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Abstract

The cougar (Puma concolor) is the second largest felid species in the Americas and the fourth largest in the world. In literature, there is abundant data on domestic animals’ 
neoplasms; however information on neoplasms occurring in wild animals is limited. This study was carried out on a 33 kg female, adult cougar specimen kept for approximately 16 
years at Sorocaba Zoo. Hyporexia, progressive weight loss and increased abdominal volume were reported by the animal’s handler. At necropsy, ascites with serosanquinolent 
content, pyometra, peri-mammary lipoma and presence of a mass in the left adrenal region and in the left ovary region were observed. The adrenal formation was 7 x 7 cm, dense 
and vinaceous in color. Samples of all organs and masses were collected and stored in 10% formalin and, afterwards, processed by the routine technique for histopathological 
evaluation. The immunohistochemical examination of the adrenal mass showed an infiltrative growth of neuroendocrine origin, positive for Cromagranin and Synaptophysin and 
negative for AE1 and AE3 (cytokeratin), compatible with pheochromocytoma. The zoos prolong the life expectancy of their animals, when compared to that of wildlife individuals, 
resulting in higher incidence rates of neoplasms. Preventive veterinary examinations of wild animal collections remain a good strategy for conserving biodiversity. Further studies 
should be carried out to enable diagnosis in early stages, thus allowing a favorable prognosis for affected animals, with the possibility of therapeutic or surgical interventions. Data 
about neoplasms occurring in wild animals ex situ, might help in the conservation of species in situ.
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INTRODUCTION
The cougar (Puma concolor) has a uniformly colored pelage, 

varying in the dorsal region from yellow brown to reddish, with 
the belly and the inner part of the limbs being lighter. The average 
weight of an adult male can vary between 40 and 72 kg, while in 
females it varies from 34 to 48 kg [1]. Puppies are born with a 
dense pelage that varies from gray to beige, speckled with large 
brown spots. Its life expectancy is of 8 to 10 years, reaching up to 
20 years when kept under human care [2].

The cougar is one of largest felid species in the world. It is the 
most widespread terrestrial mammal in the Neotropical region, 
originally found from southern Canada to the southern tip of the 
South American continent [3]. Regarding the conservation status 
in nature, this species is considered of least concern according to 
the International Union for Conservation of Nature and Natural 
Resources (IUCN) [4]. The effective population size has been 
calculated around 4,000 individuals and in three generations, 
or 21 years, it is estimated that a decline of more than 10% of 
the national subpopulation could occur due to the suppression 

and fragmentation of their habitat for agricultural expansion 
and mining; in addition to the exploitation of wood for charcoal. 
Besides, the elimination of individuals by hunting; retaliation 
for predation of domestic animals; fires (mainly in sugarcane 
fields); and motor-vehicle collisions also significantly contribute 
to population reduction in several areas [5].

In literature, there is abundant data on domestic animals’ 
neoplasms; however information on neoplasms occurring in 
wild animals is limited. Most studies in wild animals refer to a 
single species or a single type of tumor [6-10]. Biopsy a necropsy 
examination is a valuable tool for diagnosis [11]. Histological 
classification with the aid of immunohistochemical staining 
results in a much more accurate diagnosis. Neoplasm studies 
in wild animals with necropsy examination associated with 
immunohistochemistry have been rarely reported.

Ovarian tumors are classified into three categories: epithelial, 
germ cell, and stromal. Fibroma, thecoma and gonadoblastoma 
are tumors of the sex cords that are part of the stroma [12]. 
Fibroma is a benign tumor of firm consistency, whitish, and 
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spherical or ovoid in shape. Ovarian fibroids are rare in most 
animal species, although frequent in humans [13].

Pheochromocytomas originate from chromaffin cells present 
in the adrenal medullary region, capable of producing, storing, 
and secreting catecholamines (eg, epinephrine, norepinephrine). 
Ante-mortem diagnosis is complex and rare, requiring a high 
index of suspicion by the veterinarian staff, due to the paroxysmal 
and nonspecific nature of clinical signs and lack of specific and 
sensitive diagnostic tools [14], demonstrating the importance 
of necropsy examination as an essential tool for the diagnosis of 
neoplasms in wild animals under human care. 

Sorocaba Municipal Zoo has an estimated squad of 1,250 
wild animals, divided into 340 different species in an area 
of 12.8 hectares. This work discusses the carcinogenesis of 
two neoplasms, a unilateral ovarian fibroma and a unilateral 
pheochromocytoma in an adult female puma (Puma concolor), 
confirmed by post-mortem histopathological results. This study 
reports two rare neoplasms in wild felids, demonstrating the 
importance of research in wild animals.

CASE PRESENTATION
This study was carried out on a 33 kg female, adult cougar 

(Puma concolor) specimen kept for approximately 16 years at 
Sorocaba Zoo. Hyporexia, progressive weight loss and increased 
abdominal volume were reported by the animal’s handler. 
The patient was forwarded to the Zoo Veterinary Hospital for 
collection of biological material and clinical, ultrasound and 
radiographic examination. The anesthetic protocol used was 
a combination of 10% ketamine hydrochloride at a dose of 8 
mg/kg and 5% xylazine hydrochloride at a dose of 0.5 mg/kg, 
administered intramuscularly through physical restraint in a 
press cage. Clinical examination revealed a low body condition 
score of the animal and a large mass in the mid-abdominal region 
with approximately 40 cm in diameter. 

The ultrasound examination revealed an irregular 
heterogeneous formation, occupying the entire mid-abdomen, 
overlapping intestinal loops, lymph nodes, reproductive system, 
adrenals, pancreas and spleen, impossibilitating its origin.

The radiographic examination of the abdomen and thorax, 
in ventrodorsal and latero-lateral projection in right decubitus, 
showed an area of   greater radiopacity of soft tissues distributed 
throughout the abdomen, making it difficult to visualize other 
organs, which may be compatible with abdominal mass. In the 
chest, there were no metastatic nodules in lung parenchyma that 
could be observed in radiographic evaluation, although areas 
of mineral radiopacity were distributed throughout the lung 
parenchyma compatible with osteomas, which are common in 
senility.

The veterinary staff opted for the surgical removal of the mass, 
but the animal died before the procedure. At necropsy, ascites with 
serosanquinolent content, pyometra, peri-mammary lipoma and 
presence of a mass in the left adrenal region and in the left ovary 
region were observed. The adrenal formation was 7 x 7 cm, dense 
and vinaceous in color. Samples of all organs and masses were 
collected and stored in 10% formalin and, afterwards, processed 
by the routine technique for histopathological evaluation.

Histopathological examination of the ovary showed an 
ovarian stroma with expansive growth formed by fusocellular 
cells with irregular nuclei and hyperchromasia, granular 
eosinophilic cytoplasm and bands of connective tissue and 
neovascularization, compatible with ovarian fibroma (Figure 1). 
The adrenal histopathological examination showed an infiltrative 
growth lesion of neuroendocrine origin consisting of cellular 
arrangements in solid and trabecular blocks, hyperchromic, 
voluminous and irregular nuclei of eosinophilic cytoplasm, and 
vascular proliferation permeating neoplastic cells, compatible 
with pheochromocytoma (Figure 2).

The immunohistochemical examination of the adrenal mass 
showed an infiltrative growth of neuroendocrine origin, positive 
for Cromagranin and Synaptophysin and negative for AE1 and 
AE3 (cytokeratin), compatible with pheochromocytoma (Figure 
3).

DISCUSSION
In literature, most studies in wild animals portray a single 

species or a single kind of tumor [9]. There are reports of 
neoplasms in the nervous [15,13], liver [17,18], respiratory 
[17,19], gastrointestinal [20,21], reproductive [22], endocrine 
[17,23,9], and skin [24,25], systems of cougars. Nevertheless, 
reports of endocrine system neoplasms are rare in wild felids.

A B

Figure 1 A) Ovarian fibroma. Ovary mass with 5 kg, 40 cm in length and 
40 cm in width in the largest axes, cavitations on section and extensive 
vascularization B) Histopathological section shows expansive growth 
formed by fusocellular cells with irregular nuclei hyperchromasia and 
granular eosinophilic cytoplasm. 20X, H&E.

A B

Figure 2 A) Pheochromocytoma. Adrenal mass with 7 cm long and 7 
cm wide, dense, and vinaceous in color. B) Histopathological section 
shows an infiltrative growth lesion of neuroendocrine origin consisting 
of cellular arrangements in solid and trabecular blocks, hyperchromic, 
voluminous and irregular nuclei of eosinophilic cytoplasm. 40X, H&E.
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Pheochromocytomas are commonly reported in ruminants, 
canids, and new world primates, but there are rare reports of 
adrenal pheochromocytoma in wild felids, although some studies 
have already been reported in clouded leopard (Neofelis nebulosa) 
[26], tiger (Panthera tigris) [27], and jaguar (Pantehra onca) [28]. 
Pheochromocytomas are often large (10 cm or more in diameter), 
firm and encapsulated, and typically replace most of the affected 
adrenal gland [26], similar to what is described in this report. 
According to Corner (2017), 25% of pheochromocytomas are 
bilateral and 20% showed metastasis, unlike our report in which 
the neoplasm was unilateral and did not present metastasis.

The diagnosis of pheochromocytoma confirmed by 
immunohistochemistry demonstrated positive neuroendocrine 
origin for Chromagranin and Synaptophysin, corroborating 
other studies [29]. Confirmation of the diagnosis by 
immunohistochemistry shows the importance of performing 
additional tests for accurate diagnosis. Study demonstrated that 
ultrasound exam does not have 100% diagnostic accuracy in 
the case of pheochromocytoma [30], as only masses larger than 
2 cm in diameter can be detected [31]. However, confirmation 
of the topography, as well as details of the textural aspect and 
involvement of adjacent tissues, helps in the differential diagnosis.

There is a relationship between the increase in life 
expectancy of wild cats in zoos or under humans care and the 
greater incidence of neoplasms diagnosed. The animal subject 
of this report was of high age, which is a factor that might have 
influenced the onset and development of the tumors [32]. 
Comparative studies are a useful tool to learn more about the risk 
of specific species to different neoplasms and to better tailor the 
preventive care, monitoring, and treatment of the animals [10].

Studies have found a good statistical correlation between air 
pollution and cancer incidence [33,34]. Environmental pollution 
by genotoxic agents implies an increase in the rate of mutations. 
There are two possibilities as to which cell type undergoes 
the mutation. In germinated cells, mutations can increase the 
incidence of genetic diseases in future generations. In somatic 
cells the adverse effect will be an increase in the number of 
cancer cases [35].

The vast majority of cancers arise independently in each 
individual animal in response to multiple ranges of causal 

factors, including chemical or irradiating carcinogens, oxygen 
free radicals associated with aging, and interactions of these with 
oncogenes and tumor-suppressing genes and viruses [36]. As 
with many human cancers, some wildlife cancers are attributable 
to environmental contaminants. For example, the cancers 
in belga whales (Delphinapterus leucas) that are related to 
polycyclic aromatic hydrocarbons [37] and mesotheliomas those 
are strongly associated with prolonged exposure to pollutants, 
the asbestos fibers [27]. 

CONCLUSION
Clinical aspects and occurrence of neoplasms are still 

unknown in many species of wild animals. Further studies should 
be carried out to enable diagnosis in early stages, thus allowing 
a favorable prognosis for affected animals, with the possibility 
of therapeutic or surgical interventions. Data about neoplasms 
occurring in wild animals ex situ, might help in the conservation 
of species.

The post-mortem examination and the results of the 
histopathological and immunohistochemical tests were decisive 
for the diagnosis of the patient’s cause of death. According to 
Brazilian legislation, post-mortem examinations must be carried 
out in wild animals from a zoo.

The zoos prolong the life expectancy of their animals, when 
compared to that of wildlife individuals, resulting in higher 
incidence rates of neoplasms. Preventive veterinary examinations 
of wild animal collections remain a good strategy for conserving 
biodiversity. 
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