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ABSTRACT  

The common fern, bracken (Pteridium aquilinum) is 

well known for its toxic effects on livestock due 

principally to the carcinogenic constituent 

ptaquiloside (1), although other toxins are present 

including the cyanogenic glycoside, prunasin (2). Here, 

we report an improved and relatively ‘green’ process 

for the isolation of 1 and 2 from fresh bracken fronds 

and the evaluation of 1 for cytotoxicity against several 

cancer cell lines. The results indicate that 1 displays 

selective toxicity against cancer cells relative to non-

cancer retinal epithelial cells and the improved 

method for the isolation of 1 is expected to facilitate 

further exploration of its pharmacological properties. 

Introduction 

The common fern, bracken, also known as brake, 

Pteridium aquilinum (L.) Khun.  (Dennstaedtiaceae), is 

one of the most abundant plants globally and is 

widespread in northern upland areas of the UK [1].  

Traditionally, bracken was important in the UK as a 

packing material and winter bedding for cattle while 

the ash was used as a substitute for soap and was 

employed in soap and glass manufacture [2].  Bracken 

was also used as a fuel or tinder, for bivouac thatching 

and for making plaited sandals. 

     However, bracken is notable for its toxic effects 

especially in animals which may result in several acute 

or chronic poisoning syndromes depending on the 

species affected [1]. Acute poisoning due to the 

presence of the enzyme thiaminase in the plant occurs 

in horses and pigs as a result of thiamine deficiency 

while an acute haemorrhagic syndrome may occur 

suddenly in cattle after the animals have grazed on 

bracken for several weeks.  The latter syndrome may 

also occur in sheep although it is slower to develop and 

occurs less commonly than in cattle. Chronic bracken 

toxicity resulting from the consumption of small 

amounts of bracken over a prolonged time gives rise to 

enzootic haematuria in cattle and, in addition to the 

loss of blood in the urine, this condition is associated 

with the development of benign and malignant 

tumours in the bladder [1].  The mechanism of 

carcinogenesis involves immunosuppressive effects of 

bracken that activate latent bovine papillomavirus 

type 2, resulting in the formation of pre-malignant 

changes in the bladder that may then become 

malignant through the action of the bracken 

carcinogen, ptaquiloside (1) (Fig. 1) [3]. Bracken 

consumption is also associated with tumours of the 

digestive tract [1]. In sheep, bracken consumption over 

a period of time may cause Bright blindness 

(progressive degeneration of the retina), resulting in 

blindness and has also been associated with tumours 

of the intestine and jaw [1].  In Japan, human 

consumption of the young, uncurled fronds of bracken 

known as fiddleheads is associated with an increased 

incidence of tumours of the oesophagus and stomach 

and as 1 has been detected in milk there have been 

concerns that milk consumption could be hazardous to 

humans [1].  

   Ptaquiloside (1), a norsesquiterpene glucoside of the 

iludane type, was isolated by bioassay guided 

fractionation as the principal toxic constituent of 

bracken by Yamada’s group in 1983, [4] and 

subsequently a number of other terpene glycosides 

related to 1 have been isolated [5].  When the plant is 

consumed by animals, loss of glucose from 1 leads to 

the formation of a dienone (3), a highly reactive 

molecule that alkylates biomolecules (4), (Fig. 1).  DNA 

alkylating agents such as temozolomide and 

cyclophosphamide as well as the platinates which are 

‘alkylating-like’ in their mechanism of action are 

currently used in the clinic against particular cancer 

indications.                                                                                                                              

The aim of this study was to isolate 1 in order to 

explore its potential as a lead to new anticancer 

agents. Although dried bracken samples were shown 

to contain 1 by mass spectrometry, initial attempts 

that employed extraction and separation methods 

based on previously published methods, [5], [11], were 

unsuccessful. This result was not surprising 

considering that 1 is unstable, likely to be destroyed by 

glucosidase enzymes present in the bracken and also 

that yields from previous studies have been low (0.02-

0.1% with respect to dried bracken) [5]. Here we report 

a simplified and relatively ‘green’ method for the 

extraction and isolation of 1 and its preliminary 



evaluation for cytotoxicity in several human cancer cell 

lines and one non-cancer cell line.  

Results and Discussion 

Fresh, uncurled fronds of bracken, (fiddleheads) were 

collected at the beginning of the growing season (mid-

May), as this part of the fern has previously been 

reported to contain the highest concentration of 1 [5]. 

A cold extraction process was employed in order to 

prevent thermal and enzymatic decomposition of 1. 

Fresh fiddleheads were placed in a mortar, frozen with 

liquid N2 within 2-3 h of harvesting, powdered, and 

macerated with Me2CO. The extract was filtered, 

concentrated under a stream of N2 gas, diluted with 

water and extracted with hexane to remove pigment 

and then partitioned several times with EtOAc. The 

EtOAc extract was concentrated under N2 and 

chromatographed over TLC-grade silica gel 60 by 

means of low pressure column chromatography 

eluting with EtOAc:EtOH.  Two compounds were 

eluted; the more polar was confirmed to be 1 as NMR 

and MS data were consistent with that previously 

published, [4], (Table 1S, Figs. 1S-3S, Supporting 

Information), and the less polar isolate was identified 

as the cyanogenic glycoside, prunasin (2) (Fig. 1), a 

known constituent of bracken [6] by comparison of 

spectral data with published values [7], (Table 2S, Figs. 

4S-6S, Supporting Information).  The yield of 1 was 

0.12% with respect to fresh bracken, equivalent to 

approximately 0.6% with respect to dried bracken, 

comparable to previously published data although the 

content of 1 in dried  bracken fern is reported to be 

very variable,  ranging from <0.003 to 0.4% [8].  The 

content of 2 was found to be 0.08% with respect to 

fresh plant material, consistent with a study in which 

young, curled bracken fronds were reported to contain 

up to 0.05% [6].  However, the yields in this study are 

underestimates of the contents of 1 and 2 since some 

fractions that contained a mixture of 1 and 2 were 

discarded.  

   In vitro chemosensitivity studies were performed 

using the isolated ptaquiloside, (1) against four human 

cancer cell lines and one human non-cancer cell line ( 

Table 1; Fig. 7S, Supporting Information ). Ptaquiloside, 

(1) displayed micromolar activity against all four 

cancer cell lines with IC50 values ranging from 22 to 

70µM. These data are consistent with a previous study 

in which 1 was found to have dose-dependent 

cytotoxicity, (10 – 100 µM) against L1210 leukaemia 

cells as well as antitumour activity against L1210 cells 

in mice [5].   The mechanistic basis for the differential 

cytotoxicity of 1 towards different cancer cell lines 

requires further investigation but it raises the 

possibility that certain cancer cells may be particularly 

susceptible following exposure to 1. Ptaquiloside, (1) 

was less active against the non-cancer ARPE-19 cell 

line, (IC50>100µM) compared to all four cancer cell 

lines tested, with 1 being over 4-fold more active 

towards the HCT116 colorectal cancer cell line. The 

selectivity index (SI), defined as the IC50 for ARPE-19 

cells divided by the IC50 for HCT116 cells was >4.5, and 

this compares to a previously reported cancer cell 

selectivity index of ~1.9-2 for the clinically approved 

platinate, cisplatin against the same cancer/non-

cancer cell line pair [9, 10], (Fig. 8S, Supporting 

Information).  

Overall, these initial chemosensitivity studies suggest 

that ptaquiloside, (1) has selective in vitro cytotoxicity 

towards certain cancer cells and this warrants further 

investigation. Future studies will explore whether 

differential cytotoxic effects are linked to differences 

in the activity or expression of glycosidases in these 

cancer cells that can metabolise ptaquiloside (1) to 3 

(Fig. 1) and which might serve as a biomarker of likely 

cytotoxicity of 1. In contrast to previously published 

methods, the extraction and isolation method 

described above ensures that the decomposition of 1 

during the extraction process is minimised, does not 

require the use of resins and is completed with fewer 

steps [5], [11]. This method may also form a basis for 

the isolation of minor iludane glycosides from bracken, 

thus facilitating the exploration of the pharmacology 

and therapeutic potential of these interesting 

compounds.  

 

Materials and Methods 



General Experimental Procedures  

Solvents and reagents were purchased from 

commercial suppliers and used without further 

purification.  1H-NMR spectra at 400 MHz and 13C-NMR 

spectra at 100.6 MHz were recorded in CD3OD.  

Plant Material  

Bracken fern (P. aquilinum) was identified by CWW 

and young, uncurled bracken fronds were collected 

from Baildon Moor, Bradford, West Yorkshire, BD17 

5PH, UK soon after they appeared in mid-May and 

processed within 2-3 h. A voucher specimen, SPMS 

190521, has been deposited at the School of Pharmacy 

and Medical Sciences, University of Bradford, West 

Yorkshire, BD7 1DP, UK.  

Extraction and Isolation   

Bracken fiddleheads (50 g), were placed in a mortar, 

frozen with liquid N2, powdered and extracted by 

macerating with Me2CO for 10 minutes. The extract 

was decanted and extraction repeated twice.  The 

pooled extracts were concentrated to a small volume 

under a stream of N2, diluted with water and then 

extracted with hexane (3 x 10 mL).  The aqueous layer 

was then repetitively partitioned with EtOAc, (20 mL) 

and the pooled extracts concentrated to a small 

volume under a stream of N2. The concentrated extract 

was chromatographed over TLC-grade silica gel 60 

(Merck Kieselgel 60, 20 g), in a glass column under low 

pressure and eluted with ETOAc:EtOH 98.5:1.5 until  2  

eluted followed by ETOAc:EtOH 98:2 to remove 1 from 

the column. This was repeated if necessary for further 

purification of 1. Fractions were monitored by TLC on 

Merck Kieselgel 60 F254 analytical plates, using 

Me2CO:benzene 7:3 visualised by spraying with vanillin 

1% and H2SO4 5% in EtOH followed by heating.  

Ptaquiloside (1), 60 mg, (Rf = 0.25), colourless glassy 

solid and prunasin (2), 24 mg (Rf = 0.34), white powder, 

were obtained and their identities confirmed by 

comparison of spectroscopic data with published 

values [4, 7].   

Cell Lines and Cell Culture 

All cell lines were cultured in antibiotic-free media 

supplemented with 10% foetal calf serum, 1mM 

sodium pyruvate and 2mM L-glutamine and were 

maintained at 37°C in a humidified atmosphere of 5% 

CO2. Human cancer cell lines used were the colorectal 

carcinoma cell line HCT116, [12] the pancreatic 

carcinoma cell line MIA PaCa-2, [13] and the paediatric 

neuroblastoma cell lines SHEP, [14] and SK-N-AS, [15]. 

Human non-cancer cells that were used as a non-

cancer cell model for a preliminary evaluation of 

ptaquiloside in vitro selectivity towards cancer cells 

were human retinal epithelial ARPE-19 non-cancer 

cells, [16] as has previously been described [17-19]. 

All cell lines were purchased from ATCC except for 

SHEP and SK-N-AS which were a gift from Dr 

Christopher Cooper, University of Huddersfield. 

Evaluation of In Vitro Cytotoxicity 

Cell lines were seeded in 96-well flat-bottomed cell 

culture plates at an optimal cell seeding density for 

logarithmic phase growth over 4-5 days. This was 1000 

cells/well for all cell lines except HCT116 (1500 

cells/well) and MIA PaCa-2 (2000 cells/well). 24h 

following cell seeding the cells were treated with a 2-

fold dilution series of ptaquiloside, (1) ranging from 

100 µM to 0.391 µM. Isolated 1, stored at -200C was 

freshly dissolved in DMSO just before use and diluted 

in cell culture media to a final DMSO concentration of 

0.4% for all wells. Following 96 h cell exposure to 1, 

MTT was added to all wells at a final concentration of 

0.5 mg/mL for 4 h at 37 0C to allow for the formation 

of formazan crystals. Crystals were then dissolved in 

150 µl DMSO and absorbance at 540 nm was measured 

to enable determination of IC50 values as described 

[18-20].  For each independent biological repeat (n=3), 

mean absorbance values at 540nm from eight 

technical replicates were determined for each tested 

drug concentration. Mean raw absorbance values 

were blank corrected using the ‘no cells, no drug’ 

control lane to enable determination of the true 

absorbance. Percentage cell survival for each tested 

drug concentration was calculated relative to that of 

DMSO vehicle control-treated cells. The formula used 

to calculate the IC50 values was, IC50 = ((a/b) multiplied 



by the concentration at a) + concentration at a. a = % 

survival at the tested drug concentration that was 

nearest to and just above 50% survival - 50; b = % 

survival at the tested drug concentration that was 

nearest to and just above 50% survival minus the % 

survival at the tested drug concentration that was 

nearest to and just below 50% survival. Cancer cell 

selectivity of ptaquiloside was compared to that of 

clinically utilised cisplatin as a reference compound 

(Fig. 8S, Supporting Information). 

To check that 1 did not react with MTT, following 96 h 

cell exposure to 1 and prior to the addition of MTT, the 

effects of the different concentrations of 1 on cellular 

phenotype was examined under the microscope. The 

decrease in absorbance values with the different cell 

lines correlated well with phenotypes observed under 

the microscope. Additionally, we tested whether 100 

μM 1 in a cell-free system (in cell culture media) results 

in formation of formazan crystals over a 4-hour period. 

This was compared with vehicle control with no 

formation of crystals or change in absorbance 

observed. We also tested the cell system with and 

without a wash step before development with MTT 

and saw no change is absorbance levels or IC50 values. 

 

Supporting Information 

Tables 1S and 2S present NMR data for 1 and 2 

respectively. 1H- and 13 C-NMR and HRMS spectra for 1 

are shown in Figs. 1S, 2S and 3S respectively; 1H- and 13 

C-NMR and HRMS spectra for 2 are shown in Figs. 4S, 

5S and 6S respectively. In vitro chemosensitivity data 

of 1 are shown in Fig. 7S and in vitro selectivity of 1 

compared to cisplatin is shown in Fig. 8S.  
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