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Preface
Pocket Veterinary Medicine is a book series edited by Isabel Pires and Filipe
Silva.
Being veterinarians, trained in pathology (IP) and clinical (FS), the editors
aimed that each book could address the disease by seeking molecular, cellular,
and organic changes to understand clinical signs and treatments.
Destined to veterinary medicine students and professionals, Pocket
Veterinary Medicine intended to be a set of small books, easy to consult, and
accessible to all. More than an exhaustive review of each topic, the book will
approach a different subject in a methodical, simple and practical way.
We hope you like it and can be useful to you.
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Introduction

Enzootic bovine hematuria (EBH) is a serious condition that mainly affects
cattle from 4 to 12-year-old managed in extensive systems based on pasture.
Calves are usually not affected. There is no evidence of breed or sexual
predisposition for the development of EBH (Seifi et al., 1995; Nielson &
Moulton, 1990).
This syndrome is clinically characterized by the presence of hematuria,
which can occur intermittently or continuously, accompanied by anemia
(Divers et al., 2018).
Although BEH presented a worldwide distribution with variable
prevalence, it has been mainly reported in tropical regions with less arable or
non-cultivated lands (Vetter, 2009).
Since no curative treatment is currently available for BEH, affected cattle
displayed a decrease in its performance, mainly characterized by emaciation,
weight loss, and decrease milk yield (Giles & Andrews, 2008).
This syndrome is the clinical expression of tumors of epithelial and
vascular origin present in the urinary bladder. The presence of the chemical
compound, called Ptaquiloside, in bracken fern (Pteridium spp.), has been
described as the main cause of the disease and the neoplastic lesions result
from the carcinogenic property of this substance (Sharma et al., 2013).
However, evidence suggests that urinary bladder neoplasia is enhanced with
concomitant bovine papillomavirus-2 (BPV-2) infection in cattle (Resendes et
al., 2011).
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Etiology

Pteridium aquilum is the main fern responsible for the development of BEH,
but other species of the genus Pteridium are also involved such as Pteridium
arachnoideum, Pteridium caudatum, Pteridium esculentum and Pteridium
revolutum (Vetter, 2009; Micheloud et al., 2017). Moreover, other plants
belonged to other genus such as Pteris deflexa and Pteris plumula, rock
fern (Cheilanthes sieberi, Australia), or Onychium contiguum (India),
(McKenzie, 1978; Dawra et al., 2001; Micheloud et al., 2017) may also be
implicated.
However, other factors such as nutritional deficiencies, mineral
deficiencies in the soil, free-grazing management, and viruses (bovine
papillomavirus) have been also associated with BEH (Bringuier-PP and JeanBlain, 1987; Campo, 1997).
Pteridium aquilinum
Morphological description
Ferns are plants that do not produce flowers or seeds and are mostly
herbaceous. The stems are known as rhizomes, because they grow horizontally
above and below the soil surface however, there are also erect and climbers;
most are covered by scales, but some are covered by hairs. The scales are
generally lanceolate and sometimes orbicular. The hairs can be unicellular or
multicellular, they are usually simple although some species are found with
starry or ctenitoid hairs. Fern leaves known as fronds, are monomorphic in
most species, however, they can be dimorphic in certain species. The sheets
are described as simple or pinnate but are generally several times divided with
a pinnate division pattern (Lee & Shin, 2011).
Geographic Distribution
Pteridium aquilium (figure 1) is native from Gilan province, Manzadaran,
and Golestan, in Iran (Tourchi-Roudsari, 2014). Nowadays, Pteridium
aquilinum is a cosmopolitan species with worldwide distribution except polar
desert regions (Fernandes & Fernandes, 1983; Nunes & Castro, 1991; Durão
et al., 1995). It is mainly located in acidic forest soils, warm dark areas, woods,
and roadsides (Marrs & Watt, 2006; Tourchi-Roudsari, 2014).
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Fig 1: Pteridium aquilium

There are two subspecies (Table 1) that include several varieties
according to the geographic area.
Table 1: Pteridium aquilinum subspecies and varieties
Subspecies

Aquilinum

Caudatum

Varieties

Aquilinum
Africanum
Pseudocaudatum
Latiusculum
Wightianum
Pubescens
Decompositum
Feci

Caudatum
Arachnoideum
Esculentum
Yarrabense

The worldwide distribution of Pteridium aquilium is justified, in part, by
its adaptive capacity to the environmental conditions. It is an extremely
opportunistic plant that tries to maintain its dominance. Ferns presented some
survival mechanisms such as synthesis of substances that once incorporated in
the soil difficult the appearance and development of other plants or production
of substances that act as a repellent of predators (Cooper, 1976; Gliessman,
1976; Fernandes & Fernandes, 1983). Also, bracken ferns can grow and adapt
to a wide environmental conditions with scarce water requirements (TourchiRoudsari, 2014).
In Europe, there are mainly Pteridium aquilinum subs. aquilinum,
aquilinum variety (Page, 1976).
In Portugal, bracken fern is found in acid and not too drylands across the
country, at altitudes ranging from sea level to about 1500m in the Serra da
Estrela. In Azores islands, its presence is uncommon above 1100 m of altitude
(Franco & Afonso, 1982; Fernandes & Fernandes, 1983).
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The expansion of Pteridium aquilinum worldwide represents a real
invasive plague. Therefore, intrinsic characteristics such as high reproductive
potential or propagules with long viability as well as external factors like
human activity, intensive crops, or fires among others are risk factors of its
expansion (Fernandes & Fernandes, 1983).
Toxic agents in Bracken
Bracken-fern contains some toxic constituents that vary according to the
variety as ptaquiloside, pterosin, shikimic acid, thiaminase, and quercetin.
Ptaquiloside is considered a powerful toxic compound and also a strong
carcinogen. It is responsible for the innumerous biological effects of the fern,
such as bright blindness in sheep, mutagenicity, genotoxicity, and
carcinogenicity in humans (Yamada et al., 2007).
Pterosin is widely found in ferns and is associated with in vitro
cytotoxicity (Chen et al., 2008; Tourchi-Roudsari, 2014).
Shikimic acid might act as a carcinogenic stimulating factor although its
action mechanisms are currently unknown (Jones et al., 1983; TourchiRoudsari, 2014).
Thiaminase is present in all parts of the fern. Its action mechanisms lead
to the destruction of thiamine and subsequently to various health problems,
such as beriberi in animals fed with bracken fern (Nielsen & Moulton, 1990).
Quercetin has pro-apoptotic effect that leads to cell damage and
cytotoxicity. However, this effect has only observed in vitro studies (TourchiRoudsari, 2014).
Toxicity
Since bracken-fern is a poisonous plant for livestock, its toxic effect may
vary regarding the amount ingested, time of exposition, season, or part of the
plant as well as the animal species. Hence, horses presented anorexia and
ataxia. In sheep, neuroepithelial degeneration of the retina leading to bright
blindness has been described (Ugochukwu, 2018). In cattle, bracken poisoning
also causes depression of hematopoietic activity of the bone marrow
characterized by leucopenia, thrombocytopenia, and hematuria (TourchiRoudsari, 2014; Ugochukwu, 2018).
Genotoxic/ Citotoxity activity
Several research works have shown that bracken fern extract induces
genetic instability and DNA damage in vitro. However, recent studies revealed
that ptaquiloside is directly linked to DNA band breaks in gastric cells in vitro
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with decreased cell viability, late apoptotic and necrotic cell induction (Gomes
et al., 2012). Also, bracken fern induces cell cycle arrest and cellular apoptosis
at low and high concentrations respectively (Tourchi et al., 2012).
Bracken-fern spores cause the rupture of the DNA strand in human
premyeloid leukemia cells in vitro (Siman et al., 2000). Other studies showed
fern extracts induce chromosomal aberrations in mammalian cells (Almeida
Santos et al., 2006). Ptaquiloside is the main agent of DNA damage induction
due to spontaneous deamination and DNA chain breakdown (Gomes et al.,
2012; Pereira et al., 2009). However, Yamada (2007) showed that it was not
only this compound that would lead to all these damages, but the other
compounds present in the plant.
Furthermore, assays with evaluation of p53 gene expression revealed that
DNA damage occurs during the first few hours of exposure to gastric epithelial
cells (Gomes et al., 2012). Mutations in this gene are the most frequent somatic
genetic abnormalities detected in human malignant disease, and increasingly
tend to be more common in bladder cancer (Hainaut & Hollstein, 1990;
Dalbagni et al., 2001). The p53 gene is responsible for encoding a
transcription factor of 53 kDa, with an important role in DNA repair and cell
apoptosis. Thus, the detection of any mutations in p53 genes in fern-induced
carcinogenesis will help to better understand the mechanism involved in
carcinogenesis (Sharma et al., 2013).
Carcinogenic Activity
The first description of the carcinogenic effect of Pteridium aquilinum
was reported by Rosenbreger and Heeschen (1960), who described hematuria
and changes of polypoid nature in the bladder of 5 bovines fed with sublethal
fern doses, for long term. Pamucku et al. (1976) indicated the relationship
between the geographical distribution of ferns and cases of enzootic
hematuria. However, the presence of papillomavirus has also involved. Thus,
in 1965, fern was reached the carcinogen status by the induction of intestinal
adenocarcinomas in rats fed for nine weeks on a diet containing one-third of
its weight of dry and ground fern. All animals included in the trial developed
neoplasms, often with the formation of diverticula and intussusceptions
mainly at the level of the ileum, whereas the animals in the control group did
not develop neoplasms lesions (Evans, 1976).
Further research confirmed the carcinogenic activity of the plant, using
different laboratory animals, various fern subspecies and different ingestion
doses. Laboratory animals, depending on the dose and time of exposure,
develop leukemias intestinal neoplasms, pharynx, esophagus, breast
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subcutaneous tissue, palate, kidney and bladder (Pamukcu et al., 1980;
Yoshikawa et al., 1981; Hirono, 1989; Shahin et al., 1998). Studies on female
mice, fed with the fetus and their progeny, revealed maternal adverse effects
such as embryo intoxication, alteration in the physical and neurobehavioral
development of the offspring, increased incidence of lung tumors and
mammary glands tumors (Pamukcu et al., 1978; Yoshikawa et al., 1981;
Hirono, 1989; Salazar et al., 1990; Gerenutti et al, 1992).
In cattle, bladder tumors have been induced experimentally however, no
metastization was observed (Pamukcu et al., 1976).
Fresh or dried Pteridium aquilinum or its various parts, including spores
or extracts can develop tumors lesions in various body locations in different
animal species such as cattle, mice, rats, or guinea pigs (Povey et al., 1996;
Salazar et al., 1990).
With the extracts of rhizome, leaves and the whole plant, the mutagenic
power of Pteridium aquilinum was confirmed in the Ames test, and there was
no significant difference in the mutagenicity of extracts from the different
parts (Rao et al., 1991).
The carcinogenicity effect of bracken-fern was attributed to the chemical
compounds ptaquiloside, quercetin and shikimic acid. Toxicity studies of
quercetin and shikimic acid indicated that they do not present a genotoxic
effect. Quercetin and its derivatives exert cytotoxic effects but are not directly
related to the etiological agents of fern intoxication in cattle, since it probably
acts as a co-carcinogen agent in vivo of bovine papillomavirus (Pamukcu et
al., 1980; Ngomuo and Jones, 1996).
At some points on the planet, the fern has very high concentrations of
ptaquiloside, thus depending on the carcinogenic activity of the plant genotype
and the geographical conditions (Smith et al., 1992; de Oliveira, 1993).
Regarding ptaquiloside, its concentration in the plant may vary according
to the fern variety. Also, the ptaquiloside reactivity is pH-dependent. Thus, at
acidic pH, it undergoes aromatization causing pterosin B. The alkaline pH,
ptaquiloside is converted to an unstable dienone containing a highly reactive
cyclopropyl group that can react rapidly with amino acids, nucleosides,
nucleotides, and DNA. The compound causes alkylation of H-ras DNA,
primarily in adenine, at codon 61, followed by depuration and error in DNA
synthesis, which leads to activation of the H-ras proto-oncogene. The
reactions were observed on the N3 and N7 atom of the purines, from the
exocyclic atom of guanine and DNA phosphate. The breakages derive from
the spontaneous cleavage of the bonds on the N3 adenine and N7 guanine
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atoms (Shahin et al., 1998; (Prakash et al., 1996; Povey et al., 1996). In the
N3 atom of adenine, the alkylation is preferably in the 5'-TAG and 3'-A
sequences at 5'-AA-3', and the N7 in the 5'-TG sequences (Shahin et al., 1999;
Yamada et al., 2007). The formation of bonds between ptaquiloside and DNA
is considered the beginning of the tumoral process (Shahin et al., 1998).
The ileum and urine of the herbivores have alkaline pH, which may favor
the activation of the ptaquiloside (Prakash et al., 1996).
Besides, a high frequency of chromosomal aberrations in peripheral
lymphocytes was also detected in cattle raised on extensive pasture with fern,
probably due to plant carcinogenicity or bovine papillomavirus infection
(Moura et al., 1988).
Bovine Papillomavirus
The bovine papillomavirus (BPVs) is a double-stranded DNA virus,
species-specific that produces cutaneous and mucosal neoplastic lesions
(Sharma et al., 2013). Bladder cancer in cattle is associated with the presence
of papillomavirus in natural and experimental conditions (Campo, 1992;
Campo 1997; Cota et al., 2015). In cattle, the cutaneous papillomatosis agent
has proven to be capable to produce fibroma lesions when injected into the
submucosa of the bladder (Olson et al., 1959). Although immunosuppression
caused by BPV is enough to cause pre-malignant lesions, disease progression
occurs only when the mutagenic agents present in bracken fern interact
synergically with the BPV causing chromosomal aberrations and
clastogenesis. After the development and progression of the neoplasm, BPV2 expresses the E5 oncoprotein and modifies telomerase activity
(Borzacchiello et al., 2003). A recent study demonstrated similar synergism
between BPV-4 and quercetin, a mutagenic flavonoid presented in bracken
fern. This interaction results in gastrointestinal tumors in cattle and humans
(Carvalho et al, 2006).
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Risk Factors

Reports about the risk factors of EBH are scarce. The strongest risk factor for
bovine urinary bladder tumors is related to the geographical location where
cattle rear in areas with a high density of bracken fern. Thus, cattle only resort
to consuming bracken fern when there is little alternative vegetation available,
when the fern is still green or when the animals graze in large quantities of
this plant (Briggs & Longman 1989; Alonso-Amelot et al., 1996: Sharma et
al., 2013).
The free-grazing of cattle during the spring for two or three months as
well as the use of fresh fern as bedding in the spring and summer was also
indicated as risk factors (Hidano et al., 2017).
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Clinical Signs

BHE clinical signs are more evident in females during pregnancy and after
parturition. In contrast, the mortality rate is higher in males due to obstruction
of the urinary tract by blood clots. However, no sexual predisposition is
recognized (Nielson and Moulton, 1990; Sharma et al., 2013; TourchiRoudsari, 2014). The onset of the disease is presented, on average, at 7-yearold with an expected life spam about 1.5 years (Sharma et al., 2013).
Clinical signs may vary according to the severity of hematuria, the stage
of disease, and the existence of obstruction and secondary infections. Initially,
the irregular presentation of hematuria together with unspecific symptoms
such, difficult the diagnosis. Also, the observation of clinical signs is delayed
since cattle rear in extensive areas for long periods (Nielsen & Moulton,
1990).
The evolution of BEH is usually slow and intermittent, leading to the
progressive emaciation of the animal. The animals usually presents severe
hematuria, strangury, anemia with pale mucosa, and absence of fever
(Ugochukwu et al., 2018). Besides palpation of multiple masses within the
bladder wall, cattle also presented weight loss and a decrease in milk yield
(Meisner et al., 2009).
Ingestion of large amounts of fern during 1-3 months could lead to an
acute toxicosis with as fever, lethargy, drooling, hemorrhages of varying
degrees in several organs like the gums, nostrils, and gastrointestinal tract,
pancytopenia, hematuria, bone marrow suppression or blood in the milk may
occur. (Anjos et al., 2008; Ugochukwu, 2018)
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Clinical Pathology

Regarding laboratory analysis, blood tests displayed non-regenerative anemia
usually associated with thrombocytopenia and leucopenia (Rosemberger et
al., 1983; Giles & Andrews, 2008).
Urine analysis is needed to the verification of hematuria. However, this
clinical sign is unspecific since it can be present in other clinical conditions.
Urine microscopic analysis should be considered a reference diagnostic test.
At the farm, diagnostics of hematuria are usually carried out by the use of
commercial urine dipsticks (Pavelski et al., 2014). Microscopic analysis of
urine increases the diagnostics of BEH since hematuria can be quantified by
erythrocyte count. Also, examination of urinary sediments exhibited the
presence of phosphate crystals and neutrophils. Bacteriological examination
of urine samples does not reveal any significant result (Dawra et al., 1991).
The hematological profile is characterized by progressive anemia and
leucopenia (Prasad, 1983). Antithrombin III, protein S activities, protein C,
and fibrinogen plasma levels are usually increased (Di loria et al., 2012).
Biochemical analysis showed an increase in blood urea nitrogen and
serum creatinine levels indicating some involvement of the kidney in the
pathogenesis of EBH (Prasad & Iyer, 1986). Therefore, increased levels of the
protein and creatinine concentrations in the urine of cattle affected by EBH
have been also referred (Dawra, et al., 1991).
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Necropsy and Histopathological Findings

HEB lesions are observed in the bladder and occasionally in renal pelvis or
ureters. They include petechiae, ecchymosis or hemorrhagic suffusions,
discoloration, and neoplasias (figure 2).
Tumors often occur in the ventral and lateral wall of the fundus or the
trine. They presented as polyps, single or multiple, and often are pedunculated
or sessile. Some contain mucin cysts (Nielsen & Moulton, 1990).
Local invasion and metastasis in the iliac lymph nodes or lungs may be
observed (Maxie, 1993; Carvalho et al., 2006; Cota et al., 2015).
Other lesions, such as infarcts in the liver, bone marrow aplasia and
tumors in pharynx, esophagus, and rumen might also be found (Anjos et al.,
2008; Ugochukwu, 2018).

Fig 2: BEH - bladder tumours (courtesy of Dr. Carlos Jardim de Freitas and Dr.
Daniel Bravo da Mata)

EBH is associated with epithelial and connective bladder tumors,
including papillomas, transitional carcinomas, adenomas, fibromas,
fibrosarcomas, leiomyosarcomas, hemangiomas, and angiosarcomas.
Multiple tumors of one or more types may be present in the same animal, being
the most frequent association of papillomas, fibromas, and hemangiomas with
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carcinomas. Other histological alterations that may be observed are focal
hyperemia, dilation of the blood vessels of the mucosa and submucosa, edema,
petechial hemorrhages, ulcers, and chronic cystitis. Urothelium exhibits
metaplastic changes (squamous or mucosal metaplasia) or hyperplastic, with
the appearance of von Brünn nests (Carvalho et al., 2006; Pires et al., 2009;
Pires et al., 2010).
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Diagnosis

The diagnostics of EB should be made by a combination of the anamnesis
(access to fern), clinical signs, and different complementary diagnostics tests.
Besides blood and urine analysis, ultrasonography has been described for BEH
to observe alterations in urine bladder. Since, EBH has been related to bovine
papillomavirus, its detection by PCR may also improve the diagnostics. Post
mortem examination and histopathology allow the definitive diagnosis
(Prasad, 1983; Hoque et al., 2002).
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Public Health

Bracken fern has long been used by man by for animal bedding, medicinal
properties, or as fertilizer, among others (Lee & Shin, 2011). However, the
potential threat of bracken fern for public health has increased in the last years
due to the presence of carcinogenic components in its constitution such as
ptaquiloside (dos Reis Aranha, et al., 2019).
Human contamination may be direct from fern exposition or indirect, by
the ingestion of cattle products. Direct exposition to bracken carcinogens
include inhalation of bracken spores (Povey et al., 1996; Rasmussen et al.,
2013) or ingestion of contaminated water. A study by Siman et al. (2000)
showed that several spore extracts from different ferns, including Pteridium
aquilinum, cause DNA damage. However, the pathological mechanism of
tumor development is still unknown. Ptaquiloside leaching of the fronds
exposed to rain may subsequently contaminate soil and groundwater (Jatoba
et al., 2016). It is also known that some of the components present in the fern
are soluble and hence water is a possible source of contamination although
with a scarce risk compared to milk or meat ingestion (O´Driscoll et al., 2016).
Ingestion of the fern as food has been associated with high levels of
esophageal cancer in Japan and esophageal and gastric cancer in Brazil (Povey
et al., 1996). In Japan, young leaves are usually eaten as an appetizer, raw or
cooked. From the dried and peeled rhizomes, flour is made with the so-called
bread of the fern, used by the poorest people or in times of famine. References
to this type of bread are found in France, England, New Zealand, and Santa
Maria Island. The American Indians eat the rhizome (Fernandes & Fernandes,
1983; Rymer, 1976; Santos, 1990).
Indirect exposure of man is related to milk and meat of animals with EBH.
Carcinogenic compounds present in fern can be present from milk and meat
as chemical residues. The carcinogenic effect of ptaquiloside by milk
ingestion is still unknown although some studies related a high incidence of
gastric tumors in farmers' population of Costa Rica, Central America and
Southern Mexico that consume milk from cattle raised in high bracken fern
density area (Alonso-Amelot et al., 1996; Povey et al., 1996). Also, it has been
observed that milk from cows that consumed fern displayed a carcinogenic
effect in rodents (Pamukcu et al., 1980). Rats fed with fresh and/or powdered
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milk showed a higher incidence of bladder carcinoma, suggesting the presence
of carcinogenic metabolites in milk (Vetter et al., 2018). Ptaquiloside content
has been quantified in milk from cows fed with P. aquilinum var. caudatum.
Thus, these results may have implications in newborns and infants fed with
cow's milk from pastures with a high density of bracken ferns (Salazar et al.,
1990). Thermal processing of milk seems to inactivate ptaquiloside
(Villalobos-Salazar et al., 2000). Therefore, a potential public health concern
for urban populations is scarce (Alonso-Amelot et al., 1998). However, the
rise of green consumerism, including the current tendency to drink raw milk,
may have a negative impact on public health with special importance of those
milk from cattle raised on high-density bracken fern areas.
Regarding the presence of ptaquiloside and related terpene glycosides in
meat, its potential impact as chemical hazards has been discussed (Gil da
Costa et al., 2012). Thence, a report by the British Committee on the Toxicity
of Chemicals in Food, Consumer Products and the Environment (COT) has
recently addressed the risks placed by ptaquiloside-contaminated foodstuffs
and considered it reasonable to regard bracken as potentially carcinogenic at
all levels of ingestion. Committee on toxicity of chemicals in food, consumer
products, and the environment also called for further studies on ptaquiloside
residues present in foods derived from bracken-fed animals and on the
determination of safety intervals for ptaquiloside clearance from tissues and
milk (COT, 2008). Thus, the presence of ptaquiloside is the skeletal muscles
and liver have reported in bracken-fed cattle (Fletcher et al., 2011).
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Conclusion

Bovine enzootic hematuria is a syndrome, considered endemic in certain areas
of the planet. It is characterized by hematuria, associated in most cases with
bladder neoplasms. Although viral agents may be involved, the etiology of
this process is mainly a management problem, associated with the conditions
and type of feeding of the animals. The fern Pteridium aquilinum is
responsible for the contribution of carcinogens, and its ingestion is associated
with neoplasms in humans and animals. This issue has aroused our interest,
both by the worldwide abundance of the fetus and by its repercussions on
public health.
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bovinos na Regiaõ Central do Rio Grande do Sul. Pesq Vet Bras. 2008;
28(10):501–507.

5.

Borzacchiello G, Iovane G, Marcante ML, Poggiali F, Roperto F, Roperto
S & Venuti A. Presence of BPV-2 DNA and expression of the viral
oncoprotein E5 in naturally occurring bladder tumours in cows. J Gen
Virol. 2003b; 84:2921–2926

6.

Briggs D & Longman, FC. Agriculture and Environment. 1989; pp.359.

7.

Bringuier PP & Jean-Blain C. Bovine chronic haematuria: aetiology and
epidemiology. Le Point-Veterinaire. 1987, 19(107):393-403.

8.

Campo MS, Jarrett WF, Barron R, O’Neil BW & Smith KT. Association
of bovine papillomavirus type 2 and bracken fern with bladder cancer in
cattle. Cancer Res. 1992;52(24):6898-904.

9.

Campo MS. Bovine papillomavirus and cancer. Vet J. 1997;154(3):17588.

10. Carvalho T, Pinto C & Peleteiro MC. Urinary bladder lesions in bovine
enzootic haematuria. J Comp Pathol. 2006;134(4):336-46.
11. Chen Y, Zhao Y, Hu Y, Wang L, Ding Z, Liu Y & Wang J. Isolation of
5-hydroxypyrrolidin-2-one and other constituents from the young fronds
of Pteridium aquilinum. J Nat Med. 2008; 62: 358-9.
12. Cooper DG. Chemotaxonomy and Phytochemical ecology of bracken.
Page | 17

Botanical Journal of the Linnean Society. 1976; 73: 35-46.
13. Cota JB, Peleteiro MC, Petti L, Tavares L & Duarte A. Detection and
quantification of bovine papillomavirus type 2 in urinary bladders and
lymph nodes in cases of Bovine Enzootic Hematuria from the endemic
region of Azores. Vet Microbiol. 2015; 178(1-2):138-43.
14. Committee on Toxicity of Chemicals In Food, Consumer Products and
the Environment. Cot Statement On The Hazard To Consumers Of Eating
Foods Derived From Animals That Had Eaten Bracken. Annex A
Tox/2008/20. 2008.
15. Dalbagni G, Ren ZP, Herr H, Cordon-Cardo C & Reuter V. Genetic
alterations in tp53 in recurrent urothelial cancer: a longitudinal study. Clin
Cancer Res. 2001; 7:2797–2801
16. Dawra RK, Sharma OP & Somvanshi R. A preliminary study on the
carcinogenicity of the common fern Onychium contiguum. Vet Res
Commun. 2001; 25(5):413-20.
17. Dawra RK & Sharma OP. Enzootic bovine haematuria—past, present and
future. Vet Bull. 2001, 71:1–27
18. Dawra RK, Sharma OP, Krishna L & Vaid, J. The enzymatic profile of
urine and plasma in bovine urinary bladder cancer (enzootic bovine
haematuria). Vet Res Commun. 1991;15(6), 421-426.
19. de Oliveira ML. Efeito de Baixas Doses de Samambaia Pteridium
aquilinum sobre a Carcinogênese Induzida por N-butil-N-(4hidroxibutil)-nitrosamina e Uracil na Bexiga Urinária do Rato.
Dissertação para a Obtenção do Grau de Mestre. Faculdade de Medicina
de Botucatu. Universidade Estadual Paulista, São Paulo, 1993, pp:1-46,
20. Di Loria A, Piantedosi D, Cortese L, Roperto S, Urraro C, Paciello O,
Guccione J, Britti D & Ciaramella P. Clotting profile in cattle showing
chronic enzootic haematuria (CEH) and bladder neoplasms. Res Vet Sci.
2012; 93(1), 331-335.
21. Divers TJ. Urinary tract disease. In Rebhun's Diseases of Dairy Cattle:
Third Edition, Elsevier. 2018; pp.526-552.
22. dos Reis Aranha PC, Rasmussen L H, Wolf-Jäckel GA, Jensen HME,
Hansen HCB & Friis C. Fate of ptaquiloside—A bracken fern toxin—In
cattle. PloS one, 2019; 14(6).
23. Durão JFC, Ferreira ML, Cabral A, Peleteiro MC, Afonso F& Correia J:
Aspectos anatomopatológicos e clínicos da hematúria enzoótica dos
Page | 18

bovinos. Revista Portuguesa de Ciências Veterinárias. 1995; 515:131137.
24. Evans IA: Relationship between bracken and cancer. Botanical Journal of
the Linnean Society. 1976; 73: 105-112,
25. Fernandes A & Fernandes RB Iconographia selecta florae azoricae,
Secretaria Regional da Cultura da Região Autónoma dos Açores. 1983;
pp. 171-181.
26. Fletcher MT, Reichmann KG, Brock IJ, McKenzie RA & Blaney BJ.
Residue potential of norsesquiterpene glycosides in tissues of cattle fed
Austral bracken (Pteridium esculentum). Journal of Agricultural and
Food Chemistry, 2011, 59(15), 8518-8523.
27. Franco JÁ & Afonso MLR. Distribuição de Pteridófitos e
Gimenospérmicas em Portugal, Lisboa, Serviço Nacional de Parques,
Reservas e Património Paisagístico. 1982; pp.129-131.
28. Gerenutti M, Spinosa Hde S & Bernardi MM. Effects of bracken fern
(Pteridium aquilinum L Kuhn) feeding during the development of
female rats and their offspring. Vet Hum Toxicol. 1992; 34(4):307-10.
29. Giles CJ, Andrews AH. Major poisonings. In Andrews, A. H., Blowey,
R. W., Boyd, H., & Eddy, R. G. (Eds.). Bovine medicine: diseases and
husbandry of cattle. John Wiley & Sons. 2008; pp.937-952
30. Gil da Costa RM, Bastos MM, Oliveira PA & Lopes C. Brackenassociated human and animal health hazards: chemical, biological and
pathological evidence. J Hazard Mater. 2012; 5;203-204:1-12.
31. Gliessman SR. Allelopathy in a broad spectrum of environments as
ilustrated by bracken. Botanical Journal of the Linnean Society. 1976; 73:
95-104.
32. Gomes J, Magalhaes A, Michel V, Amado IF, Aranha P, Ovesen
RG, Hansen HC, Gärtner F, Reis CA & Touati E. Pteridium aquilinum
and its ptaquiloside toxin induce DNA damage response in gastric
epithelial cells, a link with gastric carcinogenesis. Toxicol Sci. 2012; 126,
60-71.
33. Hainaut P& Hollstein M. p53 and human cancer: the first ten thousand
mutations. Adv Cancer Res. 2000; 77:81–137
34. Hidano A, Sharma B, Rinzin K, Dahal N, Dukpa K & Stevenson MA.
Revisiting an old disease? Risk factors for bovine enzootic haematuria in
the Kingdom of Bhutan. Prev Vet Med. 2017 May 1;140:10-18.
Page | 19

35. Hirono I, Yamada K, Niwa H, Shizuri Y, Ojika M, Hosaka S, Yamagi T,
Wakamatsu K, Kigoshi H, Niiyama K & Uosaki Y: Separation of
carcinogenic fraction of bracken fern. Cancer Lett. 1984; 21(3):239-246.
36. Hoque M, Somvanshi R, Singh, GR, & Mogha, IV. Ultrasonographic
Evaluation of Urinary Bladder in Normal, Fern Fed and Enzootic Bovine
Haematuria‐affected Cattle. J Vet Med Series A. 2002; 49(8), 403-407.
37. Jatoba L, Varela RM, Molinillo JMG, Din ZU, Gualtieri SCJ, RodriguesFilho E, & Macías FA. Allelopathy of bracken fern (Pteridium
arachnoideum): new evidence from green fronds, litter, and soil. PloS
one. 2016; 11(8).
38. Jones RS, Ali M, Ioannides C, Styles JA, Ashby J, Sulej J & Parke DV.
The mutagenic and cell transforming properties of shikimic acid and some
of its bacterial and mammalian metabolites. Toxicol Lett. 1983; 19:4350.
39. Lee CH & Shin SL. Functional activities of ferns for human health. In
Working with ferns. Springer, New York, NY.2011; pp. 347-359.
40. Marrs RH & Watt AS Biological flora of the British Isles: Pteridium
aquilinum (L.) kuhh. J Ecol. 2006; 94:1272-321.
41. Maxie GM. The Urinary System. In: Jubb KVF, Kennedy PC, Palmer N
(eds). Pathology of Domestic Animals, vol 2, 4ªed. Academic Press,
1993; pp. 534-537.
42. McKenzie RA. Bovine enzootic haematuria in Queensland. Aust Vet J.
1978; 54(2):61-4.
43. Meisner MD (2009). Bovine enzootic hematuria. In: Anderson, D. E., &
Rings M. Current Veterinary Therapy-E-Book: Food Animal Practice.
Elsevier Health Sciences. 2008.
44. Micheloud JF, Colque-Caro LA, Martinez OG, Gimeno EJ, da Silva
Freitas Ribeiro D & Blanco BS. Bovine enzootic haematuria from
consumption of Pteris deflexa and Pteris plumula in northwestern
Argentina. Toxicon. 2017; 134:26-9.
45. Moura JW, Santos RCS, Dagli MLZ, D’Angelino JL, Birgel EH, Becak
W & Stocco dos Santos RC: Chromosome aberrations in cattle raised on
bracken fern pasture. Experientia. 1988; 44(9):785-788.
46. Nielsen SW& Moulton JE. Urinary System. In: Moulton JE (ed).
Tumours of Domestic Animals, 3ªed. University of California Press,
1990, pp. 473.
Page | 20

47. Ngomuo AJ & Jones RS. Citotoxicity studies of quercetin, shikimate,
cyclohexanecarboxylate and ptaquiloside. Veterinary and Human
Toxicology. 1996a; 38(1):14-18.
48. Ngomuo AJ & Jones RS: Genotoxicity studies of quercetin and shikimate
in vivo in the bone marrow of mice and gastric mucosal cell of rats.
Veterinary and Human Toxicology, 1996b, 38(3):176-180,.
49. Nunes DR & Castro CO: La guia de incafo de plantas útiles y venenosas
de la Península Ibérica y Baleares (excluídas medicinales), Incafo, S.A.
1991; pp.196-199.
50. O’Driscoll C, Ramwell C, Harhen B, Morrison L, Clauson-Kaas F,
Hansen HC, Campbell G, Sheahan J, Misstear B, & Xiao, L. Ptaquiloside
in Irish bracken ferns and receiving waters, with implications for land
managers. Molecules. 2016; 21(5), 543.
51. Olson C, Pamukcu A M, Brobst, D. F., Kowalczyk, T., Satter, E. J., &
Price, J. M. A urinary bladder tumor induced by a bovine cutaneous
papilloma agent. Cancer Research. 1959; 19(7):779.
52. Page CN: The taxonomy and phytogeography of bracken - a review.
Botanical Journal of the Linnean Society. 1976; 73:1-34.
53. Pamukcu AM & Bryan GT: Pathology of the bovine urinary bladder
tumors. Firat Universiti Veteriner Fakultesi Dergisi. 1976; 3(1): 27-44.
54. Pamukcu AM, Erturk E, Yalciner S, Milli U & Bryan GT: Carcinogenic
and mutagenic activities of milk from cows fed bracken fern (Pteridium
aquilinum). Cancer Res. 1978; 38(6):1556-1560.
55. Pamukcu AM, Yalciner S, Hatcher JF & Bryan GT: Quercetin, a rat
intestinal and bladder carcinogen present in bracken fern (Pteridium
aquilinum). Cancer Res. 1980; 40(10):3468-3472.
56. Pavelski M, Ollhoff RD, Barros Filho IR, Deconto I, Biondo AW, &
Dornbusch, P. T. Evaluation of urine dipstick and cystoscopy in bovine
enzootic haematuria. Semina: Ciências Agrárias.2014; 35(3):1369-1376.
57. Pereira LO, Bicalho LS, Campos-da-paz Lopes M, de Sousa TM, Báo
SN, de Fátima Menezes Almeida Santos M & Fonseca MJ. DNA damage
and apotosis induced by Pteridium aquilinum aqueos extract in the oral
cell lines HSG and OSCC-3. J Oral Pathol Med. 2009; 38,464:18-7.
58. Pires I, Queiroga FL, Silva F, Pinto C & Lopes C. Kaposi-like vascular
tumor of the urinary bladder in a cow. J Vet Med Sci. 2009; 71(6):831-3.

Page | 21

59. Pires I, Silva F, Queiroga FL, Rodrigues P, Henriques R, Pinto CA, Lopes
C. Epithelioid hemangiosarcomas of the bovine urinary bladder: a
histologic, immunohistochemical, and ultrastructural examination of four
tumors. J Vet Diagn Invest. 2010; 22(1):116-9.
60. Povey AC, Potter D & O’Connor PJ. P-post-labelling analysis of DNA
adducts formed in the upper gastrointestinal tissue of mice fed bracken
extract or bracken spores. British Journal of Cancer. 1996; 74:1342-1348.
61. Prakash AS, Pereira TN, Smith BL, Shaw G & Seawright AA:
Mechanism of bracken fern carcinogenesis: evidence for H-ras activation
via initial adenine alkylation by ptaquiloside. Nat Toxins. 1996; 4(5):221227.
62. Prasad MC. Haematological and Biochemical Alterations in Enzootic
Bovine Haematuria. Acta Veterinaria Brno.1983; 52(3-4):157-161.
63. Prasad MC & Iyer P. Haematological and Biochemical Alterations in
Enzootic Bovine Haematuria. Acta Veterinaria Brno. 1956; 55: 343-351.
64. Rao DST, Anil-Taku, Joshi HC & Taku A: Mutagenicity of bracken fern
(Pteris aquilina) extracts in Salmonella Typhimurium and Saccharomyces
cerevisiae. Ind J Microbiology. 1991; 31(2):165-168.
65. Rasmussen LH, Schmidt B & Sheffield E. Ptaquiloside in bracken spores
from Britain. Chemosphere. 2013; 203; 90: 2539-41.
66. Resendes A R, Roperto S, Trapani F, Urraro C, Rodrigues A, Roperto F
& Borzacchiello G. Association of bovine papillomavirus type 2 (BPV2) and urinary bladder tumours in cattle from the Azores archipelago. Res
Vet Scie. 2011; 90(3):526-529.
67. Rosenberger G & Heeschen W. 1960. Adlerfarn (Pteris aquilina) - die
Ursache des sog. Stallrotes der Rinder (Haematuria vesicalis bovis
chronica). Dtsch Tierärztl Wschr.1960; 67(8):201-208.
68. Rosemberger G, Dirksen G, Grunder HD & Stober M.: Enfermedades de
los bovinos, vol.1, Argentina, Editorial Hemisferio Sur, 1983, pp. 473476.
69. Rymer L: The history and ethnobotany of bracken. Botanical Journal of
the Linnean Society. 1976; 73: 151-176.
70. Salazar VJ, Menezes A & Salas J: Carcinogenic effectes in mice of milk
from cows fed on bracken fern Pteridium aquilinum. Proceedings of the
international conference Bracken 89 held in Sidney. Austrália. 1990;
pp.247-251.
Page | 22

71. Santos RC: Considerações sobre o uso do broto da samambaia na
alimentação humana. Ciência e cultura (Revista da Sociedade Brasileira
para o progresso da ciência). 1990; 42(3/4): 216:218.
72. Seif H, Nowrouzian I & Zakarian B. Risk factors associated with bovine
urinary bladder tumors in Iran. Preventive Veterinary Medicine. 1995; 22:
55-60.
73. Shahin M, Smith BL& Prakash AS. Bracken carcinogens in the human
diet. Mutat Res. 1999; 443(1-2):69-79.
74. Shahin M, Smith BL, Worral S, Moore MR, Seawright AA & Prakash
AS. Bracken fern carcinogenesis: multiple intravenous doses of activated
ptaquiloside induce DNA adducts, monocytosis, increased TNF alpha
levels, and mammary gland carcinoma in rats. Biochem Biophys Res
Commun. 1998; 244(1):192-7.
75. Sharma R, Bhat TK & Sharma OP. The environmental and human effects
of ptaquiloside-induced enzootic bovine hematuria: a tumorous disease of
cattle. In Reviews of Environmental Contamination and Toxicology
Volume 224. Springer, New York, NY.2013; pp. 53-95.
76. Siman SE, Povey AC, Ward TH, Margison GP & Sheffield E. Fern spore
extracts can damage DNA. Br Cancer. 2000; 83:69-73.
77. Smith BL, Embling PP, Lauren DR, Agnew MP, James LF, Keeler RF,
Bailey EM, Cheeke PR & Hegarty MP. Carcinogenicity of Pteridium
esculentum and Cheilanthes sieberi in Australia and New Zealand.
Poisonous plants. Procceedings of the third international symposium,
USA, Iowa State University Press. 1992; pp.448-452.
78. Tourchi RM, Bahrami AR, Dehghani H, et al. Bracken- fern extracts
induce cell cycle arrest and apoptosis in certain cancer cell lines. Asian
Pac J Cancer Prev. 2012; 13, 6047-53
79. Tourchi-Roudsari M. Multiple effects of bracken fern under in vivo and
in vitro conditions. Asian Pac J Cancer Prev. 2014; 15(18):7505-13.
80. Ugochukwu ICI. Bracken fern toxicity and its associated
clinicopathological effects in humans and animals: a review. Comp Clin
Pathol. 2018;1-5.
81. Vetter J. A biological hazard of our age: Bracken fern [Pteridium
aquilinum (L.) Kuhn]—A review. Acta Veterinaria Hungarica. 2009;
57(1):183-196.
82. Vetter J. Secondary metabolites of ferns. In Current Advances in Fern
Page | 23

Research. Springer, Cham. 2018; pp. 305-327.
83. Villalobos-Salazar J, Hernandez H, Meneses A & Salazar, G. (1999,
July). Factors which may affect ptaquiloside levels in milk: effects of
altitude, bracken fern growth stage, and milk processing. In IV
International Bracken Group Conference. Bracken fern: toxicity, biology
and control. Manchester. 1999.
84. Wilson D, Donaldson LJ & Sepai O. Should we be frightened of bracken?
A review of the evidence. J Epidemiol Community Health. 1998; 52: 8127.
85. Yamada K, Ojika M, Kigoshi H. Ptaquiloside, the major toxin of bracken,
and related terpene glycosides: chemistry, biology and ecology. Nat Prod
Rep. 2007; 24(4):798-813.
86. Yasuda Y, Kihara T& Nishimura H. Embryotoxic effects of feeding
bracken fern (Pteridium aquilinum) to pregnant mice. Toxicol Appl
Pharmacol. 1974; 28(2):264-8.
87. Yoshikawa T, Oyamada T, Yoshikawa H & Sakaguchi M.
Histopathogenesis of bracken fern-induced experimental tumor of urinary
bladder. Nihon Juigaku Zasshi. 1981; 43(6):875-85.

Page | 24

