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ABSTRACT. Parasites (protozoa, helminthes, arthropods) represent a main threat for poultry worldwide. Among 
helminthes, nematodes constitute the most important group of parasites of poultry. The nematode Ascaridia galli, the cause 
of ascaridiosis in poultry, is one of the most important and prevalent parasites, resulting in serious economic losses, asso-
ciated with the treatment cost, the decreased feed efficiency, and the poor egg and meat production. During the past few 
decades the indiscriminate use of anthelmintic drugs has generated several cases of resistance in helminthes in poultry, 
situation which is coupled with the severity of residues in poultry products. For this reason, nowadays attention has been 
drawn to the use of botanicals in poultry diet, due to their anthelmintic properties. Furthermore, the dietary use eco-friend-
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INTRODUCTION

Parasitism with protozoa, helminthes and arthro-
pods remains a main threat for poultry world-

wide inducing heavy production losses in animals 
(Ahmad et al., 2013). Between helminthes, like 
Roundworms (Nematodes), Tapeworms (Cestodes) 
and Flukes (Trematodes), nematodes are the most 
important ones (Rafi et al., 2011). Ascaridia galli 
(A. galli), Heterakis gallinarum (H. gallinarum) 
and Capillaria spp. are the most common round-
worms of poultry, with A. galli being the most 
prevalent (Kaufman et al., 2011). Researchers’ 
interest in relation to alternative control measures 
has been focused mainly on A. galli. This parasite 
is responsible for clinical and subclinical parasit-
ism. In heavily infected poultry the clinical signs 
include droopiness, diarrhea and hemorrhages. Also, 
during heavy infestation birds may show signs of 
decreased weight gain and retarded growth, due 
to damaged integrity of the intestinal mucosa and 
subsequent impaired nutrient utilization (Das et al., 
2010). In more severe cases and especially in young 
birds, intestinal blockage may occur, leading to 

death (Abdelqader et al., 2008). A. galli infections 
result in serious economic losses, usually associated 
with treatment cost, decreased feed efficiency and 
poor egg and meat production (Martin-Pacho et al., 
2005). Another very debilitating factor resulting in 
economic losses is the ability of A. galli eggs to act 
as vectors for transmission of fatal bacterial infec-
tious organisms, such as Salmonella enterica and 
Escherichia coli (Permin et al., 2006).

During the past few decades, novel research on the 
transmission of helminthes has enabled scientists to 
develop efficient products for their control. However, 
the indiscriminate use of antiparasitic drugs in poul-
try has generated cases of resistance to conventional 
drugs, especially piperazine and benzimidazoles, 
such as fenbendazole and albendazole (Abdelqader 
et al., 2012; Yazwinski et al., 2013). This situation, 
coupled with the severity of the associated risks of 
chemical residues in poultry products and the high 
cost of treatment compliance in endemic regions, 
necessitates further efforts into the discovery of 
novel drugs from either natural or synthetic sources 
(Anthony et al., 2005). 

ly of these plant derived substances compared to conventional synthetic anthelmintic drugs is considered as a natural and 
ecofriendly approach by the consumers. The focus of the present review is to recapitulate the studies, both in vivo and in 
vitro, that have demonstrated the anthelmintic efficacy of various dietary botanicals in controlling poultry ascaridiosis.

Keywords: Helminthes, Ascaridia galli, Botanicals, Poultry.

ΠΕΡΊΛΗΨΗ. Τα παράσιτα (πρωτόζωα, έλμινθες, αρθρόποδα) αποτελούν σημαντική απειλή για τα πτηνά 
παγκοσμίως. Μεταξύ των ελμίνθων, τα νηματώδη συνιστούν τη σπουδαιότερη ομάδα παρασίτων των πτηνών. 
Το νηματώδες Ascaridia galli, αίτιο της ασκαριδίωσης των πτηνών, είναι ένα από τα πλέον σημαντικά και συχνά 
παράσιτα, προκαλώντας σοβαρές οικονομικές απώλειες, που συνδέονται με το κόστος θεραπείας, τη μειωμένη 
αξιοποίηση της τροφής και τη μείωση της παραγωγής αυγών και κρέατος. Κατά τη διάρκεια των τελευταίων δεκαετιών, 
η αλόγιστη χρήση ανθελμινθικών φαρμάκων οδήγησε στην ανάπτυξη ανθεκτικότητας σε κάποια ανθελμινθικά που 
χρησιμοποιήθηκαν σε πτηνά, γεγονός που σχετίζεται με την παρουσία καταλοίπων στα προϊόντα των πτηνών. Για το 
λόγο αυτό, τα τελευταία χρόνια το ενδιαφέρον των ερευνητών έχει στραφεί στη χρήση φυτοβιοτικών στη διατροφή 
των πτηνών εξαιτίας των ανθελμινθικών ιδιοτήτων τους. Επιπλέον, η χρήση αυτών των φυτικής προέλευσης ουσιών σε 
σύγκριση με τα συμβατικά συνθετικά ανθελμινθικά φάρμακα θεωρείται ως μια φυσική και φιλική προς το περιβάλλον 
προσέγγιση από τους καταναλωτές. Σκοπός της παρούσας ανασκόπησης είναι η παράθεση των ερευνών, τόσο in vivo 
όσο και in vitro, που παρουσιάζουν την ανθελμινθική αποτελεσματικότητα διαφόρων φυτοβιοτικών στον έλεγχο της 
ασκαριδίωσης των πτηνών.

Λέξεις ευρετηρίασης: ‘Ελμινθες, Ascaridia galli, Φυτοβιοτικά, Πτηνά.
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For sustainable control of A. galli different 
approaches have been employed such as, nutrition of 
host animal (Das et al., 2010), utilization of genetic 
resistance (Kaufman et al., 2011), biological control 
(Braga et al., 2011), and the use of plants with prom-
ising anthelmintic activity (Anthony et al., 2005). 

Attention has been drawn to the screening of botan-
icals for their anthelmintic properties (Anthony et 
al., 2005). Accordingly, the knowledge of traditional 
herbal remedies is scientifically examined in order to 
find new plants having potent broad spectrum anthel-
mintic activity with less toxicity (Mali and Mehta, 
2008). Compared to conventional synthetic anthel-
mintic drugs, plant derived products are considered 
natural and eco-friendly. Moreover, many such prod-
ucts are certified as GRAS (Generally Recognized As 
Safe) by the FDA (Food and Drug Administration) 
and therefore could be ideal candidates as feed 
additives (Brenes and Roura, 2010; Christaki et al., 
2012). The use of phytogenic bioactive compounds 
for poultry nematode control is increasing in dif-
ferent commercial production systems and it has a 
reduced impact on environment (George et al., 2009). 
Furthermore, the active components of plants are 
compounds with great structural diversity and low 
molecular weight. These components can be active 
against many biological processes of the parasites and 
this diversity can preclude the development of anthel-
mintic resistance (Tariq et al., 2009). 

Aim of this review is to summarize the current 
knowledge regarding the use of plant derived sub-
stances to control A. galli parasitism in poultry. 
Under this effort their anthelmintic activities and var-
ious proposed modes of action are discussed. 

BOTANICALS
Recently, strong research interest is focused 

on botanicals (or phytogenics or phytobiotics). 
Botanicals are made from plants, algae, fungi or 
lichens (European Food Safety Authority, 2009b). 
Currently, they are under examination for their var-
ious bioactive activities: improving feed intake 
and flavour; stimulating the secretion of digestive 
enzymes; increasing gastric and intestinal motili-
ty; endocrine stimulation; anticoccidial and other 
antiparasitic activities; antimicrobial, anti-viral, 

immune-stimulating, anti-inflammatory and antioxi-
dative activity. The main active substances of botan-
icals are considered to be the plant secondary metab-
olites. Botanicals vary greatly due to the enormous 
variety of different plants used, the different methods 
used in their preparation, and their formulations 
(Christaki et al., 2012; Bozkurt et al., 2013). 

Traditionally, the easiest way to prepare botanicals 
is to separate the plant part that contains the active 
substances (seeds, leaves, bark, etc) and then dry and 
grind it to powder (Christaki et al., 2012; Bozkurt et 
al., 2013). Nevertheless, the research focus is now 
on the separation and identification of their active 
ingredients, using gas chromatography and mass 
spectrometry (Brenes and Roura, 2010). 

Some of the main botanical extracts are essential 
oils and oleoresins. Essential oils (volatile oils; ethe-
real oils; aetherolea) are aromatic oily liquids that 
originate from plants. Essential oils can be complex 
mixtures of many secondary plant metabolites, main-
ly low boiling terpenes (examples: linalool, geraniol, 
borneol, menthol, thujanol, citronnillol, α-terpin-
eol), phenols (examples: thymol, carvacrol, eugenol, 
gaiacol), aromatic aldehydes (examples: cinnamal-
dehyde, cuminal and phellandral), and their alcohol, 
aldehyde or ester derivatives. (Brenes and Roura, 
2010; Christaki et al., 2012).

Oleoresins are naturally occurring mixtures of 
essential oils and resins. They can be obtained from 
plants by extraction with a nonaqueous solvent (alco-
hol, ether, or acetone), followed by the removal of the 
solvent through evaporation. They contain volatile 
and non-volatile plant constituents (McCloud, 2010). 

Botanicals can be produced from single plants or 
they can be mixtures from different plants. The idea 
of using mixtures is to exploit possible synergistic 
effects, so as to maximize the bioactive effects of 
different secondary metabolites and to minimize the 
concentrations required to achieve a particular effect 
(Kirkpinar et al., 2011).

The solvent of the extract also plays an important 
role in the activity of the botanical. Different solvents 
have variable physical properties such as polarity, 
which can affect the solubility and the activity of the 
plant metabolites, when the extract is ingested by the 
parasite or comes in contact with its surface (transcu-
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ticular absorption), especially under in vitro experi-
ments (Ahmad et al., 2013; Kaingu et al., 2013).

ACTIVE SUBSTANCES OF BOTANICALS 
WITH ANTHELMINTIC ACTIVITIES

As already mentioned, the active substances of 
botanicals are plant metabolites that are synthesized 
by plants throughout their life cycle. They are dis-
tinguished in primary and secondary metabolites 
(Hrcova and Velebny, 2013; Marin et al., 2015). 

Plant primary metabolites such as carbohydrates, 
lipids, proteins and nucleic acids, are the main com-
pounds of basic metabolic pathways and also precur-
sors for the synthesis of the plant secondary metabo-
lites (Hrcova and Velebny, 2013; Marin et al., 2015). 

Plant secondary metabolites are organic com-
pounds synthesized by plants that have important 
functions for the plant, mediating interaction with 
other plants or organisms; for example protection 
against microbial or insect attack or attraction of 
pollinators and seed-dispersing. Plant secondary 

metabolites are often colored, fragrant or flavorful 
compounds. Based on their biosynthetic origin and 
chemical structure they be divided into three wide 
groups: terpenes (or terpenoids), phenolics (or phe-
nols or phenolic compounds) and nitrogen-contain-
ing compounds (Hrcova and Velebny, 2013).

MODES OF ACTION OF BOTANICALS 
AGAINST HELMINTHES

Various modes of action have been suggested for 
the botanicals although it is possible that other mech-
anisms are not sufficiently identified yet. 

1. Antelminthic activity of plant secondary metab-
olites

An overview of plant secondary metabolites effects 
against helminthes is presented in Figure 1.

1.1. Starvation
Some monoterpenes, like ascaridole (from plant 

Fig 1. Plant secondary metabolites and their modes of action against helminthes
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Chenopodium ambrosioides), can disrupt the tubulin 
polymerization in the intestinal cells of the para-
sites, which leads to their degeneration and death 
(Wink, 2012; Jain et al., 2013). Ascaridole is effec-
tive against helminthes and has been used since the 
1900s, but today its use has been limited, as it is con-
sidered mutagenic and poisonous. Also, some plant 
secondary metabolites separately or jointly can block 
glucose uptake by the parasite (Jain et al., 2013). 

Tannins have the capacity to bind free protein in 
the digestive tract, thus limiting the nutrient avail-
ability and possibly resulting in larval starvation 
(Jain et al., 2013). Another possible action of tan-
nins is the decrease in gastrointestinal metabolism 
directly through inhibition of oxidative phosphory-
lation, again leading to larval death (Athanasiadou 
et al., 2001; Kateregga et al., 2014). Tannins and 
flavonoids could inhibit energy production in the 
parasite cells by blocking phosphorylation reactions 
(Sharma and Prasad, 2014). Tannins may also bind 
to free protein in the gastrointestinal tract, as well 
as to proteins of the cuticle of parasite, thus limiting 
the ability to absorb nutrients. Condensed tannin 
ingested by the larvae of nematodes can bind to their 
intestinal mucosa and cause autolysis (Schultz, 1989; 
Athanasiadou et al., 2001).

Steroidal alkaloids and oligoglycosides can limit 
the amount of sugars, such as sucrose that reach the 
small intestine from the stomach, as well as affect 
the generation of nitrates (Borba et al., 2010). These 
effects modify the local conditions in the intestine, 
making them unfavorable for the development of 
intestinal parasites (Borba et al., 2010). 

Likewise, saponins can restrict feed intake, limiting 
the available nutrients for the helminthes and possi-
bly causing their death (Kateregga et al., 2014).

Also, it has been hypothesized that some plant 
extracts induce an inflammatory response in the 
gastric and intestinal mucosal of the host, which dis-
rupts the local homeostasis that is necessary for the 
development of the helminthes (Borba et al., 2010). 
In addition, it has been suggested that some plant 
secondary metabolites play an important role in the 
regulation of the carbohydrate metabolism (Bazh and 
El-Bahy, 2013). In this case, it is speculated that the 
branch point of phosphoenolpyruvate carboxykinase/
pyruvate kinase forms the basis of the anthelmintic 

attack by the plant derived components (Bazh and 
El-Bahy, 2013).

1.2. Damage to the helminth cuticle
Any damage to the mucopolysaccharide membrane 

of the parasite results in movement restriction and 
possibly in paralysis (Chandrashekhar et al., 2008; 
Jain et al., 2013). The binding effect of tannins on 
the cuticle results in the loss of its flexibility due to 
hydrogen bonding. This type of reactivity may lead 
to increased toughness of the cuticle and hence the 
helminthes become immobile and nonfunctional. 
Larvae are then unable to burrow into the mucosal 
lining of the small intestine of the host, and are sub-
sequently eliminated from the host (Salhan et al., 
2011; Jain et al., 2013).

1.3. Effects on mobility
Alkaloids may act on central nervous system of 

the parasite and cause paralysis of helminthes (Roy 
et al., 2010; Jain et al., 2013). Alkaloids pelletierine 
from Punica granatum (Lythraceae) and arecoline 
from Areca catechu (Arecaceae), target acetylcho-
line receptors as competitive antagonists and can 
cause paralysis of the helminthes (Wink, 2012). The 
anthelmintic activity of alkaloids has been demon-
strated in two rat nematodes; Strongyloides ratti and 
Strongyloides venezuelensis (Kateregga et al., 2014). 
Paralyzed parasites in the digestive tract are unable 
to remain adhered on the intestinal wall of the host 
and are removed through peristalsis. It is also possi-
ble that these parasites starve to death (Wink, 2012).

Some terpenes, such as thymol and carvacrol, are 
neurotoxic to nematodes and interact with Ser-2, a 
Caenorhabditis elegans tyramine receptor (Lei et al., 
2010; Kaplan et al., 2014). In nematodes, tyramine 
is believed to play a role in foraging behavior and 
pharyngeal pumping (Rex et al., 2004). Tyramine 
is a nonpeptidic hormone that can only be found in 
invertebrates and thus it is considered an important 
substance in antiparasitic research (Klowden, 2007).

Phloroglucinols, such as aspidin, deaspidin, and 
filixic acid, which can be found in Dryopteris filix-
mas (Dryopteridaceae) can paralyze helminthes, and 
this effect is more pronounced on cestodes (Murthy 
et al., 2011; Wink, 2012).
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of them evaluate the effect of plants against A. galli 
in chicken (Gallus gallus domesticus). It has been 
reported that botanicals exert similar anthelmintic 
activity both in vivo and in vitro, usually in a con-
centration and time-dependent manner (Alawa et al., 
2003; Adedapo et al., 2007). In a number of studies, 
the anthelmintic effects of botanicals against A. galli 
in poultry were compared to conventional antiparasit-
ic drugs, such as albendazole, levamisole, piperazine, 
etc, suggesting that botanicals can partially or totally 
substitute those reference drugs (Akhtar and Riffat 
1985, Al-Harbi 2011, Bazh and El-Bahy 2013). It is 
notable that in most cases the efficacy of botanicals 
was adequate, although not up to par, with the anthel-
mintic drugs. Since testing biological activity under 
in vivo conditions has several difficulties, such as the 
inherent features of animals and self-cure phenom-
enon, most of the studies refer to in vitro screenings 
of the anthelmintic efficacy of different botanicals 
(Sandoval-Castro et al., 2012).

1. In vivo studies 
Under in vivo studies when botanicals were sup-

plemented, either in the water or in the feed, they 
depressed the fecal egg count of Ascaridia galli as 
well as reduced the adult worm burden in parasitized 
poultry (Table 1).

In a study with Lohmann Leghorn chicks a mixture 
of ethanol extracts from orange (Citrus x sinensis), 
lemon (Citrus x lemon), and mandarin (Citrus reticu-
lata), was added in the feed (at 300, 600 or 1200 mg/
kg of b.w.) and a significant dose dependent reduc-
tion in fecal egg output and parasitic worm burden 
was recorded (Abdelqader et al., 2012). Moreover, 
Melia azedarach fruit (powder at 20 mg/kg of b.w. or 
equivalent amounts of water extract, methanol extract 
or ethanol extract) were found to inhibit A. galli egg 
development in chickens infected with the parasite 
(Akhtar and Riffat, 1985). Likewise, it was shown 
that A. galli challenged cockerels exhibited a dose 
dependent reduction in fecal egg count, when treat-
ed with graded doses of ethanolic extract (100, 200 
and 400 mg / kg b.w.) from the bark of Piliostigma 
thonningii (Asuzu and Onu, 1994). In addition, it has 
been demonstrated that Caesalpinia crista, known as 
karanjwa, when administered to broilers as seed pow-
der (at 30, 40, and 50 mg/kg of b.w. or as equivalent 

1.4. Impact on growth and reproduction 
It is possible that, tannins directly or indirectly 

reduce the number of hatching eggs, the rate of lar-
vae development and the number of eggs produced 
from adult parasites (Athanasiadou et al., 2001; Van 
Krimpen et al., 2010), via not sufficiently identified 
mechanisms. It has been proposed that substances 
with hormonal effect, such as triterpenes, disrupt the 
reproductive cycle of the parasite. These effects have 
been investigated for some plants, for example for the 
genus Artemisia, against the nematodes Ascaris suum 
of pigs, as well as Toxocara spp. of carnivores and the 
cestodes Moniezia spp. of ruminants (Githiori, 2004; 
Van Krimpen et al., 2010; Acton, 2012). 

It is possible that the secondary metabolites affect 
helminthes variously depending on different stages 
of their development. Also, a main factor that con-
tributes to the anthelmintic activity of the secondary 
metabolites is the conditions in the digestive tract. 
For example, the formation and disassociation of 
complexes between proteins and tannins is greatly 
affected by the pH. Complexes between condensed 
tannins and protein remain stable in pH between 5 
and 7, but they disassociate in pH higher or lower 
than the above (Athanasiadou et al., 2001). Also, the 
presence of surfactants, such as bile acids, has been 
reported to be important for the disassociation of tan-
nin–protein complexes.

Further research is required in order to identify 
additional modes of action of botanicals against hel-
minthes of poultry, as well as the possible interactions 
between major and minor bioactive components. 

2. Additional beneficial activities of plant second-
ary metabolites 

Botanicals can have additional effects that benefit 
poultry health and performance such as antimicrobial 
activity (Christaki et al., 2012),  immunomodulatory 
effects (Anthony et al., 2005), antioxidant activity 
(Christaki et al., 2012), anti-inflammatory proper-
ties (Borba et al., 2010) and appetite and digestion 
enhancing effects (Borba et al., 2010).

IN VIVO AND IN VITRO STUDIES 
Several up-to-date studies have demonstrated the 

anthelmintic efficacy of different botanicals and most 
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2. In vitro studies 
Researchers have evaluated different plant extracts 

under in vitro conditions against A. galli collected 
from freshly slaughtered poultry. The commonly 
observed anthelmintic effects included paralysis and 
death, as well as inhibition of egg and larvae develop-
ment (Table 2).

Bazh and El-Bahy (2013) revealed that when living 
worms were incubated at 37 °C in media containing 
ginger (Zingiber officinale) and curcumin (Curcuma 
longa L) methanolic extracts at three concentration 
levels (25, 50 and 100 mg/ml), their physical activi-
ty (spontaneous movement) as well as their survival 
was reduced in a concentration and time dependent 
manner. Likewise, Lal et al. (1976) demonstrated 

amounts of water and methanol extracts) reduced A. 
galli egg numbers in chicken faeces, analogously to 
piperazine (Javed et al., 1994). Also, the extracts of 
Tephrosia vogelli and Vernonia amygdalina (doses 
not mentioned) not only significantly depressed fecal 
egg output, but also reduced the adult worm popu-
lation in A. galli parasitized poultry (Siamba et al., 
2007). Another study reported that Punica granatum 
dry peel, orally administered to infected hens at 0.5, 
1.0 and 1.5 g/kg of b.w., reduced fecal egg count, 
analogously to levamisole, while increasing hemato-
crit (packed cell volume, PCV), total serum proteins 
and body weight (Sabri, 2013). Furthermore, neem 
(Azadirachta indica) leaves extract was supplemented 
to chickens at 200 mg/kg of b.w., leading to a signif-
icant increase in body weight (Khokon et al., 2014). 

Plant name Plant 
part used

Examined form and 
dosage

Source of A. 
galli worms Effect against A. galli References

Citrus x sinensis
Citrus x lemon
Citrus reticulata

Peels
Peels
Peels

Dietary addition of mix-
tures at 300, 600 and 1200 

mg/kg of body weight
Chickens

Fecal egg reduction; 
Worm motility inhibition (Abdelqader et 

al., 2012)

Melia
azedarach Fruit

Fruit powder at 20 mg/kg; 
Equivalent water extract, 

methanol extract,
ethanol extract 

Chickens Egg development inhibi-
tion

(Akhtar and 
Riffat, 1985)

Piliostigma
thonningii Bark

Ethanolic extracts at 100, 
200 and 400 mg / kg body 

weight
Chickens Fecal egg reduction (Asuzu and Onu, 

1994)

Caesalpinia 
crista Seeds 

Powder and methanolic 
extracts at 30, 40 and 50 

mg/kg body weight
Chickens Fecal egg reduction (Javed et al., 

1994)

Tephrosia 
vogelli 
Vernonia
amygdalina

Leaves
Leaves

Water extracts. Doses not 
mentioned Chickens

Fecal egg reduction; 
Reduction of adult worms 

population

(Siamba et al., 
2007)

Punica
granatum Peel Dry peel at 0.5, 1.0 and 

1.5 g/kg of body weight Laying hens

Fecal egg reduction
Increased packed cell vol-
ume, total serum proteins, 

body weight

(Sabri, 2013)

Azadirachta 
indica Leaves Aqueous extract at 200 mg 

/ kg of body weight Chickens Increased bird body 
weight; Parasite death

(Khokon et al., 
2014)

Table 1. In vivo anthelmintic activities of various botanicals against Ascaridia galli.



718 SYMEONIDOU I., BONOS E., MOUSTAKIDIS K., FLOROU-PANERI P., CHRISTAKI E., PAPAZAHARIADOU M.

J HELLENIC VET MED SOC 2018, 69(1)
ΠΕΚΕ 2018, 69(1)

that extracts from Carica papaya seeds (alcohol 
extract at 25 mg/ml), Sapindus trifoliatum fruit peri-
carp (alcohol extract at 10 mg/ml), Butea frondosa 
seeds (alcohol extract at 200 mg/ml) and Momordica 
charantia fresh juice (alcohol extract at 100 mg/
ml) caused paralysis and death of A. galli procured 
from fowls. Additionally, crude alcohol and aque-
ous extracts of seeds of Cleome viscosa exhibited 
considerable dose-dependent antiparasitic results 
(10, 50, 100 mg/ml) against A. galli worms (Mali et 
al., 2007). Kosalge and Fursule (2009) recorded the 
paralysis and death of A. galli and Raillietina spp. 
when administering the aqueous extract of Thespesia 
lampas roots at concentrations of 10, 20 and 50 mg/
ml, and thus proposed that this extract can be used 
effectively as an anthelmintic. Another similar study 
showed that the methanolic extract (10, 25, 50 mg/
ml) of Cymbopogon citratus leaves displayed better 
antihelmintic efficacy against A. galli in terms of 
paralysis and death, than the aqueous extract (10, 
25, 50 mg/ml) of the same plant (Gore et al., 2010). 
Al-Harbi (2011) comparing aqueous solution of dried 
Artemisia abssinthium leaves and powder suspension 
of dried Lepidium sativium seeds with levamisole 
against A. galli, found that all of them have the same 
effectiveness against this parasite, causing paralysis 
and subsequently death after a period of exposure. 

Kundu et al. (2012) revealed the broad wormicidal 
(paralysis and death) in vitro activity of Cassia alata, 
Cassia angustifolia and Cassia occidentalis (crude 
ethanol extracts at 10, 20 and 40 mg/ml) against 
various parasites (trematode Catatropis spp., ces-
tode Raillietina tetragona and nematode H. galli-
narum) collected from domestic fowl. The observed 
effects could be attributed to the large amount of 
alkaloids, flavonoids, glycosides, tannins that these 
plants are known to contain (Hossain et al., 2012). 
Another study revealed similar effects for the etha-
nolic extract of the leaves of Eupatorium triplinerve 
(50 and 100 mg/ml) and of the rhisome of Alpinia 
galangal (100 mg/ml) against A. galli. The activity 
of these plants was comparable to albendazole and 
can be attributed for A. galangal to the many flavo-
noids that it contains, such as kaempferide, kaem-
perol, galangin and alpinin, whereas for the crude 
extracts of E. triplinerve to the presence of phenolic 
compounds and coumarins (Charles et al., 1992; 

Subash et al., 2012). Likewise, it was demonstrated 
that various concentrations of crude hydroalcoholic 
extracts (25 and 50 mg/ml) and aqueous extract (50 
mg/ml) from Mentha longifolia leaves resulted in 
concentration and time dependent paralysis and death 
of A. galli (Ahmad et al., 2013). Also, aqueous (25, 
50, 100 mg/ml) and ethanol extracts (10, 25, 50 mg/
ml) of Azadirachta indica leaves, Carica papaya 
seeds and Momordica charantia bark, caused ces-
sation of motility and increased mortality of A. galli 
(Shah Alam et al., 2014), comparable to the effects 
of levamisole and piperazine. Moreover, it has been 
reported that the extracts of Tephrosia vogelli and 
Vernonia amygdalina (doses not mentioned) can 
inhibit larvae mobility (Siamba et al., 2007).

In another study, A. galli treated with different 
concentrations (5, 10, 20 mg/ml) of Acacia oxyphylla 
methanol extract demonstrated extensive structur-
al alterations, such as rupture of the ovaries and 
deformity on the egg membranes, detachment of 
the cuticle, disintegration of the muscular layers of 
the nematode and subsequent death (Lalchhandama, 
2008). The wormicidal in vitro potential of leaves 
and fruits of aqueous extracts of Sesbania grandi-
flora and Solanum torvum (10, 20, 30, 40, 50, 60, 
70, 80, 90, 100, 110, 120, and 130 mg/ 100 ml) 
was proven against A. galli from laying hens (Jothi 
Karumari et al., 2014). Furthermore, Kateregga et al. 
(2014) revealed that the use of Cassia occidentalis 
methanolic leaf extract (8, 12, 16, 20 and 24 mg/
ml) caused the death of H. gallinarum and A. galli. 
The main phytochemicals of C. occidentalis leaves 
are saponins, flavonoids, terpenes, sterols, alkaloids 
and tannins (Muyibi et al., 2000). Likewise, another 
study demonstrated that a mixture of ethanol extracts 
from orange (Citrus x sinensis), lemon (Citrus x 
lemon), and mandarin (Citrus reticulata) at 50 mg/ml 
has potential wormicidal properties against A. galli 
in vitro (Abdelqader et al., 2012). Similarly, neem 
(Azadirachta indica) leaves aqueous extract, in a 
range of concentrations (1, 2, 4 and 20 mg/ml), pre-
sented sufficient anthelmintic effect, causing death 
of A.galli worms (Khokon et al., 2014). In addition, 
Kaushik et al. (1981) evaluated 11 plants extracts 
(Amomum aromaticum root and rhisome, Ammora 
wallichii stem, Anthocephalus indicus stem and bark, 
Calamintha umberosa plant, Dalbergia latifolia stem 
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Plant name Plant part 
used Examined form and dosage Effect against A. 

galli References

Zingiber officinale 
Curcuma longa L.

Root
Root

Methanolic extracts at 25, 50 and 100 mg/ml.  Paralysis; Death
 

(Bazh and El-Bahy, 
2013)

Carica papaya,
Sapindus trifoliatum
Butea frondosa 
Momordica charantia

Seeds
Fruit pericarp
Seeds
Fresh juice

Alcohol extract at 25 mg/ml
Alcohol extract at 10 mg/ml
Alcohol extract at 200 mg/ml
Alcohol extract at 100 mg/ml

Paralysis; Death (Lal et al., 1976)

Cleome viscosa Seeds Crude alcohol and aqueous extracts at 10, 50 and 
100 mg/ml Paralysis; Death (Mali et al., 2007)

Thespesia lampas Roots Aqueous extracts at 10, 20 and 50 mg/ml. Paralysis; Death (Kosalge and 
Fursule, 2009)

Cymbopogon citrates Leaves Methanolic and aqueous extracts 10, 25 and 50 
mg/ml Paralysis; Death (Gore et al., 2010)

Artemisia abssinthium 
Lepidium satirium

Leaves
Seeds

Aqueous solution and powdered suspension. Dose 
not mentioned Paralysis; Death (Al-Harbi, 2011)

Cassia alata 
Cassia angustifolia
Cassia occidentalis

Leaves Crude ethanol extracts at 10, 20 and 40 mg/ml Paralysis; Death (Kundu et al., 2012)

Eupatorium triplinerve 
Alpinia galangal

Leaves
Rhisome

Ethanolic extracts at 50 and 100 mg/ml Paralysis; Death (Subash et al., 2012)

Mentha longifolia Leaves Crude hydroalcoholic extracts at 25 and 50 mg/ml; 
Crude aqueous extract at 50 mg/ml Paralysis; Death (Ahmad et al., 

2013)
Azadirachta indica
Carica papaya
Momordica charantia

Leaves
Seeds
Bark

Aqueous extracts  at 25, 50 and 100 mg/ml; 
Ethanol extracts  at 10, 25 and 50 mg/ml Paralysis; Death (Shah Alam et al., 

2014)

Tephrosia vogelli 
Vernonia amygdalina

Leaves
Leaves Water extracts. Doses not mentioned Paralysis (Siamba et al., 

2007)

Acacia oxyphylla Bark Ethanol extracts at 5, 10 and 20 mg/ml Body structural 
alterations; Death 

(Lalchhandama, 
2008)

Sesbania grandiflora
Solanium torrum 

Leaves, fruit
Leaves, fruit

Aqueous extracts at 10, 20, 30, 40, 50, 60, 70, 80, 
90, 100, 110, 120 and 130 mg/ 100 ml Death (Jothi Karumari et 

al., 2014)

Cassia occidentalis Leaves Methanolic extracts at  8, 12, 16, 20 and 24 mg/ml Death (Kateregga et al., 
2014)

Citrus x sinensis
Citrus x lemon
Citrus reticulata

Peels
Peels
Peels

Mixture of ethanol extracts of the three plants at 
50 mg/ml Death (Abdelqader et al., 

2012)

Azadirachta indica Leaves Aqueous extracts at 1, 2, 4 and 20 mg/ml. Death (Khokon et al., 
2014)

Amomum aromaticum 
Ammora wallichii
Anthocephalus indicus 
Calamintha umberosa, 
Dalbergia latifolia 
Datura quercifolia 
Datura metel 
Ficus religiosa 
Sentia myrtina
Sumplocos crataegoides 

Root, rhizome
Stem
Stem, bark
Plant
Stem, bark
Fruit
Plant
Stem, bark
Plant
Leaves

_ Death (Kaushik et al., 
1981)

Azadirachta indica
Carica papaya
Momordica charantia
Polygonum hydropiper
Swietenia macrophylla

Leaves
Leaves
Leaves
Leaves
Leaves

Fresh juice at 5%, 10% and 20%; Aqueous extract 
at 1%, 2% and 4%; Ethanol extract at 1%, 2% and 
4%; Methanol extract at 1%, 2% and  4%; Powder 
at 10% and 20%

Inhibition  of 
egg development (Islam et al., 2008)

Aloe secundiflora Leaves Hexane, ethylacetate, acetone, methanol, and chlo-
roform extracts at 5, 10, 20, 40 and 50 mg/ml

Inhibition of larvae 
development

(Kaingu et al., 
2013)

Table 2. In vitro anthelmintic activity of various botanicals against Ascaridia galli from freshly slaughtered poultry.
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or alcohol distillation, extraction with non-aqueous 
solvents, etc.) can modify the active substances and 
associated compounds in the final product (Tariq et 
al., 2009; Windisch et al., 2009).

Another important consideration is that botanicals 
may also have adverse or toxic side effects for the 
treated animals. It has been demonstrated that plant 
substances, which interfere with parasite develop-
ment, such as steroidal alkaloids, may also exhibit 
toxic effects on animal tissues. These effects include 
mutagenicity, embryotoxicity, hepatotoxicity, central 
nervous system symptoms, cardiac arrhythmia, etc 
(European Food Safety Authority, 2009a; Borba et 
al., 2010). Therefore, further studies are required to 
evaluate plant substances with possible detrimental 
effects for the animal, as well as to carefully quanti-
fy the optimal beneficial doses, versus the potential 
harmful ones (Wu et al., 2004; Bozkurt et al., 2013). 
Additionally, residue studies should be required 
before botanicals can be safely integrated in poultry 
management system. 

CONCLUSION
The diversity of botanicals provides an important 

source of bioactive compounds, which may lead to 
potential new candidates remedies of natural origin 
against ascaridiosis of chickens. Keeping in view the 
economic importance of the parasitic infections in 
the development of profitable poultry industry, the 
anthelmintic properties of botanicals represent a very 
promising alternative solution to overcome current 
treatment inadequacies.  

and bark, Datura quercifolia fruit, Datura metel 
plant, Ficus religiosa stem and bark, Sentia myrtina 
plant, and Sumplocos crataegoides leaves) which 
were all proven lethal to A. galli.

Some in vitro studies reported other anthelmintic 
effects of botanicals against A. galli, such as inhi-
bition of egg and larvae development. Particularly, 
fresh juice (at 5, 10 and 20%), aqueous extract (at 1, 
2 and 4%), ethanol extract (at 1, 2 and 4%), methanol 
extract (at 1, 2 and 4%), and powder (at 10 and 20%) 
of leaves of Azadirachta indica, Carica papaya, 
Momordica charantia, Polygonum hydropiper, and 
Swietenia macrophylla inhibited the development 
of A. galli eggs, with C. papaya showing the high-
est efficacy 92% when the concentration was 4% 
(Islam et al., 2008). Another experiment using larvae 
development assays of A. galli revealed that differ-
ent types of extracts (hexane; ethylacetate; acetone; 
methanol; chloroform) of Aloe secundiflora at 5, 10, 
20, 40 and 50 mg/ml have inhibitory effects on the 
parasite’s development (Kaingu et al., 2013). 

CONSTRAINTS OF USING BOTANICALS AS 
ANTHELMINTIC AGENTS 

One important problem with botanicals is the diffi-
culty to characterize and standardize their ingredients 
and composition. Many factors can influence the 
chemical composition of the plants, such as species, 
subspecies, geographical location, harvesting and 
the collected part, such as seeds, leaf, root or bark 
(Christaki et al., 2012; Bozkurt et al., 2013). Also, 
the processing technique (cold expression, steam 



ΣΥΜΕΩΝΊΔΟΥ Η., ΜΠΟΝΟΣ Ε., ΜΟΥΣΤΑΚΊΔΗΣ Κ., ΦΛΩΡΟΥ-ΠΑΝΕΡΗ Π., ΧΡΗΣΤΑΚΗ Ε., ΠΑΠΑΖΑΧΑΡΊΑΔΟΥ Μ. 721

J HELLENIC VET MED SOC 2018, 69(1)
ΠΕΚΕ 2018, 69(1)

REFERENCES 

Abdelqader A, Gauly M, Wollny CB, Abo-Shehdada MN (2008) 
Prevalence and burden of gastro-intestinal helminths among local 
chickens in northern Jordan. Prev Vet Med 85: 17-22.

Abdelqader A, Qarallah B, Al-Ramamneh D, Das G (2012) Antelmintic 
effects of citrus peels ethanolic extracts against Ascaridia galli. Vet 
Parasitol 188: 78-84.

Acton AQ (2012) Cestode infections - Advances in research and treatment. 
Scholarly Editions, Atlanta, USA: pp. 8-9.

Adedapo AA, Otesile AT, Soetan KO (2007) Assessment of the anthel-
mintic efficacy of an aqueous crude extract of Vernonia amygdalina. 
Pharm Biol 45: 564-568.

Ahmad J, Tanveer S, Zargar BA (2013) In vitro anthelmintic activity of 
Mentha longfolia (L.) leaves against Ascaridia galli. Global Vet 11: 
112-117.

Akhtar MS, Riffat S (1985) Evaluation of Melia azedarach Linn. seeds 
(Bahain) and piperazine against Ascaridia galli infection in chickens. 
Pak Vet J 5: 34-37.

Al-Harbi LG (2011) Comparative study in vitro on the efficacy of some 
plants extracts and Levamisole drug against Round worms of chickens 
natural infected. King Abdulaziz University, AL Faisaliah Campus, 
Saudi Arabia.

Alawa CBI, Adamu AM, Gefu JO, Ajanusi OJ, Abdu PA, Chiezey NP, 
Alawa JN, Bowman DD (2003) In vitro screening of two Nigerian 
medicinal plants (Vermonia amygdalina and Annona senegalensis) for 
anthelmintic activity. Vet Parasitol 113: 73-81.

Anthony JP, Fyfe L, Smith H (2005) Plant active components – a resource 
for antiparasitic agents? Trends Biotechnol 21: 462-468.

Asuzu IU, Onu UO (1994) Anthelmintic activity of the ethanolic extract 
of Piliostigma thonningii bark in Ascaridia galli infected chickens. 
Fitoterapia 65: 291-297.

Athanasiadou S, Kyriazakis I, Jackson F, Coop RL (2001) Direct anthel-
mintic effects of condensed tannins towards different gastrointestinal 
nematodes of sheep: in vitro and in vivo studies. Vet Parasitol 99: 
205-219.

Bazh EKA, El-Bahy NM (2013) In vitro and in vivo screening of anthel-
mintic activity of ginger and curcumin on Ascaridia galli. Parasitol 
Res 112: 3679-3686.

Borba HR, Freire RB, Albuquerque AC, Cardoso MEO, Braga IG, 
Almeida STP, Ferreira MJC, Fernandes GLT, camacho ACLF, 
Lima RC, Almeida ACC, Mattos DMM, Duarte RM, Nascimento 
SF, Frami RA, Dire GF (2010) Anthelmintic comparative study of 
Solanum lycocarpum St. Hill extracts in mice naturally infected with 
Aspiculuris tetraptera. Nat Sci 8: 95-100.

Bozkurt M, Giannenas I, Kucukyilmaz K, Christaki E, Florou-Paneri P 
(2013) An update on approaches to controlling coccidia in poultry 
using botanical extracts. Br Poult Sci 54: 713-727.

Braga FR, Araujo JV, Araujo JM, Frassy LN, Tavela AO, Soares FEF, 
Carvalho RO, Queiroz LM, Queiroz JH (2011) Pochonia chlamydo-
sporia fungal activity in a solid medium and its crude extract against 
eggs of Ascaridia galli. J Helminthol 85: 1-5.

Brenes A, Roura E (2010) Essential oils in poultry nutrition: Main effects 
and modes of action. Animal Feed Sci Technol 158: 1-14.

Chandrashekhar CH, Latha KP, Vagdevi HM, Vaidya VP (2008) 
Anthelmintic activity of the crude extracts of Ficus racemosa. Int J 
Green Pharm 2: 100-103.

Charles DJR, Simon JE, Singh NK (1992) Bio active principles/Chemical 
constituents: The essential oil of Alpinia galanga willd. J. Essential 
Oil Res 4: 81-82.

Christaki E, Bonos E, Giannenas I, Florou-Paneri P (2012) Aromatic 
plants as a source of bioactive compounds. Agriculture 2: 228-243.

Das G, Kaufmann F, Abel H, Gauly M (2010) Effect of extra dietary lysine 

in Ascaridia galli infected grower layers. Vet Parasitol 170: 238-243.
European Food Safety Authority (2009a) EFSA Compedium of botanicals 

that have been reported to contain toxic, addictive, phychotropic or 
other substances of concern. EFSA J 7: 289.

European Food Safety Authority (2009b) Guidance on safety assessment 
of botanicals and botanical preparations intended for use as ingredi-
ents in food supplements. EFSA J 7: 1249.

George DR, Smith TJ, Shiel RS, Sparagano OAE, Guy JH (2009) Mode of 
action and variability in efficacy of plant essential oils showing toxic-
ity against the poultry red mite, Dermanyssus gallinae. Vet Parasitol 
161: 276-282.

Githiori JB (2004) Evaluation of anthelmintic properties of ethnovet-
erinary plant preparations used as livestock dewormers by pasto-
ralists and small holder farmers in Kenya. Swedish University of 
Agricultural Science, Uppsala.

Gore MS, Tare HL, Deore SR, Bidkar JS, Dama GY (2010) Hemintholytic 
potential of Cymbopogon citratus leaves extact and its formulation as 
an emulsion. Int J Pharmac Sci Res 1: 174-177.

Hossain E, Chandra G, Nandy AP, Mandal SC, Gupta JK (2012) 
Anthelmintic effect of a methanol extract of Bombax malabaricum 
leaves on Paramphistomum explanatum. Parasitol Res 110: 1097-
1102.

Hrcova G, Velebny S (2013) Pharmacological potential of selected natural 
compounds in the control of parasitic diseases. Springer, NY.

Islam KR, Farjana T, Begum N, Mondal MMH (2008) In vitro efficacy 
of some indigenous plants on the inhibition of development of eggs 
of Ascaridia galli (Digenia: Nematoda). Bangl J Vet Med 6: 159-167.

Jain P, Singh S, Singh SK, Verma SK, Kharya MD, Solanki S (2013) 
Anthelmintic potential of herbal drugs. Int J Pharmac Sci Res 2: 412-
427.

Javed I, Akhtar MS, Rahman ZU, Khaliq T, Ahmad M (1994) Comparative 
anthelmintic efficacy and safety of Caesalpinia crista seed and pipera-
zine adipate in chickens with artificially induced Ascaridia galli infec-
tion. Acta Vet Hung 42: 103-109.

Jothi Karumari R, Sumathi S, Vijayalakshmi K, Ezhilarasi 
Balasubramanian S (2014) Anthelmintic efficacy of Sesbania grandi-
flora leaves and Solanum torvum fruits against the nematode parasite 
Ascaridia galli. Am J Ethnomed 1: 326-333.

Kaingu F, Kibor A, Waihenya R, Shivairo R, Mungai L (2013) Efficacy of 
Aloe secundiflora crude extracts on Ascaridia galli in vitro. Sustain 
Agric Res 2: 49-53.

Kaplan RM, Storey BE, Vidyashankar AN, Bissinger BW, Mitchell SM, 
Howell SB, Mason ME, Lee MD, Pedroso AA, Akashe A, Skrypec DJ 
(2014) Antiparasitic efficacy of a novel plant-based functional food 
using an Ascaris suum model in pigs. Acta Trop 139: 15-22.

Kateregga JN, Nabayunga M, Vudriko P, Ndukui JG (2014) Anthelmintic 
activity of Cassia occidentalis L. methanolic leaf extract on Ascaridia 
galli and Heterakis gallinarum and its acute toxicity. Int J Basic Clin 
Pharmacol 3: 114-119.

Kaufman F, Das G, Sohnrey B, Gauly M (2011) Helminth infections in 
laying hens kept in organic free range systems in Germany. Livestock 
Sci 141: 182-187.

Kaushik RK, Katiyar JC, Sen AB (1981) A new in vitro screening tech-
nique for anthelmintic activity using Ascaridia galli as a test parasite. 
Indian J Animal Sci 51: 869-872.

Khokon JU, Sharifuzzaman A, Sarker EH, Rahman MA, Kisku JJ, 
Mostofa M (2014) Efficacy of neem leaf extract against ascariasis in 
indigenous chicken. Int J Nat Soc Sci 1: 25-30.

Kirkpinar F, Unlu HB, Ozdemir G (2011) Effects of oregano and garlic 
essential oils on performance, carcase, organ and blood characteristics 
and intestinal microflora of broilers. Livestock Sci 137: 219-225.



722 SYMEONIDOU I., BONOS E., MOUSTAKIDIS K., FLOROU-PANERI P., CHRISTAKI E., PAPAZAHARIADOU M.

J HELLENIC VET MED SOC 2018, 69(1)
ΠΕΚΕ 2018, 69(1)

Sabri MH (2013) Comparison of the effeciancy of levamisole and dry 
Punica granatum peel against Ascaridia galli in layer hens that natu-
rally infested Euphrates J Agric Sci 5: 1-13.

Salhan M, Kumar B, Tiwari P, Sharma P, Sandhar HK, Gautam M (2011) 
Comparative anthelmintic activity of aqueous and ethanolic leaf 
extracts Of Clitoria ternatea. Int J Drug Dev Res 3: 62-69.

Sandoval-Castro CA, Torres-Acosta JFJ, Hoste H, Salem AZM, Chan-
Perez JI (2012) Using plant bioactive materials to control gastroin-
testinal tract helminths in livestock. Animal Feed Sci Technol 176: 
192-201.

Schultz JC (1989) Tannin-Insect interactions. In: Hemingway RW, 
Karchesy JJ (eds.), Chemistry and significance of condensed tannins, 
Plenum Press, New York: pp. 417-433.

Shah Alam M, Alam KJ, Begum N, Amin MR (2014) Comparative effica-
cy of different herbal and modern anthelmintics against gastrointesti-
nal nematodiasis in fowl. Int J Biol Res 2: 145-148.

Sharma M, Prasad SB (2014) Evaluation of anthelmintic activity of leaves 
extracts of Guazuma Tomentosa. Int J Pharmacol Pharmaceut Sci 1: 
1-5.

Siamba DN, Okitoi LO, Watai MK, Wachira AM, Lukibisi FB, Mukisira 
EA (2007) Efficacy of Tephrosia vogelli and Vernonia amygdalina as 
anthelmintics against Ascaridia galli in indigenous chicken Livestock 
Res Rural Dev 19: Article 176.

Subash KR, Jagan Rao N, Cheriyan BV, Bhaarati GM, Kumar KS (2012) 
The anthelmintic activity of Eupatorium triplinerve and Alpinia 
galanga in Pheritima posthuma and Ascardia galli: A comparative 
Study. J Clin Diagn Res 6: 947-950.

Tariq KA, Chishti MZ, Ahmad F, Shawl AS (2009) Anthelmintic activity 
of extracts of Artemisia absinthium against ovine nematodes. Vet 
Parasitol 160: 83-88.

Van Krimpen MM, Binnendijk GP, Borgsteede FHM, Gaasenbeek CPH 
(2010) Anthelmintic effects of phytogenic feed additives in Ascaris 
suum inoculated pigs. Vet Parasitol 168: 269-277.

Windisch W, Rohrer E, Schedle K (2009) Phytogenic feed additives to 
young piglets and poultry: Mechanisms and application. In: Steiner 
T (ed.), Phytogenics in animal nutrition. Natural concepts to opti-
mize gut health and performance, Nottingham University Press, 
Nottingham: pp. 19-38.

Wink M (2012) Medicinal plants: A source of anti-parasitic secondary 
metabolites. Molecules 17: 12771-12791.

Wu KM, Farrelly J, Birnkrant D, Chen S, Dou J, Atrakchi A, Bigger 
A, Chen C, Chen Z, Freed L, Ghantous H, Goheer A, Hausner E, 
Osterberg R, Rhee H, Zhang K (2004) Regulatory toxicology per-
spectives on the development of botanical drug products in the United 
States. Am J Ther 11: 213-217.

Yazwinski TA, Tucker CA, Wray E, Jones L, Clark FD (2013) 
Observations of benzimidazole efficacies against Ascaridia dissimilis, 
Ascaridia galli, and Heterakis gallinarum in naturally infected poul-
try. J Appl Poultry Res 22: 75-79.

Klowden MJ (2007) Physiological systems in insects. Academic Press, 
Burlington.

Kosalge SB, Fursule RA (2009) Investigation of in vitro anthelmintic 
activity of Thespesia lampas (Cav.). Asian J Pharmac Clin Res 2: 
69-71.

Kundu S, Roy S, Lyndem LM (2012) Broad spectrum anthelmintic poten-
tial of Cassia plants. Asian Pacific J Clin Nutr 4: S436-S441.

Lal J, Chandra S, Prakash VR, Sabir M (1976) In vitro anthelmintic action 
of some indigenous medicinal plants on A. galli worms. Indian J 
Physiol Pharmacol 20: 64-68.

Lalchhandama K (2008) Nematocidal effects of piperazine and the extract 
of Acacia oxyphylla stem bark on the poultry nematode Ascaridia 
galli. Pharmac Onl 3: 864-869.

Lei J, Leser M, Enan E (2010) Nematicidal activity of two monterpenoids 
and SER-2 tyramine receptor of Caenorhabditis elegans. Biochem 
Pharmacol 79: 1062-1071.

Mali RG, Mahajan SG, Mehta AA (2007) In vitro screening of Cleome 
viscosa extract for anthelmintic activity. Pharm Biol 45: 766-768.

Mali RG, Mehta AA (2008) A review on anthelmintic plants. Nat Prod 
Radiance 7: 466-475.

Marin L, Miguelez M, Villar CJ, Lombo F (2015) Bioavailability of 
dietary polyphenols and gut microbiota metabolism: Antimicrobial 
properties. BioMed Res Int ID905215: 1-18.

Martin-Pacho JR, Montoya MN, Aranguena T, Toro C, Morchon R, 
Marcos-Atxutegi C, Simon F (2005) A coprological and serological 
survey for the prevalence of Ascaridia spp. in laying hens. J Vet Med 
B Infect Dis Vet Public Health 82: 238-242.

McCloud TG (2010) High throughput extraction of plant, marine and 
fungal specimens for preservation of biologically active molecules - a 
review. Molecules 15: 4526-4563.

Murthy PK, Joseph SK, Murthy PSR (2011) Plant products in the treat-
ment and control of filariasis and other helminth infections and assay 
systems for antifilarial/anthelmintic activity. Planta Med 77: 647-661.

Muyibi SA, Olorode BR, Onyeyili PA, Osunkwo UA, Muhammad BY, 
Ajagbonna OP (2000) Haematological and histopathological chang-
es of Cassia occidentalis leaf extract in rats. Nig J Nat Prod Med 4: 
48-51.

Permin A, Christensen JP, Bisgaard M (2006) Consequences of concurrent 
A. galli and Escherichia coli infections in chickens. Acta Vet Scand 
47: 43-54.

Rafi KP, Karthikeyan M, Kannan M, Rajasekar S (2011) Anthelmintic 
activity of Nerium olender flower extract in Indian adult earthworm. J 
Nat Prod Plant Res 1: 40-46.

Rex E, Molitor SC, Hapiak V, Xiao H, Hernderson M, Komuniecki R 
(2004) Tyramine receptor (SER-2) isoforms are involved in regula-
tion of pharyngeal pumping and foraging behavior in Caenorhabditis 
elegans. J Neurochem 91: 1104-1115.

Roy H, Chakraborty A, Bhanja S, Nayak BS, Mishra SR, Ellaiah P (2010) 
Preliminary phytochemical investigation and anthelmintic activity of 
Acanthospermum hispidum DC. J Pharmaceut Sci Technol 2: 217-
221.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

