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Abstract

The ethanol extracts of 16 Czech medicinal plants, namely,
Allium sativum L. (Alliaceae), Artemisia absinthium L.
(Asteraceae), Artemisia vulgaris L. (Asteraceae), Carum
carvi L. (Apiaceae), Consolida regalis Gray (Ranuncu-
laceae), Cucurbita pepo L. (Cucurbitaceae), Daucus carota
L. (Apiaceae), Dryopteris filix-mas (L.) Schott (Dryopteri-
daceae), Erigeron canadensis L. (Asteraceae), Hedera helix
L. (Araliaceae), Inula helenium L. (Asteraceae), Juglans re-
gia L. (Juglandaceae), Satureja hortensis L. (Lamiaceae),
Tanacetum vulgare L. (Asteraceae), Thymus vulgaris L.
(Lamiaceae), and Valeriana officinalis L. (Valerianaceae),
have been tested for their potential in vitro anthelmintic
effect against eggs Ascaris suum and infectious larvae
Trichostrongylus colubriformis. The extracts of 4. sativum,
A. absinthium, C. carvi, D. carota, and J. regia possessed
the strongest anthelmintic effect on the embryonating eggs
at all concentrations tested (62.5, 125, 250, 500, 1000,
2000 png/mL). The best results, showing a higher effect
against the infective third-stage larvae in comparison with
synthetic anthelmintic Zentel (albendazole), have been ob-
tained for 4. sativum, A. absinthium, C. carvi, C. regalis, I.
helenium, J. regia, S. hortensis, and V. officinalis.

Keywords: Anthelmintic, Ascaris suum, Czech medicinal
plants, plant extracts, Trichostrongylus colubriformis.

Introduction

Increasing problems of resistance development in helminths
(Geerts & Dorny, 1995; Coles, 1997) against anthelmintics
have led to the proposal of screening medicinal plants

for their anthelmintic activity. This resistance against syn-
thetic anthelmintics for gastrointestinal trichostrongylids
and ascarids is a worldwide problem of sheep, goat (Waller,
1994), and pig breeding (Serrano et al., 2001). The para-
sites Ascaris suum and Trichostrongylus colubriformis are
considered responsible for serious production losses of pigs
and sheep, respectively (Stewart & Hale, 1988; Barnes &
Dobson, 1990).

A number of medicinal plants have been used to treat
parasitic infections in man and animals (Said, 1969; Akhtar
et al., 2000). Among various kinds of in vitro methods, the
egg hatch assays (Coles et al., 1992; Ketzis et al., 2002;
Pessoa et al., 2002; Alawa et al., 2003; Hounzangbe-Adote
et al., 2005) and the larval motility tests (Rabel et al., 1994;
Lorimer et al., 1996; Khunkitti et al., 2000; Hounzangbe-
Adote et al., 2005) are commonly used to test medicinal
plants against nematodes.

For the current area of the Czech Republic, the collection
of plants for medicinal use was first reported after arrival of
the Slavic peoples to the area of Central Europe in the era of
the great migration in the fourth and fifth centuries (Drabek
& Hanzlicek, 1975; Prunerova, 2006). In the Middle Ages,
the first pharmacobotanic garden was established by drug-
gist Henricus Schwab in Prague in 1341 (Baloun, 1985).
The first Czech writing on collection and use of medicinal
plants is a translation of Mathioli Herbal by Tadeas Hajek
from Hajek, published in 1562 (Drabek, 1972). In con-
trast with the rich tradition of medicinal plants use in the
area of the Czech Republic (Novacek, 1998; Drabek, 2004),
modern ethnopharmacological studies are totally lacking.
Because there are no reports on anthelmintic activities of
Czech medicinal plants, we decided to evaluate ethanol
extracts of 16 medicinal plants traditionally used in the
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Czech Republic for treatment of nematode infections for
their in vitro effects against eggs of 4. suum and larvae of
T colubriformis.

Materials and Methods
Plants

The species have been selected according to their tradi-
tional use for treatment of parasitical infections recorded
in Czech (former Czechoslovak) pharmacognosy literature
(Kresanek et al., 1977; Korbelar et al., 1978). Samples
were collected from various areas of Pilsen (Domazlice
and Tachov districts) and Prague regions in the Czech Re-
public from April to October 2005. The voucher specimens
authenticated by Jan Urban are deposited at the Institute of
Tropics and Subtropics, Czech University of Life Sciences,
Prague. Table 1 summarizes the ethnobotanical data (botan-
ical name and voucher specimen number, family, Czech
names, parts used and ethnomedicinal uses) of the plants
selected for the study.

Preparation of extracts

The plants were collected and subsequently dried at a room
temperature (20-25°C). Various fractions of plants accord-
ing to their effect were ground (15.0 g) and then macerated
with 80% ethanol (450 mL) for 5 days. The extracts were
subsequently filtered and concentrated in vacuo at 40°C.
The residue was dissolved in 20 L of dimethyl sulfoxide
(DMSO) and in 980 uL of phosphate-buffered saline (PBS;
pH 7.2, 0.15 M), both obtained from Lach-Ner (Neratovice,
CZ), at a starting concentration of 2000 pg/mL.

Biological procedures

The effects of the 16 plant extracts of two life-cycle stages
on a two-parasite-nematode, that is, the eggs and the third
stage (L3), were measured by using different laboratory pro-
cedures using 96-multiwell plates. Two-fold dilutions (six)
of each extract were prepared starting from 2000 pg/mL,
which corresponds with the concentration range tested in
previous studies by Lorimer et al. (1996), Paolini et al.
(2004), Houzangbe-Adote et al. (2005), and Eguale et al.
(2006). Each experiment was examined in triplicate, with
the exception of larvae third stage positive controls, which
were tested in duplicate. Synthetic anthelmintic Zentel
(Smithkline Beecham, UK) (albendazole) and solution of
DMSO (2% v/v) in PBS were assayed simultaneously as
positive and negative controls, respectively.

The test of inhibitory effect of the Czech medicinal plant
extracts on A. suum eggs was performed with slight mod-
ifications of egg hatching assay described previously by
Coles et al. (1992) and Houzangbe-Adote et al. (2005), a
method generally used for determination of sensitivity of
Trichostrongylideae parasites. Because the eggs of 4. suum
(Ascarideae family) do not hatch spontaneously, inhibitory

effect of the extracts tested on the process of full embryo de-
velopment during eggs embryogenesis was determined. A
brief description of the method follows: parasite eggs were
freshly obtained from pigs infected with A. suum. The ex-
tracted eggs were repeatedly washed with saline, distributed
into 96-multiwell plates creating a concentration of 50—100
eggs/well, and incubated 48 h at room temperature (20—
25°C). After incubation, the eggs were placed into sulfuric
acid (0.1 N) for 3 weeks until egg maturity stage. Thereafter,
the number of the embryonating eggs from the individual
plates were counted under a microscope by 80 x zoom; and
the percentage of sample activity was determined as the
ratio between the number of larvae and the number of eggs
deposited per well. The average value was calculated for
each concentration of all tested plants.

The larval migration inhibition (LMI) bioassay was used
in order to measure inhibiting activity against infective lar-
vae as previously described by Rabel et al. (1994), Lorimer
et al. (1996), and Houzangbe-Adote et al. (2005). Briefly,
the L3 larvae hatched in vitro from T. colubriformis eggs
previously obtained from infected sheep were applied at a
concentration of 30—40 for each well and incubated for 3 h at
20°Cin the presence of plants extracts. After incubation, the
larvae were washed in PBS solution (pH 7.2, 0.15 M) and
briefly vortexed (with 150 turns/min for 5 min) three-times,
and, after a short sedimentation (10 min), washed for the
last time. Finally, the content of each well was moved on the
slide, and the number of larvae with migration activity was
counted under microscope (by 80 x zoom). The percent-
age of LMI was calculated as equal to [(T — M)/T] x 100,
where T represents the total number of L3 deposited in
individual wells and M the number of L3 having migrated
through (activity move).

Results

In our study, all extracts from 16 traditional Czech medic-
inal plants selected according to the ethnopharmacological
data possessed in vitro effects on the different nematode
life-cycle stages, namely on eggs A. suum as well as on
the infective third-stage larvae 7. colubriformis, which con-
firms their popular use and justifies the ethnobotanical ap-
proach in the search for biologically active extracts.
Results of assay on eggs embryogenesis are shown in
Table 2. The average rate of embryonating eggs in the
negative control was 80.73%, and values for positive
control ranged from 10.16% to 7.12%. The effect of
positive controls escalates in proportion to increasing
concentration. All the tested plant extracts confirmed
anthelmintic effects on the egg embryogenesis (4. suum)
compared with negative control. However, none of the
tested plant extracts in any concentrations had a higher
ovicidal effect than did positive controls. The extracts from
plants A. sativum L., A. vulgaris L., C. regalis Gray, C.
pepo L., D. filix-mas (L.) Schott, H. helix L., I. helenium L.,
J.regia L., S. hortensis L., T vulgare L., T vulgaris L., and
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Table 1. Ethnobotanical data on medicinal plants.
Botanical name and voucher speci-  Family Czech names Parts used Ethnomedicinal uses”
men number
Allium sativum L. (Urb 004) Alliaceae Cesnek sety Bulbs Anthelmintic effect, arteriosclerosis,
hypertensive diseases, cardiac complaint,
bowel diseases
Artemisia absinthium L. (Urb 009)  Asteraceae Pelynék pravy Aerial part  Anthelmintic effect, dysorexia, enteralgia,
biliousness
Artemisia vulgaris L. (Urb 003) Asteraceae Pelynek éernob}'ll Aerial part  Antiparasitic effect, dysorexia, stomachache,
dysmenorhea
Carum carvi L. (Urb 015) Apiaceae Kmin kofenny Fruit Antiparasitic and bacteriostatic effect,
dysorexia, stomachache
Consolida regalis Gray (Urb 002) Ranunculaceae Ostrozka stracka ~ Flowers Anthelmintic effect, cough
Cucurbita pepo L. (Urb 011) Cucurbitaceae Tykev turek Seeds Anthelmintic effect, ureteritis
Daucus carota L. (Urb 007) Apiaceae Mrkev obecna Roots Antiparasitic effect, liver complaint, enteritis,
jaundice, and ureteritis
Dryopteris filix-mas Dryopteridaceae Kaprad’ samec Rhizomes Antiparasitic effect, fungal infections
(L.) Schott (Urb 014)
Erigeron canadensis L. (Urb 005) Asteraceae Turan kanadsky Flowering Anthelmintic and antiparasitic effect,
aerial part hemorrhage, bloody diarrhea, ureteritis
Hedera helix L. (Urb 010) Araliaceae Bfect’an Leaves Antiparasitic effect, cough, bronchitis, wounds
popinavy
Inula helenium L. (Urb 016) Asteraceae Oman pravy Rhizomes Anthelmintic effect, bronchitis, wounds
and roots
Juglans regia L. (Urb 001) Juglandaceae Oresak kralovsky  Pericarp Anthelmintic effect, exanthesis, fungal
infections
Satureja hortensis L. (Urb 013) Lamiaceae Saturejka Aerial part  Anthelmintic effect, gastritis, enteritis
zahradni
Tanacetum vulgare L. (Urb 008) Asteraceae Kopretina vrati¢ Aerial part  Anthelmintic effect , articular diseases
Thymus vulgaris L. (Urb 012) Lamiaceae Matetidouska Aerial part  Antiparasitic effect, bronchitis, gastritis,
tymian dyspepsia, flatulence, diarrhea, wounds
Valeriana officinalis L. (Urb 006) Valerianaceae Kozlik 1ékarsky Rhizomes Anthelmintic effect, bowel neurosis, insomnia,

heart distress

“The ethnomedical information has been taken from Korbelar et al. (1978).

V. officinalis L. possessed positive dependence between
their ovocidal effects and concentration levels, whereas the
extracts from A. absinthium L., C. carvi L., D. carota L.,
and E. canadensis L. were not effective in a concentration-
dependent manner. The significant anthelmintic effect on
the egg embryogenesis was demonstrated by extracts from
A. sativum, A. absinthium, C. carvi, D. carota, and J. regia,
at all concentrations tested. Among the other plants tested,
the extract of V. officinalis was effective in concentrations
ranging between 125 and 2000 pg/mL, followed by A.
vulgaris and 1. helenium extracts, possessing activity at
concentrations from 250 to 2000 pug/mL, H. helix and
T vulgare, showing an effect at concentrations ranging
between 500 and 2000 wg/mL, and 7. vulgaris, being
active at the concentration of 2000 pg/mL.

Table 3 includes results from the LMI test. LMI ob-
served for the larvae of the negative control was 15.86%.
Positive controls had LMI measured of Zentel from 31.25%
to 78.26%. The effect of the positive control escalates in
proportion to increasing concentration. With the excep-
tion of extracts from C. carvi and H. helix, all plant ex-
tracts tested showed a concentration-dependent effect on

migration inhibition of the infective third-stage larvae of
T colubriformis. A significant anthelmintic effect against
the infective third-stage larvae was demonstrated by ex-
tracts from A. sativum, A. absinthium, C. carvi, D. filix-mas,
I helenium, J. regia, S. hortensis, and V. officinalis. The best
results, showing a higher effect against the infective third-
stage larvae in comparison with Zentel, were obtained for
A. absinthium, I. helenium, V. officinalis, at a concentra-
tion of 62.5 ug/mL, followed by 1. helenium and J. regia
(125 pg/mL), A. absinthium, J. regia, C. regalis (ranging
from 250 to 500 wg/mL), and V. officinalis (2000 pg/mL).
The same results were achieved for extracts from S. horten-
sis and C. carvi, both inhibiting infective third-stage larvae
in all concentrations ranging from 62.5 to 500 pug/mL, and
A. sativum within the range of concentrations from 62.5 to
1000 pg/mL.

Discussion and Conclusions

In previous studies, extracts from medicinal plants pos-
sessed in vitro anthelmintic (antiparasitic) activities in
various kinds of in vitro tests, including species tested in our
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Table 2. Ovicidal effect (0) of ethanol extracts from some species of Czech medicinal plants.
Concentration of extracts (ug/mL)
Species and controls  Yield? (%) 62.5 125 250 500 1000 2000
O £ SD (%)

A. sativum 12.67 64.94 £9.09 54.53+£0.22 57.86 +4.46 59.37 £ 13.27 53.46 + 5.61 38.44 +5.15
A. absinthium 20.07 6595 +£8.38 63.79 £9.39 60.44 +£2.41 65.55 £ 1.65 64.67 £ 1.28 67.25 +7.32
A. vulgaris 13.33 76.93 £2.62 70.98 £ 3.42 68.24 +3.44 65.03 +4.40 61.40 + 3.51 63.68 + 7.10
C. carvi 7.87 60.16 £3.67 64.02 £2.59 58.10 £5.24 63.21 +£5.07 59.15+1.18 57.95 + 0.69
C. regalis 25.20 91.90 £2.13  89.00 £2.22 86.67 +£3.24 82.05 £ 1.15 81.54 £3.25 76.56 +2.02
C. pepo 17.60 85.03 £9.02 82.52+7.54 76.08 + 11.06 72.64 + 2,31 70.83 + 8.91 69.43 +5.43
D. carota 12.27 70.50 £3.14  69.01 £ 1.43 70.50 £ 4.11 64.79 £ 2.11 59.77 £ 1.28 59.80 +4.43
D. filix-mas 28.40 97.39 £0.59 94.79 £ 2.09 88.48 +0.78 83.09 £+ 0.39 78.83 £ 0.33 69.51 + 0.40
E. canadensis 18.58 81.61 £2.95 8429+ 1.16 73.74 £7.18 76.59 + 3.88 76.33 £2.46 70.65 +2.12
H. helix 27.55 91.13 £3.40 71.40+£2.32 7435 £3.13 68.97 £ 8.72 63.70 £5.71 60.65 £+ 3.50
L helenium 18.40 84.10 £2.55 77.03 £2.93 69.48 +3.18 69.64 + 3.68 66.37 + 1.21 63.12 +3.36
J. regia 29.27 66.76 £ 0.67 6433 £2.73 64.23 +5.69 62.73 £ 1.18 61.05+2.24 52.97 +2.89
S. hortensis 16.47 90.69 +4.22 84.86 £ 1.87 86.91 +3.73 73.64 + 1.45 69.00 + 9.68 68.74 + 1.35
T vulgare 23.07 76.57 £4.58 7477 +£7.22 70.55 £ 6.50 66.79 + 4.18 58.39 +3.86 54.02 £+ 3.61
T vulgaris 12.60 93.11 +£2.40 90.54 +£6.29 76.41 £ 9.58 76.29 + 17.96 68.53 +13.47 58.14 £ 6.06
V. officinalis 18.80 83.24 £2.59  64.66 +9.81 61.86 +2.08 62.39 +4.86 62.38 +2.69 60.68 +5.23
Zentel” 10.16 £1.99 10.13 £1.28 797 £1.17 9.83 +£4.41 7.90 £+ 1.65 7.12 +3.88
PBS with DMSO ¢ 80.73 £5.81 80.73 +5.81 80.73 £+ 5.81 80.73 £ 5.81 80.73 £ 5.81 80.73 £ 5.81

Biological material: helminths, eggs from Ascaris suum. Parts used are provided in Table 1.

O: ovicidal effect (O) = M/T x 100. SD (%), standard deviation. 7', total number of eggs deposited in individual wells; M, the ratio between

the number of larvae.
“Residue of the extract in terms of starting material.

b Albendazole, positive control.
“Negative control, 2% DMSO in PBS solution (pH 7.2, 0.15 M).

Table 3.  Larval migration inhibition (LMI) of ethanol extracts from some species of Czech medicinal plants.

Concentration of extracts (;g/mL)
Species and controls 62.5 125 250 500 1000 2000

LMI =+ SD (%)

A. sativum 48.72 £ 11.59  55.00 £ 2.89 58.33 £ 8.56 61.29 +3.89 63.41 +3.89 66.67 + 12.94
A. absinthium 35.00 + 12.80 37.78 £7.07 48.49 + 8.37 60.00 4 4.44 61.76 +4.17 76.92 + 2.64
A. vulgaris 2420 + 8.70 27.94 + 8.38 3291 +£17.48 33.33+£4.11 38.84 £8.71 42.65+7.17
C. carvi 29.63 +4.20 2381 +18.78 36.67 £25.17 4091 +11.30 40.00 £ 16.25 38.18 + 3.05
C. regalis 30.71 £+ 4.60 30.34 £ 13.01 46.88 £19.87 42.86+9.82 53.49 £+ 1.89 51.67 £3.21
C. pepo 39.13 £13.30  30.00 + 4.28 37.50 £17.89  41.67+£19.76 45.00 £ 1446 4828 £2.52
D. carota 4194 +18.00 48.78 £22.22 52.17+17.77 57.14+2020 57.89+12.13 58.33 £ 16.00
D. filix-mas 2545+ 6.16 30.77 £ 1598  40.68 +4.33 37.35+6.28 48.72 + 8.35 66.67 + 16.92
E. canadensis 23.81 £20.09 26.32+18.54 3529+21.47 3846+16.07 35712173 39.13+24.17
H. helix 21.95+6.83 25.00 £25.26 2593 £11.52 29.41+4.21 27.03 +2.64 28.57 £ 7.74
L helenium 48.10 = 4.52 48.33 £ 3.65 41.18 £ 6.94 55.56 +18.32 4848 £13.96 68.75 +2.81
J. regia 27.94+0.75 40.00 £ 8.22 43.55+2.83 47.76 £23.46  53.66 £2.98 58.97 +20.36
S. hortensis 47.02 £9.32 48.19 £21.04 50.00 & 14.04 5333 £1232 5238+7.14 60.00 & 26.90
T vulgaris 25.14 +4.59 34.78 + 8.82 3519+ 14.81 3521 +£23.12 3571 +£26.81 40.40 £ 16.12
T vulgare 1795+ 1341 2744 +£1050 31.97+1691 37.50£22.16 4545+1198 49.15+11.57
V. officinalis 50.00 £ 0.00 50.00 £22.36 48.61 £15.12 61.22 +£2.45 62.50 + 14.66  87.50 £ 29.32
Zentel® 31.254+0.58 38.78 + 6.28 41.30 £ 3.08 50.00 £ 3.65 62.75 + 6.85 78.26 +4.82
PBS with DMSO? 15.86 £5.25 15.86 £ 5.25 15.86 +5.25 15.86 +5.25 15.86 £5.25 15.86 £5.25

Biological material: helminths, exsheathed L3 larvae from Trichostrongylus colubriformis. Parts used and yields are provided in
Tables 1 and 2, respectively.
LMI, larval migration inhibition (%) = [(T — M)/T] x 100. SD (%), standard deviation. 7', total number of L3 deposited in

individual wells; M, number of L3 having migrated through (activity move).

“ Albendazole, positive control.
bNegative control, 2% DMSO in PBS solution (pH 7.2, 0.15 M).
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study such as A. sativum (Raj, 1975; Harris et al., 2000),
D. carota (Momin & Nair, 2002), H. helix (Julien et al.,
1985; Majester-Savornin etal., 1991), I. helenium (E1 Garhy
et al., 2002), and 7. vulgaris (Mikus et al., 2000).

In our study, all the tested plant extracts showed in-
hibitory effects on egg embryogenesis. The observed re-
duction remained, however, relatively limited, as maximal
reductions in embryonating eggs was around 53%, except
for A. sativum whose inhibitory effect reached 39%. Simi-
larly, the influence of plant extracts on the third-stage larvae
measured by the LMI test was observed in the case of all
the plant extracts tested. However, the results significantly
differ in their effective range. The total effect was observed
for all concentrations on the level of 22—87% and for a con-
centration of 1000 pg/mL, ranging from 27% to 63%. We
can compare the result with the LMI test performed with
seven plant extracts against the larvae of 7. colubriformis,
where at the same concentration (1000 pg/mL), the range
was from 37% to 63% (Molan et al., 2000).

In conclusion, all ethanol extracts from 16 Czech medici-
nal plants tested showed anthelmintic effects in vitro against
eggs of A. suum and larvae of T. colubriformis. The extracts
of A. sativum, A. absinthium, C. regalis, C. carvi, I. hele-
nium, J. regia, S. hortensis, and V. officinalis showed the best
activity against the infective third-stage larvae of 7. colu-
briformis in the LMI test, and a significant anthelmintic
effect on egg embryogenesis (4. suum) was demonstrated
by extracts from A. sativum, A. absinthium, C. carvi, D.
carota, and J. regia.

In summary, based on the results of the above-described
experiments and literature data indicating low levels of tox-
icity for extracts from A. sativum (Saxena et al., 2005;
Velasco-Velazquez et al., 2006), A. absinthium (Chiasson
et al., 2001; Muto et al., 2003), C. carvi (Kumar & Singh,
2000), 1. helenium (Spiridonov et al., 2005; Dorn et al.,
2006), J. regia (Inbaraj & Chignell, 2004; Bhatia et al.,
20006), S. hortensis (Zani et al., 1991), and ¥V officinalis
(Romero-Jimenez et al., 2005; Yao et al., 2007), we sug-
gest that some of these plant materials could be prospec-
tive sources for development of new antiparasitical herbal
remedies. However, further phytochemical studies are re-
quired to determine the types of compounds responsible for
the anthelmintic properties of these species. In addition, to
the best of our knowledge, this is the first ethnopharmaco-
logical report on anthelmintic activity of medicinal plants
traditionally used in the Czech Republic for treatment of
nematode infections.
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