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INTRODUCTION

Our review of the literature (Simán et al.1999) posed a question – are there
human health risks from fern spores?. Our conclusion was that there may be.
Carcinogenesis in humans caused by tissues of ferns is well established (e.g.
Alonso-Amelot & Avendaño, 2002) and spores of some ferns cause allergic
reactions and contact dermatitis in some people. We first obtained evidence for
DNA-damage and carcinogenicity from experiments with spores of a single
species (Pteridium aquilinum - bracken) fed to mice. Similar experiments have
since established that spores of five fern taxa (including northern and southern
hemisphere bracken) induce DNA adducts in upper gastrointestinal tissue of
mice (Simán et al. 2000a).

Experimental administration of spores to whole humans is not practical, but
experiments with human cells strengthen the conclusion that fern spores can
cause DNA damage. Administration of extracts of spores of Dicksonia

antarctica, Pteris vittata, Sadleria pallida, Anemia phyllitidis and Pteridium

aquilinum to human premyeloid leukaemia cells induces breaks in their genomic
DNA (Simán et al. 2000b). DNA damage is strongly correlated with
carcinogenic events (e.g. Fairbairn et al. 1995) but even if such damage was
caused in whole humans after inhalation or ingestion of spores, it is of course
possible that repair mechanisms would mend the breaks before tumourigenesis
was triggered.

The aim of the research reported here was to establish whether fern spore
extracts prevent the growth and proliferation of human cells.

MATERIALS AND METHODS

Fifty mg of spores of six ferns: Anemia phyllitidis (L.) Swartz, Cyathea arborea Sm.,
Dicksonia antarctica Labill., Dryopteris filix-mas (L.) Schott, Pteridium aquilinum (L.)
Kuhn and Pteris vittata (L.) were ultrasonicated and extracted with 0.5 ml sterilised
distilled water overnight. P. aquilinum and D. filix-mas were examined because of the
established toxicity of their vegetative tissues, the remaining species were included to
provide breadth of taxonomic differences and/or horticultural significance.

The HaCaT keratinocyte human cell line used adopts a fibroblast morphology in
culture. Cells were seeded at 2-4 x 104 cells ml-1 in 1.5 cm diameter wells in 24-well
dishes and fed 1 ml complete Dubecco’s modified Eagle medium (DMEM) containing
5% fetal calf serum. After 24 h (start of “day 0”) the medium was replaced by complete
DMEM containing only 0.5% serum. (This reduction in serum sensitises the cells.) At
the same time the cells were fed 50 ml spore extract. “Vehicle controls” were fed 50 ml
sterilised, distilled water, “controls” were given no treatment. 

Cell number in a fixed amount of liquid extracted was counted in a haemocytometer
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every 24h for 5d. The average of 3 counts per well for 3 wells per day formed the basis
for a calculation of the mean of means. The mean final number of cells ml-1 on day 5
of each treatment, and the growth rate between day 3 and 5, were compared with the
controls using t tests for unmatched samples. 

RESULTS

Over the five days of the experiment cell number increased in control treatments at a
rate typical of this cell line, by a factor of x10-15. Control cell counts increased by
means of x12.4 and 12.6, respectively. Cell number after treatment with extracts of A.

phyllitidis, C. arborea, P aquilinum and P. vittata increased less than those of controls
(see Figure 1). Cell cultures exposed to P. aquilinum extracts showed an increase in cell
number of x2.0 - highly significantly less than that of both the controls and vehicle
controls (t = 5.29 for control, 6.28 for vehicle control, df=4, p£0.01). The final
concentration of cells in wells treated with P. aquilinum extracts was about six times
lower than those of the controls. 

Extracts of 3 other species: P. vittata, C. arborea and A. phyllitidis, impaired the
growth of the cultured cells - increase factors of x6.4, 7.4 and 10, respectively. (Not
significantly different from either of the controls at the 99% confidence level, but C.

arborea treatment was significantly impaired at 95% confidence level.)
D. filix-mas extract had no detectable effect on the growth of the cultured cells (increase
factor x12.4). Cells treated with extract of the tree fern D. antarctica increased more
than any others (x15) over the five days of the experiment, but this was not significantly
different from the controls.

Between days 2 & 3 cultures treated with P. vittata extracts experienced a significant
inhibition of cell proliferation (t>9.6, df=4, p£0.01,see Figure 2). From day 3 these
cultures started to recover. After day 3 all growth rates stabilised. Between days 3 & 5
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Figure 1. HaCaT cells treated with fern spore extracts then cultured for 5 days. 
Column marked (*) differs from controls at p£0.01.



the vehicle control cells and the cells treated with D. antarctica and D. filix-mas extracts
had a higher proliferation rate than cells of any of the other treatments. Growth rate was
highest in D. antarctica-treated cells (t=2.3, df=4, p£0.1). The growth rate of P.

aquilinum-treated cells was lower than that of the vehicle controls (t=2.3, df=4, p£0.1).

DISCUSSION

Cytotoxicity.

Spore extracts of 4 of the 6 ferns tested impaired the growth of the human cells used in
the conditions of this study. Cytotoxicity was strongest in P. aquilinum treatments (the
results indicate that the cells in these cultures would eventually have died). 

P. vittata is a common glasshouse weed, a popular garden ornamental, and a
potential phytoremediation treatment (Ma et al. 2001). P. vittata extract treatment
generated the second lowest cell number and can be said to have had a cytostatic effect.
C. arborea-treament generated the third lowest final cell density. This growth
impairment was not mirrored by the other tree fern species used, however, (the
horticultural favourite, D. antarctica) which, if anything, appeared to promote cell
growth. Vegetative tissues of the garden ornamental D. filix-mas have been used to kill
tapeworms and insects. Perhaps spores are not as toxic as vegetative tissues, or
non-mammalian cells respond differently to the toxins, since cells treated with spore
extracts of this species were the ones least different from the controls.

Explanation for cell growth impairment.

Extracts of P. aquilinum, D. antarctica, P. vittata, and A. phyllitidis induce DNA
strand-breaks in human cells (Simán et al. 2000b). In the present study, only P.

aquilinum and P. vittata extracts showed a pronounced adverse effect on the cells –
those of D. antarctica did not. Growth impairment may therefore be due to something
other than damage resulting from DNA strand-breaks in some or all ferns, or
experimental differences in the study reported here perhaps reduced the strand-breaks
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Figure 2. HaCaT cell number after treatment with fern spore extracts.



caused by some species and not others.
One difference between the experiments is that spore extracts used in the study of

DNA strand-breaks were made with the solvent dimethyl sulphoxide (DMSO), rather
than water. Damaging compounds differ in solubility between media, and as ferns differ
markedly in biochemical constituents, this could explain the difference in effects. Of
course neither DMSO or water constitute realistic solvents for the human cell surfaces
that encounter spores. It could be argued, however, that water constitutes the milder
solvent, so deleterious effects that are seen with both water and DMSO provide strong
evidence for toxicity of the spores in question. 

Another explanation for growth impairment is the formation of adducts (which form
when compounds bind to DNA). Adducts may be repaired by the cell, or can initiate
events leading to the creation of a cancer cell. Povey et al. (1996) established that
spores of Pteridium can induce DNA adducts in tissues of mice, and we have shown
that spores of P vittata and A. phyllitidis share this property (Simán et al., 2000a).The
main Pteridium carcinogen, ptaquiloside, can cause adduct formation (Smith &
Seawright 1995), is water soluble (Ojika et al. 1987), and is found in bracken tissues
including spores (Schmidt et al. 2005; Rasmussen, Schmidt & Sheffield unpubl.) so it
is possible that this compound is responsible for the cytotoxicity of P. aquilinum spore
extracts. 

Human health implications?

This in vitro study strengthens the extensive in vivo evidence of the toxicity of
Pteridium. Health warnings about walking through bracken stands during the sporing
season may therefore be reasonable, although far from all Pteridium stands are fertile
(Wynn et al. 2000), and there is no way to relate likely numbers of spores inhaled to
potential risk. Bracken remains the most damaging fern examined to date, in all the
studies reviewed, but the evidence presented herein suggests we should not be
complacent about other ferns. Toxins may of course differ between species, and there is
no defensible way to extrapolate from effects on starved cells in vitro to risk for entire
healthy humans (either in terms of effects seen, or numbers of spores used). 

However, humans are not good at dealing with health risks. For example, there is
probably no safe dose of ionising radiation, yet people choose to live in areas dominated
by granite, and therefore experience high levels of natural background radiation.
Smokers do not start “complaining” about their health until long after taking the first
puff (cf. Hainsworth 2000). If health risk may be incurred from inhaling spores of ferns
other than bracken, there is no reason to “never touch a fern again” (cf. Hainsworth
2000). Anyone regularly exposed to large numbers of spores need spend only a few
pence on a mask (available from most DIY stores) which excludes particles. Our advice
to those involved with caring for sporing ferns, or harvesting spores is simple – better
safe than sorry! 
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