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BRACKEN AS A RISK FACTOR IN DIGESTIVE TRACT TUMORS:

STATE OF THE ART
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Summary. - The present knowledge of the risks of
exposure to bracken fern (Pteridium aquilinum) is presen-
ted. The history of research on bracken toxicity is revie-
wed, covering the animal observations and chemical
analysis, and focusing on the carcinogenic effects in
various animal species and on the nature and biological
properties of the known carcinogens. The implications of
human exposure to bracken are inferred, the possi ble ways
of contamination are discussed, and the existing epidemio-
logical studies are commented. Bracken contribution 1o
digestive tract tumors is deduced, and the need of further
research on the plant toxicity and detailed epidemiologi-
cal investigations with the exposed population is stressed.

KEY WORDS: bracken, environmental carcinogens, digestive tract
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Riassunto (Felce aquilina come fattore di rischio nei
umori del tratto digerente: conoscenze attuali). - Nel
presente lavoro si riportano le conoscenze attuali sui
rischi dovuti all’ esposizione allafelce aquilina.Sipassain
rassegna la tossicitd della felce aquilina sugli animali e le
sostanze chimiche in esso presenti, soffermandosi su gli
effetti carcinogenici nelle varie specie animali e sulla
natura chimica e le proprieta biologiche di noti carcino-
geni. Da qui si deducono le implicazioni per la salute
dell’ uomo, si discutono le possibili vie di contaminazione
e si valutano gli studi epidemiologici al riguardo. In
particolare si deducono i possibili contributi dell insor-
genza dei tumori dell'apparato digerente come conse-
guenza dell’ uso alimentare ymano dellafelce aquilinae si
sottolinea pertanto la necessitd di approfondire ulterior-
mente la tossicita della pianta con studi epidemiologici
condotti sulle popolazioni che ne fanno uso alimentare.

PAROLE CHIAVE: felce aquilina, carcinogeni ambientali, tumori
del tratto digerente.

Introduction

Bracken (Pteridium aquilinum, L. Kuhn) is a large
coarse fern widely distributed in all continents except
Antarctica. Usually found in large thickets in open woods,
sandy fields and hill sides, it is sometimes used as an
ornamental plant in parks or gardens, as winter bedding for
farm animals, for thatching and as a source of tannin and
potash [1-3]. In many parts of the world, it is also used as
human food.

The British navigator and explorer Captain James Cook
has recorded the use of bracken rhizomes on Maori diet [2].
The German naturalist Alexander von Humboldt has re-
ported its consume, grinded to powder and mixed with
barley, by the inhabitants of Palma and Gomera (Canary
Islands) [1]. Others have noticed in Siberia and Norway
the employment of unfurled fronds in the brewing ofakind
of beer. In the United Kingdom, Culpepper (quoted by
Grieve [1]) has given several uses for it: “the roots being
bruised and boiled in mead and honeyed water, and drunk
kills both the broad and long worms in the body (...). The
leaves eaten, purge the belly (...). The roots bruised and
boiled in oil or hog’s grease make a very profitable
ointment (...). The powder of them used in foul ulcers
cause their speedier healing”.

It was introduced to the biomedical literature in the last
decade of the 19th century, when it was recognized as
poisonous to cattle [4-6]. Bracken had its carcinogenic
content firstly suggested by Rosenberger and Heeschen
(7], and evidenced later by the original experiments of
Evans and Mason [8], with the development of ilcal
adenocarcinomas in rats fed dried fronds for about 2
months. So far, it has been incriminated in the causation of
chronic bovine enzootic haematuria, often associated with
acute enteritis, and eventually followed by bladder cancer
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[9, 10], has been connected with the acute bone marrow
syndrome and intestinal adenocarcinoma of North Y orks-
hire Moor sheep [11], and has been shown to induce
experimentally mutations in fruit flies and fish, tumors
and/or chronic haematuria in toads, quails, mice, rats,
hamsters, guinea pigs, rabbits, sheep, pigs, cattle, water
buffaloes and monkeys [1, 12, 13].

Animal observations

Catle grazing f{reely upon bracken have shown co-
existance of enzootic haematuria with an increased inci-
dence of papilloma and squamous carcinoma of the ton-
gue, soft palate, oropharynx, oesophagus and rumen, and
polyposis or adenoma and adenocarcinoma of the intestine
[10, 14, 15]. In one study [10], 30% of the cattle with
alimentary squamous carcinomas had also bladder tumors.
In the Nasampolai Valley (Narok District) in Kenya
Masailand, where bracken fern is found but bovine enzoo-
tic haematuria has not been observed, a high incidence of
rumenal cancer was reported, together with the finding of
similar lesions in giant forest hogs [16]. The consumation
of large amounts of bracken is found to produce an hac-

morrhagic syndrome known as acute bracken poisoning, |

the animals succumbing after 3 to 10 weeks with mucoidal
nasoanal bleeding, severe anorexia and pyrexia, and radio-
mimetic cylopathological changes consisting of leucope-
nia and agranulocytosis, thrombocytopenia, aplastic ane-
mia, and widespread haemorrhagic sites, the gut being
prticularly ulcerated [10, 17]. The long-term effects of
small ingestion may also be radiomimetic, but its mecha-
nism is still obscure [10].

Experimental studies with different strains of rats
confirmed the early findings of Evans and Mason. In
addition, ileal sarcomas and urinary bladder tumors were
reported [18, 19]. Drosophila flies [20] and guppy fish [21]
were used to establish the mutagenic potential of bracken.
Quails were shown to develop adenocarcinoma predomi-
nantly in the caecum, but also in the colon and distal ileum
[17], and a sterility effect on the male was observed
(Barber, G.D., quoted by Evans [17]). Mice given bracken
or concentrated extracts of the plant, orally or intraperito-
neally, exhibited haematologic cancers (mainly leukemias
of the lymphocytic type), gastric carcinpmas, pulmonary
adenomas, hepatomas and two rare osteogenic sarcomas
with pulmonary metastasis [3]. In hamsters, tumors appear
in the caecum and distal ileum. Guinea pigs present predo-
minantly bladder tumors, but also adenocarcinoma of the
jejunum. Rabbits are more resistant to tumors, but develop
a long-term haematuria [20]. Sheep present intestinal
adenocarcinomas and a variety of other tumors [22].

A comparative study between each part of bracken has
shown that the carcinogenic activity of the rhizomes is
stronger than that of the young curled fronds (croziers),
and that the stalks are the less carcinogenic postion [23].
Spores were shown to be powerful inducers of leukemias,
gastric, pulmonary and mammary tumors [3].

Chemical analysis

Since the first investigations of the nature of “bracken
toxin(s)”, many molecules with large variety of biological
effects have been isolated and characterized [24-27].

Sugimura et al. [28] have shown that kaempferol and
quercetin, the product of intestinal hydrolisation of respec-
tively astragalin and isoquercitrin-flavonoids isolated from
bracken fronds [29], are mutagenic in the Ames test. In a
later paper [30], Sugimura described the induction of sistcr
chromatid exchanges in a human lymphoblastoid cell linc
by quercetin, and Pamukcu ez al. [31] found that rats fed
with a quercetin diet developed the same tumors as those
fed with a bracken diet, with a longer latent period, bu
other studies [32-34] reported inactivity in other animals.

Japanese researchers have described indanone deriva
tives from bracken, the pterosins and pterosides, that arc
toxic against cultured Hella cells [24, 35] but so far were
notshown to be carcinogenic. A water soluble precursor of
these indanones, ptaquiloside, is thought to correspond
with the so-called “guinea pig bleeding factor”, a com-
pound that leads to urinary bladder haemorrhage in thosc
animals [36]. Itis mutagenic in microbial tests [37, 38] and
induces severe haematuria, mammary cancer, and ilcal
adenocarcinoma in rats [25, 37]. Its conjugated dienonc
derivative (considered to be the ultimate form) was shown
to be a strong alkylating agent [38]. Nevertheless, for its
behavior as a weak carcinogen, ptaquiloside does nol
equate with the powerful one responsible for the major
bracken-induced neoplasms [3].

Shikimic acid, present in large amounts in bracken,
gives negative results in the Ames microbial mutagen tes!
[39], but gives positive ones with a T4 bacteriophape
reversion test [40], is active in the BHK?21 cell transforma
tion assay [41], and produces dominant lethal mutations in
Drosophila melanogaster [3] and leukemias and gastric
adenocarcinoma in mice [37]. However, for it does nol
produce tumor in rats and quails [42, 43], it is not yet the
searched “powerful bracken carcinogen” [3], and the
compound responsible for the production of gastric canccr
and leukemias in mice remains unidentified, since the
recognition of 10 previously undescribed water soluble
compounds in a volume of water that had been circulatiny
through bracken croziers for two weeks [3]. The biological
activity of these molecules has been investigated, with
special attention to the ones showing similarities to known
carcinogens. The experiments are still going on, and acco
ding to Evans [3], a number of these compounds sccm
promising.

The human risk

It is believed that dietary factors contribute to 30-35%
of potentially preventable cancers [44]. Notwithstanding,
some portions of the aetiologic cascade depend on the
existence of cofactors; the interrelationships between
various dictary components are complex and not well
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.nderstood, and the crudeness of current methods for
1wsessing dictary intake results in large measurcment Cr-
wors [45].

Nowadays, different parts of bracken are caten by
'umans in the Society Islands (French Polynesia), Indone-

ia (Sircgar and Sumiartha, personal communication),
Northeastern China, Japan, Canada, Western North
\merica, Southeastern Brazil and in certain arcas of Euro-
pel1,3,10,46-48). InJapan, where its use is very diffused,
 is caten as salad and garnish on cooked in various ways
119], the part used is mainly the young unfurled frond (501,
the rhizomes being also eaten in some rural areas [25].In
[2razil [51], as in China (personal observation) and Indo-
nesia, curled shoots under 25 ¢cm long are preferred. In its
industrially packed presentation, it is sold in Canada, the
United States and Japan [47]. Japancsc [50] and Brazilian
[52] studies have shown that the content of carcinogen
after processing is much less compared with unprocessed
bracken, but carcinogenic activity still remains. Accor-
ding to Evans [3], the techniques of canning, drying and
vacuum packaging thatallow the fernto beeaten duringall
the year and even exported might be less clficacious in the
removal of toxic substances than the old ones.

Up to now, we have dealt with the direct exposure Lo
bracken used as a food. An undcpreciable route of conta-
mination is that via milk and daily products. In agrecment
with Turkish and American reports [53, 54], British scicn-
tists have detected a low level of carcinogenicity in the
milk (fresh or dried) of cows fed bracken [22, 55]. In one
of the experiments, a young bull calf fed the milk from
cows receiving a bracken supplement developed bone
marrow damage (traduced mainly by lcucopenia, with a
marked decrease in the neutrophil count and the appearan-
ce of reticulocytes in the circulation), and signs of carly
intestinal damage [55]. The incidence of tumors (pulmo-
nary adenoma, leukemias, and gastric adenocarcinoma) in
the offspring of mice given bracken during lactation was
also found to be increased [3]. The water soluble carcino-
genic activity can be retained in the buttermilk, the acidic
pH contributing to its stability [3]. The indirect consump-
tion of bracken through milk and daily products would
extend the hazard to areas where grazing cattle (specially
under free-range conditions) ingest the plant, asin Turkey,
Yugoslavia and Bulgaria [47]. Indirect cxposure in vitro
may also occur through the placenta, as demonstrated
experimentally in mice [55].

Another possible way of exposure is via the water from
wells and springs from bracken rhizomes, and leachates
obtained from other parts of the plant were capable of
inducing a variety of tumors in mice [56, 57]. This water
may constitute a hazard if consumed over extended pe-
riods in the carly decades of life (it must be remembered
that bracken carcinogenicity seem to be age-dependent,
the youngs being more vulnerable [3]).

The hypothesis of an aereal contamination by spores
(produced in large number during the summer) increased
in strength since Evans [3] demonstrated their high carci-
nogenic potential. Inhaled spores present in the bronchial

mucus would eventually reach the stomach after being
swallowed [58], thus contributing to broad the risk spec-
Lrum.

Epidemiological studies

Since 1977, when Pamucku et al. [47] registered “a
paucity of epidemiologic data concerning tumor evidence
in the human population in arcas of the world where
bracken fern is directly or indirectly consumed”, few
reports have contributed to change this picture. An early
epidemiological study in Japan (where the varicty of
bracken found is the latiusculum), a country with a high
rate of upper digestive tract malignancies, has favored the
idea that bracken consumption could be one of the factors
contributing to the augmented occurence of oesophagal
cancer in some prefectures of central Japan [59], a conti-
nuation of this study has demonstrated that daily bracken
intake elevates the relative risk of thiscancer to 2.10 inmen
and 3.67 in women [60], but another case-control study
suggested that cating bracken docs not constitute a risk
[61]. Nevertheless, a recent investigation in Northern
Japan has evidenced the large difference of dictary muta-
genicity between the inhabitants of high and low risk areas
of stomach cancer, the mutagenicity being caused by an
inbalance on the intake of mutagen-positive and mutagen-
depressive foods, and corresponding to the mortality [62].

In North Wales, where bracken coverage (of the aqui-
linum variety) is substantially great [63], the incidence of
gastric cancer is strikingly higher than the national avera-
ge, the incidence of eoesophageal cancer being also eleva-
ted [64]. A study conducted in Gwynedd (NW Wales) [58]
has shown that bracken exposure in childhood (determi-
ned through a special questionnaire), and length of resi-
dence in the arca (covered with bracken in 20% or more of
its surface [63]), were associated with an increased risk of
gastric cancer. Consumption of buttermilk in childhood
and adulthood was also attended by increased risk. No
clear evidence for or against any particular vector was
inferred, however,

Villalobos-Salazar has demonstrated that in the moun-
tainous regions of Costa Rica (rich in the caudatum variety
of bracken), the age-adjusted rates for oesophageal and
gastric carcinoma are increased when compared with the
bracken-free lowlands [65, 66], what has been attributed to
the consumption of bracken-contaminated milk (shown to
be carcinogenic to mice [67]).

In Southeastern Brazil, where the local plant (var.
arachnoidewmn) was shown to be carcinogenic to animals
(68, 691, epidemiological studies with the bracken-eating
population are in course. Australasia, where bracken (of
the esculentum variety) was found to contain a very high
amount of ptaquiloside (670 pg/g of dry solid residue, on
a wet matter basis [70]), and other areas of the world where
the plant is commonly used as food supplement (like the
Indonesian islands of Sulawesi and Bali, the eastern slopes
of the Great Khingan Range in China, and even the Japan
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more difficult to assess, but not less important to elucidate.
Despite decades of research, much of the bracken
toxicity remains to be understood, and further investiga-

tions are necessary in order to provide a better comprehen- Recésiast o Taniry 9 1991,
sion of the bracken risk to human health. Accepted on February 11, 1991.
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