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Abstract The anthelminthic efficacy of some differently
obtained extracts of several plants was tested in vivo in
laboratory animals and in vitro. The extracts were obtained by
ethanolic, methanolic, aqueous, or chloroform, respectively,
acetonitrile polyethylenglycol (PEG) and/or propylencarbon-
ate (PC) elution at room temperature or at 37°C. The plants
used were bulbs of onions, garlic, chives, coconut, birch tree,
ananas, cistrose, banana, chicory, date palm fruit, fig,
pumpkin, and neem tree seeds. The worm systems tested
both in vivo and in vitro were Trichuris muris and
Angiostrongylus cantonensis but only in vivo Toxocara cati.
The tests clearly showed that the different extraction methods
eluted different components and different mass amounts,
which had different efficacies against the above-cited worms.
In vitro effects against A. cantonensis and T.muris were best
with aqueous extracts, followed by chloroform extracts. The
other plant extracts showed only low or no effects on A.
cantonensis in vitro. In the case of T. muris, best results were

obtained in vivo and in vitro with PEG/PC extracts of the
onion followed by the aqueous extract of coconut. The
complete elimination of worms in the in vivo experiments
with T. muris was obtained when infected mice were treated
with a 1:1 mixture of extracts of coconut and onion being
produced by elutions with a mixture of 1:1 PEG and PC and
fed daily for 8 days. T. cati in a naturally infected cat was
eliminated by daily oral application of 6 ml coco’s fluid for
5 days. This study shows that a broad spectrum of plants has
anti-nematodal activities, the intensity of which, however,
depends on the mode of extraction. This implicates that, if
results should be really comparable, the same extraction
methods at the same temperatures have to be used.
Furthermore, efficacy in in vitro systems does not guarantee
as good—if at all—efficacy in vivo.

Introduction

Nematodes are worldwidely distributed and are important
destruents of organic materials in soil, in water, on
meadows, and they help to eliminate dead bodies. Howev-
er, thousands of species belonging to hundreds of genera
have developed a “sophisticated parasitism” inside the
different tissues of humans and animals (Mehlhorn 2008).
These nematodes (round worms and threadworms) may
introduce severe diseases in both host types. Some of these
invaders have developed additionally a zoonotic practice so
that they may wander from animals to humans and back
(Eckert et al. 2008; Mehlhorn et al. 1993, 1995). Therefore,
especially today, in an overcrowded world with mass
production of animals, an appropriate control of such
parasites must be constantly done in order to produce
enough food for a healthy mankind. In early times of the
eldest human societies (Babylonia, Egypt, Greece, and
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Rome), but also stretching from the early medieval
centuries until the nineteenth century, plant diets were used
to control parasites inside the house, in farm animals, as
well as in humans (von Bingen 1974). However, as soon as
chemotherapy was invented and as soon as it was proven
that this therapy is better, the knowledge on the efficacy of
several plants was forgotten since its use was mostly only
orally transmitted from parents to their children. Further-
more, many nice tales on putative effects of plants were
spread without any proof of truth. Therefore, it is needed
today to test again plants on their efficacy against different
parasites, especially since many of them have developed
resistances against a broad spectrum of chemotherapeutics.
Recently, a resurrection of investigations on antiparasitic
effects of plants can be noted filling volumes of many
journals (e.g., ed. Jabbar et al. 2007; Hussain et al. 2008;
Oliveira et al. 2009; Eguale et al. 2007; Tagboto and
Townson 2001; Semmler et al. 2009; Schmahl et al. 2010).

However, in many cases, the authors established in vitro
studies or used peculiar laboratory models, mainly dealing
with infected mice and rats. This means that only rather few
studies are available on the efficacy of some plants against
parasites of farm animals and even less against human
parasites (lit. c. f. Mehlhorn et al. 2010). The present study
examines the effects of different extracts of different plants
against nematodes of mice and rats in vivo and in vitro. These
experiments were done to develop a useful, non-toxic remedy

against cestodes and nematodes being presented in a recent
paper (Mehlhorn et al. 2010).

Materials and methods

Worms

The intestinal worms of the species Trichuris muris were
kept in 8–9-week-old female laboratory mice (C 57/BL10
or NMRI) strains for years in the institute. The animals
were orally infected with 250 larvae-containing eggs. This
brings in mean about 75–90 adults in untreated mice
(depending on the infectiosity of the eggs). T. muris has a
direct life cycle, where infection occurs by oral uptake of
larvae-containing eggs. Angiostrongylus cantonensis were
cultivated in Wistar rats (Rattus rattus). These rats were
orally infected with 40 larvae, which had been selected from
the mucus or squeezed portions of infected snails (intermedi-
ate hosts=Biomphalaria species or Archachatina species).
The adult worms live in the pulmonary arteries, and the
larvae 1 are excreted via saliva and/or feces.

Plants

The plants used were pineapple (Ananas comosus), birch tree
(Betula pendula), banana (Musa parasidaica), chicory

Table 1 Amounts of extracted material obtained depending on the mode of extraction and the temperature

Plant material Fresh weight(g) Dried
weight(g)

Aqueous extract
(22°C)(g)

Methanolic extract
(22°C)(g)

Acetonitrile
(22°C)(g)

Aqueous extract
(37°C)(g)

Pineapple fruit 250 43.6 3 10.3 0.25 30

Pineapple leaves 65 17.0 0.5 1.1 n.d. n.d.

Banana fruit 250 16.6 19.8 19.4 0.75 19.3

Chicory 250 227 14.1 2.2 0.2 5.4

Date tree fruit 250 224 21.6 62.2 0.25 54.4

Fig fruit 250 118 6.2 67.8 0.75 13.3

Pumpkin 250 92 1.5 n.d. n.d. n.d.

Onion bulb 250 115 15.3 n.d. n.d. n.d.

n.d. not done

Plant extract Doses used (mg/ml) Start 0 h After 1 h After 6 h After 12 h After 24 h

Pineapple fruit 27.5 3 3 2.5 1 0

Pineapple leaves 5.5 3 2.5 2.5 2.5 1.5

Banana 44.5 3 3 2.5 2 0

Chicory 16.5 3 2.5 2.5 2.5 0

Date tree fruit 47.0 3 1 1.5 1.5 0

Fig fruit 60.0 3 1.5 1 2 0

Control Tyrode – 3 3 3 3 2.5

Table 2 In vitro effects
of aqueous extracts of different
plants on the motility of
adult T. muris worms
(n=10 per probe)

Motility grading: 0 no move-
ments, 1 low motility, 2 contin-
uous smooth movements, 3
normal, intensive movements
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(Cichorium intybus), date tree (Phoenix dactylifera), fig tree
(Ficus carica), pumpkin (Cucurbita maxima), onion (Allium
cepa), garlic (Allium sativum), neem tree (Azadirachta
indica), cistrose (Cistus incanus), chives (Allium schoeno-
prasum), and coconut (Cocos nucifera).

Extracts

The following extracts were made at room temperature
from minced and dried plant material under room temper-
ature or 37°C and under constant shaking for 24 h:

& Methanolic
& Ethanolic
& Aqueous
& Acetonitrile
& Chloroform
& 1:1 PEG/PC (polyethylenglycol / propylencarbonate)

In all cases, dried plant material (produced at 40°C) was
mixed with the extraction fluid in a relation of 1 g plant
material within 10 ml extraction solution. In the case of the
Toxocara cati test, the undiluted fruit water of a coconut
was used.

In vitro tests

The larvae of A. cantonensis were obtained by help of a so-
called Baermann funnel from feces of infected rats and
placed into the culture medium at 37°C. Adult worms of T.
muris were taken from the intestines of infected adult mice

and incubated like the larvae of A. cantonensis in the test
media. The vitality of the incubated worms was controlled
at intervals of 2 h for 24 h.

In vivo tests

Infected hosts were orally treated with different amounts of
the extracted plant compounds, and the feces were
controlled for the excretion of eggs. Finally, the hosts were
sacrificed, and the number of surviving worms was counted
and compared to the worm load of untreated mice.

In vitro dosages of test products

A broad variety of concentrations of the product was used
at least in one-, two-, and triplefold steps of the initial
dosage being added to the treated Tyrode solution, wherein
the worms became incubated. As controls, the same worm
stages were incubated in untreated Tyrode solution at 37°C.

In vivo treatment

Rats, mice, and one T. cati-infected cat were orally treated
either by dosages per kilogram of body weight or—in the
case of the cat—by 6 ml of undiluted coco’s fluid. Six mice
were also fed for 12 days exclusively with dried coconut.
The effects of the different treatments were measured either
by fecal control for eggs/larvae or by intestinal/lung
inspection of sacrificed animals.

Results

Extract output of the different extraction media

The different extraction media delivered different amounts
of the products not only depending on their chemical
composition but also depending on the temperature at
which the extraction was proceeded (Table 1). The selection
of some examples shows that the differences in the amounts
of the obtained extract material might be considerable
depending on the consistence (water content) of the plant

Table 3 In vitro effects on the motility of a chloroform extract of
coconut on adults of Trichuris muris during 24 h of incubation in
Tyrode medium at 37°C (n=10 per probe)

Plant Doses mg/ml 0 h 1 h 8 h 12 h 24 h

Coconut 0.005 3 3 2 0 0

Coconut 0.01 3 3 0 0 0

Coconut 0.1 3 3 0 0 0

Control Tyrode – 3 3 3 3 3

Motility grading: 0 no movements, 1 low motility, 2 continuous
smooth movements, 3 normal, intensive movements

Plant extract Doses used (mg/ml) Start 0 h After 1 h After 6 h After 12 h After 24 h

Pineapple 27.5 3 3 2.5 2 0

Banana 44.5 3 3 2.5 2 0

Chicory 16.5 3 2.5 3 2.5 0

Date tree fruit 47 3 1 1.5 2.5 0

Fig fruit 60 3 1.5 2 2 1

Banana leaf 5.5 3 2.5 2.5 2.5 2

Control Tyrode – 3 3 3 3 3

Table 4 In vitro effects
of methanolic extracts of
different plants on the motility
of adult T. muris worms
(n=10 per probe)

Motility grading: 0 no move-
ments, 1 low motility, 2 contin-
uous smooth movements, 3
normal, intensive movements
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tested (Table 1). Based on these initial studies, varying
results should be obligatorily expected.

Selected examples of effects of different extracts on T. muris

In vitro results in T. muris

As seen in Tables 2, 3, 4, and 5, aqueous and chloroform
extracts from different plants are able to deliver rather
good results with respect to killing adult worms of
T. muris or to reduce their motility. On the other hand,
methanolic and acetonitrile extracts are less good (Tables 4
and 5). This antinematode effect was significantly proven
by the fact that the control worms survived in extract-
free Tyrode solution not only for 24 h (as documented
in Tables 2, 3, 4, and 5) but for more than 5 days
(equivalent to the end of testing). That the non-motile
worms are really dead was proven by their transfer back
into normal, extract-free Tyrode solution. However, it
cannot be expected that in the intestines of worm-infected
animals, similar concentrations of the plant extracts can be
reached by feeding. Therefore, in vivo tests are needed to
check whether the positive results of the in vitro tests can
be obtained, too.

Plant extract Doses used (mg/ml) Start 0 h After 1 h After 6 h After 12 h After 24 h

Pineapple 1.0 3 3 2 2 0

Banana 3.0 3 3 2 2 0

Chicory 0.5 3 3 2 2 2

Date tree fruit 1.0 3 3 2.5 0 0

Fig fruit 3.0 3 3 2 1 0

Control Tyrode – 3 3 3 3 2.5

Table 5 In vitro results of
effects of some acetonitrile
extracted plant extracts on the
motility of adult T. muris
(n=10 per probe)

Motility grading: 0 no move-
ments, 1 low motility, 2 contin-
uous smooth movements, 3
normal, intensive movements

Plant extract Doses used (mg/ml) Start 0 h After 1 h After 6 h After 12 h After 24 h

Pineapple 27.5 3 2 1.5 1 0

100 3 1 0 0 0

Banana 44.5 3 2 1 1 0

100 3 3 1 1 0

Chicory 16.5 3 2.5 1.5 1 0

100 3 1.5 1 0.5 0

Date tree fruit 47 3 3 1.5 1 0

100 3 2.5 1.5 0.5 0

Fig fruit 60 3 1.5 1 1 0

100 3 2 1 1 0

Pumpkin 21 3 3 3 2 1,5

100 n.d. n.d. n.d. n.d. n.d.

Control Tyrode – 3 3 3 3 3

Table 6 In vitro effects of
aqueous extracts of different
plants against larvae 1 of
Angiostrongylus cantonensis at
37°C in Tyrode solution (n=50
per probe)

Motility grading: 0 no move-
ments, 1 low motility, 2 contin-
uous smooth movements, 3
normal, intensive movements;
n.d. not done

Table 7 In vitro results of effects on the motility of different aqueous
extracts produced at room temperature (R) and under heat (H) on
larvae of Angiostrongylus cantonensis (n=50 per probe)

Plants Doses mg/ml After 1 h After 24 h

Pineapple

R 50 2.5 1

H 50 2.5 0

Banana

R 25 2.5 1.5

H 25 2.5 1.5

Chicory

R 25 2.5 0.5

H 25 2.5 0.5

Date tree fruit

R 50 2.5 0.5

H 50 2.5 0.5

Fig tree fruit

R 50 2.5 0.3

H 50 2.5 0.2

Control Tyrode solution – 2.5 2

Motility grading: 0 no movements, 1 low motility, 2 continuous
smooth movements, 3 normal, intensive movements
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Plant extract Doses used (mg/ml) Start 0 h After 1 h After 6 h After 12 h After 24 h

Pineapple 100 3 2.5 0 0 0

Banana 100 3 2.5 2 1 0

Chicory 100 3 1.5 1.5 0.5 0

Date tree fruit 100 3 2.5 2 1 0

Fig fruit 100 3 2 2 1 0

Control Tyrode – 3 3 3 3 3

Table 8 In vitro effects of some
aqueous extracts of some plants
on the larva 1 of Angiostrongylus
cantonensis (n=50 per probe)

Motility grading: 0 no move-
ments, 1 low motility, 2 contin-
uous smooth movements, 3
normal, intensive movements

Table 10 In vitro effects of PEG/PC acetonitrile extracts of neem seeds and coco’s milk on the motility of larvae 1 of A. cantonensis (n=50 per
probe)

Plant extract Doses used (μl/ml) Start 0 h After 1 h After 6 h After 12 h After 24 h

Neem seeds 10 3 0 0 0 0

Coco’s milk 500 3 2 1.5 0 0

Coco’s milk (pure) undiluted 3 2 1 0 0

PEG/PC 10 3 3 3 3 2

Control Tyrode solution – 3 3 3 3 2.5

Motility grading: 0 no movements, 1 low motility, 2 continuous smooth movements, 3 normal, intensive movements

Plant extract Doses used (mg/ml) Start 0 h After 1 h After 6 h After 12 h After 24 h

Pineapple 34.5 3 2.5 2 1 0.5

Banana 48.5 3 2.5 2.5 2 0

Chicory 17 3 2.5 2 0.5 0.5

Date tree fruit 57.5 3 2.5 2.5 1 1

Fig fruit 62 3 2 3 1 0.5

Control Tyrode – 3 3 3 3 3

Table 9 In vitro results of
effects of methanolic extracts of
different plants on the
motility of larvae 1 of
Angiostrongylus cantonensis
worms (n=50 per probe)

Motility grading: 0 no move-
ments, 1 low motility, 2 contin-
uous smooth movements, 3
normal, intensive movements

Plant extracts/dose Eggs T1 Eggs T3 Eggs PT1 Eggs PT5 Eggs PT12 Eggs PT22

Pineapple, 12.5 g/kg 8,198 20,090 8,696 9,690 11,751 1,768

Banana, 6.25 g/kg 6,915 10,753 8,696 9,690 11,760 1,812

Chicory, 6.25 g/kg 17,956 37,074 9,350 17,659 9,546 6,242

Date tree fruit, 12.5 g/kg 12,934 33,324 15,954 8,839 13,462 9,391

Fig tree fruit, 12.5 g/kg 31,776 20,237 11,592 16,988 7,480 867

Control, 0.0 12,573 13,918 19,747 27,003 6,745 1,074

Table 11 Egg excretion
(per gram of feces) of
T. muris-infected mice during
and after treatment with differ-
ent plant extracts (mean number
of eggs from three animals)

T1, T2,T3 days of treatment,
PT days after end of treatment
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In vitro experiments with A. cantonensis

The experiments were conducted with larvae 1, which
had been isolated from feces of infected rats. These
larvae were incubated in Tyrode solution, into which the
different plant extracts were filled at concentrations
shown in Tables 6, 7, 8, and 9. Although these larvae
are tough enough to survive in the feces outside the warm
body of the rat until the feces are eaten by a snail
(intermediate host), they were rather easily attacked by

plant extracts in the present experiments. Some of these
plant extracts were listed in Tables 6, 7, 8, and 9. In the
tests with A. cantonensis, it was again observed that
aqueous and PEG/PC extracts were superior to methanolic
(Table 10). These experiments show a general sensitivity
of the larvae against such plant extracts. However, from
these in vitro experiments, it cannot be concluded that the
plant extracts used would be successful in intestines. On
the other hand, however, these experiments show that
neem seed extracts, which are used as biocides against

Mouse no. Dose (mg/kg BW) Findings on dissection after day 8

1 Untreated infection control 89 worms, vital

2 Untreated infection control 83 worms, vital

3 500 mg wild garlic powder/kg BW 81 worms, without noticeable damage

4 500 mg wild garlic powder/kg BW 72 worms, without noticeable damage

5 1,000 mg wild garlic powder/kg BW 79 worms, without noticeable damage

6 1,000 mg wild garlic powder/kg BW 84 worms, without noticeable damage

7 500 mg onion powder/kg BW 48 worms, sit loosely in the mucosa

8 500 mg onion powder/kg BW 12 worms, sit loosely in the mucosa

9 1,000 mg onion powder/kg BW 0

10 1,000 mg onion powder/kg BW 0

11 500 mg chives powder/kg BW 68 worms, without noticeable damage

12 500 mg chives powder/kg BW 77 worms, without noticeable damage

13 1,000 mg chives powder/kg BW 58 worms, without noticeable damage

14 1,000 mg chives powder/kg BW 66 worms, without noticeable damage

Table 12 In vivo tests of the
efficacy of plant powders of
the genus Allium on T. muris
when given for eight
consecutive days

Infection of mice was done by
application of 250 worm eggs.
The food amount was prepared
from 2 g of powder plus 8 ml of
PEG/PC (1:1)

BW body weight

Table 13 In vivo experiments of the effects of coconut and onion alone and in combination against adult T. muris worms

Mouse no. Parasite Treatment Findings on dissection/number of worms

1 T. muris Untreated infection control 64 living worms, normal

2 T. muris Untreated infection control 74 living worms, normal

3 T. muris Untreated infection control 77 living worms, normal

4 T. muris Onion/500 mg per kg BW 13 worms, no noticeable change under light microscope

5 T. muris Onion/500 mg per kg BW 18 worms, no noticeable change under light microscope

6 T. muris Coconut/500 mg per kg BW seven worms, no noticeable change under light microscope

7 T. muris Coconut/500 mg per kg BW 11 worms, no noticeable change under light microscope

8 T. muris Onion and coconut/ each 500 mg per kg BW one worm, male, with disrupted spermiogenesis; damaged

9 T. muris Onion and coconut/ each 500 mg per kg BW 0

10 T. muris 1,000 mg coconut+1,000 mg onion+100 mg milk
powder/kg BW

0

11 T. muris 1,000 mg coconut+1,000 mg onion+100 mg milk
powder/kg BW

one female loose in the intestine, moribund

12 T. muris 1,000 mg coconut+1,000 mg onion+100 mg milk
powder/kg BW

0

13 T. muris 1,000 mg coconut+1,000 mg onion+100 mg milk
powder/kg BW

two females loose in the intestine, moribund

14 T. muris 1,000 mg coconut+1,000 mg onion+100 mg milk
powder+100 mg cocoa/kg BW

0

The infection of mice was done with 250 eggs
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larval and adult stages of mites, ticks, and insects
(Semmler et al. 2009; Mehlhorn et al. 2010; Schmahl et
al. 2010), would also kill infectious larvae of nematodes if
they are treated on the floors of houses and stables.

In vivo experiments

T. muris

In the first experiments, the infected mice were treated only
for 3 days with the different plant extracts. On these days and
on days 1, 5, 12, and 22 after the treatment, the excreted eggs
were counted within one 1 g of feces and listed in Table 11,
which gives the mean results of two mice of each group. The
results, however, show that a 3-day treatment with the plant
extracts listed in Table 11 is not sufficient to stop the egg
excretion. Furthermore, the egg excretion of the control mice
was also varying and decreasing (Table 11). Thus, in another
series of experiments, a full coco diet was given to three
infected mice for 12 days. These three mice fed daily each a
mean of 1.5 g per day. The mean excreted egg amount
decreased from day 2 of the treatment from a mean of
16,089 per gram of feces until 196 on day 12 of the
treatment, while the controls remained rather stable. The
controls started with a mean of 13,398 eggs per gram of
feces and ended with 15,075 eggs on day 12 of treatment.
Sacrificing the mice, it was seen that the treated four mice
contained only two or four worms with signs of degenera-
tion, while the untreated two control mice contained 68 and
72 fully motile worms without any degenerations, respec-
tively. This result led us to the insight that a longer treatment
should be done using, besides coco, other plant extracts—
garlic, chives, and onion (Table 12).

However, as can be seen in Table 12, only the treatment
with onion powder was able to eliminate fully the load of
adult T. muris worms from the intestines of infected mice,
while garlic or chives powder was not very effective.
Therefore, in a further experiment, a combination treatment
was done with onion powder and coconut powder (Table 13).
This experiment clearly shows that the combination of
500 mg/kg body weight each of coconut and onion given
for 8 days is fully successful, while 500 mg either of onion
or coconut leaves residual worms in the intestine of T. muris-
infected mice. The results were identical in both sexes when
using female and male worms.

Pilot study on T. cati

The cat of one of the participants of the study excreted daily
considerable numbers (equivalent to 360/g of feces) of eggs
of the worm T. cati. The owner fed this cat for 5 days daily
with 6 ml coco’s fluid (fluid endosperm) of a coconut. This
resulted in the stoppage of the egg excretion after the fourth

day of treatment. The egg excretion did not start again
afterwards.

Discussion

The broad testing of extracts obtained with different
methods from about 21 different plants in our institute
and the comparison of our results with other publications
(Aksu 2009; Strassen 2007; Fischer 2007; Abdel-Ghaffar et
al. 2010) resulted in some not very astonishing results, but
also led to some insights, which gave hope to produce soon a
reliable and rather cheap product. If this thus developed plant
product is added to food, deworming (e.g., of ruminants)
might occur without waiting time (Mehlhorn et al. 2010).

It was not astonishing that different methods (aqueous,
alcoholic, acetonitrile, and PEG/PC) delivered different
extracts with different grades of efficacy. Thus, literature
must be checked whether results reported there are really
comparable. Not really astonishing was that several of the
plants—even when extracted with the favorable aqueous
extraction mode—had no or only low effects on the stages
of our nematode models (T. muris and A. cantonensis; see
Tables 11 and 12). On the other hand, it became clear that
in vitro experiments alone will not be sufficient to find out
a reliable product since—although the results in vitro might
be good—in vivo, the needed concentration could never be
reached.

Astonishing was that chives, onion, and garlic—al-
though all belonging to the plant genus Allium—had
completely different effects on nematodes, so that only the
onion (A. cepa) was used further on in the trials.

When comparing the literature, many contradictory
results are reported, e. g., Oliveira et al. (2009) obtained
in their experiment an in vitro anthelminthic activity of an
ethyl acetate extract of the green coconut husk fiber, which
is a byproduct of the food industry, against the larvae of
Haemonchus contortus. However, when feeding this extract
on 3 days daily at a dose of 400 mg/kg body weight, no
effects on the gastrointestinal nematodes were seen. This
failure is—when looking at our results—apparently due to
the fact that Oliveira et al. used another type of extract
which was from another portion of the coconut, and that it
was given only for 3 days, while in the present in vivo
studies on mice and in our in vivo study with sheep, we fed
another coconut extract for 8 days (Mehlhorn et al. 2010).
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