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Abstract

Most drugs used in the treatment of helminthiasis in humans and animals have lost their efficacy due to the devel-
opment of drug-resistance in helminths. Moreover, since anthelmintics, like many pharmaceuticals, are now recog-
nized as hazardous contaminants of the environment, returning to medicinal plants and their products represents
an environmentally friendly way to treat helminthiasis. The goal of the present study was to test the anthelminthic
activity of methanol extracts of eight selected European ferns from the genera Dryopteris, Athyrium and Blechnum
against the nematode Haemonchus contortus, a widespread parasite of small ruminants. Eggs and adults of H. con-
tortus drug-susceptible strain ISE and drug-resistant strain WR were isolated from experimentally infected sheep. The
efficacy of fern extracts was assayed using egg hatch test and adults viability test based on ATP-level measurement.
Among the ferns tested, only Dryopteris aemula extract (0.2 mg/mL) inhibited eggs hatching by 25% in comparison
to control. Athyrium distentifolium, Dryopteris aemula and Dryopteris cambrensis were effective against H. contortus
adults. In concentration 0.1 mg/mL, A. distentifolium, D. aemula, D. cambrensis significantly decreased the viability

of females from ISE and WR strains to 36.2%, 51.9%, 32.9% and to 35.3%, 27.0%, 23.3%, respectively in comparison

to untreated controls. None of the extracts exhibited toxicity in precise cut slices from ovine liver. Polyphenol's analysis
identified quercetin, kaempferol, luteolin, 3-hydroxybenzoic acid, caffeic acid, coumaric acid and protocatechuic acid
as the major components of these anthelmintically active ferns.
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Introduction

Parasitic nematodes cause serious livestock diseases
worldwide, afflicting hundreds of millions of food-
producing animals. The anthelmintics; benzimidazoles,
imidazothiazoles, tetrahydropyrimidines and
macrocyclic lactones used for decades in the prevention
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and treatment of helminths’ infections have lost their
effectiveness due to the development of resistance. Such
resistance has been reported on all continents except
Antarctica [1]. Due to the socio-economic impact of
nematode infections of livestock and human populations
as well as the worldwide spread of anthelmintic
resistance, there is an urgent need to discover and
develop new drugs for the sustained and effective control
of nematodes [2].

New anthelmintics development, involves four dif-
ferent approaches, each of them with certain advan-
tages and disadvantages [3]. The first, classical approach
is the synthesis of new chemical entities active against
parasitic nematodes [4]. The synthesis of derivatives of
known drugs with an approved usage represents another
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approach [5]. The third approach of drug repurposing is
based on finding new anthelmintically active substances
among drugs approved for other diseases [6]. These three
approaches have in common the fact that they use phar-
maceuticals that are now considered to be hazardous
environmental contaminants. In particular, the use of
these substances in large quantities in the treatment of
livestock puts a heavy burden on the environment and
poses high risks to ecosystems [1, 7-10]. On the other
hand, returning to medicinal plants and their products,
which is the fourth alternative approach to control hel-
minthiasis, represents an environmentally friendly way.

Despite the efficacy of medicinal plants in the treat-
ment of parasitic diseases which has been known and
used for centuries, the use of plant-based prophylaxis
and therapies to treat parasitosis has been stifled by the
expansion and availability of synthetic drugs [11]. Nev-
ertheless, plants remain a major source for the develop-
ment and discovery of new therapeutics, with countless
diverse active compounds with anthelmintic activities
identified from plant sources [12]. Moreover, increasing
public and professional interest in the ecological impact
of pharmaceuticals has stimulated a revival in the search
for and use of medicinal plants in helminthiasis treat-
ment [13-15]. In addition to other higher plants, ferns
(Pteridophytes) have emerged as an interesting group of
vascular plants which have attracted attention in terms
of their potential use in medicine [16—18]. Accordingly,
the purpose of our project is to identify a fern that shows
anthelmintic effects and could be added (in a proper
form) to livestock feed to replace (at least partly) or sup-
plement synthetic anthelmintics.

In presented study, the anthelminthic activity of
methanol extracts from eight selected European ferns
from the genera Dryopteris, Athyrium and Blechnum
was tested. The nematode Haemonchus contortus, was
used as a model species. H. contortus is a hematophagous
gastrointestinal parasite of small ruminants which is

Table 1 List of tested fern species.
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extremely detrimental to animal health and productivity
on a global scale. Moreover, H. contortus is able to
effectively defend itself against anthelmintic drugs, with
field populations of this species now showing resistance
to all major anthelmintic drug classes [19]. Therefore,
new therapy against H. contortus is extremely needed.
The effect of the fern extracts was tested in H. contortus
eggs and adults of both drug-sensitive (ISE, Inbred-
Susceptible-Edinburgh, MHco3) and drug-resistant
strain (WR, White River, MHco4) of the nematode. In
addition, the potential toxicity of these extracts was
assayed in ovine liver, as sheep represent a common host
of H. contortus. In the three fern species determined as
active, the content of the main polyphenols was analyzed.

Materials and methods

Chemicals and reagents

The Pierce” BCA Protein Assay Kit and Williams’
Medium E-GlutaMAX (32551) was purchased from
Thermo Fisher Scientific (Prague, Czech Republic). The
standards of polyphenols and all other chemicals were
purchased from Sigma-Aldrich (Prague, Czech Republic).

Ferns and their extraction

Eight European fern species (Athyrium distentifolium,
Athyrium  filix-femina, Blechnum spicant, Dryopteris
aemula, Dryopteris borreri, Dryopteris cambrensis,
Dryopteris dilatata, Dryopteris remota) were used in
this study. Plant material was collected in 2019 and 2020
from the Garden center of Jakub Krulich, Prague, Czech
Republic, Garden center Franc, Kamenné Zehrovice,
Czech Republic, or the private fern collection of RNDr.
Libor Ekrt, Ph.D. (University of South Bohemia) in Telc,
Czech Republic (Table 1). Each sample represented
approximately 50 g fresh weight of mature leaves of
one fern species collected out of three individual plants
at minimum. Plant material collection and extraction
methods have been described in Langhansova et al. [20].

Species Common name Family Source
of plant
material

F1 Athyrium distentifolium Alpine lady fern Aspleniaceae Ekrt

F2 Athyrium filix-femina Lady fern Aspleniaceae Krulich
F3 Blechnum spicant Hard fern, Deer fern Blechnaceae Franc
F4 Dryopteris aemula Hay scented buckler fern Dryopteridaceae Ekrt

F5 Dryopteris borreri Borrer's male-fern Dryopteridaceae Ekrt
F6 Dryopteris cambrensis Narrow male-fern Dryopteridaceae Ekrt
F7 Dryopteris dilatata Broad buckler fern Dryopteridaceae Franc
F8 Dryopteris remota Scaly buckler-fern Dryopteridaceae Ekrt
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Briefly, the fern leaves were freeze-dried, homogenized
using a mortar, pestle, and liquid nitrogen. The tissue
was extracted overnight in a ratio of 1 g of dry mass
and 20 mL of MeOH p.a. The extract was separated
from the plant tissue by centrifugation at 1730Xg,
15 min (Centrifuge Hettich Universal 32R, Tuttlingen,
Germany) at room temperature, with the supernatant
filtered through a 30 mm PVDF 0, 45 uym membrane filter
(ProFill, Fisher Scientific, Pardubice, Czech Republic).
The extracts were reduced in a vacuum in a rotary
evaporator and dried completely under a nitrogen flow.
The obtained dry extracts were redissolved in dimethyl
sulfoxide (DMSO) at a concentration of 100 mg/mL, with
the DMSO aliquots maintained at —80 °C until use. The
extract yield was on average 27% of the dry mass.

Infecting sheep

In one experiment, two lambs were infected with ISE
strain and two lambs with WR strain. Three independ-
ent experiments were performed. All experimental
procedures were approved by the Ethics Committee of
the Ministry of Education, Youth and Sports (Protocol
MSMT-25908/2019) and performed in accordance with
Czech Act No 246/1992 Coll. on the Protection of Ani-
mals against Cruelty.

Six-month-old lambs were firstly dewormed by alben-
dazole (5 mg/kg), after which the feces were micro-
scopically examined for the absence of parasites. Three
weeks later, when the lambs were free of parasites, they
were orally infected with L3 larvae of Haemonchus con-
tortus ISE and WR strain. Prior to infection, the stock
L3 were incubated overnight (25 °C) in sieve with pore
diameter 20-25 pM to remove dead larvae. Only the liv-
ing L3 could pass through the sieve, and those were used
for infection. The infection dose was dependent on the
weight of the animal and ranged between 6000 and 8000
L3.

Isolation of H. contortus eggs

The eggs were isolated from ovine feces 4 weeks after
infection. Around the anus of each lamb, plastic bags
were fastened to the hair using clips, into which feces
were continuously excreted. When some bag was full,
the new bag was used. The feces were collected within
1 day and one night. As the temperature in sheep stable
was approx. 10 °C, the hatching of eggs during feces col-
lecting was limited and the amounts of larvae was neg-
ligible. The feces in cooled boxes were transported in
laboratory, then pooled together and mashed. The fecal
mass was passed through 3 sieves with a decreasing pore
diameter (250, 100, and 25 pum) to remove coarse par-
ticles. The eggs were captured in the last sieve together
with the mud and transferred to the 50 pL falcon tubes
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and centrifuged for 3 min (481 X g). The supernatant was
then replaced by sucrose flotation solution (FS, saturated
sucrose solution with density 1.27 g/cm®), mixed and
centrifuged for 3 min (188xg). The eggs floating on the
top were collected into new 15 mL falcons with FS and
centrifugation was repeated. The eggs were then cleaned
by repeated centrifugation in tap water (481X g). Freshly
isolated eggs were used immediately for the egg hatch
test.

Egg hatch test

Firstly, the eggs of H. contortus were diluted to concentra-
tion 25 eggs/100 pL. The stock solutions of fern extracts
(or albendazole as a positive control) were diluted with
DMSO, and 1 pL of these solutions (or 1 puL. of DMSO for
the negative control) of each concentration were pipetted
into one well of 96-well plates in 8 biological replicates.
Then 199 pL of egg suspension was added to each well,
and the eggs were incubated at 27 °C for 48 h. The final
tested concentrations of fern extracts were 12.5; 25; 50;
100 and 200 pg/mL; final concentration of DMSO in all
samples and controls was 0.5% and each well contained
approximately 50 eggs. The incubation was halted by
adding 5 pL of concentrated Lugol’s iodine solution. The
proportion of unhatched eggs and larvae was counted
under the microscope and compared to the control. Two
independent experiments in eight biological replicates
were performed.

Isolation of H. contortus adults

The adults of H. contortus were isolated by the agar
method as described previously [21]. In brief, the sheep
were euthanized 6 weeks post infection, and their abo-
masa were removed. The adult nematodes were released
together with the abomasa content into a beaker filled
with physiological solution (PHS, 0.9% NaCl, 37 °C).
When the nematodes sedimented to the bottom of the
beaker, the extra PHS was sucked out, and the remaining
fluid containing adult nematodes was mixed with agar in
a proportion of 1:1. This agar mixture was then poured in
a thin layer over gauzes. Once the mixture solidified, the
gauzes were placed into aquariums filled with temperate
PHS and incubated (37 °C) until the alive adults extracted
themselves out of the agar and sedimented to the bottom
of the beaker. The adults were then collected and cleaned,
then manually separated according to gender and used
immediately for the experiments.

Viability assay on H. contortus adults

The viability testing was based on the measurement of
remaining ATP in the adult worms after 48 h of incu-
bation with increasing concentrations of the respec-
tive fern extract being tested. Levamisole (as a positive
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control) was used to check the correctness of the test
performance.

The fern extracts and levamisole were pre-dissolved
in DMSO, then dissolved in supplemented RMPI-1640
medium. The medium was supplemented according
to [21] with glucose (0.8%), amphotericin B (0.25 pg/
mL), penicillin (10 U/mL), streptomycin (10 pg/mL)
and HEPES (10 mM; (N-[2-hydroxyethyl] piperazine-
N’-[4-butanesulfonic acid] buffer, pH 6.8). The assay
was performed according to [22, 23] with the follow-
ing adjustments: Firstly, 8 male or 4 female adults were
placed into one well of 24-well plate with 1 mL RMPI-
1640 media containing 1.0; 10; 50; and 100 pg/mL fern
extract (or only 0.1% DMSO for the control samples)
and incubated in a humid atmosphere at 37 °C for 48 h.
After incubation, the worms from each well were washed
in PBS and placed into a 2 mL plastic tube containing
100 pL of SONOP (sonification solution, 70% ethanol
with 2 mM EDTA (ethylenediaminetetraacetic acid); pH
10.9) and immediately frozen in dry ice. The samples
were stored at —80 °C until measurement.

To measure ATP level, the samples were firstly homog-
enized in 700 pL of cooled Tris/EDTA buffer (100 mM
Tris—-HCl; 2 mM EDTA; pH 7.8) in FastPrep-24 5G
homogenizer (MP Biomedicals, Irvine, CA, USA) for
20 s, following which 700 pL of fresh Tris/EDTA buffer
was added and homogenization was repeated. The sam-
ples were centrifuged (Eppendorf, 12 000X g, 10 min,
4 °C) and ATP was measured in 5 puL of supernatant
pipetted from each sample onto one well of a 96-well
black plate. The volume of each well was topped up to
50 pL with Tris/EDTA buffer. 50 pL of Luciferase was
added right before the measurement, and the value of
luminescence was measured within 5 min (Spark Control
Tecan, v. 2.2). The amount of ATP was calculated from a
calibration curve and normalized to the pg of total pro-
tein measured in the supernatant according to the manu-
facturer’s protocol (Pierce’” BCA Protein Assay Kit). The
values of ATP in the control samples were considered
as 100% viability. Reagents from ATP Bioluminescence
assay kit CLS II (Roche, Mannheim, Germany) were used
for the experiment.

Hepatotoxicity testing

The liver lobes removed immediately after the sheep were
euthanized were placed into Euro-Collins’ solution and
transported to the laboratory within 20 min. Precision-
cut liver slices (PCLS) were used to determine the poten-
tial hepatotoxic effect of each of the selected fern extracts
to ovine liver. The PCLS preparation and the measure-
ment of ATP level (as a viability marker) were performed
according to [24]. In brief, 8 mm wide and 150-170 pm
thick liver slices were preincubated for 1 h in 1 mL of
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Williams” E Medium (with L-glutamine, Invitrogen, Pais-
ley, UK) supplemented with glucose (final concentration
36 mM) and 50 pg/mL gentamycin at 37 °C in an atmos-
phere of 85% O, and 5% CO,. Then PCLS were placed
into 1.3 mL of fresh media (temperature 37 °C) contain-
ing fern extracts at the concentration 100 ug/mL (or 10%
DMSO, which kills all PCLS, as a positive control and
0.1% DMSO as a negative control) and incubated for
24 h in the same conditions. After incubation the PCLS
were collected separately, washed in PBS, and placed into
150 pL of SONOP and immediately frozen on dry ice and
stored at —80 °C until measurement.

Prior to ATP measurement, the samples were homog-
enized in 1 mL of SONOP (FastPrep-24 5G homoge-
nizer) and centrifuged (centrifuge Eppendorf, 12 000X g,
5 min, 4 °C). ATP was determined in 5 pL of supernatant
as described above (paragraph 2.7.). The total protein
content used for correction was measured by BCA assay
(Pierce” BCA Protein Assay Kit) in the remaining sam-
ple pellet after SONOP evaporation. The pellet was then
dissolved in 200 pL of 5 M NaOH (60 min, 37 °C), and
diluted with redistilled water to 1 mL. The calibration
plot was also prepared in 1 M NaOH.

Analysis of polyphenol content in fern extracts

The extracts were dissolved in 100% MeOH and main-
tained for 24 h at —18 °C to precipitate protein, cen-
trifuged (15 000 rpm for 10 min at 4 °C), with the
supernatant collected into vials. The purified extracts
were then analyzed using an UHPLC/MS-HRAM system
consisting of high-resolution accurate-mass (HRAM)
Q-TOF spectrometer Impact II (Bruker Daltonik, Ger-
many) coupled with Ultimate 3000 chromatograph
(Thermo Fisher Scientific, USA). Chromatographic sepa-
ration was performed using an Acclaim RSLC 120 C18
column (2.2 pm, 2.1 X100 mm, Thermo Fisher Scientific,
USA) and gradient elution with mobile phases 0.2% for-
mic acid (A) and 100% methanol (B). The gradient started
at 2% B (0—2 min), and then was ramped from 2 to 100% B
(2—15 min), maintained at 100% B (15—20 min), returned
to starting conditions 2% B (20-21 min) and equilibrated
at 2% B (21-26 min). The flow rate was 250 puL/min, and
column temperature was maintained at 40 °C. Detection
was performed in positive mode using an ESI ion source
with mass resolution 60 000. Injection volume was 5 pL.
The measured compounds were identified through a
comparison of their exact mass and retention time with
commercial standards (Sigma-Aldrich, Czech Republic).
MS data were acquired using oTof Control 4.0 and HyS-
tar 3.2 software, with qualitative and quantitative analy-
sis carried out by DataAnalysis 4.3 and TASQ 4 software,
respectively (all Bruker Daltonics, Germany).
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Statistical analysis

For the statistical analyses GraphPad Prism 9.1.2. soft-
ware was used. Two-way ANOVA with Dunnett’s mul-
tiple comparisons test was used to process the data.

Results

Effect of fern extracts on eggs hatching

In the ISE strain, only the F4 extract and only at the
highest concentration tested (200 pg/mL) decreased
eggs hatching significantly by approximately 25%. In
lower concentrations, none of the tested fern extracts
showed a significant effect on H. contortus ISE eggs
hatching. The results are expressed as a percentage of
hatched eggs compared to control and summarized in
Table 2. In the WR strain, no effect of any fern extract
on eggs hatching was observed (data not shown).
The IC;, for positive control albendazole was 1.9 and
4.4 uM in ISE and WR strain, respectively.
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Effects of fern extracts on the ATP level in H. contortus
adults

Eight fern extracts (in concentration 100 pug/mL) were
tested in adults of H. contortus ISE strain. Only extracts
of F1, F4, and F6 significantly diminished the level of ATP
in H. contortus adults, F1 and F6 in males and F1, F4, and
F6 in females (Figure 1).

Based on these results, ferns F1, F4, and F6 were
selected for further testing at various concentrations (1,
10, 50, and 100 pg/mL) with adults of both ISE and WR
strains. The results are presented in Table 3 (ISE strain)
and Table 4 (WR strain). In concentration 100 pug/mL,
F1, F4 and F6 significantly decreased the ATP level
in females from ISE strain to 36.2%, 51.9%, 32.9% in
comparison to untreated controls. In the males of ISE
strain, the effect of F4 and F6 was less pronounced
than in the females. On the other hand, F1 was more
active in the males of ISE, decreasing ATP level to
17.1%. In the females of WR strain, F1, F4 and F6 (in
concentration 100 pg/mL) significantly decreased

Table 2 The effect of the fern extracts on hatching of H. contortus eggs (ISE strain).

Control 12.5 pg/mL Percentage of hatched eggs [%] 100 pg/mL 200 pg/mL
25 pg/mL 50 pg/mL

F1—Athyrium distentifolium 100.0+4.79 100.6+0.01 98.8+14.2 93.6£1.11 99.7£3.90 100.8+11.0
F2—Athyrium filix-femina 100.0+4.79 98.6+0.55 943+1.85 90.5+1.10 90.4+897 85.6+4.56
F3—Blechnum spicant 100.0+4.79 101.4+1.71 101.6+0.70 96.1+5.81 99.5+2.04 100.0+£0.57
F4—Dryopteris aemula 100.0+4.79 96.6+2.98 97.6+£4.14 99.5£0.30 99.8+0.08 76.0+27.0°
F5—Dryopteris borreri 100.0+4.79 102.6+4.37 91.0+253 948+2.12 93.9+235 97.1+2.86
F6—Dryopteris cambrensis 100.0+4.79 98.1+4.62 100.6+1.45 98.1+0.89 101.9+£3.46 96.6+0.66
F7—Dryopteris dilatata 100.0+4.79 113.8£14.6 109.4+8.60 1050+11.7 109.2+3.99 103.7+£115
F8—Dryopteris remota 100.0+4.79 96.5+1.24 979+0.79 96.5+5.85 96.5+6.06 96.6+5.26

The data are presented as percentage of hatched eggs (as the means + SEM). The data were obtained from two independent experiments in eight biological replicates.

2 Significant decrease (p <0.05) comparing to the control sample, two-way ANOVA.
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Figure 1 The effect of 100 pg/mL fern extracts on viability of H. contortus ISE strain adults. The results are presented as means+ SEM. The
data were obtained from one experiment in eight biological replicates. For statistical analysis, two-way ANOVA with Dunnett’s multiple comparisons

test was used, * p<0.05.
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Table 3 ATP content of H. contortus adults of ISE strain after 48 h incubation of males and females with ferns extract of
Athyrium distentifolium, Dryopteris aemula and Dryopteris cambrensis.

ATP content (%)

Females Males

Control 1 pg/mL 10 pg/mL 50 pg/mL 100 pg/mL  Control 1 pg/mL 10pug/mL 50 ug/mL 100 pg/mL
A. distentifolium  100.0£100 17264287 985+123 837+£11.1 362+5.1 100.0£215 2183+53.8 609+185 805+268 17.1+£5.1
D.aemula 1000+68 111.0+£178 905+17.1 849+220 520+89 100.0£18.1 4751+1106 3799+£104.2 2140+813 89.5+35.1
D. cambrensis 100.0£109 85471 795+108 928+236 329+6.7 100.0£20.5 90.6+24.1 853+26.8 793+279 487+12.1

The data are presented as percentage of ATP content in comparison to control (means + SEM). The data were obtained from three independent experiments, each in

4-6 biological replicates.

Table 4 ATP content of H. contortus adults of WR strain after 48 h incubation of males and females with ferns extract of
Athyrium distentifolium, Dryopteris aemula and Dryopteris cambrensis.

ATP content (%)

Females Males

Control 1 pg/mL 10 pug/mL 50 pg/mL 100 pg/mL  Control 1 pg/mL 10 ug/mL 50 ug/mL 100 pg/mL
A.distentifolium  100.0+£12.0 110.5+264 843+10.7 44.0+114 353+88 1000+10.8 109.2+126 497128 778+76 63.8+9.7
D.aemula 1000£134 730£138 975+122 288+79 270+83 1000£120 1454£205 1094+227 734+£109 49.0+90
D. cambrensis 1000£124 645+£95 809+13.6 50.7£122 233+23 1000£135 975£172 932+366 2366+110.7 532+7/8

The data are presented as percentage of ATP content in comparison to control (means + SEM). The data were obtained from three independent experiments, each in

4-6 biological replicates.

the ATP level to 35.3%, 27.0%, 23.3%, respectively, in
comparison to untreated controls. Moreover, F4 was
effective also in concentration 50 pg/mL decreasing
the ATP level to 28.8%. In the males of WR strain, the
F1 and F4 (in concentration 100 pg/mL) significantly
decreased ATP level to 63.8 and 49.0% in comparison
to control. The comparison of the ferns effect in adults
of ISE and WR strains is presented in Figure 2. The IC,,
for positive control levamisole was 6.3 uM and 36.5 uM
in males of ISE and WR strain, respectively.

The test of potential hepatotoxicity

The three anthelmintically active ferns F1, F4, and F6
were tested for potential hepatotoxic effects in the ovine
liver. The viability of precision-cut liver slices (PCLS)
after 24 h incubation with the tested fern extracts in
concentration 100 pg/mL was assayed. The amount
of ATP per mg of protein in PCLS exposed to the fern
extracts and in the control PCLS was measured and
compared. The ATP level (expressed as percentage of
control) of PCLS exposed to F1, F4, and F6 extracts was
107.8 £3.58%; 132.6+40.86%; and 125.3+8.3%, respec-
tively. Therefore, none of the ferns tested (in concentra-
tion 100 pg/mL) showed a significant hepatotoxic effect
on ovine liver.

The polyphenols in fern extracts

The content of polyphenols in the extracts of F1, F4, and
F6 was analyzed, with the major components quantified
using commercially available standards. The results
showed significant differences (both qualitative and
quantitative) in polyphenols content among ferns tested.
Only quercetin was present in a relatively high amount in
all the extracts. Taxifolin was abundant in F4, although
in F1 it was detected in a much lower amount, and not
present at all in F6. On the other hand, luteolin, a major
component of F6, was detected only in traces in F4, and it
was not found in F1. Coumaric acid and caffeic acid were
detected only in F4, vitexin only in F1. A much greater
amount of 3-hydroxybenzoic acid was present in F6 than
in F1 and F4. The results are presented in Table 5 and the
content of particular polyphenols is expressed in pg per
gram of dry extract.

Discussion

In previous study, some European fern species from
genus Dryopteris, Athyrium and Blechnum were
shown to exhibit antioxidative, anti-inflammatory
and anticancer activity [20]. In our present study, the
anthelmintic activity of these ferns was tested against
parasitic nematodes, with Haemonchus contortus (family
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Figure 2 Comparison of the effect of selected fern extracts on the viability of H. contortus adults in the ISE and WR strain. The viability
of H. contortus adults in cultivation medium without fern extracts (zero concentration) represent the controls. The data were obtained from three
independent experiments, each in 4-6 biological replicates. The results are presented as means £ SEM. For statistical analysis, two-way ANOVA
with Dunnett’s multiple comparisons test was used, * p<0.05; ** p<0.01; *** p <0.001; **** p <0.0001.

Trichostrongylidae), a hematophagous gastrointestinal  great need to find and determine new active compounds
parasite of small ruminants, chosen as the model for  which will be also effective against resistant strains of H.
this purpose. The drug- resistance in H. contortus is  contortus.

widespread in field populations showing resistance to all Among eight fern extracts tested, the extracts of
available anthelmintics [25]. When excrements of sheep  Athyrium distentifolium (F1), Dryopteris aemula (F4),
and goats from 34 farms in mid-Atlantic U.S. regions and Dryopteris cambrensis (F6) were effective against
were analyzed, H. contortus was the most common H. contortus adults in the concentration 100 pg/mL.
parasite found in feces, resistant to benzimidazoles Higher concentrations could not be tested due to
almost in 100% of farms [26]. For these reasons, there isa  limited solubility and the risk of undesired interference
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Table5 The quantification of polyphenols in fern
methanolic extracts.
Athyrium Dryopteris  Dryopteris
distentifolium  aemula cambrensis
pg/g of dry extract
3-Hydroxybenzoic acid  14.0 44.9 186
Caffeic acid 210
Chlorogenic acid 0.08 2.25 0.17
Ferulic acid
Kaempferol 93.1 159 8.15
Luteolin 7.35 136
Luteolin glucoside
p-Coumaric acid 31.6
Protokatechuic acid 124 223 22.1
Quercetin 479 247 172
Rutin 0.50
Taxifolin 479 267
Vitexin 13.3

with bioluminescent detection, thus ICg, values could
not be calculated. Interestingly, in some cases lower
concentrations of fern extract increased the ATP level.
This might mean that lower concentrations of extracts
did not kill the nematodes but evoked stress, which is
manifested by increased ATP production. Nevertheless,
it must be emphasized that extracts of A. distentifolium
and D. cambrensis were effective not only in the drug-
susceptible strain ISE, but also in the drug-resistant strain
WR. In addition, the results are valuable also because
adults of H. contortus were used for testing and not more
easily obtainable larvae. Adults represent the parasitic
developmental stage that a potential drug should target.
If the tested substance is effective on adults ex vivo, there
is a greater chance that it could also be effective in vivo.
The measurement of ATP level as a viability marker
has been optimized for use in H. contortus recently and
represent the relatively simple biochemical method for
anthelmintic efficacy testing [23].

D. aemula (at the highest concentration tested) dimin-
ished the hatching of eggs. This indicates that this extract
might prevent the larval development of H. contortus
in the feces of treated animals, which could partially
reduce the risk of reinfection. The inhibitory effect on
eggs’ development is an advantage of this extract which
many widely-used anthelmintics (ivermectin, levamisole,
monepantel) do not show. In addition, none of the three
extracts exhibited toxicity in ovine liver. This fact is very
important for approval of planned in vivo study.

The anthelmintic effect of some ferns has been
reported previously. Blechnum orientale extract (5 mg/
mL) showed mild anthelmintic activity against isolated

Page 8 of 10

Gastrothylax crumenifer adult trematodes [17]. D.
filix-mas (2 mg/mL) extract had in vitro moderate
nematocidal activity against the infective third-
stage larvae of Trichostrongylus colubriformis [27]
Comparing these data with our results, the extracts
from A. distentifolium, D. aemula and D. cambrensis
seem to be promising, as they were effective in much
lower concentrations (0.1 mg/mL).

With aim to know the composition of these anthel-
mintically active extracts, the content of polyphenols
was analyzed. The results showed significant qualitative
and quantitative inter-species differences. The major
components were quercetin, 3-hydroxybenzoic acid,
kaempferol, and protocatechuic acid (detected in all
three extracts), luteolin and taxifolin (detected in two
extracts), caffeic acid and p-coumaric acid (detected
only in D. aemula) and vitexin (only in A. distentifo-
lium). In the present study, the anthelmintic effect of
pure individual polyphenols was not tested, as several
previous studies have already addressed this. When
many polyphenols were tested in larvae of H. contor-
tus, taxifolin proved to be ineffective, whereas querce-
tin and luteolin were highly effective [28]. Kaempferol
and quercetin were the major component of extracts
from Pithecellobium dulce (Robx.) with ovicidal activ-
ity against H. contortus [29]. The relatively high level
of 3- hydroxybenzoic acid was found in the fruit of the
Surinam cherry (Eugenia uniflora L.), which exhibits
anthelmintic effects in the free-living nematode Cae-
norhabditis elegans [30]. The activity of caffeic acid
against H. contortus as well as other nematodes has
been reported [31, 32].

Although several polyphenols exhibit anthelmintic
activity, they could act synergistically or antagonistically
in helminths when used together as a complex mixture of
compounds (as whole plant or plant extracts). From prac-
tical point of view, the effect of these “natural mixtures”
is important because for farmers it would be cheaper to
add fresh or dry plants (e.g., ferns) into fodder for live-
stock than to use an anthelmintic drug (even one based
on pure polyphenols). Similarly, the anthelmintic activ-
ity of many medicinal plants and natural products has
been tested in vivo, and in some cases has been proven
effective [33, 34]. Based on our ex vivo results, the ferns
of A. distentifolium, D. aemula, and D. cambrensis spe-
cies would also merit testing in vivo. Only in vivo study in
sheep infected with H. contortus could show the anthel-
mintic efficacy of these ferns. For these experiments, we
might make following estimation: since the extracts were
effective beginning at concentration 0.1 mg/mL, 1 g of
fresh fern leaves prepared for the preparation of 67 mg
of extract, the volume of ovine plasma is 3—-4 L, and the
bioavailability of polyphenols is low (below 1-10%), one
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sheep should be fed with at least 100 g of fresh fern leaves
(or 25 g of dry fern leaves) to achieve the anthelmintic
effect in sheep infected with H. contortus.

The extract from European ferns Athyrium distenti-
folium, Dryopteris aemula, and Dryopteris cambrensis
exhibited significant anthelmintic activity in concentra-
tions 0.1 mg/mL against the adults of parasitic nema-
todes H. contortus ex vivo.
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