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Abstract
Several toxic substances have been detected in plants which are responsible for animal and human diseases.
Bracken fern (Pteridium aquilinum) is one example, widely distributed in many parts of the world. It is known
to cause cancer in humans and other animals. In fact, man can be directly or indirectly exposed to the danger
by consuming fern, contaminated water, milk, meat, and spore inhalation. Experimental studies have shown an
association between bracken exposure and gastric cancer, and research has shown genotoxic and cytotoxic effects
in vitro. This paper describes and reviews toxic, carcinogenic, genotoxic/cytotoxic, and immunomodulatory effects
of bracken and included possible toxic agents. The chemistry of Ptaquiloside (PT) reactions is emphasized, along
with bracken problems in livestock, possible pathways of exposure in man, and control for human health.
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Introduction
Bracken (Pteridium aquilinum) is a plant that is spread
all over the world, especially in acidic forest soils, warm
dark areas of both torrid, subtorrid zones, woods, and
road sides (Marrs and Watt, 2006; Xu et al., 2009). Some
human populations, such as Japan, Ouro Preto area in
Brazil, Canada, and China, consume bracken crosiers
as a nourishing and delicious food (Hirono, 1993; Chen
et al., 2008; Li et al., 2008; Hojo-Souza et al., 2010).
It is very nutrient-dense and a good source of protein,
carbohydrates, fat, vitamins, carotenoids, and trace
minerals (Li et al., 2008).
In addition, bracken has numeral effects including
immunomodulatory, anticancer, low blood pressure, antiviral, anti-bacterial, anti-inflammatory, and antioxidant
effects. (Potter et al., 2000; Xu et al., 2009; Wang et al.,
2010; Xia et al., 2010; Wang and Wu., 2013). This plant
is native to the Gilan province, Mazandaran and Golestan
in Iran (Khoshravesh et al., 2009; Tourchi Rodsari et al.,
2012). Furthermore, the distribution of bracken-fern is
noticeable in some areas such as United Kingdom (Vetter,
2009), south and Central America, South-East Asia, and
Oceania (Gil da Costa et al., 2012). Unlike other ferns
(Burrows and Tyrl, 2001), it does not need a lot of water
and can grow in variable conditions easily.
Many scientists focused their studies on this plant
because of its probable effects on human health and animal.
So researches began on this interesting plant mass (Wilson
et al., 1998). Long-term exposure to bracken causes
similar effects of ionizing radiation (Evans et al., 1968).

Ion-causing compounds are related to the production of
bracken radicals (Povirk et al., 2006). These are the initial
effectors of DNA lesion and chromosomal aberrations.
Epidemiological studies have shown association between
the occurrence of neoplasms in humans and ingestion of
bracken leaves (Shahin et al., 1999; Alonso-Almelot and
Avendano 2001; 2002), the consumption of milk from
cows fed bracken fern (Alonso-Amelot et al., 1996; Cot,
2008), or the consumption of contaminated water with
compounds of ferns (Rasmussen et al., 2003).
The main toxic agent in bracken is Ptaquiloside,
a nor-sesquiterpene glycoside that is responsible for
carcinogenic and toxic syndrome of the fern (Yamada et
al., 2007). The highest concentration of PT was found in
leaves and young unfolding fronds. The mutagenicity,
clastogenicity, teratogenicity and carcinogenicity have
been demonstrated. Some epidemiological evidences
have shown higher risk of gastric and/or esophageal
cancer in people who consume bracken crosiers; people
who consume milk of cows that are grazing in brackeninfested areas (Yamada et al., 2007; Cot, 2008; Fletcher
et al., 2011). PT has been found in milk of bracken-fed
cattle through experimental tests.
Studies have revealed other toxic compounds existing
in bracken fern, which depend on ptaquiloside (Castillo
et al., 1998) despite having lower concentrations (Freitas
et al., 2001). Furthermore, studies proved that bracken
extract can cause cell death through DNA damaging by
activating apoptosis mechanism. (Siman et al., 2000;
Campos-da-Paz et al., 2008; Pereira et al., 2009; Tourchi
Roudsari et al., 2012) It may also induce inhibition of
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cell growth via cell cycle arrest on cancer cells in vitro
(Tourchi Roudsari et al., 2012)..

Toxicity of Bracken Fern
The inductions of toxic syndromes by ingestion of
bracken fern are different in horses, cattle, and sheep
(Evans et al., 1982). Ingestion of bracken fern by horses
causes thiamine deficiency. In fact, each part of bracken
containing thiaminase type I is able to split the thiamine
molecule. The presence of heat-stable anti-thiamin
factor has been reported in bracken that may be involved
in the formation of a lack. in addition, the presence of
thiaminase has been proved. Most features of toxicity
are depressed bone marrow activity, appearance of severe
leucopenia, particularly granulocyte, thrombocytopenia,
the hemorrhagic syndrome, and hematuria in cattle (PerezAlenza et al., 2006; Di Loria et al., 2012). However,
toxicity is directly influenced by quantity, the time of
year and the part of the plant is important too (SameckaCymerman et al., 2009).

Genotoxic/Cytotoxic Effects of Bracken Fern
Many studies have proved that BF extract induces
genetic instabilities and DNA damage response in cells
in vitro condition. Lately, researches showed that bracken
extract and PT cause DNA strand breaks in gastric cells in
vitro. In fact, it associates with a decrease of cell viability;
induction of late apoptotic, and necrotic cells (Gomes et
al., 2012). Furthermore, bracken extract induces DNA
damage and its apoptosis at high concentrations. It also
may cause cell cycle arrest at mild concentrations. In fact,
we showed that bracken extract can have both genotoxic
and cytotoxic effect in vitro (Tourchi Roudsari et al.,
2012).
In agreement with our results, a previous study reported
the induction of apoptosis and cytotoxicity by BF extracts
in human epithelial cells through DNA damage (Pereira et
al., 2009). In addition, bracken spore causes DNA strand
break in human premyeloid leukemia cells in vitro (Siman
et al., 2000). Other studies have shown that bracken fern
extracts induce chromosomal aberrations in mammalian
cells (Almeida Santos et al., 2006). Many experiments
have been done on bracken fern extracts that all of
them show genotoxicity/cytotoxicity of bracken in vitro
(Campos-da-Paz et al., 2008; Gil da Costa et al., 2012).
According to studies, scientists clearly showed that PT
can be the main agent for inducing DNA damage (Pereira
et al., 2009; Gomes et al., 2012). Besides, initial studies
proved that ptaquiloside-DNA interactions directly lead
to spontaneous deamination and DNA strand breakage
(Kushida et al., 1994). However, observers showed that
DNA damage occurs by different compounds in bracken
extract that they are not only PT and its derivatives but also
other DNA damaging compounds (Yamada et al., 2007).
Studies with evaluation of p53 gene expression have
showed that DNA damage occurs during the first hours of
exposure to Gastric epithelial cells. Exposure to PT leads
to deregulation of some genes expression that may cause
two different responses: cell cycle arrest and DNA repair
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(Gomes et al., 2012).

Carcinogenic Properties of Bracken Fern
Lately, results have showed that bracken extract
causes cancer in mice (Gomes et al., 2012). Progression of
multiple ilea adenocarcinomas was seen among rats with
a diet rich in bracken fern (Evans and Mason, 1965). At
the same time, occurrence of intestinal and urinary bladder
tumors was induced in such rats. Then, animals were
died or killed (Pamukcu and Price, 1969). Investigations
showed adenomatous polyps and adenocarcinomas
progress predominantly in ileum. Hirono and co-workers
proposed that highest frequency of urinary bladder tumors
will be developed if small amounts of carcinogens are
given over long period of times (Hirono et al., 1970). In
fact, many studies have been intensively done on brackenassociated bladder tumors morphologically, especially
in cattle (Carvalho et al., 2006). Some studies sought a
molecular approach in rats (Freitas et al., 2002) and cows
(Corteggio et al., 2010; Roperto et al., 2010; Corteggio
et al., 2011).
Recent studies have showed that ptaquiloside, the
most imperative carcinogen agent in bracken, can induce
malignant transformation in mice and supply an indepth characterization of lymphoproliferative damages.
Furthermore, experiments have proved that urinary
bladder is a target organ in mice as well as in other animal
species (Gil da Costa et al., 2011). Observations showed
that young leaves of bracken in crosier stage of growth
are consumed as food by human; However, when a diet
mentioned powdered young bracken fern in a ratio of 1
part by weight of bracken to 2 parts of basal diet were
given to rats for 4 month, all of the rats which survived for
more than 7 months from the start time of the experiment
had ilea tumors. In Japan, young bracken fern is usually
consumed as food by humans after its astringent taste
has been eliminated according to one of the following
treatments: 1) Fresh bracken fern is submerged in boiling
water containing wood ash or sodium bicarbonate, and
then spiced; occasionally, it is only boiled before eating.
2) Fresh bracken is soured in salt and submerged in boiling
water before eating (Cheeke, 1989). The carcinogenic
activity in rats that consumed a processed brackencontaining diet as a human food was investigated (Hirono
et al., 1972). Tumor frequency in rats with an unprocessed
bracken-containing diet was 78.5%; in contrast, in rats
fed with a diet containing processed bracken treated with
wood ash, sodium bicarbonate, and NaCl, tumor incidence
was 25, 10, and 4.7% respectively. Findings show that
the treatment markedly reduces the carcinogenic activity
of bracken fern though weak carcinogenic activity was
retained in bracken after treatment.
Scientists are investigating to find out the relationship
between the stage of maturation of bracken and
carcinogenic effects. The carcinogenicity of mature
bracken was compared with young one. According to
experiments, mature bracken fern had strong carcinogenic
activity; however, it was weaker than immature one.
(Cheeke, 1989). Furthermore, Hirono and co-workers
showed development of papilomas of tongue, pharynx,
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esophagus, forestomach, and squamous cell carcinoma
of pharynx in rats fed a diet containing bracken (Hirono
et al., 1982).

activity (Nakahara et al., 2013).

Bracken Cancer Model

Studies have shown that many bracken constituents
have low cytotoxic effects. Therefore, they are not directly
involved in acute fern poisoning. The International
Agency of Research into Cancer (IARC) reported that,
there is enough evidence for carcinogenicity of bracken
in animals (IARC, 1987). Although in human, the results
are the same but insufficient for proving (IRAC, 1985).
Chemical constituents of bracken are very varied and they
depend on habitat (Chen et al., 2008).
Ptaquiloside is a potent toxin found in ferns. It was
first isolated in 1983. In fact, the detection of ptaquiloside
was a landmark in bracken research (Yamada et al.,
2007). Fortunately, Methods for quantifying ptaquiloside
in bracken have been developed (Bonadies et al., 2004;
Jensen et al., 2008; Bonadies et al., 2011).Unlike rats
treated with low PT content, Bracken fern containing
high content of PT leads to many tumors in ileum and
urinary bladder among treated rats. (Smith et al., 1988).
PT has been known as a strong carcinogen. In addition,
it was described to be responsible for the biological
effects of bracken, such as acute bracken poisoning,
bright blindness in sheep, mutagenicity, clastogenic
effects and genotoxicity (Yamada et al., 2007). Recently,
intraperitoneal ptaquiloside administration to CD-1
mice resulted in high level of urinary bladder dysplasia
and a B-cell lymphoproliferative malignancy (Gill da
Costa et al., 2011). PT should be considered highly as
a carcinogenic compound for human. PT can be easily
transmitted from milk to human; therefore, it is necessary
to be cautious about cattle grazing (Wilson et al., 1998).
Hirono’s group also showed that using PT via oral
route induces thrombocytopenia, myeloid aplasia, and
neutropenia in a calf typical of the acute haemorrhagic
syndrome (Hirono et al., 1984).
Cyanogenic glycosides are enzymatically hydrolysed
by B-glucosidase, thereby hydrocyanic acid (HCN) and
glucose are released. (Gil da Costa et al., 2012). All
bracken varieties are not cyanogenic and prunasin is the
only reported one which is thought to act as a feeding
deterrent against insects and herbivore mammals, due to
its acrid taste. (Alonso-Amelot and Oliveros-Bastidas,
2005). Prunasin is abundant in young crosiers (OliverosBastidas and Alonso-Amelot, 2010).
Shikimic acid has not shown many evidences for
carcinogenicity in animals studies and there is not
sufficient evidence for Its carcinogenicity in human.
Although it is unlikely to be a carcinogenic starting agent,
it might act as a carcinogenic stimulating factor in bracken
fern (Jones et al., 1983).
Thiaminase is a compound found in all parts of
bracken. It leads to destruction of thiamin and subsequent
health problems like beriberi in animals fed bracken fern.
Plant Thiamine reaches to its maximum amount in summer
which will remain even after plant withered state. After
bracken collection and storage, thiamin is remained and
can increase toxic effects (Barr and Reagor, 2001).
Quercetin is dose-dependent in vitro (Rahman et al.,

Scientists showed that DNA damage occurs at early
stages of carcinogenicity, leading to oncogenic mutations.
They also reported an increase in cell proliferation
happening in gastric mucosa of bracken treated mice
(Gomes et al., 2012). Moreover, DNA adducts and
HRAS mutations are known in mammary glands of rats
which receive distinctive doses of bracken dienone-a
carcinogenic compound- (Shahin et al., 1998; Gomes et
al., 2012). Because p53 gene usually suppresses tumors
in human (Petitjean et al., 2007), researchers evaluated
mutations in exons 2-4 in treated mice. The results showed
the presence of BF-induced frameshift mutations in intron
2 regions (Gomes et al., 2012). The alterations in intron
2 are also able to modulate the splicing process and then
influence on p53 expression (Gomes et al., 2012). In
agreement, Previous studies proved p53 gene mutations
induced by bracken fern (Shahin et al., 1998; Freitas et
al., 2002). Researchers also suggested a model for bracken
carcinogenesis (Shahin et al., 1999). Based on this model,
bracken induces carcinogenesis in two distinctive levels of
both cellular and molecular in vivo (Shahin et al., 1999). At
molecular level, PT converts to intermediate ptaquiloside
(APT) under alkaline conditions, which then goes on to
alkylate DNA at N3 of adenine or N7 of guanine at 24
hours of exposure (Shahin et al., 1998). Influenced cells
have the capacity to repair such damages in a short period
of time; in contrast, a few of lesions lead to incorrect
repairs which cause cancer. In addition, mutations in H-ras
in 60% of rats were observed only after 10 weeks exposure
to APT (Shahin et al., 1998). HRAS mostly activate an
early event in the formation of tumors (Barbacid, 1987;
Sukumar et al., 1995). Other genes that involve in this
model are called p53 and neu (Gould, 1986;1995). Based
on the cancer model of bracken, mutation in both of them
is described at late events (Shahin et al., 1999). The neu
oncogene also associates with mammary gland carcinoma
in rat (Gould, 1986; 1995). The tumor suppressor gene,
p53 contributes several human cancers (Gomes et al.,
2012).

Immunomodulatory Effects of Bracken-Fern
Recent studies revealed that ptaquiloside suppresses
IFN-Y production and NK cell-mediated cytotoxicity
(Latorre et al., 2009). It was also verified that selenium
supplementation prevents decrease in NK cytotoxicity
which is caused by p. aquilinum (Latorre et al., 2011).
In 2013 researchers showed that selenium prevents
carcinogenic effects caused by immunosuppressive
effects of bracken fern (Latorre et al., 2013). Furthermore,
ptaquiloside involved in bracken may also promote
carcinogenicity by decreasing immune supervision
against lately arising tumors (Gil da Costa et al., 2012).
In fact, the immunosuppressive effects of bracken may
help carcinogenicity indirectly due to disorder of NK cell

Possible Toxic Agents in Bracken
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1992), but not in vivo (Utesch et al., 2008). Although some
scientists suggested that quercetin-induced mutations
might contribute to the appearance of a malignant
phenotype in vivo (Borzacchiello and Roperto, 2008), it
is not seem to play a role in carcinogenicity of bracken
fern (Van der Hoeven, 1985). Indeed, Qu has pro-apoptotic
effect that leads to cell damage and cytotoxicity. These
effects of Qu may be resulted from various pathways
(Gibellini et al., 2011). For example, the ability of Qu to
induce apoptosis through mitochondrial pathway has been
confirmed in U937 cell line (Ferraresi et al., 2005; Lugli
et al., 2005). Even antiproliferative effects of Qu could be
related to the ability of Qu for binding to tubulin which
stimulates cellular microtubules depolymerization (Gupta
and Panda, 2002). Furthermore, studies show that Qu as
a pro-apoptotic flavonoid acts specifically on tumor cell
lines rather than normal ones. The studies show that Qu is
eliminated due to limitation of absorption completely with
metabolism in the intestinal, decomposition completely,
and its toxic effects (Staviric, 1994). So, it seems that Qu
exists only in vitro.
Pterosin is widely in ferns (Hayashi et al., 1972;
Fukuoka et al., 1978; Ng KE and MeMorris, 1984). There
are 20 kinds of pterosins and pterosides in bracken (Saito
et al., 1989). Although some pterosins induce in vitro
cytotoxicity in cancer cells, but they have no genotoxic
effect or no bracken cytotoxicity for animals (Chen et
al., 2008). Several pterosins showed cytotoxic effects
on ciliate. Experimental studies on rats showed that
bracken boiling-water extract of induced intestinal and
bladder tumors (Hirono et al., 1978; Santos et al., 1987),
maternal toxicity, embryotoxicity and minor abnormalities
in offspring (Gerenutti et al., 1992; Freitas et al., 2002).
Freshly, there was a study about constituents of bracken
grown up in Yannan of China. 5-Hydroxypyrrolidin-2-one,
Shikimic acid and glycerol 1-stearate were extracted from
young fronds of the plant for the first time (Chen et al.,
2008).

Chemistry of PT Reactions
PT is unstable under acidic and alkaline conditions. It
is rapidly hydrolyzed with water and produces Ptaqilosin
with the lack of sugar units. It rapidly decomposes to
Pterosin B in acidic conditions (Yoshihira et al., 1971;
Fukuoka et al., 1978; Gomes et al., 2012) or it is converted
to an unstable intermediate compound in a weak alkaline
solution. This compound can activate a carcinogen called
Dienone (APT) that acts as a powerful alkylating agent
(Ojika et al., 1987). Dienone alkylate purin bases of DNA
are naturally removed from DNA as alkylated parts.
Then breaks occur in DNA structure and carcinogenicity
begins (Radostits et al., 2000; Dawra and Sharma, 2001).
(Figure 1)

Bracken Fern Problems in Livestock
During the periods of reduced food availability,
domestic animals (herbivores and pigs) eat bracken easily
and willingly, especially its tender young parts (shahin et
al., 1999). The effects of bracken ingestion are diverse,
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Figure 1. Proposed Scheme of Ptaquiloside Reaction
Pathway (Shahin et al., 1999)
depending on the animal species and the ingested dose(s)
(Vetter, 2010).
Thiamine deficiency in monogastrics
In monogastric (single-stomach) animals, such as
horses, toxicity is related to the enzyme thiaminase
(Perez-Alenza et al., 2006; Vetter, 2009; Di Loria et al.,
2012). In horses, thiaminase breaks into the necessary
vitamin thiamine (B1), pyrimidine, and thiazole, which are
inactivated in body (Knight and Walter, 2001). Thiamine is
a crucial compound in metabolism that plays an important
role in myelination of peripheral nerve system (SameckaCymerman et al., 2009). In the presence of thiaminase,
blood thiamine levels in horses can reduce from a normal
level 80-100 mg/L to 25-30 µg/L (Samecka-Cymerman
et al., 2009).
Acute toxicity with bracken
It rarely occurs and there is low fatality. However, in
some cases high numbers of incidence and mortality are
observed (Radostits et al., 2000). Estimation the amount
of plant toxicity is different in cows fed bracken. During
1 month, they probably show clinical signs and die
(Humphreys, 1988).
Acute hemorrhagic syndrome (loss of blood)
Ptaquiloside is the major toxin which is responsible
for bone marrow suppression and carcinogenic activities
observed in ruminants. It is a lactone molecule discovered
in highest concentrations in young growing parts of the
plant (Perez-Alenza et al., 2006; Di Loria et al., 2012;
Panter et al., 2011).
The acute hemorrhage and sudden death occur
as a result of bone-marrow depression of subsequent
thrombocytopenia (the condition of having a low platelet
count) and increment trend to bleed (Samecka-Cymerman
et al., 2009).
Enzootic Hematuria in cattle
It is a chronic and serious disease in cattle (PerezAlenza et al., 2006; Di Loria et al., 2012). Consuming
1-2 kg of bracken for 10-15 months by cows leads to
Hematuria (Van Metre and Divers, 2002; Panter et al.,
2007; Lucena et al., 2011). A recent report indicates the
occurrence of a similar syndrome in buffaloes and sheep
(Somvanshi, 2011; Dawra and Sharma, 2001; Radostits
et al., 2000). Prevalence of disease is various in different
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regions. This disease occurs in both sexes. However
mortality is higher in male animals due to obstruction
of urinary tract by blood clots (Dawra and Sharma,
2001). The hematuria forms varied tumors, especially
hemangioma in the bladder wall. PT in bracken has
been known as a toxic compound that causes bovine
enzootic haematuria. It also induces bladder tumours in
laboratory animals (Hirono et al., 1987; Radostits et al.,
2000; Dawra and Sharma, 2001). The oncogenesis of PTinduced bladder has not been investigated completely, but
a number of experiments have demonstrated its molecular
and morphological features (Carvalho et al., 2007; Guidi et
al., 2008; Corteggio et al., 2010; 2011; Pires et al., 2010;
Roperto et al., 2010).
Blindness in sheep
Long-term consumption of bracken by sheeps leads
to the formation of nonfatal diseases such as “Progressive
retinal degeneration” or bright blindness (PRD).
(Somvanshi and Ravisankar, 2004; Perez-Alenza et al.,
2006; Di Loria et al., 2012)
Neoplasia in gastrointestinal tract
Neoplasia in gastrointestinal tract including jaw and
liver is observed in adult sheep feeding on bracken fern.
The reports show that there is no relationship between
tumor formation and the presence of HPV. There is also
high incidence of colon and bladder tumors in cattle fed in
lands covered with bracken (Angus and Sharman, 1991;
Radostits et al., 2000).

Possible Pathways of Bracken Exposure in
Humans
Food
Fern leaves have edible consumption in Japan, Brazil
and Canada (Hirono, 1993; Hojo-Souza et al., 2010).
Studies have revealed the dependence between bracken
consumption and the stomach and esophagus cancer in
human (Wilson et al., 1998). Daily intake of bracken in
japan increases the risk of oesophageal cancer about 2.1fold in men and 3.7-fold in women (Kamon and Hirayama,
1975; Hirayama, 1979). Possible risk of consumption of
animal meat that fed bracken doesn’t have been studied
and is still unknown (Wilson et al., 1998).
Milk
Risk of digestive tract cancer exposed to bracken has
been studied in South and Central America (VillalobosSalazar, 1985; Alonso-Amelot and Avendano, 2001).
Carcinogenic compounds have been secreted from
milk and urine of livestock that consume bracken fern.
Moreover, it is proved that it can cause cancer in laboratory
animals. The studies show that even the activity of
carcinogenic compounds in the milk of animals fed on
bracken is more than bracken compounds (Alonso-Amelot
et al., 1996). Recently, Ptaquiloside has been detected in
meat and milk from cattle consuming bracken (Bonadies
et al., 2010; Fletcher et al., 2011). Pasteurisation was found
to decrease ptaquiloside concentrations in milk by 50%
and a 75% decrease by boiling (Villalobos-Salazar et al.,

2000). Therefore, boiling the milk before drinking it may
be a helpful recommendation for people who live in rural
areas suspected of being exposed to considerable amounts
of Ptaquiloside (Gil da Costa et al., 2012)
Water
Water contamination may also occur. Ptaquiloside
leaching from fronds exposed to rain may subsequently
contaminate soil and groundwater (Ayala-Luis et al.,
2006; Engel et al., 2007; Ovesen et al., 2008; Jensen
et al., 2008). There is no evidence to prove that water
contamination with bracken fern can cause disease in
human; nonetheless, a number of toxic compounds in
fern are soluble in water and probably can be entered into
water tanks (Evans et al., 1984).
Inhalation and ingestion of spores
Spores are proved to be one of the ways of ptaquiloside
transfer from bracken to humans (Rasmussen et al.,
2013). Therefore, this finding is very probable to describe
the toxicity of bracken spores for laboratory mice and
human cell lines (Rasmussen et al., 2013). Lymphocytic
leukaemia has been reported in mice fed bracken spores,
and bracken spores have proven to have genotoxic effects
for human cell lines, including gastric cells (Siman et al.,
2000; Gomes et al., 2012). The fern spores have been
identified as a carcinogenic agent in mice (Evans, 1979).
Inhalation and ingestion of spores can be carcinogenic
in humans (Wilson et al., 1998). The study is only about
direct ingestion of spores not the effects of animal
exposure to airborne spores (Wilson et al., 1998). The
research showed that, spores administered by gavage
produce DNA adducts in mice (Povey et al., 1996). The
significance of these results requires further examinations.
Skin
There is no finding about the effects of ferns on humans
and animals via direct contact with skin; however, this
pathway would seem an unlikely cause of disease (Wilson
et al., 1998).

Studies on Human Health
Most speculations about harmful effects of bracken
on human health is based on its effects on animals, but
it is not possible to reach a conclusion for human based
on experiments on model animals; However, researchers
conclude that there is a direct connection between bracken
consumption and stomach cancer in men and women
and esophageal cancer in men only (Wilson et al., 1998).
The risk of esophageal cancer that associates with the
consumption of bracken is estimated to be about 2.1-fold
in men and 3.7-fold in women (Kamon and Hirayama,
1975). The highest incidence of stomach cancer was found
in those who have spent their childhood in covered lands
such as Gwynedd region (Galpin et al., 1986; Galpin
et al., 1990). The fact that consumption of bracken and
stomach and esophagus cancer are not related to each other
was known substantially in Brazil (Marliere et al., 1995).
The association between ferns and cancer in has been
investigated in England and Wales (Wells and McNally,
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1989). Villalobos-Salazar and co-workers compared
incidence rates of stomach cancer among people who were
born in bracken infested and bracken free areas in Costa
Rica considering their age (Campo et al., 1990). Brackeninfested and bracken-free were determined according
to height above sea level, which is a confirmed method
in previous studies. It was reported that the number of
gastric and esophageal cancer victims among women and
all people who were born in bracken infested areas were
at least twice than those who were born in bracken free
areas (Wilson et al., 1998).
High daily consumptions of pickles, edible wild plants,
especially bracken crosiers, were significantly related to
increase of pancreatic cancer risk, particularly in men, who
had a relative risk of 2.98 (95%CI=1.46-6.07) (Ramwell
et al., 2010).
In a study of 783 patients with stomach cancer and
1566 hospital controls in Hiroshima and Miyagi, a higher
risk of stomach cancer was known in Japanese farmers
and totally among Japanese population, not other jobs
or even Hawaiian-Japanese (Haenszel et al., 1976). An
association was known between bracken consumption
and stomach cancer. Japanese higher consumption rates
of Bracken accounts for mentioned population differences
(Ramwell et al., 2010). The association between dietary
intake of bracken and esophagus cancer was investigated
in 98 cancer patients and 476 control cases aged 60 or
older in Japan.
The relative risk of cancer was 2.68 (95%CI=1.385.21) in those who eat bracken every day and 1.53
(95%CI=0.90-2.62) in those who ate bracken occasionally,
as compared with those who ate bracken rarely or not at
all (χ2 trend=8.04, p=0.004) (Ramwell et al., 2010).

Control of Bracken
According to the plant’s rhizomatous rooting system
and its ability for producing a large amount of spores,
spread and control of bracken fern can be difficult
(Bebbington and Wright, 2009). Growth can be controlled
by regular cutting of mature plant or by deep plowing
over time (Burrows and Tyrl., 2001). Moreover, herbicide
may be an effective control if teamed with close cutting to
encourage vegetative growth before a treatment is applied
(Burrows and Tyrl, 2001).

Conclusion
The toxicity of bracken fern and its constituents,
mainly ptaquiloside, have been investigated in studies of
farm and laboratory animals and in human epidemiological
studies. Bracken fern, a widespread plant, is toxic for many
animal species. It can affect a high percentage of animals
and many body systems. The observations show that most
of the people who work or play among bracken ferns, are
at risk for cancer, particularly in spring; besides, people
who eat bracken as vegetable or drink milk from cows that
are fed bracken are endangered. Bracken fern extract is a
potent source of anticancer compounds. It can be utilized
pharmaceutically. Further studies, are required to clarify
the biological relevance of this response.
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