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Abstract: The anthelminthic efficacy of the crude extracts of Hypoestes forskaolii (Vahl) R.Br
(Acanthaceae) against gastrointestinal nematodes (GIN) in sheep was investigated using the in vitro
egg hatch inhibition assay. Faecal samples were collected from sheep with naturally occurring
infection of GIN (Trichostrongylus spp., Chabertia ovina, Cooperia spp., Haemonchus contortus and
Teladorsagia spp.). Crude leaf extracts of H. forskaolii was obtained using increasing polarity
solvents: n-hexane, chloroform, chloroform:methanol 9:1, methanol. Thiabendazole (0.2 µg/mL and
0.5 µg/mL) was used as a positive control and untreated GIN eggs in deionised water served as the
negative control. All the extracts exhibited a weak ovicidal activity against GIN (less than 50% of egg
hatch). Noteworthy, the n-hexane extract showed a percentage of inhibition of egg hatching greater
than other extracts inhibiting the 30.8% at the concentration of 1 mg/mL showing a dose-dependent
effect on nematode eggs hatching. Further studies are needed to investigate the effects of extracts
used and to evaluate the ovicidal effects of other extracts of H. forskaolii.
Keywords: sheep; gastrointestinal nematodes; plant extracts; egg hatching assay; anthelminthic
efficacy

1. Introduction
Infections by gastrointestinal nematodes (GIN) remain a major constraint to ruminants’ health,
welfare and productive performance worldwide [1,2]. These parasites cause direct and indirect losses
in different ways such as lowered fertility, reduced work capacity, reduction in food intake, low weight
gain and low milk productions [3]. The administration of synthetic anthelminthics has long been
considered the most effective way of controlling helminth infection to minimize losses caused by these
parasites [4] but the use of these drugs has some disadvantages, such as development of anthelmintic
resistance (AR), high cost, and risk of environmental pollution [5].
The availability and affordability of systemic anthelminthics to small-scale sheep farmers is a
major problem in many developing countries [6]. This problem justifies the need for alternative control
methods, such as the use of traditional medicinal plants, that are being examined in different parts
of the world [7]. The screening and proper evaluation of medicinal plants could offer a possible
alternative that may both be sustainable and environmentally acceptable [8].
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Nowadays, about 50% of drugs used in modern medicine are of plant origin so the universal role
of plants in the treatment of diseases is established by their employment in all important systems of
medicine [9,10].
Anthelmintics derived from plants used for the treatment of parasitic infections in human and
animals can offer an alternative to minimize some of these problems [11]. One of the novel approaches
investigated is the use of indigenous plant preparations commonly used in the herbolary against
human parasites. The benefit of using these as possible livestock dewormers is that they are non-toxic
and inexpensive, features that are important for farmers in developing countries [12]. These possible
ethnoveterinary alternatives would be viable for small scale livestock farmers who cannot afford the
allopathic drugs and/or for larger, conventional farmers who cannot rely on the use of conventional
veterinary products in their flocks [13]. Furthermore, plant-derived anthelminthic products are
advantageous as they are less toxic, biodegradable, and environmentally friendly [14].
Species of the genus Hypoestes are used for chest and heart diseases, gonorrhea, cancer,
liver protection and as antipyretic and antiphlogistic [15,16].
Various biological properties have been attributed, including antiplasmodial, antifungal,
antileishmanial, antrypanosomal and cytotoxic properties [15,17]. Hypoestes forskaolii (Acanthaceae) is
an herbaceous plant growing in Saudi Arabia: Their anthelmintic activity has not been tested so far.
Hypoestes forskaolii is distributed in the Arabian Peninsula and many regions of Africa.
Previous studies showed that this plant has an anti-parasitic effect although the leaves are not grazed
by sheep. Furthermore, local shepherds use the leaves decoction to externally wash the sheep in order
to kill insects and parasites, and the poultice of fresh plant is added to milk to poison house flies [18,19].
Some plants with anthelmintic activity are well known for their high toxicity e.g.,
Consolida regalis Gray (Ranunculaceae), Calotropis procera Dryand (Aiton) and Rauvolfia vomitoria Afzel
(Apocynaceae) [20–22]. In addition, many plants with anthelmintic activity are not palatable for
animals so they are rarely grazed by livestock e.g., Dryopteris filix-mas (L.) Schott (Dryopteridaceae),
Allium sativum L. (Alliaceae), Juglans regia L. (Juglandaceae) and also Consolida regalis Gray
(Ranunculaceae) [22].
Therefore, the aim of this study was to investigate the in vitro anthelmintic activity of the leaves
(n-hexane, chloroform, chloroform:methanol 9:1, methanol crude extracts) of H. forskaolii on the eggs of
GIN infected sheep in south Italy. A study conducted by Rinaldi et al. [23] shows that AR is rare in
Italy, therefore, a suitable setting to study ovicidal and larvicidal properties of a plant extract.
2. Materials and Methods
2.1. Plant Material
The aerial parts of Hypoestes forskaolii (Vahl) R.Br. were collected in Wadi Thee Ghazal, Taif in
Saudi Arabia, in September 2013. The plant was identified by Dr. Ammar Bader. A plant sample (No.
SA-EN 2013-2) is deposited in the herbarium of the laboratory of Pharmacognosy Faculty of Pharmacy
at Umm Al-Qura University, Saudi Arabia.
2.2. Plant Extracts
The aerial parts (505.0 g), dried and pulverized, were subjected to maceration with increasing
polarity solvents: n-hexane, chloroform (CHCl3 ), chloroform:methanol 9:1 (CHCl3 :CH3 OH) and
methanol (CH3 OH).The whole extraction process was three weeks long, during which the solvent
was constantly renewed (3X2L). The residues obtained with the different solvents were filtered
and evaporated under reduced pressure with a bath heated to temperatures less than 40 ◦ C thus
obtaining the four residues: n-hexane (25.8 g), chloroform (24.1 g), chloroform:methanol 9:1 (18.4 g),
methanol (21.2 g).
Furthermore, all the extracts were analyzed using TLC (Thin Layer Chromatography) performed
on precoated Kieselgel 60 F254 plates (Merck, Kenilworth, NJ, USA), 0.25 mm thick, with glass or
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aluminum as support. The spots were revealed using UV detection with a lamp at 254 or 366 nm
and successively using specific spray reagents, allowing to the development of typical coloring that
can give information about the nature of examined compounds. Ce2 SO4 /H2 O4 and Dragendorff’s
reagent were used. As eluting solvents in the TLC analyses, two mixtures of solvents were mainly used:
CHCl3 -MeOH-H2 O (80:18:2) for apolar mixtures and n-BuOH-AcOH-H2 O (60:15:25) for polar mixtures.
To compare the activity of these extracts of H. forskaolii, five final concentrations in wells were
tested: 1 mg/mL, 0.5 mg/mL, 0.25 mg/mL, 0.05 mg/mL, 0.005 mg/mL. To increase the solubility
of the crude extracts a solutions of dimethyl-sulfoxide (DMSO)/H2 O 0.5% were used for methanolic
extract and Tween 85/H2 O 5% were used for n-hexane, chloroform, chloroform:methanol 9:1 extracts.
2.3. Recovery of GIN Eggs
Fresh fecal samples containing GIN eggs were obtained from naturally infected sheep and
processed within 4 h of collection. Specifically, GIN eggs were extracted from the positive samples
using the mass recovery method, i.e., a method that employs 5 sieves of different dimensions (1 mm,
250 µm, 212 µm, 63 µm and 38 µm) in order to separate the eggs from the feces [24]. The latter
filter (38 µm) was washed and eggs were suspended in deionised water and then visualized under a
microscope (Leica, Wetzlar, Germany, 20×) to record if embryonation had not begun. Ten aliquots of
0.1 mL were taken, and the number of eggs counted [25]. The mean number of eggs counted in these
aliquots was 150 per 0.1 mL of egg suspension.
2.4. Fecal Cultures
In order to identify the GIN genera involved in this study, larval cultures were needed. An aliquote
of fecal positive sample containing GIN eggs was broken up finely, using either a large pestle and
mortar or spatula and were placed in a glass jar or petri dishes which was closed and incubated at a
temperature of about 25 ◦ C for 10 days. After incubation, samples were examined for larvae using a
binocular microscope [26]. Third stage larvae were identified using the morphological keys proposed
by Van Wyk and Mayhew [27]. When a coproculture had 100 or less third stage larvae, all were
identified; when a coproculture had more than 100 larvae, only 100 were identified [28].
2.5. Egg Hatch Assay (EHA)
The EHA procedure followed that recommended by the World Association for the Advancement
of Veterinary Parasitology (WAAVP) [29]. The protocol to prepare thiabendazole (TBZ, Sigma,
Saint Louis, MO, USA) solution used deionised water with a neutral pH. Thus, for the preparation of
solution A, 50 mg TBZ were dissolved in 5 mL water. Subsequent dilutions were made in deionised
water [30]. Stock solution B (1 mg TBZ per mL) was obtained by adding 1 mL of stock solution A
(10 mg TBZ per mL) to 9 mL water, then 400 µL and 1000 µL of stock solution B were added to 9.6 mL
and 9 mL of water, respectively. Therefore, the final concentrations of TBZ in wells were: 0.2 and 0.5 µg
per mL. In our study, TBZ was used as a positive control.
Five working concentrations were prepared of each H. forskaolii extracts: 1 mg/mL, 0.5 mg/mL,
0.1 mg/mL and 0.01 mg/mL. Egg suspension (100 µL with 150 eggs) was placed in plastic wells
(24 well tissue culture test plates), 900 µL of water was added and finally 1 mL of each extract
concentration was added. Therefore, the final concentrations in wells were: 1 mg/mL, 0.5 mg/mL,
0.25 mg/mL, 0.05 mg/mL and 0.005 mg/mL. Each sample was tested in triplicate and at least two
negative control samples were used (including the sample in deionised water without any drug/plant
extracts). The plates were incubated for 48 h at 25–27 ◦ C and the assay stopped by adding two drops
of Lugol’s iodine. The eggs and larvae in each well were carefully washed in a petri dish marked with
a grid and counted using a binocular microscope [24]. Thereafter, the number of larvae present per
well was counted, and the percentage hatched was determined as the ratio between the number of
larvae to the number of eggs deposited per well. A mean percentage of hatching was calculated for
each concentration of each plant extracts.
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2.6. pH Analysis
The pH of each extract was measured using a pH meter (Hanna instruments Hi-223 calibration
check microprocessor pH meter). All pH readings were conducted on every working solution
in triplicate.
2.7. Statistical Analysis
Statistical analyses were performed using Graphpad Prism 5 to calculate values for different
extract treatments. In particular, for each extract of H. forskaolii Standard Deviation (SD) was calculated,
that reflects the variation in normally distributed data. Differences between crude extracts of H.
forskaolii activity were analyzed using a one-way ANOVA followed by a Tukey’s multiple comparison
test. Furthermore, a One-Sample t-test was used to compare % eggs found in each extract to the
control mean.
3. Results
3.1. Coproculture
The most prevalent genera of GIN were Trichostrongylus spp. (42.6%), followed by Chabertia ovina
(22.9%), Cooperia spp. (21.3%), Haemonchus contortus (8.1%) and Teladorsagia spp. (5%).
3.2. EHA Test
The results of the EHA for the four extracts of H. forskaolii, TBZ and their water controls are shown
in Table 1. The results showed a mean of 7.1% of eggs in the negative control (deionised water), a mean
of 96.9% of eggs in the first positive control (0.2 µg/mL of TBZ) and a mean of 97.2% of eggs in the
second positive control (0.5 µg/mL TBZ). Extract pH analysis did not show significant changes in the
variations of acidity or basicity. The measured pH did not deviate from neutrality, showing a range
between 6.8 and 7.2.
Overall, significant differences were observed in methanolic (p < 0.005), chloroform (p < 0.005)
and n-hexane (p < 0.001) extracts of H. forskaolii respect to the control. In particular, Table 1 shows
that the n-hexane extract has a percentage of inhibition of egg hatching greater (p < 0.05) than other
extracts inhibiting the 30.8% at the concentration of 1 mg/mL showing a dose-dependent effect on GIN
eggs hatching. The chloroform:methanol (9:1) extract of H. forskaolii showed no significant difference
in respect to the control and showed an high turbidity at 1 mg/mL concentration, therefore it was
impossible to examine the sample with a binocular microscope. Due to high turbidity, the SD of the
chloroform:methanol (9:1) extract is higher than the SD of other H. forskaolii extracts (p < 0.05).
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Table 1. Percentages of gastrointestinal nematode (GIN) eggs and egg hatch after treatment at various concentrations with thiobendazole, leaf n-hexane, chloroformic,
chloroformic:methanolic (9:1) and methanolic extract of H. forskaolii and deionised water.
n-Hexane (mg/mL)

Chloroformic

Chloroformic:Methanolic (9:1) (mg/mL)

Methanolic

Concentration (mg/mL)

% Egg ± SD

% Egg Hatch ± SD

% Egg ± SD

% Egg Hatch ± SD

% Egg ± SD

% Egg Hatch ± SD

% Egg ± SD

% Egg Hatch ± SD

0.005 mg/mL
0.05 mg/mL
0.25 mg/mL
0.5 mg/mL
1 mg/mL

15.00 ± 0.68
17.82 ± 0.65
18.81 ± 0.24
20.00 ± 0.79
30.81 ± 0.83

85.00 ± 0.68
82.18 ± 0.65
81.19 ± 0.24
80.00 ± 0.79
69.19 ± 0.83

10.00 ± 0.20
10.19 ± 0.19
6.70 ± 1.08
9.77 ± 5.14
7.34 ± 0.36

90.00 ± 0.20
89.81 ± 0.19
93.30 ± 1.08
90.23 ± 5.14
92.66 ± 0.36

8.25 ± 2.05
2.78 ± 3.08
4.48 ± 2.56
8.09 ± 4.51
ND *

91.75 ± 2.05
97.22 ± 3.08
95.52 ± 2.56
91.91 ± 4.51
ND *

0.67 ± 0.58
1.00 ± 1.00
5.67 ± 0.58
5.33 ± 1.15
10.67 ± 0.58

99.33 ± 0.58
99.00 ± 1.00
94.33 ± 0.58
94.67 ± 1.15
89.33 ± 0.58

TBZ (µg/mL)

0.2 mg/mL
0.5 mg/mL

% Egg ± SD

% Egg Hatch ± SD

% Egg ± SD

% Egg hatch ± SD

% Egg ± SD

% Egg Hatch ± SD

% Egg ± SD

% Egg Hatch ± SD

95.00 ± 1.00
95.88 ± 0.03

5.00 ± 1.00
4.12 ± 0.03

99.50 ± 0.50
99.50 ± 0.50

0.50 ± 0.50
0.50 ± 0.50

95.60 ± 5.50
96.53 ± 2.42

4.40 ± 5.50
3.47 ± 2.42

97.33 ± 2.52
97.00 ± 3.00

2.67 ± 2.52
3.00 ± 3.00

% Egg ± SD

% Egg Hatch ± SD

% Egg ± SD

% Egg Hatch ± SD

% Egg ± SD

% Egg Hatch ± SD

% Egg ± SD

% Egg Hatch ± SD

3.67 ± 1.53

93.33 ± 1.53

17.50 ± 3.32

82.50 ± 3.32

4.50 ± 0.50

95.50 ± 0.50

2.67 ± 2.08

97.33 ± 2.08

DMSO/Tween 85/Deionised Water Control

* ND: The turbidity of the solution did not allow the identification of GIN eggs; % Egg: Percentage of eggs found in each plate; % Egg Hatch: Percentage of larvae found in each plate; SD:
Standard Deviation.
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4. Discussion
GIN are a major cause of disease in grazing sheep. Despite the progress in the development of
parasite vaccines, anthelmintics are still indispensable for worm treatment and control [31]. However,
the indiscriminate use of anthelmintics to control helminths has led to wide AR in sheep [32].
The development of AR to commercially available drugs, as well as the risks that are associated with
the presence of these products in the environment, and in foods of animal origin, have encouraged the
search for new active ingredients that are less toxic, able to minimize the presence of drug residues in
food of animal origin and more efficient.
In this context, products of plant origin may be an effective alternative for the control of
parasites [33]. The use of plants with anthelmintic properties is considered as one of the most viable
alternative methods for the control of GINs, even though crude drugs are less efficient with respect to
cure of diseases but are relatively free from side effects.
A large number of medicinal plants could possess anthelmintic properties in the traditional
system of medicine and are also used by ethnic groups in the world. Unfortunately, only a small
number of plant species shows an appreciable ovicidal activity [34].
The results of this study show that methanolic, chloroform and n-hexane extracts from the leaves
of H. forskaolii exhibit an ovicidal activity against GIN, whereas only two works have succeeded in
demonstrating that two plants, belonging to Acanthaceae family, show a considerable in vitro ovicidal
activity, but only within their polar residues, such as aqueous and ethanolic. Nevertheless, there are
no studies which focus on apolar extracts such as the n-hexane and the chloroformic. In a study
by Al-Shaibani et al. [35], the aqueous and ethanolic extracts of Adhatoda vasica presented ovicidal
activity against the GIN eggs. The ethanolic extract was slightly more effective compared to aqueous
extract on eggs. In the study of Adamu et al. [6] it was instead considered only the aqueous extract of
Acanthus montanus (Nees) T. Anders (Acanthaceae). In this work, in addition to polar methanolic extract,
the apolar and medium polar residues, respectively the n-hexane, chloroform and chloroform:methanol
9:1, were analyzed for the first time in a plant belonging to the Acanthaceae family.
Moreover, considering that this study aims to analyze the biological activity of H. forskaolii
polar and apolar residues, the ovicidal action can be given by the presence of different bioactive
molecules. Previous phytochemical investigations carried out on various Hypoestes species revealed
the existence of different classes of phytochemicals, as diterpenoids (labdane-, furanolabadane-,
fusicoccane-, isopimarane-, verticillane- and dolabellane-types), alkaloids, lignans, and pentacyclic
triterpenes [36]. Regarding H. forskaolii, the presence of terpenoids, particularly the fusiccocane type,
has already been mentioned in the literature [37] while no scientific reports have shown the presence
of alkaloids in this species. Absence of alkaloids in H. forskaolii was further confirmed by TLC analysis
performed with the specific high-selective Dragendorff reagent for this class of molecules.
In conclusion, in the adopted experimental conditions, the n-hexane extract showed a rather mild
egg hatch inhibition and a dose-dependent effect on nematode eggs hatching while on the contrary in
other studies, conducted in various experimental conditions, the n-hexane extract and other apolar
extracts from different plant species showed dissimilar ovicidal activities against nematodes in sheep,
such as H. contortus, Teladorsagia spp., Trichostrongylus spp., Strongyloides papillosus, Oesophagostomum
columbianum, and Chabertia ovina [38–40].
According to the adopted experimental approach, it was not possible to test the extracts in
concentrations higher than 1 mg/mL because of the turbidity of the solutions created in wells during
the EHA. Despite using surfactant substances to increase the solubility of the extracts, it was impossible
to count the eggs or larvae in those wells where concentrations exceeded the highest cited. Moreover,
limited to the chloroform:methanol 9:1 extract, it was impossible to analyze the concentration of
1 mg/mL due to the turbidity of the solution that was already created at that concentration.
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5. Conclusions
The inhibition of egg hatch in vitro is an indication of the possible usefulness of various plant
as potential anthelminthic and, in particular, H. forskaolii appears to possess a dose-dependent
anthelmintic activity with a mild activity shown. For these reasons, under our experimental conditions
we have obtained encouraging results and extracts of this plant can be tested on other species of
helminths and it could be interesting to evaluate the efficacy of n-hexane extracts of the other plants of
Acanthaceae family in order to study their activity, toxicity, mechanism of action and identification of
phytochemicals. The present study must be considered a preliminary attempt to evaluate the ovicidal
action of crude leaf extracts of H. forskaolii and further studies are necessary to provide detailed
information on the mode of action and chemical nature of any specific nematode ova inhibitory
compounds identified.
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Wagil, M.; Białk-Bielińska, A.; Puckowski, A.; Wychodnik, K.; Maszkowska, J.; Mulkiewicz, E.; Kumirska, J.;
Stepnowski, P.; Stolte, S. Toxicity of anthelmintic drugs (fenbendazole and flubendazole) to aquatic organisms.
Environ. Sci. Pollut. Res. Int. 2015, 22, 2566–2573. [CrossRef] [PubMed]
Adamu, M.; Oshadu, O.; Ogbaje, C. Anthelminthic efficacy of aqueous extract of Acanthus montanus leaf
against strongylid nematodes of small ruminants. Afr. J. Tradit. Complement. Altern. Med. 2010, 7, 279–285.
[CrossRef] [PubMed]
Githiori, J.B. Evaluation of Anthelmintic Properties of Ethnoveterinary Plant Preparations Used as Livestock
Dewormers by Pastoralists and Small holder Farmers in Kenya. Ph.D. Thesis, Swedish University of
Agricultural Sciences, Uppsala, Sweden, 2004.
Eguale, T.; Tilahun, G.; Debella, A.; Feleke, A.; Makonnen, E. In vitro and in vivo anthelmintic activity of
crude extracts of Coriandrum sativum against Haemonchus contortus. J. Ethnopharmacol. 2007, 110, 428–433.
[CrossRef] [PubMed]
Harborne, A.J. Phytochemical Methods a Guide to Modern Techniques of Plant Analysis; Springer: Dordrecht,
The Netherlands, 1998.
Russo, R.; Restucci, B.; Malafronte, N.; De Tommasi, N.; Severino, L. Toxicity of Crepis vesicaria L. in ruminants:
Preliminary results. J. Vet. Pharmacol. Ther. 2009, 32, 129–265.
Akhtar, M.; Iqbal, Z.; Khan, M.; Lateef, M. Anthelmintic activity of medicinal plants with particular reference
to their use in animals in the Indo–Pakistan subcontinent. Small Rumin. Res. 2000, 38, 99–107. [CrossRef]

Vet. Sci. 2018, 5, 89

12.
13.

14.
15.
16.
17.

18.
19.
20.
21.

22.
23.
24.

25.

26.
27.
28.
29.

30.

31.

32.
33.
34.

8 of 9

Taylor, J.; Rabe, T.; McGaw, L.; Jäger, A.; Van Staden, J. Towards the scientific validation of traditional
medicinal plants. J. Plant. Growth Regul. 2001, 34, 23–37. [CrossRef]
Gradé, J.; Arble, B.; Weladji, R.; Van Damme, P. Anthelmintic efficacy and dose determination of Albizia
anthelmintica against gastrointestinal nematodes in naturally infected Ugandan sheep. Vet. Parasitol. 2008,
157, 267–274. [CrossRef] [PubMed]
Hammond, J.; Fielding, D.; Bishop, S. Prospects for plant anthelmintics in tropical veterinary medicine.
Vet. Res. Commun. 1997, 21, 213–228. [CrossRef] [PubMed]
Almehdar, H.; Abdallah, H.M.; Osman, A.-M.M.; Abdel-Sattar, E.A. In vitro cytotoxic screening of selected
Saudi medicinal plants. J. Nat. Med. 2012, 66, 406–412. [CrossRef] [PubMed]
Shen, C.C.; Ni, C.L.; Huang, Y.L.; Huang, R.L.; Chen, C.C. Furanolabdane diterpenes from Hypoestes purpurea.
J. Nat. Prod. 2004, 67, 1947–1949. [CrossRef] [PubMed]
Mothana, R.A.; Al-Musayeib, N.M.; Matheeussen, A.; Cos, P.; Maes, L. Assessment of the in vitro
antiprotozoal and cytotoxic potential of 20 selected medicinal plants from the island of Soqotra. Molecules
2012, 17, 14349–14360. [CrossRef] [PubMed]
Ghushash, A. Plants of the mountains of Sarat and Hejaz. Sarawat Press 2006, 2, 550–554.
Balkwill, K.; Norris, F.G. Taxonomic studies in the Acanthaceae; The genus Hypoestes in southern Africa.
S. Afr. J. Bot. 1985, 51, 133–144. [CrossRef]
Iqbal, Z.; Lateef, M.; Jabbar, A.; Muhammad, G.; Khan, M.N. Anthelmintic activity of Calotropis procera (Ait.)
Ait. F. flowers in sheep. J. Ethnopharmacol. 2005, 102, 256–261. [CrossRef] [PubMed]
Attah, S.K.; Ayeh-Kumi, P.F.; Sittie, A.A.; Oppong, I.V.; Nyarko, A.K. Extracts of Euphorbia hirta Linn.
(Euphorbiaceae) and Rauvolfia vomitoria Afzel (Apocynaceae) demonstrate activities against Onchocerca
volvulus microfilariae in vitro. MC Complement. Altern. Med. 2013, 13, 66. [CrossRef] [PubMed]
Urban, J.; Kokoska, L.; Langrova, I.; Matejkov, J. In vitro anthelmintic effects of medicinal plants used in
Czech Republic. Pharm. Biol. 2008, 46, 10–11. [CrossRef]
Rinaldi, L.; Morgan, E.R.; Bosco, A.; Coles, G.C.; Cringoli, G. The maintenance of anthelmintic efficacy in
sheep in a Mediterranean climate. Vet. Parasitol. 2014, 203, 139–143. [CrossRef] [PubMed]
Coles, G.; Jackson, F.; Pomroy, W.; Prichard, R.; Von Samson-Himmelstjerna, G.; Silvestre, A.; Taylor, M.;
Vercruysse, J. The detection of anthelmintic resistance in nematodes of veterinary importance. Vet. Parasitol.
2006, 136, 167–185. [CrossRef] [PubMed]
Godber, O.F.; Phythian, C.J.; Bosco, A.; Ianniello, D.; Coles, G.; Rinaldi, L.; Cringoli, G. A comparison of the
FECPAK and Mini-FLOTAC faecal egg counting techniques. Vet. Parasitol. 2015, 207, 342–345. [CrossRef]
[PubMed]
Raza, M.A.; Ayaz, M.M.; Murtaza, S.; Akhtar, M.S.; Naeem, M.; Ali, M.; Bachaya, H.A. Prevalence of GIT
helminths in cattle at the vicinities of tehsil Jatoi, Punjab, Pakistan. Sci. Int. Lahore 2013, 25, 305–309.
Van Wyk, J.A.; Mayhew, E. Morphological identification of parasitic nematode infective larvae of small
ruminants and cattle: A practical lab guide. Onderstepoort J. Vet. Res. 2013, 80, 1–14. [CrossRef] [PubMed]
Cringoli, G.; Rinaldi, L.; Veneziano, V.; Capelli, G. Efficacy of eprinomectin pour-on against gastrointestinal
nematode infections in sheep. Vet. Parasitol. 2003, 112, 203–209. [CrossRef]
Coles, G.; Bauer, C.; Borgsteede, F.; Geerts, S.; Klei, T.; Taylor, M.; Waller, P. World Association for the
Advancement of Veterinary Parasitology (WAAVP) methods for the detection of anthelmintic resistance in
nematodes of veterinary importance. Vet. Parasitol. 1992, 44, 35–44. [CrossRef]
Von Samson-Himmelstjerna, G.; Coles, G.C.; Jackson, F.; Bauer, C.; Borgsteede, F.; Cirak, V.Y.; Demeler, J.;
Donnan, A.; Dorny, P.; Epe, C. Standardization of the egg hatch test for the detection of benzimidazole
resistance in parasitic nematodes. Parasitol. Res. 2009, 105, 825. [CrossRef] [PubMed]
Molento, M.B.; Fortes, F.S.; Pondelek, D.A.S.; De Almeida Borges, F.; De Souza Chagas, A.C.;
Torres-Acosta, J.F.d.J.; Geldhof, P. Challenges of nematode control in ruminants: Focus on Latin America.
Vet. Parasitol. 2011, 180, 126–132. [CrossRef] [PubMed]
Jackson, F.; Varady, M.; Bartley, D. Managing anthelmintic resistance in goats—Can we learn lessons from
sheep? Small Rumin. Res. 2012, 103, 3–9. [CrossRef]
Nery, P.; Duarte, E.; Martins, E. Plant efficacy in small ruminant gastrointestinal nematode control: A review
of published studies. Rev. Bras. Pl. Med. 2009, 11, 330–338. [CrossRef]
Mali, R.G.; Mehta, A.A. A review on anthelmintic plants. Nat. Prod. Rad. 2008, 7, 466–475.

Vet. Sci. 2018, 5, 89

35.
36.
37.
38.

39.

40.

9 of 9

Al-Shaibani, I.; Phulan, M.; Arijo, A.; Qureshi, T. Ovicidal and larvicidal properties of Adhatoda vasica (L.)
extracts against gastrointestinal nematodes of sheep in vitro. Pak. Vet. J. 2008, 28, 79–83.
Al, Haidari; Rwaida, A. A review of traditional uses, phytochemicals and bioactivities of the Genus.
Hypoestes. Afr. J. Tradit. Complement. Altern. Med. 2018, 15, 1–17.
Al Musayeib, N.M.; Mothana, R.A.; Mohamed, G.A.; Ibrahim, S.R.; Maes, L. Hypoestenonols A and B,
new fusicoccane diterpenes from Hypoestes forskalei. Phytochem. Lett. 2014, 10, 23–27. [CrossRef]
Assis, L.; Bevilaqua, C.; Morais, S.; Vieira, L.; Costa, C.; Souza, J. Ovicidal and larvicidal activity in vitro
of Spigelia anthelmia Linn. extracts on Haemonchus contortus. Vet. Parasitol. 2003, 117, 43–49. [CrossRef]
[PubMed]
Maciel, M.; Morais, S.M.; Bevilaqua, C.; Camurça-Vasconcelos, A.; Costa, C.; Castro, C. Ovicidal and larvicidal
activity of Melia azedarach extracts on Haemonchus contortus. Vet. Parasitol. 2006, 140, 98–104. [CrossRef]
[PubMed]
Rajeswari, V.D. Anthelmintic activity of plants: A review. Res. J. Phys. 2014, 8, 57–63. [CrossRef]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

