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ARTICLE INFO ABSTRACT

Use of plants containing bioactive compounds to control of helminths in the gastrointestinal
tract, either as phytotherapeutic or nutraceutical options, has been a growing research
area in recent years. We discuss strategies to identify viable candidate compounds with

Keywords: in vitro and in vivo anthelmintic properties. We also discuss factors which may influence
Nutraceuticals in vitro and in vivo results, and difficulties of translating in vitro results to in vivo conditions
Phytotherapy are considered using experiences with small ruminants, as most published research on

Helminth control

. phytotherapeutic or nutraceutical materials has been in sheep and goats and has been
Farm animals

reviewed recently. Therefore, we summarize results of various plant bioactive materials
against helminth parasites in the gastrointestinal tract of cattle, deer, rabbits, pigs and
poultry, and conclude that many plant materials have resulted in promising results in many
farm animal species besides sheep and goats. These bioactive materials may be used as a
part of sustainable helminth control strategies.

© 2012 Published by Elsevier B.V.

1. Introduction

The possibility of using plant bioactive compounds to control helminth parasites in the gastrointestinal tract, either as
phytotherapeutic or nutraceutical options, has been a growing research area. There have been several review papers dealing
with positive and negative effects of these compounds on animal physiology, performance and health (Hoste et al., 2005;
Mueller-Harvey, 2006; Rochfort et al., 2008). Also, the anthelmintic (AH) effect of one class of bioactive compound (i.e.,
tannins), contained in many plants, against gastrointestinal nematodes (GIN) of small ruminants (i.e., sheep and goats) was
recently reviewed (Hoste et al., 2012), including all available information of direct and indirect effects of AH against GIN.
Hoste et al. (2008) provided a definition for phytotherapeutic and nutraceutical activity, as well as descriptions of several
methodologies in an attempt to suggest guidelines for investigating possible AH effects of bioactive plants against GIN.

Abbreviations: AH, anthelmintic; AMIA, adult motility inhibition assay; CT, condensed tannins; EHA, egg hatch assay; GIN, gastrointestinal nematodes;
LDA, larval development assay; LEIA, larval exsheathment inhibition assay; LFIA, larval feeding inhibition assay; LMIA, larval migration inhibition assay;
PEG, polyethylene glycol; PSM, plant secondary metabolites; PVPP, polyvinylpolypyrrolidone; SL, sesquiterpene lactones.
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Other papers have discussed practical methods to use tannin containing materials against GIN of small ruminants, while
considering practicalities in commercial production systems (Alonso-Diaz et al., 2010a; Torres-Acosta et al., 2012). However,
less effort has been given to gathering information in relation to livestock species other than sheep and goats. Furthermore,
very limited information is available on other types of plant bioactive compounds, or on the effects of those compounds
against other types of helminths.

This review discusses some aspects which need to be considered when investigating in vitro and in vivo AH effects of
phytotherapeutic or nutraceutical materials, and also presents a brief description of available results against helminths of
cattle, deer, rabbits, pigs and poultry.

2. Choosing the right candidates to evaluate for anthelmintic activity

Many researchers have used ethnoveterinary information to choose possible plant candidates which could be tested
as AH against internal parasites of humans and animals (Waller et al., 2001; Githiori et al., 2005, 2006). Another important
source of information is direct use of questionnaires and interviews with key groups such as traditional healers (Sudarsanam
et al., 1995; Ali, 1999; Matin et al., 2001) or farmers with practical experience (Smidt and Brimer, 2005). Many projects use
these sources of information when trying to obtain valid information on plants which people recommend in the case of
problems of the gastrointestinal tract, both in humans and farm animals. However, some may start by looking for anti-
parasitic effect of plants which are helpful for the stomach or to control diarrhea. These clinical signs could be related to
different gastrointestinal ailments and not necessarily parasitic helminths. That parasites are hidden in the gastrointestinal
tract complicates information gathering on which materials may affect those parasites. It is also important to consider that
a medicinal remedy which may work in humans may not be useful in other animal species, such as ruminants.

Some research groups choose to follow the promising path of studying plants with bioactive components, either as
phytotherapeutics or nutraceuticals, which have been shown to have a high level of anti-parasitic activity against the parasite
of interest. This option could be followed for those parasites with similar life cycles in other hosts. A good example is the
study of plants containing large amounts of cysteine proteinases, which are proteolytic enzymes in plants such as Ficus spp,
Carica papaya, Ananas comosus and Actinidia chinensis (Stepek et al., 2004). Other examples are tannin containing plants
which have known AH activity against GIN of ruminants, particularly sheep and goats (Hoste et al., 2012).

Irrespective of the methodology used to choose which materials are selected to search for an AH effect, those materials
may be used as phytotherapy and/or nutraceuticals. A phytotherapy is based on a plant, or mixture of plants, used in a similar
way as a synthetic AH drug, being to cure within a short term of use and is usually administered per animal (Hoste et al.,
2008). In contrast, a nutraceutical is a feed used long term for health improvement and/or maintenance, and depends on
voluntary intake by the animals (e.g., tannin containing forage or browse; Andlauer and Furst, 2002).

3. How to prove that a plant material has in vitro anthelmintic activity?

Some recent papers reviewed various in vitro tests to investigate antiparasitic activity against different stages of GIN, being
egg hatch assay (EHA), larval feeding inhibition assay (LFIA), larval exsheathment inhibition assay (LEIA), larvae migration
inhibition assay (LMIA), larval development assay (LDA) and adult motility inhibition assay (AMIA) (Hoste et al., 2008;
Jackson and Hoste, 2010). The majority of in vitro research has been against small ruminant GIN. However we found little in
vitro research with helminth parasites in other host species.

Even with the techniques already validated for a given parasitic species (i.e., GIN of ruminants) the protocols must be
adjusted for local laboratory conditions, such as the type of water and pH, temperature of the laboratory and strain of parasite
studied, as it has been suggested for in vitro tests used to test AH efficacy (Coles et al., 2006). Also, the material tested might
not be applicable to all tests.

4. How to prove that a plant material has in vivo anthelmintic activity?

The in vitro AH evidence obtained with a plant material against a stage of the life of a parasite is not sufficient to suggest
direct AH effect in naturally infected animals. Thus, in vivo evidence is needed and the parameters to claim AH efficacy in
a nutraceutical option cannot be those used for a product intended as an AH drug, such as those reported by Wood et al.
(1995) for ruminants. In addition, the nutraceuticals do not need the same legal requirements and they can be commonly
used as “every day” feed. However, it is important to consider aspects such as:

4.1. Biological relevance of an in vitro technique

In vitro tests used to screen materials for their AH effect might not have biological relevance for the parasites of interest
in the target host. For instance, a reduction of egg hatchability of GIN in the presence of an extract is a valuable feature if
the aim is to reduce pasture infectivity. However, that same material might have no effect against the worm burdens inside
the host. Furthermore, when a given plant extract is screened with in vitro techniques, the results could show an AH effect
when measured with one technique and a limited AH effect when measured with another (Alonso-Diaz et al., 2011).
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4.2. What dose level is needed to achieve an in vivo AH effect?

Invitro tests are designed to evaluate different concentrations of a plant extract against a life stage of a parasite. The level of
extract showing an AH effect will need to be translated to in vivo situations when it is meant to be used as a phytotherapeutic.
However when the plant is meant to be used as nutraceutical, the problem of dosage will depend mainly on the level of
intake by the target animal species. With the latter approach, the animal is fed the plant material of interest ad libitum. The
AH effect is then measured by comparing the treated infected group with a non-treated infected group. If the plant cannot
give an AH effect when used ad libitum, then a lower level of intake may not produce a useful effect. In cases where an
extract is used, the situation of dosage becomes more complicated. Translation of an in vitro concentration to the dose level
needed in the digestive tract will require knowledge of the quantity of digesta in the gastrointestinal tract and the possible
alteration and/or degradation of the extract due to digestion. How much of the active material will reach the target organ is
unknown. This question is especially difficult in ruminants. If they are dosed with the plant extract, it is difficult to estimate
how much will be needed to account for the size of the reticulum-rumen before it reaches the target organs (i.e., abomasum,
small intestine, large intestine). Some of these issues have been previously raised by Athanasiadou et al. (2007).

4.3. Variability of the plant material.

The variation in bioactive compounds and biological activity (e.g., tannins) of plant materials is expected even among
plants in the same geographic region in the same season (Alonso-Diaz et al., 2010b; Manolaraki, 2011). Many research teams
are studying variability of nutraceutical materials in terms of varieties of plants, geographic locations, time of collection and
modes of preservation (Manolaraki, 2011).

5. Problems of identifying an in vivo AH effect of bioactive materials

Testing biological activity under in vivo conditions may have one or more of several difficulties.

5.1. The inherent features of the animals

Premunition (Bowman et al., 2003) and innate resistance (Schallig, 2000) are well known mechanisms which can affect
establishment or development of worm populations within hosts. Thus, the species of animals which are used for the in vivo
studies may be an important source of bias if those two aspects are not considered. It is commonly advised to use parasite
naive animals which reduce, as much as possible, bias caused by the influence of premunition or innate resistance.

5.2. Self cure phenomenon

Materials should be administered for several days, or even weeks, to demonstrate the expected AH effect. Under such
conditions established infections may become expelled from the animals due to the natural acquisition of an immune
response (Balic et al., 2000). This could also compromise the experimental outcome.

5.3. Improvement of the host’s resilience and/or resistance

The macronutrients in the nutraceutical may produce a positive indirect effect on the hosts to enhance their resistance
or resilience (Hoste et al., 2011; Torres-Acosta et al., 2012). Thus, comparisons among animals fed the nutraceutical and the
control group should consider including a supplement which provides the macronutrients without the bioactive compounds
in the control group, or the experiment may have a wanted bias in favor of the group receiving the nutraceutic supplement.

5.4. The quantity and quality of the material eaten

As explained above, nutraceuticals should be consumed by the candidate host (Alonso-Diaz et al., 2010a). Thus, the
material chosen should comply with the features of an edible material for the host species. As with other feedstuffs, physical
characteristics of the nutraceuticals can influence host ingestion. The physical features (e.g., leaf size, presence of thorns)
may impact intake (Ortega-Reyes and Provenza, 1993).

5.5. Toxicity and/or negative effects

It is a commonly held belief that the phytotherapeutic or nutraceutical options, as well as other “natural” products, are
safer than synthetic drugs. As pointed out by Athanasiadou et al. (2007) this statement is incorrect because, in fact, many
plant secondary metabolites (PSM) with AH effects may also have negative effects on the hosts. For example, tannins may
affect diet digestibility (Méndez-Ortiz et al., 2012). However, according to the “trade-off” theory (Hutchings et al., 2003),
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animals will be willing to accept a certain degree of negative effect, such as a reduction in digestibility, when they ingest
plant materials which provide them with positive effects, such as an AH effect.

6. Results obtained with livestock species other than small ruminants

A summary of results obtained using in vitro tests is in Table 1 and in vivo results are in Table 2. Host species, parasite
species, plant materials, techniques used and/or measured effects are described, as well as the main bioactive compound
associated with the AH effect.

6.1. Cattle

Only a limited number of studies have evaluated use of forages or forage extracts against GIN of large ruminants. This
could be the result of some researchers having only recently found evidence of the presence of resistant GIN strains on cattle
farms, which stimulated a search for novel approaches against these parasites of cattle (Wolstenholme et al., 2004; Canul-Ku
et al,, 2012). It could also be due to experiments with cattle being more expensive than those with small ruminants or that
adult cattle generally show stronger resistance against GIN than do small ruminants (Urquhart et al., 1996). However, the
experience with small ruminants has been useful for cattle as many parasite life cycles in both hosts are similar (Bowman
et al., 2003). Furthermore, both ruminant hosts share similar digestive physiology (Van Soest, 1994).

Effects of condensed tannin (CT) extracts from Onobrychis viciifolia, Lotus pedunculatus and L. corniculatus has been tested
in vitro against Cooperia oncophora and Ostertagia ostertagi using LFIA and LEIA with good results. The role of CT was confirmed
by adding polyvinylpolypyrrolidone (PVPP) (Novobilsky et al., 2011). In addition to the CT effects on bovine GIN larvae and
adults, hatching of bovine GIN eggs has been inhibited in vitro by aqueous extracts of Parkia biglobosa seeds or leaves (Soetan
etal., 2011). Such extracts contained a mixture of alkaloids, cardenolides, saponins and tannins, but effects of each compound
was not tested in an isolated manner. In addition, the saponin extract from Pennisetum glaucum inhibited egg hatching of
bovine nematodes in vitro (Soetan and Lasisi, 2008).

Water extracts from Azadirachta indica or chopped Anana comosus leaves were examined in growing cattle resulting in
egg count reductions of 67 and 95% respectively. The latter was similar to the reduction for albendazole (98%) in Akbar
et al. (2003). Similarly, Nguni and crossbred cattle supplemented with Acacia karroo leaf meal as a source of CT at 1.5kg
daily for 60 d caused strongyle egg counts and mean total egg counts to be reduced. Additionally, lower Haemonchus sp
and Oesophagostomum sp worm burdens were observed with A. karroo supplementation (Xhomfulana et al., 2009), although
it was not possible to confirm the role of CT in these effects. A reduction of worm burdens also occurred in the group
supplemented with sunflower meal in relation to non-supplemented animals (Xhomfulana et al., 2009). Thus, a possible
indirect effect of supplementation could have occurred in a synergistic manner similar to those effects observed with sheep
or goats (Torres-Acosta et al., 2012).

Although it can be argued that similar results could be obtained with GIN of cattle and small ruminants when using
bioactive plant extracts or nutraceutical fodders, further studies may help to assess the influence of differences in rumen
size, feed intake and digestion capacity of cattle in comparison with sheep and goats.

6.2. Deer

Relative to cattle, effects of bioactive fodders against GIN (Ostertagia-type and Trichostrongylus axei) as well as lungworms
(Dictyocaulis eckerti) has been studied more frequently in red deer (Cervus elaphus).

The in vitro larval migration of the L; stages of lungworm and L3 stages of GIN, according to LMIA, were inhibited when
incubated with CT extracts from L. pedunculatus, L. corniculatus, Hedysarum coronarium and O. viciifolia. Additionally, the L3
of lungworm had a higher death rate compared to control (Molan et al., 2000). A crude extract of sesquiterpene lactones
(SL) from Cichorium intybus had similar AH effects (Molan et al., 2003). Furthermore, adding CT to rumen fluid increased
inhibition of migration of L; lungworm larvae (measured with LMIA) and polyethylene glycol (PEG) removed this inhibition.
However, no effect from CT occurred on egg hatching or development of GIN larvae (Schreurs et al., 2002).

Barry et al. (2002) reviewed main AH results against parasitic nematodes with plants containing secondary compounds
such as CT and SL. Feeding Hedysarum coronarium reduced abomasal nematode establishment (Ostertagia-type and T. axei;
Hoskin et al., 2000). Similar findings were reported for H. contortus in sheep fed O. viciifolia (Brunet et al., 2007) and goats fed
Lysiloma latisilliquum (Brunet et al., 2008). Weaner deer grazing C. intybus required fewer AH treatments without depressing
growth rates (Hoskin et al., 1999). Furthermore, grazing C. intybus also reduced the number of lungworm larvae developing
to the L3 stage (Hoskin et al., 2000).

Similar to effects in sheep and goats, beneficial AH effects of CT-containing forages in deer have been attributed to factors
such as direct inhibitory effects on parasite larvae. For example, both CT and SL have shown direct AH effects as measured by
reduction of the motility of both lungworm and GIN larvae (Molan et al., 2000, 2003). Similar findings were obtained with
tannin rich extracts against small ruminants GIN larvae (Alonso-Diaz et al., 2008). Indirect effects of CT have been measured
by intake of tannin containing fodders which resulted in an increased rumen escape protein supply to the small intestine
which could enhance amino acid absorption. The latter allows animals to obtain nutrients required to mount an effective
immune response and to favor tissue repair and homeostasis (Barry et al., 2002). Similar effects have been suggested for



Table 1

Summary of in vitro tests using plant extracts against helminths in different livestock species.

Plant In vitro test
Extract or material Host Parasite Test/effect Reference
Onobrychis viciifolia Wa +Ace (leaves and stems) Cattle Cooperia oncophora LFIA Novobilsky et al., 2011
Lotus pedunculatus Ostertagia ostertagi LEA
Lotus corniculatus
Parkia biglobosa Wa (seeds or leaves) Cattle GIN eggs Egg hatching inhibition Soetan et al., 2011
Pennisetum glaucum Saponins Cattle GIN eggs Egg hatching inhibition Soetan and Lasisi, 2008
Cichorium intybus Wa +Ace (leaves) Deer Dictyocaulis eckerti L; larvae LMIA Molan et al., 2003
and GIN L3 larvae
L. pedunculatus Wa+Ace (Whole plant) Deer Dictyocaulis eckerti L larvae Lungworm larvae mortality Molan et al., 2000
L. corniculatus and GIN L3 larvae LMIA
Hedysarum coronarium
Onobrychus viciifolia
C. intybus Purified CT Deer Dictyocaulis eckerti LMIA Schreurs et al., 2002
Coleus blumei Benth Leaf juices Poultry Raillietina spiralis Death Ridwan and Ayunita, 2007
C. blumei Benth He, Ch, Et, Wa (leaves) Poultry R. spiralis Death Ridwan et al., 2006
Crataeva nurvala Et (root) Poultry Tapeworm Paralysis and dead. Kamath et al., 2011
Acacia oxyphylla Me (stem) Poultry Raillietina echinobothrida Paralysis and destruction of Dasgupta and Roy, 2010
tegument
Tephrosia vogelli Wa (leaves) Poultry A. galli LMIA Siamba et al., 2007
Vernonia amygdalina
Polygonum hydropiper Dust of leaves Poultry A. galli Egg development inhibition Islam et al., 2008
Azadirachta indica Fresh juice
Carica papaya Wa, Et, Me (leaves)
Momordica charantia
Swietenia macrophylla
C. papaya Latex solutions Poultry A. galli Egg development inhibition Purwati and He, 1991b
Trichilia connaroides Me (seed and aerial parts) Poultry A. galli Paralysis Agarwal et al., 2010
Ajuga bracteosa Wa (root)
A. macrosperma
A. parviflora
Jatropha curcas Wa and Me (leaves) Poultry A. galli Paralysis Suharti et al., 2010
Death
C. nurvala Et (root) Poultry A. galli Not specified Kamath et al., 2011
A. oxyphylla Et (stem) Poultry A. galli Destruction of tegument Lalchhandama et al., 2009

CT, condensed tannins; SL, sesquiterpene lactones; Extracted with: Wa, water; Ace, acetone; He, hexane; Ch, chloroform; Et, ethanol; Me, methanol; GIN, gastrointestinal nematode; LFIA, larval feeding inhibition
assay; LEA, larval exsheathment assay; LMIA, larvae migration inhibition assay.
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Table 2

Summary of in vivo trials assessing the AH effect of plant materials against helminths in different livestock species.

Plant In vivo test
Plant material Host Parasite Effect Reference
Azadirachta indica Wa (Leaves) Cattle GIN Fecal egg reduction Akbar et al., 2003
Anana comosus Chopped leaves Cattle GIN Fecal egg reduction Akbar et al., 2003
Acacia karroo Leaves (supplement) Cattle Haemonchus sp. Fecal egg reduction Xhomfulana et al., 2009
Oesophagostomum sp. Reduction of worm
burden
Hedysarum coronarium Whole plant (grazing) Deer Ostertagia-type Reduction of abomasal Hoskin et al., 2000
Trichostrongylus axei nematode
Lungworm larvae establishment
Reduction of lungworm
larval count in feces
Cichorium intybus Whole plant (grazing) Deer GIN Not specified Hoskin et al., 1999
Neocarya macrophylla Et (leaves) Rabbits Ascaris sp. Higher body weight Barnabas et al.,
Celosia laxa Reduction of 2010-2011
Zanthoxylum eosinophyl counts
zanthoxyloides
Carica papaya Papaya latex Pigs A. suum Reduction of worm Satrija et al., 1994
burden
Quercus robur Acorns (supplement) Pigs A. suum Fecal egg reduction Salajpal et al., 2004
Oesophagostomum spp.
Strongyloides
Hyostrongylus spp.
Beta vulgaris Soluble fibre Pigs Oesophagostomum Reduced establishment PetkeviCius et al., 2001
dentatum and fecundity
Worm burden PetkeviCius et al., 2003
reduction
Reduced FEC/worm
burden
Coleus blumei Benth He, Et, Wa (leaves) Poultry Raillietina spiralis Reduction of tapeworm Ridwan et al., 2006
burden
Tephrosia vogelli Wa (leaves) Poultry Ascaridia galli Fecal egg reduction Siamba et al., 2007
Vernonia amygdalina
C. papaya Papaya latex (fruit) Poultry A. galli Reduction of egg Purwati and He, 1991a
infectivity Purwati and He, 1991c¢
Reduction of worn
burden infection
C. papaya Dry latex (Papain) Poultry A. galli Fecal egg reduction Adu et al., 2009
C. papaya Papaya seed powder and Wa Poultry A. galli Fecal egg reduction Ameen et al., 2012.
extract
Jatropha curcas Leave meal Poultry A. galli Fecal egg reduction Suharti et al., 2010

Extracted with: Wa, water; He, hexane; Et, ethanol; GIN, gastrointestinal nematode.
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sheep and goats (Hoste et al., 2012; Torres-Acosta et al., 2012). Finally, plant morphology has been shown to be important
as consumption of forage from taller plants may cause a reduction in ingestion of infective larvae (Barry et al., 2002) due to
reduced forage infectivity of the apical plant parts. This has been also suggested for sheep grazing paddocks which combined
grass and the browsing legume Leucaena leucocephala (Retama-Flores et al., 2012).

6.3. Rabbits

In many tropical countries, rabbits are a source of meat for human consumption. Smallholder farmers in many coun-
tries have traditionally used several plants to treat against their internal parasites, but little scientific validation has been
collected. For example, Lans and Turner (2011) recently reported a plant species (Acer macrophillum) which, according
to ethnoveterinary information, it is used for parasite control in rabbits. However no in vitro reports are in the scientific
literature.

The ethanolic extracts of leaves of Zanthoxylum zanthoxyloides, Neocarya macrophylla and Celosia laxa were assessed
against Ascaris sp infections in rabbits by Barnabas et al. (2010-2011). A reduced AH effect occurred with Z. zanthoxyloides
while C. laxa had an AH effect followed by N. macrophylla. However, the authors related the higher AH effect to higher
liveweight gain and lower eosinophil counts. No parasitological measurements, such as egg counts or worm counts, were
reported. Given the ability of rabbits to eat many forages, there is a clear research opportunity to include bioactive materials,
either as phytotherapeutics or nutraceuticals, to design and promote sustainable feeding systems.

6.4. Pigs

Possibly due to the industrial nature of commercial pig farms in many countries, GIN are not a major problem as pigs are
keptinside under management protocols which reduce the chance of helminth infections. In addition, many pork production
companies treat their animals with a commercial AH drug once or twice per year, even when they have no infection. Thus,
GIN infections are mainly a problem for outdoor grazing production systems or smallholder production systems. It is evident
that there is commercial interest in achieving control of GIN infections in outdoor pig production systems, especially amongst
organic farmers (Thamsborg et al., 2010). However, in vivo research on use of plant materials for control of GIN has only
produced few publications and no in vitro experiments were found in the scientific literature.

The AH effect of some phytogenic feed additives was evaluated as an infection of Ascaris suum in growing and finishing pigs
using a mixture of Thymus vulgaris, Melissa officinalis and Echinacea purpurea, with or without Camellia sinensis. Additionally
the individual plants C. papaya, Peumus boldus and Artemisia vulgaris. were also assessed. None of these materials were
successful in reducing infection, although the herb mixture without C. sinensis and also P. boldus leaf slightly reduced the
number of worms in the intestinal tract (Van Krimpen et al., 2010). However, other studies have shown that treatment with
papaya latex at levels of 2, 4 or 8 g/kg liveweight reduced worm burdens of pigs naturally infected with A. suum by 40, 80 and
100%, respectively. However these studies also showed that a high dose of C. papaya latex may also produce a mild diarrhea
or constipation in pigs (Satrija et al., 1994).

Use of Quercus robur (65 g tannin/kg DM) fed to Black Slavonian pigs raised in outdoor production systems with naturally
acquired parasite infection resulted in a reduction of 96% in total GIN fecal egg count. The egg count reduction for A. suum
was 97% while for the other GIN (i.e., Oesophagostomum sp, Strongyloides sp and Hyostrongylus sp) it was 94% (Salajpal et al.,
2004).

A promising avenue of research in control of parasitic nematodes of pigs has been with materials rich in fructans
(inulin) such as Beta vulgaris. These easily fermentable carbohydrates can reduce egg output, worm burden and fecun-
dity of Oesophagostomum dentatum (Petkevicius et al., 2001, 2003). Thamsborg et al. (2010) recently reviewed experiments
performed in this area, including those investigating the possible mechanism of action: the production of short chain fatty
acids during fermentation of carbohydrates in the large intestine (Petkevicius et al., 2004).

6.5. Poultry

Much like commercial pig production systems, the commercial poultry industry is highly specialized. However subsis-
tence production systems in various parts of the world justifies the significant body of research evidence on AH activity of
plant bioactive compounds in poultry. This has focused on tapeworms (Raillietina spiralis) and round worms (Ascaridia galli)
in studies mainly in Asia and Africa where free range poultry remains an important rural activity. The World Association for
the Advancement of Veterinary Parasitology guidelines for evaluating effectiveness of AH against parasite species affecting
chickens and turkeys (Yazwinski et al., 2003) suggests only in vivo studies. However, several studies with plant materials
have relied on in vitro and in vivo studies.

Leaf juices of Coleus blumei had strong AH activity against the chicken tapeworm Raillietina sp., probably because Coleus
leaves contain flavonoids, steroids, tannins and saponins (Ridwan and Ayunita, 2007). Hexane, chloroform, ethanol and
water extracts of Coleus leaves have also been tested. The highest activity has been with the chloroform extract, with a ECsg
of 5mg/ml, followed by n-hexane 9 mg/ml and methanol extract 10.2 mg/ml. The water extract had a weak AH activity of
106.2 mg/ml. Chloroform proved to be a more efficient extractant of the bioactive compounds (Ridwan et al., 2006). Crataeva
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nurvala extract has also exhibited AH activity against tapeworms, but isolation of the active principles responsible for the
activity was not completed (Kamath et al., 2011).

The crude methanolic extract of Acacia oxyphylla has been tested against Raillietina echinobothrida. Observation of the
ultra structure on paralyzed worms revealed wide scale destruction of the parasite tegument with intense vacuolization of
the syncytium and swellings of the basal lamina accompanied by deformities in the cell organelles. Phosphatase activity
was decreased in tegumental enzymes. Alterations in the structural and functional integrity of the tegument seemed to
compromise the permeability of the tegument under the influence of the plant extract (Dasgupta and Roy, 2010).

Extracts from Tephrosia vogelli and Vernonia amygdalina had AH activity against A. galli (using the LMIA). A migration
inhibition of 75 and 64% occurred. The constituents of these plants included rotenoids, SL, glycosides, anthracenes and
tannins (Siamba et al., 2007). Islam et al. (2008) reported results with Polygonum hydropiper, A. indica, C. papaya, Momordica
charantia and Swietenia macrophylla as fresh juice, extracts (i.e., aqueous, ethanol, methanol extracts) and leaves as a dry
powder. Extracts of C. papaya had the highest AH efficacy as tested by inhibition of nematode egg development. Amongst
the selected plants, fresh juice of P. hydropiper leaves had the highest effectiveness and the P. hydropiper leaves was the most
effective against A. galli. Consequently, these authors proposed that using P. hydropiper leaves added to the litter may cause
inhibition of development of A. galli eggs. In a similar fashion, they proposed use fresh juice and the extract of P. hydropiper,
A. indica and C. papaya to impregnate the bedding, which can be used after it is sun-dried. Also, the latex of C. papaya tree
has proved effective against development of infective eggs (Purwati and He, 1991b).

The mode of action of the bioactive compounds in methanol, chloroform, acetone and aqueous extracts of Trichilia con-
naroides, Ajuga bracteosa, A. macrosperma and A. parviflora was evaluated by measuring the frequency and amplitude of
spontaneous muscular contractions of adult A. galli. Inhibition in amplitude and frequency of the contractile activity in a
dose dependent manner occurred for methanol extracts of seeds, pericarps, the aqueous extract of roots of T. connaroides, and
methanol extracts of A. parviflora and A. macrosperma roots, as well as A. bracteosa aerial parts. These observations indicate
the paralyzing effect of the extracts on A. galli. There was no inhibition of the contractile activity when using chloroform
extracts of seeds, acetone extracts of leaves of T. connaroides or the methanol extract of A. bracteosa roots (Agarwal et al.,
2010). The authors concluded that extracts demonstrated a paralyzing effect caused by progressive reduction in spontaneous
muscular activity which may be associated with an inhibitory effect on the neuromuscular system of A. galli. The effect of
T. connaroides extracts was attributed to the presence of polyphenols. The activity found in the extracts of the genus Ajuga
(i.e., A. bracteosa, A. macrosperma, A. parviflora) was attributed to the presence of clerodane and neo-clerodane diterpenoids
(Agarwal et al., 2010). However, there was no confirmation of the activity of those compounds or any other compounds.
Studies with Jatropha curcas leaf water extract or the methanolic extract (rich in triterpenoids and steroids) had a paralyzing
effect which was higher with the water extract. Meanwhile, the killing percentage was higher with the methanol extract
(Suharti et al., 2010). Finally, the ethanol extract from roots of Crataeva nurvala exhibited AH activity against A. galli (Kamath
etal., 2011).

Similar to findings with chicken tapeworms (Dasgupta and Roy, 2010), when the ethanol extract of Acacia oxyphylla
Graham ex Bentham stem bark was tested, scanning electron microscopy indicated severe structural alterations on the fine
topography of A. galli. Severe shrinkage of the cuticle, loosening and collapse of the lips, and extensive irregular wrinkles
all over the body surface were very distinct on the plant extract-treated nematodes. Moreover, high magnification of the
cuticle revealed formation of a number of small swellings or blebs, which apparently marked the initiation of disintegration
of the entire cuticle (Lalchhandama et al., 2009).

Only one report is in the literature regarding in vivo assessment of bioactive compounds of Raillietina sp. against chicken
tapeworm. Despite promising in vitro results when assessed in vivo with chickens, the chloroform extract of C. blumei
(25 mg/kg BW) did not reduce the number of tapeworms (Ridwan et al., 2006).

More research has been completed regarding in vivo assessment of AH effects of plant bioactive compounds against A.
galli. The AH activity of C. papaya has been reported against adult worms (Purwati and He, 1991a,c; Singh and Nagaich, 1999;
Satrija et al., 2001; Adu et al., 2009; Ameen et al., 2012). Purwati and He (1991a,c) assessed efficacy of C. papaya latex as an
oral administration of a 20% water solution in laying hens, with a patent experimental infection and found 100% efficacy with
a single treatment of 1120 mg/bird/d. Meanwhile, Adu et al. (2009) found that 1200 mg extract/bird/d (i.e., papain) caused
a 78% reduction of EPG. Finally, effects of papaya seed powder at 300 mg/bird/d and the water extract of the seed powder
at 1 ml/10 ml of water administered at 500 mg/bird/d showed 100% fecal egg reduction two wks after the second dosage in
naturally infected layers (Ameen et al., 2012).

Extracts from T. vogelli and V. amygdalina caused a fecal egg count reduction of 77 and 77%, respectively, and reduced
total worm counts at necropsy (Siamba et al., 2007). Additionally, J. curcas leaf meal caused a reduction in fecal worm egg
counts (Suharti et al., 2010).

7. Conclusions

There is a clear AH potential amongst several plant materials against the most common parasites of small ruminants,
cattle, deer, pigs, rabbits and poultry. The bioactive compounds contained in phytotherapeutics and nutraceuticals tested to
date vary. Further research is needed to understand modes of action under in vivo conditions before commercial adoption.
While applicability of bioactive materials should be studied in various production systems with various farm animal species,
they may become important in the design of sustainable helminth management strategies.
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