severe local damage is probably worsened by the mechanical
trauma caused by the stinger.
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© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Envenomations by freshwater stingrays are character-
ized by intense pain and pathological alterations at the
injury site. These include edema, erythema and, in most
cases, necrosis (Haddad et al., 2004). The damage is caused
by the stinger located in the back of the stingray tail, whichis
used by the animal to defend itself (Charvet-Almeida et al.,
2002; Garrone Neto et al., 2007). Integumentary and glan-
dular tissues cover the stinger where the toxins are
produced (Pedroso et al., 2007). The anatomical regions
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most afflicted in injuries caused by stingrays are the hands
and feet (Haddad et al., 2004; Brisset et al., 2006; Lim and
Kumarasinghe, 2007; Garrone Neto and Haddad, 2009).
Lethal injuries rarely occur except for cases where the
stinger reaches vital organs (Isbister, 2001; Garrone Neto
and Haddad, 2009). Specific antivenom is not available for
the treatment of stingray injuries, and the therapeutic
approach is based on the use of analgesic and anti-inflam-
matory drugs, hot water to relieve the excruciating pain and
antibiotics to prevent secondary infection (Haddad et al.,
2004; Clark et al., 2007; Dehghani et al., 2009; Garrone
Neto and Haddad, 2010). In Brazil, the distribution of
freshwater stingrays has gradually increased due to envi-
ronmental alterations mainly represented by the construc-
tion of hydroelectric power plants (Barbaro et al., 2007;
Garrone Neto et al., 2007; Garrone Neto and Haddad, 2010).
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The ability of the extracts obtained from the tissue
covering the stingers of Potamotrygon falkneri to cause toxic
activities such nociception, edema, myotoxicity, necrosis and
lethality has already been reported (Barbaro et al., 2007).
Many enzymes such as proteases and hyaluronidase were
detected in the extract obtained from Potamotrygon fresh-
water stingray (Haddad et al,, 2004; Barbaro et al., 2007;
Magalhdes et al., 2008). In addition, peptides effective in
the microcirculatory environment were isolated from Pota-
motrygon gr. orbignyi venom by Conceicdo et al. (2006, 2009).

The histopathological features after injection of toxins
extracted from the stingray stingers are practically
unknown. The aim of this study is to characterize the main
histological alterations in mice skin induced by experi-
mental envenomation using extracts from the tissue
covering the stingers of P. falkneri.

2. Materials and methods
2.1. Animals and tissue extracts

Swiss mice (18-20 g) were provided by the Butantan
Institute Animal House. Animals received food and water
ad libitum. Specimens of P. falkneri (Myliobatiformes,
Potamotrygonidae) were collected in the Parana River, on
the border of Sdo Paulo and Mato Grosso do Sul States in
Southwestern Brazil. Tissue extracts were obtained from
the integumentary tissue covering the stinger as previously
described (Haddad et al., 2004). The protein content of
tissue extract pools (23 stingers) was determined by
bicinchoninic acid method (Smith et al., 1985), using bovine
serum albumin as a standard. The procedures involving
animals were conducted in conformity with national laws
and policies controlled by the Butantan Institute Animal
Investigation Ethical Committee (protocol n 333/2006).

2.2. Local reaction and dermonecrotic activity induced by
P. falkneri tissue extracts

Local reaction (edema/erythema and paleness/ecchy-
mosis areas) and necrosis were determined by i.d. injection
of 400 pg of P. falkneri tissue extracts (this dose is able to
induce an intense inflammatory reaction and necrosis as
described by Barbaro et al., 2007), dissolved in 0.1 ml of
PBS, into the mouse dorsum skin (3 animals for each time
period). Animals were sacrificed by CO, inhalation and the
inner dorsum skin was examined. Areas of local reaction
and necrosis were inspected 3, 6, 24, 48, 72 and 96 h after
injection and reported as the mean of the three measure-
ments (mm?) for each parameter studied. Animals injected
only with PBS were used as control.

2.3. Histology

Skin squares of about 1 cm? of the injected area were
removed and fixed in 4% paraformaldehyde in PBS 0.1 M,
pH 7.2 for 24 h. The samples were dehydrated in ethanol
and embedded in paraffin. Sections of 4 pm were obtained
in a Microm HM340E microtome, stained with hematox-
ylin-eosin and examined under a light microscope. Photo-
micrographs were obtained with a Zeiss Axioskop 2 plus

microscope equipped with a digital camera (Axiocam) and
the software Axiovision (Zeiss).

3. Results
3.1. Macroscopic local reaction

The P. falkneri tissue extract evoked a local reaction.
Areas of intense inflammatory reaction at the injection site
were characterized by edema, erythema, paleness and
necrosis (Table 1 and Fig. 1). The control animal injected
with PBS did not show any inflammatory reaction.

3.2. Histological assessment of skin damage

Three hours after injection, nuclear contraction and
hyperchromasia was observed in a few basal epidermal cells
and hair follicles, with initial detachment of the epidermis
from the dermis, which showed evidence of mild edema, but
no inflammatory infiltrate or hemorrhage (Fig. 2A). Skeletal
muscle cells showed mild hypereosinophilia and focal
cytoplasmic degeneration; acute thrombosis was seen in
only one blood vessel in deep dermis (Fig. 2B).

After 6 h of injection, multiple foci of epidermal
detachment from the superficial dermis were detected
(Fig. 2C). Besides edema, a very mild inflammatory infil-
trate was observed, composed of neutrophils and macro-
phages, particularly at the subcutaneous tissue. There was
acute thrombosis of few blood vessels in deep dermis and
foci of coagulative necrosis of skeletal muscle cells (Fig. 2D).
No hemorrhage was verified.

After 24 h of injection, coagulative necrosis of the full
skin was evident, with a clear-cut demarcation from the
viable skin. The necrotic changes affected the epidermis,
dermis, subcutaneous tissue and skeletal muscle (Fig. 2E).
Foci of epidermal erosion and mild acute inflammatory
infiltrate as well as round collections of cellular debris in
the upper dermis and epidermis were present (Fig. 2F). No
hemorrhage was verified and very few blood vessels
showed thrombosis. Superficial epidermal bacterial infec-
tion was present in one of the samples.

After 48 h of injection, coagulative necrosis of skin,
subcutaneous and skeletal muscle tissue was evident
(Fig. 3A). The epidermis and the dermis showed mild acute
inflammatory infiltrate and collections of cellular debris,

Table 1
Macroscopic measurements of local reaction and necrosis induced by
P. falkneri stinger tissue extracts.

Time (hours) Necrosis (mm?) Local reaction (mm?)

3 - 2343 £5.0

6 - 165.0 + 15.5
24 23+40 148.7 + 37.1
48 33+£29 132.7 &+ 56.1
72 8.7 +£9.6 70.0 + 26.2
96 19.3 £ 10.1 114.3 + 46.5

Mice were injected i.d. with 400 ug of P. falkneri tissue extracts diluted in
0.1 ml of PBS. Local reaction (edema, erythema and paleness) and necrosis
were evaluated after 3, 6, 24, 48, 72 and 96 h. Data are expressed as
mean + SD.
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Fig. 1. Macroscopic aspect of mice skin (inner side) after injection of P. falkneri stinger tissue extract, at different times. Local reaction and necrosis were evaluated

after 3, 6, 24, 72 and 96 h (A-E, respectively). Control animal (PBS) (F).

characterizing micro-abscesses (Fig. 3B). Few blood vessels
in the dermis and subcutaneous tissue presented throm-
bosis. No hemorrhage was verified.

After 72 h of injection, the necrotic tissue presented
cellular debris in the form of numerous round collections or
diffuse infiltration, constituting a necrotic plaque focally
detached from the deep tissue (Fig. 3C). Regenerative
hyperplasia of epidermal cells appeared at the lesion
borders (Fig. 3D). A mild inflammatory infiltrate was
observed around viable blood vessels in the deep subcu-
taneous tissue.

After 96 h of injection, the regenerative hyperplasia of
epidermal cells at the necrotic skin border was more evident
(Fig. 4A). The coagulative necrosis of the tissue was clear,
affecting the skeletal muscle and presenting cellular debris
infiltration. In one of the samples the epidermis was missing
in some areas and superficial bacterial infection appeared
(Fig. 4B). No hemorrhage or blood vessel thrombosis was
detected.

In animals of the control group no evidence of necrosis
was noted although mild edema and mononuclear cell
infiltration of dermis and subcutaneous tissue were focally
present. Moreover, control animals did not show any
histological abnormalities in most of the skin, and subcu-
taneous and skeletal muscle tissue (Fig. 4C,D).

4. Discussion
There are few reports in literature on the toxic effects

of freshwater stingray venom. Under our experimental
conditions, we verified that the tissue extract of P. falkneri

could induce necrosis and an inflammatory reaction at the
site of injection. These data are in agreement with reports of
accidents in humans (Haddad, 2000; Haddad et al., 2004;
Garrone Neto and Haddad, 2010). They are also in agree-
ment with an experimental model (Barbaro et al., 2007)
demonstrating that necrosis and local inflammation are
much more prominent in injuries caused by freshwater
stingrays when compared with those caused by marine
species. Our histological study demonstrated that necrosis
occurs very soon after the exposure; foci of epidermal
necrosis with initial detachment from the dermis were
detected 3-6 h after extract injection. Moreover, at these
times, signs of initial necrosis of skeletal muscle were
observed. Necrosis was clearly established 24 h after extract
injection, affecting all the soft tissues (skin, subcutaneous
and skeletal muscle tissue), presenting a clear-cut demar-
cation with the viable neighboring skin and showing
a coagulative appearance. This appearance indicates the
occurrence of protein denaturation, which is compatible
with the action of proteases. Furthermore, our study showed
no evidence of significant vascular thrombosis or hemor-
rhage at any time, which reinforces the hypothesis that the
venom induces tissue necrosis probably by the direct action
of toxins/enzymes (Barbaro et al., 2007).

Envenomations caused by some species of snakes
(Gutiérrez et al., 2005; Moura-da-Silva et al., 2007), spiders
(Ospedal et al., 2002; Hogan et al., 2004) and fish (Lima
et al., 2003; Pareja-Santos et al., 2009) are also character-
ized by severe local tissue damage. The venom of these
animals has enzymes involved in the pathogenesis of local
myonecrosis, skin damage with intense inflammatory
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Fig. 2. Effect of P. falkneri stinger tissue extract in mouse skin. A and B: 3 h after injection. Epidermis presents initial detachment from the dermis (arrow, Fig. 2A).
Basal epidermal cells show nuclear contraction and hyperchromasia (arrowheads). Muscle cells (mu) present mild hypereosinophilia and focal cytoplasmic
degeneration. Most of the blood vessels are patent (v), but one single blood vessel (arrow, Fig. 2B) shows acute thrombosis. C and D: 6 h after injection. Multiple
foci of epidermal detachment from dermis are seen (arrows). There is edema and scarce inflammatory cells (arrowheads) in the subcutaneous tissue plus foci of
coagulative necrosis of muscle cells (mu). A patent blood vessel (v) can be seen. E and F: 24 h after injection. Coagulative necrosis affects epidermis (arrows),
dermis (d), subcutaneous tissue (st) and skeletal muscle (mu). There are foci of epidermal erosion (arrows) and round collections of cellular debris in the upper
dermis and epidermis (asterisks). Scarce inflammatory cells (arrowheads) are seen in the subcutaneous tissue.

reaction. Barbaro et al. (2007) showed that P. falkneri tissue
extract contains enzymes capable of degrading distinct
proteins such as casein, gelatin and fibrinogen. These
data suggest that such proteases could contribute to

degradation of proteins and extracellular matrix compo-
nents, favouring the establishment of local injury. Addition-
ally, the detection of hyaluronidase activity in Potamotrygon
tissue extract seems to constitute strong evidence that in this
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Fig. 3. Effect of P. falkneri stinger tissue extract in mouse skin. A and B: 48 h after injection. Coagulative necrosis of epidermis (arrow), dermis (d), subcutaneous
(st) and skeletal muscle tissue (mu) is evident. There are micro-abscesses characterized by collections of acute inflammatory cells and cellular debris affecting the
epidermis and superficial dermis (asterisks). Inflammatory cells are present in the dermis and subcutaneous tissue (arrowheads). C and D: 72 h after injection.
There is cleavage of the necrotic tissues at the level of sub cutis (arrows), with collections of cellular debris (asterisks). Regenerative hyperplasia of epidermal cells

(E) begins at the border of the lesions.

genus there is an amplification of the local damage caused by
toxins as well as of the injury caused by the stinger (Haddad
et al., 2004; Barbaro et al., 2007; Magalhdes et al., 2008).
Other species of Potamotrygon genus (Potamotrygon cf.
scobina and P. gr. orbignyi) can also cause necrosis as reported
by Magalhdes et al. (2006). The authors also observed that
the mucus, which covers the animal, could augment this
necrotic activity.

Secondary infection is usually found in patients injured by
marine (Clark et al., 2007; Dehghani et al., 2009) or fresh-
water (Haddad et al., 2004) stingrays. In our experiments, two

samples showed bacterial infection, one 24 h and the other
96 h after venom injection indicating that the site of injury
becomes a breeding ground for bacterial contamination.
Studies are being conducted to determine which bacterial
strains are more commonly associated with this type of
envenoming.

In conclusion, the toxins found in the tissue covering the
stingers of P. falkneri were able to cause severe local
damage, characterized mainly by early necrosis. The asso-
ciation of the action of these toxins with the mechanical
trauma caused by the stinger can explain the local necrosis
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Fig. 4. Effect of P. falkneri stinger tissue extract in mouse skin. A and B: 96 h after injection. There is an evident regenerative hyperplasia of epidermal cells (E)
bordering the necrotic skin, which shows intense coagulative necrosis that reaches the skeletal muscle (mu, Fig. 4B). In some areas the epidermis was totally lost
(arrow) and superficial bacterial infection was present in one sample (arrowheads) Note the presence of cellular debris in the necrotic tissue (asterisks). C and D:
Control group. No evidence of necrosis. The skin did not show abnormalities, although mild edema and mononuclear cell infiltration of dermis (d) and

subcutaneous tissue (st) were focally present. v—blood vessel.

and the severe sequelae observed in humans injured by
freshwater stingrays.
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