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Abstract

Bracken fern is a delicacy consumed by humans and serves as animal forage around the world. It is said to be the 5th most
common plant, an important toxic plant and the only higher plant known to cause cancer in animals. Occurrence of urinary
bladder neoplasia is extremely high in cattle and it is associated with the continuous consumption of bracken fern. Animals are
affected by bracken toxic active components, leading to huge economic losses. Bracken fern toxicity in cattle presents the
following clinical signs of pyrexia, epistaxis, melena, chronic weight loss, dysphagia, incoordination and haemorrhagic lesions
on the udder. The thiaminase content in bracken fern causes anorexia and incoordination in horses while the signs of bracken fern
toxicity in ovines generally lead to retinal neuroepithelium degeneration. In bovines, bracken fern toxicity is a known aetiology in
the depression of bone marrow haematopoietic activity characterised by anaemia, leucopenia, thrombocytopenia and haematuria
which are cardinal haematopathology associated with bracken poisoning. Significant elevations in serum enzymes like aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), urea and creatinine levels were seen in
animals exposed to bracken fern. Diagnosis of bracken toxicity is based on evidence of ingestion with appropriate clinical and
postmortem findings, histopathological examination, polymerase chain reaction and immunohistochemistry are also very im-
portant tools in diagnosis. In conclusion, special attention should be given to this plant by toxicologists, botanists, veterinarians,
toxicopathologists, oncologists and public health specialists. The human populace, farmers inclusive, should be educated about
the public health significance of this plant.
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Introduction

Bracken fern (Pteridium aquilinum) as shown in Fig. 1 is a
delicacy consumed as food by humans and serves as animal
forage in many areas of the world (Bryan and Pamukcu 1979).
It grows everywhere in the world except the continent
Antarctica. It is reportedly the 5th most common plant
(Freitas et al. 2001; Rasmussen et al. 2003). Bracken fern is
well known as a problem species (Pakeman et al. 1996). It has
been reported as an important toxic plant in different areas of
the globe (Anjos et al. 2008; Bischoff and Smith 2011). It is
the only known higher plant that is carcinogenic in animals
when ingested (Norton 2008).
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Toxic plants may produce toxic effects as a result of inad-
vertent exposure on contact or their accidental ingestion
(Norton 2008). Another source of toxicity may be from inten-
tional ingestion of some herbs, especially when they are taken
chronically (Norton 2008).

Most poisonous plants are not palatable and livestock will
normally avoid them; thus, plant poisonings are often pointers
to other management problems, such as inadequate forage,
overstocking, poor pasture management, heavy contamination
of hay, silage, grain, or other feedstuffs with toxic plants, or
careless disposal of clippings from poisonous ornamental
plants (Bischoff and Smith 2011).

Bracken has for a very long time been used by man (Gil da
Costa et al. 2012). Bracken has been used for animal bedding,
soap production (Sanderson 2002) and for medicinal uses (Gil
da Costa et al. 2012). Bracken fern rhizomes were used as
food in times of draught (Smith and Seawright 1995;
Alonso-Amelot and Avendafio 2002). The human population
could be directly or indirectly exposed to bracken toxicity by
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Fig. 1 Bracken fern

direct consumption, its spore inhalation or ingestion of
bracken-contaminated water, milk and meat (Tourchi 2014).
Humans in some areas of Japan, in the Ouro Preto area in
Brazil and in Canada eat bracken crosiers as a delicacy, known
as warabi, as broto de samambaia and as fiddleheads, respec-
tively (Hirono 1993; Marliére et al. 1998; Hojo-Souza et al.
2010). Public health risks associated with this ornamental
plant have been long identified and studied, especially since
the discovery of its carcinogenic active component,
ptaquiloside (Niwa et al. 1983) and its carcinogenic properties
(Gil da Costa et al. 2012).

Bracken fern has for a long time been known as a plant of
toxicological interest (Gil da Costa et al. 2012). During periods of
reduced food availability, for example, during the periods of
tropical dry season and draught, domestic animals readily con-
sume bracken fern (Shahin et al. 1999). The toxic effects of
bracken ingestion are diverse, depending on the animal involved
and on the dose(s) consumed (Gil da Costa et al. 2012). Bracken
fern ingestion is linked with tumourigenesis in animals (Lucena
etal. 2011; Masuda et al. 2011). For example, in various areas of
the world, occurrence of urinary bladder cancer of the cattle is
very high and it is linked with a long period of eating the bracken
fern (Carvalho et al. 2006). Animals are affected by the active
component toxins found in bracken fern leading to serious live-
stock losses annually. In addition to this, the human populations
are directly and indirectly exposed through multi-routes (Gil da
Costa et al. 2012).

This plant contains some toxic components which include
the following: illudane and illudalane sesquiterpenes and nor-
sesquiterpenes, benzoic acid derivatives, cinnamic acid deri-
vates, the enzyme and thiaminases, which cause deficiency of
thiamine (vitamin B;) especially in the equines, flavonoid
antioxidants such as quercetin, kaempferol and an unstable
glycoside, ptaquiloside, which is the main carcinogenic com-
pound present in bracken fern (Soeder 1985; Freitas et al.
2001; Alonso-Amelot 2002; Panter et al. 2007; Gil da Costa
etal. 2012).
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Ptaquiloside, contains the ultimate carcinogen, the dienone
2, which under weak alkaline conditions, has been reported to
have a potent alkylating action against amino acids and
nucleic acid bases and, thus, leading to deoxyribonucleic acid
(DNA) cleavage (Kigoshi et al. 1995). DNA damage due to
cleavage and its programmed cell death occurs when bracken
is consumed in high doses and may cause cell cycle arrest at
mild doses (Tourchi 2014). Bracken extracts or ptaquilosides
acting alone could induce hazardous effects on animals and
humans, they could produce both genotoxic and cytotoxic
effects in experimental conditions. (Somvanshi et al. 2006;
Tourchi et al. 2012). Apart from the carcinogenicity of brack-
en fern, acute poisoning due to its ingestion could lead to the
following clinical manifestations: fever, apathy, drooling,
haemorrhages of varying degrees in several organs like the
gums, nostrils, and gastrointestinal tract as shown in Fig. 2,
haematuria and blood in the milk (Anjos et al. 2008). At nec-
ropsy, red infarcts in the liver and marked bone marrow
aplasia could be seen (Anjos et al. 2008).

Fig. 2 Haemorrhages in the mesentery of a 6-year-old cow with
suspected bracken fern poisoning (DAFM, 2009).
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Clinical signs, gross and histopathologic
lesions associated with bracken fern toxicity

The toxic clinical manifestations triggered by ingestion of
huge quantity of bracken are diverse in different domestic
animals (Evans et al. 1982). Cattle feeding on bracken fern
was reported to show clinical signs of pyrexia, epistaxis
(Fig. 3), melena, cutaneous bleeding, severe cachexia, dys-
phagia, drooling, regurgitation of ruminal contents through
the nares, a stiffly gait and haemorrhagic lesions on the mam-
mary gland (Lucena et al. 2011; Plessers et al. 2013). The
enzyme constituent of bracken fern, thiaminase, induces an-
orexic conditions and incoordination in horses. However,
bracken toxicity in sheep generally leads to neuroepithelial
degeneration of the retina leading to bright blindness. In cattle,
bracken poisoning also causes depression of haematopoietic
activity of the bone marrow characterised by leucopenia,
thrombocytopenia and haematuria (Shahin et al. 1998;
Perez-Alenza et al. 2006). In addition to these, Perez-Alenza
et al. (2006) recorded anaemia, extremely high monocytosis,
hypergammaglobulinemia, microhaematuria and proteinuria.

According to Shahin et al. (1998), experimental rats fed on
feed containing bracken fern developed macroscopic lesions
like multiple ileal, urinary bladder and mammary gland ade-
nocarcinomas. Ptaquiloside can be transferred to humans
when bracken is used for food and could be the cardinal
aetiology for the increased incidence of stomach cancer ob-
served in Japan among people using bracken fern for food
(Bischoff and Smith (2011). Ptaquiloside has also been iden-
tified in the milk produced by bracken-fed cows (Alonso-
Amelot et al. 1996). The concentration of ptaquiloside in milk
has been found to be about 8.5% of the total amount ingested
by the cow (Potter and Baird 2000). Most certainly,

Fig. 3 Epistaxis in a 3-year-old Belgian blue cow suffering from
coagulation disorders due to acute bracken fern poisoning (Plessers
etal. 2013)

ptaquiloside in milk is responsible for the connection between
bracken infestation and the incidence of gastric cancer in pop-
ulations of farmers inhabiting cattle-range areas in Costa Rica
and other countries where bracken vegetation is dense (Potter
and Baird 2000).

Haemangiosarcoma, haemangioma, transitional cell epithe-
lial carcinoma of the urinary bladder and chronic cystitis were
diagnosed in the urinary bladder of six captive fallow deer
(Dama dama); these were reported by Scala et al. (2014).
Other gross lesions like haematuria and severe body wasting
were also observed in the chronic cases. These findings were
compatible with chronic bovine enzootic haematuria and were
suspected to have been induced by chronic ingestion of bracken
fern present on the premises (Scala et al. 2014), hydronephrosis
and renal carcinoma were also seen in some cases (Scala et al.
(2014). Squamous cell carcinomas of the upper digestive tract
of bovines have also been associated with continuous bracken
fern ingestion over a long period of time (Borzacchiello and
Roperto 2008; Masuda et al. 2011).

Polypoid and follicular cystitis, both of which caused de-
formation of the bladder wall architecture, were common mac-
roscopic lesions seen in cattle exposed to bracken fern, other
lesions observed include multifocal neoplasia in the urinary
bladder wall and haemorrhages in the bladder mucosa, giving
rise to bovine enzootic haematuria (Carvalho et al. 2006).

Histopathological findings seen were mostly surface epi-
thelial growths, which varied in diameter from some
millimetres to several centimetres, had an attachment to the
urinary bladder wall which was either pedunculated or broad,
and a smooth or branch-like surface (Carvalho et al. 2006).
Non-neoplastic epithelial abnormalities included hyperplasia,
von Brunn’s nests, cystitis cystica, cystitis glandularis and
intestinal metaplasia, although these histopathological lesions
are often associated with neoplasia (Carvalho et al. 2006). In
the digestive tract, the following lesions could be seen micro-
scopically, epithelial neoplastic keratinocytes of the oesopha-
gus, there was also ulceration of the oesophageal mucosal
epithelium. All tumours were highly invasive, projecting into
the inner tissue layers. Areas of necrosis, keratin aggregation
and mineralisation surrounded by multinucleated giant cells
were a common histopathological finding (Masuda et al.
2011). Eosinophilic and lymphoplasmacytic infiltrations were
also seen (Masuda et al. 2011).

In rabbits exposed to bracken fern toxicity, mild to moderate
lesions were seen in the blood vessels of most of the visceral
organs, hepatocellular vacuolar degeneration changes,
hypersecretory activity in the intestines, presence of renal tubu-
lar casts and degenerative changes in renal tubular lining cuboi-
dal epithelial cells (Gounalan et al. 1999). Shahin et al. 1998
also reported ischemic tubular necrosis in the kidneys and type
II pneumonocyte proliferation in the lungs of rats experimen-
tally exposed to bracken fern. There were mild vascular chang-
es in lungs, degenerative changes in testes, hepatocytic focal
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necrosis and villous atrophy or hyperplasia of lining epithelial
cells (Kataria et al. 1998).

Haematological and serum biochemical
observations in bracken fern toxicity

Haematological changes seen in bracken fern toxicity are al-
ways associated with acute toxicity (Gil da Costa et al. 2012).
These haematological changes result from depression of the
haematopoietic activity of the bone marrow, with consequent
reduction in thrombocytopoiesis, erythropoiesis and leukopoi-
esis, thus resulting in severe thrombocytopenia which leads to
widespread ecchymotic and petechial haemorrhages (Gil da
Costa et al. 2012).

Haematological parameters of animals exposed to bracken
fern revealed severe pancytopenia and blood coagulation disor-
ders (Plessers et al. 2013). Fern-fed rabbits and cattle showed
severe non-regenerative anaemia, leucopenia, lymphopenia and
relative heterophilia (Gounalan et al. 1999; Di Loria et al. 2012).
These haematological findings were also seen in ruminants ex-
posed to bracken fern (Prakash et al. 1996; Gil da Costa et al.
2012). Prakash et al (1996), in addition to the above findings,
also reported reduced haemoglobin levels and Gil da Costa et al.
(2012) reported neutropenia and lymphopenia in ruminants.
Observed leucopenia in cases of bracken toxicity will result in
increased susceptibility to infections (Gil da Costa et al. 2012).

Significant elevations in serum enzymes like serum glutamate
oxaloactate transminase (SGOT) presently referred to as aspar-
tate aminotransferase (AST), serum glutamate pyruvate
transminase (SGPT) which is now referred to as alanine amino-
transferase (ALT), alkaline phosphatase (ALP), urea and creati-
nine levels were all elevated. These were seen in animals exposed
to bracken fern (Gounalan et al. 1999; Huang et al. 2006). Shahin
et al. (1998) reported serum elevations of the levels of tumour
necrosis factor alpha (TNF) in cases of bracken fern toxicity in
experimental animal models. Moderate hypoproteinemia and hy-
poalbuminemia were also observed in affected cattle (Di Loria
et al. 2012).

Diagnosis of bracken fern toxicity

Few veterinary diagnostic laboratories test for plant toxins.
Diagnosis is usually based on evidence of ingestion with ap-
propriate clinical and postmortem findings (Bischoff and Smith
2011). Some phytotoxins, such as pyrrolizidine alkaloids, have
chronic effects and animals often do not show clinical signs for
weeks or months, after the plant is no longer present on pasture
or in the current batch of hay (Bischoff and Smith 2011).
Histopathological examination, polymerase chain reaction and
immunohistochemistry are also very important tools in diagno-
sis (Freitas et al. 2002; Masuda et al. 2011).
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Conclusion

Bracken fern from times past has been used by man as a deli-
cacy and for animal forage. It grows everywhere in the world
except Antarctica so it is a very common plant. It is, however, a
toxic plant that is associated with tumour formation,
ovotoxicity, genotoxicity, bone marrow depression, blindness,
etc. Blood examination of animals exposed to bracken fern
usually reveals severe pancytopenia and blood coagulation dis-
orders. Ingestion of bracken fern is usually associated with poor
management and leads to enormous economic losses due to
deaths associated with bracken fern toxicity.

Therefore, particular attention should be given to this plant
by toxicologists, botanists, veterinarians, toxicopathologists,
oncologists and public health specialists. The human popu-
lace, farmers inclusive, should be educated about the public
health significance of this plant and, in this way, curtail the
unpleasant effects of this plant on humans and their livestock.
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