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ABSTRACT
Background: Nematodes are gastrointestinal parasites that infect ovine. They can cause
economic losses leading to the most serious problems in extensive ovine production, particularly
in tropical areas, of up to a billion dollars worldwide. Aim. To collect information about the main
biological activities of A. indica (Azadirachta indica A. Juss) tree leaf extracts to evaluate their
possible use in the future as a clinical treatment to control gastrointestinal nematodes in sheep.
Development: The productive and economic problems caused by gastrointestinal parasitosis in
animals, where anthelmintic resistance results from failure to use anthelmintics at adequate levels
for proper livestock productive potential. Hence, alternative methods to control gastrointestinal
nematodes capable of reducing the parasitic burdens are being studied presently. The attribute of
alternative methods is to reduce the dependence on commercial anthelmintics, which means
fewer treatments to animals a year, thus permitting the preservation of susceptible parasites on
the farm. The utilization of farms with anthelmintic properties has become one of the most
interesting alternatives recently. The A. indica tree is one of the plants that has antiparasitic
activity. Conclusions: A. indica (Azadirachta indica A. Juss) tree leaf extracts constitute an
alternative ecological source to control gastrointestinal nematodes in sheep, due to their
anthelmintic effect and the promotion of biodiversity. Compared to chemical anthelmintics, they
have a lower chance of developing resistance, demonstrating safety, cost-effectiveness, and ease
of use, since they are present in the environment, and are useful to farmers. The plant extracts
might integrate into a program for a comprehensive control method designed to control parasites
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sustainably in ovine production systems. They could also be part of studies on phylum
plathelminth parasites, with a broader epidemiological prevalence.
Keywords: Azadirachta, plant extracts, sheep, Trichostrongyloidea (Source: MeSH)

INTRODUCTION

Parasitic diseases, particularly gastrointestinal nematodes (GIN) are among the most commonly
generated elements in sheep around the world, causing the main financial losses resulting from
feed cuts, stunted development, a reduction in draining, weight loss, disabled maturity, and in
cases of massive contamination, high mortality rates (Chinchilla et al., 2020). These parasites
affect the health and animal welfare, reducing their productive potential critically, since GIN
infections lead to higher mortality (Camacho et al., 2021).

Effective and potentially non-dangerous measures to control endoparasites are indeed necessary
to reduce the high economic losses by the farmers (Rafique et al., 2022).

Traditional medicinal plants used as alternative dewormers demonstrated significant results in
both industrial and developing countries. Besides, medicinal plants have been used in many
countries traditionally for years (Azam et al., 2019; Majeed et al., 2020; Hassan et al., 2020;
Adoho et al., 2022).

Previous findings related to traditional medicinal plants proved that many plant species act as
anti-parasitic drugs and are an alternative to anthelmintics (Abbas et al., 2020), and can be useful
to lower the influx level of parasites in livestock (Sobhy et al., 2021); they are sustainable and
ecologically acceptable (Rafique et al., 2022). Among the most commonly used species is Neem
(Azadirachta indica A. Juss. Meliaceae) (Souza et al., 2016). The Azadirachta indica tree
(Neem) is known for its medicinal properties and has been used to treat gastrointestinal
nematodes and other infections in various parts of the world (Biswas et al., 2022).

However, Ragab et al. (2020) said that the products derived from many herbs and plants contain
bioactive compounds and agents that can be used to treat diseases and are comparatively
harmless. Almost 25% of the synthetic drugs are extracted from medicinal herbs and plants, as
reported by FAO (Food and Agriculture Organization). In developing countries, almost 80% of
the population depends on herbal medicine to treat different diseases.

Hence, developing and including anthelmintic plant extracts as part of comprehensive animal
management is critical to improve animal welfare, and reduce the financial losses caused by
nematodes. Accordingly, this paper aims to collect information about the main biological
activities of A. indica (Azadirachta indica A. Juss) tree leaf extracts to evaluate their possible use
in the future as a clinical treatment to control gastrointestinal nematodes in ovine.
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DEVELOPMENT
Description of Azadirachta indica

It is a fast-growing tree (20-23 m high), with a straight trunk (4-5 feet) (Figure 1). The leaves are
compound and imparipinnate, each having 5-15 folioles. The fruits are green drupes that turn
golden yellow when ripening between June and August (Alzohairy, 2016). The flowers are
aromatic (Chaguthi et al., 2018), having a bisexual nature and pale yellow and white color
(Quraishi et al., 2018).

Figure 1. Azadirachta indica tree and its various parts a) Tree, b) Leaves, c¢) Fruits, d) Flowers
(Rahmani et al., 2018).

The taxonomic position of Azadirachta indica (Neem) is classified in Table 1 (Uzzaman, 2020).

Table 1. Taxonomy of Azadirachta indica (Uzzaman, 2020)

Kingdom Plantae
Sub-kingdom Traqueobionta
Division Magnoliophyta
Class Eudicot
Subclass Rosidae
Order Sapindales
Family Meliaceae
Genus Azadirachta
Species A. indica

Origin and geographical distribution

Azadirachta indica is widely spread in all the Indian continent (Bendigeri et al., 2019). Neem is
extensively cultivated in several Asian countries, such as India, Nepal, Thailand, Cambodia,
Indonesia, Sri Lanka, Burma, Pakistan, Bangladesh, and Vietnam (Tinghui et al., 2001). A
significant amount of Neem is also spread in African countries, such as Senegal, Guinea, Ghana,
Mali, Mauritania, Nigeria, Ethiopia, Kenya, Sudan, Tanzania, Somalia, and Mozambique. It is
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also widely spread in Central America and South America, namely Guyana, Tobago, Jamaica,
Surinam, The Dominican Republic, Mexico, Bolivia, Brazil, and Saint Lucia (Tinghui et al.,
2001). Oli and Gautam (2022) reported that the Neem tree population in Senegal comprises 18-
30 million. However, more than 60% of the population of A. indica is located in India (Tinghui,
2001).

Chemical composition

The identification of different compounds and active agents of the plant generates different
advances and contributions to using its potential. The compounds are isolated and identified, for
instance, their group, effects on the agents applied, and the benefits for mankind in their race to
obtain clean, non-contaminating products that protect the environment. Technological advances
have enabled the isolation and obtaining of complex molecules aiming to manufacture
biodegradable products that can control crop-attacking pests efficiently and effectively, and are
capable of protecting human health using natural products without adverse effects. Hence, A.
indica has become an important alternative for the optimization of its compounds, including
applications in favor of human well-being (Chica, 2018).

The A. indica tree contains hundreds of compounds (phytochemicals), many of which have been
found to be bioactive, and have a diverse usefulness by themselves. Of the more than 300 unique
compounds identified in this tree, azadirachtin, gedunin, and nimbolide are some of the most
abundant. All of them have been defined as potential medications having a broad range of
biological actions (Saleem et al., 2018; Braga et al., 2020; Nagini et al., 2021). Two recent
reviews made by Saleem et al. (2018) and Gupta et al. (2017) have studied the extensive
phytochemistry of A. indica (Marina and Scott, 2022).

Medicinal properties

Extracts from this tree (A. indica) have been widely used as treatments to promote health since
ancient times due to their wide variety of therapeutic properties (Rahmani et al., 2018). Several
parts of the tree have been used for thousands of years in Indian traditional medicine due to their
antipyretic, antacid, antiparasitic, antibacterial, antiviral, antidiabetic, contraceptive, anti-
cancerous, antioxidant, anti-fungal, and dental properties, including other curative and protecting
properties (Alzohairy, 2016; Marina and Scott, 2022) (Figure 2).
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Enterococcus faecalls
Escherichia coli O157:H7
Helicobacter pylori
Klebsiella pne iae

Listeria monocytogenes
Pseudomonas aeruginosa
Salmonella enterica

Dengue
Herpes Simplex Viruses
Influenza

Shigella flexneri SARS-CoV-2
Shigella sonnei
Staphylococcus aureus
Streptococcus mutans
Vibrio cholerae
Aspergillus flavus
Asperygillus niger
Candida albicans
Candida tropicalis

Leishmania donovani
Plasmodium falciparum
Schistosoma mansoni

(Leaves, scods, bark, stems, neem oil, and

individual phytochemicals)

Figure 2. Main antimicrobial targets of A. indica, Azadirachta indica. Every part of A. indica (leaves,
seeds, crust, and stems), the oil, and single phytochemicals associated with A. indica have proven
antibacterial, antiviral, antiparasitic, and/or anti-fungal activities (Marina & Scott, 2022).

Gastrointestinal nematodes in sheep

Gastrointestinal nematodes (GIN) are cylindrical worms that inhabit the digestive tract of
ruminants and are considered relevant parasites in livestock management, especially in intensive
systems, in tropical and temperate climates (Craig, 2018). The adult parasites copulate, producing
an enormous quantity of eggs, which are expelled in the feces where they grow until they become
infecting larvae (Ls), contaminating the grass. The animals get infected through the ingestion of
grass contaminated with these larvae (Reyes et al., 2022).

Ovine-affecting nematode species

Gastrointestinal nematodes in the Trichostrongylidae family are some of the most significant
parasites living in small ruminants worldwide (Elseadawy et al., 2018). Ostertagia spp.,
Haemonchus contortus, Trichostrongylus spp., Nematodirus spp., and Marshallagia marshalli
are the main GINs found in temperate sheep (Dey et al., 2020; Sharma et al., 2020).

Moreover, Loépez et al. (2013) reported that in the tropical and subtropical regions,
gastrointestinal parasites are one of the main agents affecting sheep health, coinciding with the
previous reports. Some of these nematodes are Haemonchus contortus (the one with the highest
prevalence in the world and one of the major causes of financial losses in sheep production),
Trichostrongylus colubriformis, Nematodirus, Oesophagostomum, Cooperia, Strongyloides,
Teladorsagia, Chabertia, Bunostomum, Trichuris, and Dictyocaulus (Cruz et al., 2017).
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Consequences of sheep production

Infection caused by gastrointestinal nematodes (GIN) is a challenge for small and large animals
worldwide (Dey et al., 2020). Charlier et al. (2020) said that these parasites have a significant
economic impact on industry through the effects on animal production and treatment costs.

However, when Haemonchus spp. is prevalent, it causes blood loss, accompanied by a sudden
drop in hematocrit values, low feed conversion, difficulties in weight gain, loss of appetite,
delayed growth, and even death. The young animals are especially susceptible to economic losses
for farmers (Scott, 2017).

Moreover, gastrointestinal helminths also affect agricultural systems globally (Alzahrani et al.,
2016). These parasitic infections interrupt nutrient intake by animals, resulting in a lower weight
and an increase in the animal’s susceptibility to secondary infections (Lopez et al., 2020).

Existing control strategies

Due to the productive and economic problems caused by gastrointestinal parasitosis in animals,
where anthelmintic resistance results from failure to use anthelmintics at adequate levels for
proper livestock productive potential, alternative methods to control gastrointestinal nematodes
capable of reducing the parasitic burdens are being studied presently (Aguilar et al., 2013).

The attribute of alternative methods is to reduce the dependence on commercial anthelmintics,
which means fewer treatments to animals a year, thus permitting the preservation of susceptible
parasites on the farm. Likewise, they could be used by farmers who have found antiparasitic
resistance problems. In the face of parasitosis, alternative control methods are emerging, such as
the efficient use of antiparasitic treatments, grazing management, resistant breeds, and vaccines.
Moreover, biological control based on fungi with nematophagous activity, copper needles,
nutritional management, and selective antiparasitic treatments using FAMACHA. Also important
is the inclusion of anthelmintic plants, as one of the most promising alternatives in recent years
(Torres and Higuera, 2021).

Azadirachta indica leaf extracts to control gastrointestinal nematodes in sheep

Different studies have reported the antiparasitic effect of A. indica leaves (Cruz et al., 2017), with
variable results, which could be caused by the type of extract, the collecting method of the
material used, and the phenological state of the plant, which might change the active compound’s
type and concentration (Moya and Escudero, 2015); Cruz et al. (2017), demonstrated a
significant reduction of gastrointestinal nematodes in the excreta following the administration of
0.8 g/kg of aqueous extract of A. indica leaves.

Nevertheless, a study done by Sakti et al. (2018), on aqueous foliar infusion of A. indica, at 6%
and 8% showed in vitro and in vivo anthelmintic activity against H. contortus, by reducing egg
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hatching, the motility of adult worms, and egg feces counts per gram, after 6 weeks of treatment
in vivo. The infusion of A. indica has a potential bio-anthelmintic activity against H. contortus.

Furthermore, a study done by Rafique et al. (2022), proved the efficacy of aqueous, methanolic,
and ethanolic extracts of dry leaves of medicinal plants Moringa oleifera and Azadirachta indica
for ovicide and larvicide activities against Haemonchus, Trichuris, Coccidia, and
Trichostrongylus collected from wild sheep (Ovis orientalis orientalis). The general findings of
this study demonstrate that the extracts of Moringa oleifera and Azadirachta indica leaves have a
significant natural efficacy activity against sheep GINs, and could be a natural alternative to
synthetic anthelmintics to treat worm infections in animals.

In another study conducted by Rehman et al. (2023), the authors evaluated the phytochemical
composition, ovicide, and larvicide activity of the methanolic extracts and the ethyl acetate from
Azadirachta indica. The results showed that these extracts had an effect on egg hatching and
larval motility. The ethyl acetate showed the fastest lethal effect on adult worms using lower
doses than the methanolic extract. Moreover, the methanolic extract was more effective than the
ethyl acetate in the prevention of egg incubation. This paper demonstrates that the dissolvent used
in the extraction affects the phytochemical composition and anthelmintic activity of A. indica
largely, which is effective in controlling helminths.

Extract action mechanisms

The mode of action of bioactive compounds of A. indica has been identified, affecting in four
different ways: they reduce the feeding capacity of parasites, regulate the parasite growth,
sterilize and inhibit motor action by inhibiting the synthesis of chitin (Szwako et al., 2017). The
bioactive compounds of A. indica are easily degradable, and leave no toxic traces, since they do
not accumulate in the food chain or the soil or other plants (Szwako et al., 2017).

Extract pros and cons

The utilization of extracts has certain advantages over current veterinary treatments, including the
availability, the lack of adverse effects, and easy access. The plant’s extracts and beverages can
be tried in vitro and in vivo thanks to their anthelmintic potential (Ahmed et al., 2023). They
permit meat or milk consumption during the treatment, and can be used in a herd with the
presence of resistance to normally used chemicals (Munguia et al., 2013). They are efficient
against synthetic drug-resistant species, have little or no risk of developing resistance, and are
friendly to the environment (Lalthanpuii and Lalchhandama, 2020). However, Castagna et al.
(2020) referred to the lack of consistent in vitro and in vivo studies about the utilization of the
plant as an anthelmintic, creating doubts about its validity and reliability. Other doubts include
uncertainty about the efficacy of the plant, non-specific responses, non-reproducible preparations,
and possible adverse effects (Ahmed et al., 2023).
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Comparison with other control methods

Kumar et al. (2019), on the difference between the use of synthetic drugs and anthelmintic plants
to control gastrointestinal parasites, said that synthetic anthelmintics are costly, whereas plant-
based anthelmintics are not as expensive. These drugs cause problems related to drug residues
while the ones from plants are drug-free. Additionally, there is a possibility for drug resistance
following prolonged use of synthetic anthelmintics, while plant-based anthelmintics are less
prone to create this resistance. Synthetic drugs are inexistent in rural areas, whereas plant-based
anthelmintics are easily available and do not cause pollution; they are ecological and promote
biodiversity.

Limitations and perspectives

One of the limitations of extracts use, according to Guerrero, (2018), is that the concentrations of
bioactive substances used in vitro do not always correspond to the bioavailability of the living
animal. Besides, some of the active compounds may have adverse effects, so it is necessary to
validate the antiparasitic effects associated with their potential anti-nutritional effect, as well as
other secondary effects. However, Kumar et al. (2019), considered the prolonged collection,
preparation, and administration of ingredients. Moreover, in the future, the extracts must comply
with the requisites for an ideal anthelmintic agent, as stated by Ahmed et al. (2023), who noted
these extracts must have a broad spectrum of action, a high rate of treatment with a single dose,
low toxicity to the host, and cost-effectiveness. Other perspectives refer to the need to establish
and apply a framework regulation and standardization policy (Kumar et al., 2019), and encourage
extract trading, considering that 80% of the population in developing countries depend on herbal
medicine, creating excellent marketing possibilities (Kumar et al., 2019).

CONCLUSIONS

A. indica (Azadirachta indica A. Juss) tree leaf extracts constitute an alternative ecological source
to control gastrointestinal nematodes in sheep, due to their anthelmintic effect and the promotion
of biodiversity. Compared to chemical anthelmintics, they have a lower chance of developing
resistance, demonstrating safety, cost-effectiveness, and ease of use, since they are present in the
environment, and are useful to farmers. The plant extracts might integrate into a program for a
comprehensive control method designed to control parasites sustainably in ovine production
systems. They could also be part of studies on phylum plathelminth parasites, with a broader
epidemiological prevalence.

ACKNOWLEDGMENTS

This result is part of a Local and International Project: FSPI Agrecocaribe: Utilization of
Beneficial Native Microorganisms and Natural Products in Agricultural Systems. We thank
everyone who participated in this result one way or another.

Journal of Animal Prod., 35(2), https://revistas.reduc.edu.cu/index.php/rpa/article/view/e4533



Correa Herrera, N., Salas Romero, J., Quifiones-Galvez, J.

REFERENCES

Abbas, R.Z., Zaman, M.A., Sindhu, Z.U.D., & Sharif, M. (2020). Anthelmintic effects and
toxicity analysis of herbal dewormer against the infection of Haemonchus contortus and
Fasciola hepatica in goat. Pakistan Veterinary Journal, 40, 455-460.
http://pvj.com.pk/pdf-files/40_4/455-460.pdf

Adoho, A. C. C., Konmy, B. B. S., Olounlade, P. A., Azando, E. V. B., & Hounzangbé-Adoté,
M. S. (2022). Phytochemistry and larval toxicity of Ipomea asarifolia, Commelina diffusa,
Acalypha ciliata and Eleusine indica against Artemia salina. International Journal of
Veterinary Science, 11, 121-128. http://www.ijvets.com/pdf-files/\Volume-11-no-2-
2022/121-128.pdf

Aguilar, C. A, Torres, A. F., Camara, S. R., Sandoval, C. C., & Ortega, A. (2013). Dietary
supplementation for gastrointestinal nematode control in grazing sheep in México. La
contribucion del sector pecuario a la seguridad alimentaria en México, XL Reunién de la
Asociacion Mexicana para la Produccion Animal y Seguridad Alimentaria, A. C. pp, 249-
56. https://www.researchgate.net/publication/267811491

Ahmed, H., Gunyakti, K. S., Celik, F., Kaya, K. H. Simsek, S., Shafique, A. K., Sohail, A. M.,
Farrakh, S., Safdar, W., Pervaiz, F., Liagat, S., Zhang, J., & Cao, J. (2023). An Inventory
of Anthelmintic Plants across the Globe. Journals Pathogens, 12(1).
https://doi.org/10.3390/pathogens12010131

Alzahrani, F., Al-Shaebi, E. M., Dkhil, M. A., & Al-Quraishy, S. (2016). In vivo anti-Eimeria and
in vitro anthelmintic activity of Ziziphus spina-christi leaf extracts fares. Pakistan Journal
of Zoology, 48(2), 409-413. http://www.zsp.com.pk/pdf48/409-413%20(14)%20QPJZ-
0309-2015%2022-1-16%20Corrected%20Proof%20Jan%2021.pdf

Alzohairy, M. A. (2016). Therapeutics Role of Azadirachta indica (Neem) and Their Active
Constituents in Diseases Prevention and Treatment. Evid. Based Complement. Altern.
Med. 2016, 7382506. https://www.ncbi.nlm.nih.gov/

Azam, F., Munier, S., Batool, M, Ahmad, B., & Abbas, G. (2019). A review on advancements in
ethnomedicine and phytochemistry of Tribulus terrestris; a plant with multiple health
benefits. International Journal of Biosciences, 14, 21-37. DOI: 10.12692/ijb/14.1.21-37

Bendigeri, S., Das, G., Shrman, K., Kumar, S., Khare, R. K., Sachan, S., & Saiyam, R. (2019).
Phytochemical analysis of Saraca asoca bark and Azadirachta indica seeds. International
Journal of Chemical Studies, 7(4), 126-131.
https://www.researchgate.net/publication/334230961

Journal of Animal Prod., 35(2), https://revistas.reduc.edu.cu/index.php/rpa/article/view/e4533


http://pvj.com.pk/pdf-files/40_4/455-460.pdf
http://www.ijvets.com/pdf-files/Volume-11-no-2-2022/121-128.pdf
http://www.ijvets.com/pdf-files/Volume-11-no-2-2022/121-128.pdf
https://www.researchgate.net/publication/267811491
https://sciprofiles.com/profile/1403335
https://sciprofiles.com/profile/author/ZmpxMjRFODFRSk85TmpnWlYzVmZJUGZBcUgxU0pJbGZLNHEzK09DR2pvST0=
https://sciprofiles.com/profile/author/T3JEL2U3eWo4TVNDSWlaUXRDRHpCYzVyL1daL21xY0pRQUZoSGp4eWJKdz0=
https://sciprofiles.com/profile/author/aXB6bDhLbEwvWEtuYjNqTFNNekFjcmFpOXZQRE93TmVEdkMwbGlGbmRkdz0=
https://sciprofiles.com/profile/2120405
https://sciprofiles.com/profile/1902547
https://sciprofiles.com/profile/author/V2RwdXhmdWI3Tkxqb3F6UTUyeGFueDQwcWtFMXl6alNBQUxiUUZTSmJmYz0=
https://sciprofiles.com/profile/author/V2RwdXhmdWI3Tkxqb3F6UTUyeGFueDQwcWtFMXl6alNBQUxiUUZTSmJmYz0=
https://sciprofiles.com/profile/author/bVV6dGs0ejdOaSt3c0Y3WUxYcjFXZkprdTBkbGw4bmUvKzY3WmZuSmZXUT0=
https://sciprofiles.com/profile/1873095
https://sciprofiles.com/profile/author/ditjRmxTTUFmM0tMUytrZDd3MkhXTThsQkJUUHBTWXA1YUlOZnROcm5iUT0=
https://sciprofiles.com/profile/author/V05HemtKR2p6SlBXZ01yakRWV1JsRlhhMkpuMUFKdW91L3pqV1EwRmVnRT0=
https://sciprofiles.com/profile/author/KzlUTjV3c09DU0JzcGUzaVFGNnNqb0hJaVJVMzRXaDRDSjM5WDR0dEVuMD0=
https://sciprofiles.com/profile/840526
https://www.mdpi.com/about/journals
https://doi.org/10.3390/pathogens12010131
http://www.zsp.com.pk/pdf48/409-413%20(14)%20QPJZ-0309-2015%2022-1-16%20Corrected%20Proof%20Jan%2021.pdf
http://www.zsp.com.pk/pdf48/409-413%20(14)%20QPJZ-0309-2015%2022-1-16%20Corrected%20Proof%20Jan%2021.pdf
https://www.ncbi.nlm.nih.gov/
http://dx.doi.org/10.12692/ijb/14.1.21-37
https://www.researchgate.net/publication/334230961

Azadirachta indica Leaf Extracts to Control Gastrointestinal Nematodes in Sheep

Biswas, K., Chattopadhyay, I., Banerjee, R. K., & Bandyopadhyay, U. (2022). Biological
activities and medicinal properties of neem (Azadirachta indica). Curr. Sci., 82, 1336-
1345. https://www.jstor.org/stable/24106000

Braga, T. M., Rocha, L., Chung, T. Y., Oliveira, R. F., Pinho, C., & Oliveira, A. 1. (2020).
Biological Activities of Gedunin-A Limonoid from the Meliaceae Family. Molecules,
25(3). https://www.mdpi.com/1420-3049/25/3/493

Camacho, R. J.C., Utrera, Q. F., Hernandez, H. J. E., Aguirre, E. G.G., Becerra, P. F., Fernandez,
M. E. C., Zambrano, G. M. A., & Pérez, R. A. (2021). Prevalencia de parasitosis
gastrointestinales en dos épocas del afio, en ovinos de pelo procedentes del sureste
mexicano. Brazilian Journal of Animal and Environmental Research, 4(4), 4898-4907.
ISSN: 2595-573X. https://www.researchgate.net/publication/357593485

Castagna, F., Britti, D., Oliverio, M., Bosco, A., Bonacci, S., Iriti, G., Ragusa, M., Musolino, V.,
Rinaldi, L., & Palma, E. (2020). In vitro anthelminthic efficacy of aqueous pomegranate
(Punica granatum L.) extracts against gastrointestinal nematodes of sheep. Pathogens, 9,
1063. https://www.mdpi.com/2076-0817/9/12/1063

Chaguthi P., Mittal A., Singh S., & Baghel D. S. (2018). An overview on therapeutic potential of
Azadirachta indica. Journal of Emerging Technologies and Innovative Research (JETIR).
https://scholar.google.com/scholar?hl=es&as_sdt=0%2C5&qg=An+overview+on+therapeu
tic+potential+of+Azadirachta+indica.+&btnG=

Charlier, J. Rinaldi, L. Musella, V. Ploeger, H. W., Chartier, C. Vineer, H. R., Hinney, B., von
Samson-Himmelstjerna, G., Bacescu, B. Mickiewicz, M., Mateus,T. L., Martinez-
Valladares, M., Quealy, S., Azaizeh, H., Sekovska, B., Akkari, H., Petkevicius, S.,
Hektoen, L., HOglund, J., Morgan, E. R., Bartley, D. J., & Claerebout, E. (2020). Initial
assessment of the economic burden of major parasitic helminth infections to the ruminant
livestock industry in Europe. Prev. Vet. Med., 182.
https://doi.org/10.1016/j.prevetmed.2020.105103

Chica, V. (2018). Efecto antibacteriano del extracto de hojas de Neem sobre cepas de
Streptococcus mutans estudio in vitro. Universidad Central del Ecuador, Facultad de
Medicina Odontologia. http://www.dspace.uce.edu.ec/handle/25000/14563

Chinchilla, C. M., Valerio, C. ., Gutiérrez, E. G. A,, Soto,F. S., Vanegas, P. J. C., Salom, P. R.,
& Arroyo, A. S. (2020). Intestinal parasites found in faecal samples of wild cats of Costa
Rica. International Journal of Veterinary Science, 9, 153-156. www.ijvets.com

Craig, T. M. (2018). Gastrointestinal nematodes, diagnosis and control. Vet Clin North Am Food
Anim Pract., 34(1), 185-199. DOI:https://doi.org/10.1016/j.cvfa.2017.10.008

Journal of Animal Prod., 35(2), https://revistas.reduc.edu.cu/index.php/rpa/article/view/e4533


https://www.jstor.org/stable/24106000
https://www.mdpi.com/1420-3049/25/3/493
https://www.researchgate.net/publication/357593485
https://www.mdpi.com/2076-0817/9/12/1063
https://scholar.google.com/scholar?hl=es&amp;amp;as_sdt=0%2C5&amp;amp;q=An+overview+on+therapeutic+potential+of+Azadirachta+indica.+&amp;amp;btnG
https://scholar.google.com/scholar?hl=es&amp;amp;as_sdt=0%2C5&amp;amp;q=An+overview+on+therapeutic+potential+of+Azadirachta+indica.+&amp;amp;btnG
https://doi.org/10.1016/j.prevetmed.2020.105103
http://www.dspace.uce.edu.ec/handle/25000/14563
http://www.ijvets.com/
https://doi.org/10.1016/j.cvfa.2017.10.008

Correa Herrera, N., Salas Romero, J., Quifiones-Galvez, J.

Cruz, C. A, Hortla, L. L. C., Moreno, F. G., & Gonzalez, P. A. C. (2017). Evaluacion del Efecto
de Azadirachta indica y Thymus vulgaris sobre el recuento de huevos de helmintos y
coccidias en corderos. REDVET, 18(9), 1-13.
https://www.redalyc.org/pdf/636/63653009041.pdf

Dey, A. R., Begum, N., & Alim, A. (2020). Gastrointestinal nematodes in goats in Bangladesh: a
large-scale epidemiological study on the prevalence and risk factors. Parasite Epidemiol
Control, 9, e00146. https://doi.org/10.1016/j.parepi.2020.e00146

Elseadawy, R. M., Alaraby, M. A., & Abbas, I. E. (2018). Prevalence of Trichostrongyle eggs
infecting sheep and goats in Dakahlia Governorate, Egypt. J. Egypt. Soc. Parasitol.,
14(2), 121-136. https://journals.ekb.eg/article 35969.html

Guerrero, G. M. G. (2018). Efecto de un antiparasitario herbolario para el control de los
parasitos gastrointestinales en ovinos en pastoreo. Universidad Auténoma de San Luis
Potosi, Facultad de Agronomia y veterinaria.
https://repositorioinstitucional.uaslp.mx/xmlui/handle/i/5866

Gupta, S. C., Prasad, S., Tyagi, A. K., Kunnumakkara, A. B., & Aggarwal, B. B. (2017). Neem
(Azadirachta indica): An Indian Traditional Panacea with Modern Molecular Basis.
Phytomedicine, 34, 14-20. https://doi.org/10.1016/j.phymed.2017.07.001

Hashmat, 1., Azad, H., & Ahmed, A. (2012). Neem (Azadirachta indica A. Juss)-A nature’s
drugstore: an overview. Int Res J Biol Sci., 1, 76-9.
https://www.spencersnpp.co.za/uploads/

Hassan, N. M. F., Sedky, D., Abd El-Aziz, T. H., Shalaby, H. A., & Abou-Zeina, H. A. A.
(2020). Anthelmintic potency and curative effect of pomegranate peels ethanolic extract
against H. contortus infection in goats. International Journal of Veterinary Science, 9,
210-216. www.cabi.org/vetmedresource/abstract/20203295735

Kumar, N. R., Raj, P., Anjana, K., Archana., & Mandal, K.G. (2019). Medicinal plants and its
activity against helminth: A review. J Pharmacogn Phytochem, 8(5), 2348-2355.
https://www.phytojournal.com/archives/2019/vol8issue5/PartAQ/8-3-623-719.pdf

Lalthanpuii, P. B., & Lalchhandama, K. (2020). Chemical composition and broad-spectrum
anthelmintic activity of a cultivar of toothache plant, Acmella oleracea, from Mizoram,
India. Pharm. Biol., 58, 393-399.
https://www.tandfonline.com/doi/full/10.1080/13880209.2020.1760316

Lopez, O. S., Chaparro, G. J. J., & Gomez, O. L. M. (2020). Overview of Poultry, Eimeria, life
cycle and host-parasite interactions. Frontiers in Veterinary Science, 7, 384.
https://www.frontiersin.org/articles/10.3389/fvets.2020.00384/full

Journal of Animal Prod., 35(2), https://revistas.reduc.edu.cu/index.php/rpa/article/view/e4533


https://www.redalyc.org/pdf/636/63653009041.pdf
https://doi.org/10.1016/j.parepi.2020.e00146
https://journals.ekb.eg/article_35969.html
https://repositorioinstitucional.uaslp.mx/xmlui/handle/i/5866
https://doi.org/10.1016/j.phymed.2017.07.001
https://www.spencersnpp.co.za/uploads/
http://www.cabi.org/vetmedresource/abstract/20203295735
https://www.phytojournal.com/archives/2019/vol8issue5/PartAQ/8-3-623-719.pdf
https://www.tandfonline.com/doi/full/10.1080/13880209.2020.1760316
https://www.frontiersin.org/articles/10.3389/fvets.2020.00384/full

Azadirachta indica Leaf Extracts to Control Gastrointestinal Nematodes in Sheep

Lépez, R, O, A., Gonzédlez, G. R., Osorio, A. M. M., & Aranda, I. E. (2013). Cargas y especies
prevalentes de nematodos gastrointestinales en ovinos de pelo destinados al abasto. Rev.
Mex. de Cienc. Pecuarias, 4(2), 223-234.
https://www.scielo.org.mx/scielo.php?pid=5200711242013000200008&script=sci_arttext

Majeed, Y., Shaukat, M. B., Abbasi, K. Y., & Ahmad, M. A. (2021). Indigenous plants of
Pakistan for the treatment of diabetes: A review. Agrobiological Records, 4, 44-63.
https://agrobiologicalrecords.com/articles/2-2-Vol-4-44-63-2021-ABR-20-1141.pdf

Marina, R. W., & D. Scott, M. (2022). The Antimicrobial Potential of the Neem Tree Azadirachta
indica. Department of Microbiology and Immunology, Uniformed Services University of
the Health Sciences, Bethesda, MD, United States. Front. Pharmacol., 30 May. Sec.
Ethnopharmacology. https://www.frontiersin.org/articles/10.3389/fphar.2022.891535-
[full#:~

Moya, M. A., & Escudero, V. G. (2015). Las plantas medicinales en el control de neméatodos
gastrointestinales en cabras: potencial de las plantas que crecen en la region de Coquimbo,
Chile. Revista Brasileira de Plantas Medicinais, 17, 480-494.
https://www.scielo.br/j/rbpm/a/dGNEMWA4GDbJIXKV3XJIM6ZdrC/abstract/?lang=es

Munguia, X. J. A., Valenzuela, M. W., Leyva, C. J. C., Morales, P. M. I., & Figueroa, C. J. A.
(2013). Potencial del orégano como alternativa natural para controlar Haemonchus
contortus en ovinos de pelo. Revista Latinoamericana de Recursos Naturales, 9(1), 150-
154. https://revista.itson.edu.mx/index.php/rlrn/article/view/222/157

Nagini, S., Nivetha, R., Palrasu, M., & Mishra, R. (2021). Nimbolide, a Neem Limonoid, Is a
Promising Candidate for the Anticancer Drug Arsenal. J. Med. Chem., 64(7), 3560-3577.
https://doi.org/10.1021/acs.jmedchem.0c02239

Oli, B. & Gautam, T. D. (2022). Medicinal value of Azadirachta indica: A review. Modern
Phytomorphology, 15, 161-167. https://www.researchgate.net/profile/Deepak-
Tutunga/publication/358667107

Quraishi, H. A., Islam, N., Igbal, A., Bhat, S. A., Ahmed, J., Ashraf, S. S., & Khan, Q. A. (2018).
Therapeutical and medicinal properties of Neem (Azadirachta indica) in context of Unani
system of medicine: A review study. J Drug Deliv Ther 8, 394-399.
https://jddtonline.info/index.php/jddt/article/view/2141

Rafique, A., Mahmood, M. S., Abbas, R. Z., Ali, S., Mian, A., & Rizwan, A. (2022).
Anthelmintic activity of Moringa oleifera and Azadirachta indica against gastrointestinal
nematodes of wild sheep. Journal of the Hellenic Veterinary Medical Society, 73(2),
3989-3996. DOI: 10.12681/jhvms.25876

Journal of Animal Prod., 35(2), https://revistas.reduc.edu.cu/index.php/rpa/article/view/e4533


https://www.scielo.org.mx/scielo.php?pid=S200711242013000200008&amp;amp;script=sci_arttext
https://agrobiologicalrecords.com/articles/2-2-Vol-4-44-63-2021-ABR-20-1141.pdf
https://www.frontiersin.org/articles/10.3389/fphar.2022.891535-/full#:~
https://www.frontiersin.org/articles/10.3389/fphar.2022.891535-/full#:~
https://www.scielo.br/j/rbpm/a/dGNFMW4GDbJXKV3XJM6ZdrC/abstract/?lang=es
https://revista.itson.edu.mx/index.php/rlrn/article/view/222/157
https://doi.org/10.1021/acs.jmedchem.0c02239
https://www.researchgate.net/profile/Deepak-Tutunga/publication/358667107_
https://www.researchgate.net/profile/Deepak-Tutunga/publication/358667107_
https://jddtonline.info/index.php/jddt/article/view/2141
http://dx.doi.org/10.12681/jhvms.25876

Correa Herrera, N., Salas Romero, J., Quifiones-Galvez, J.

Ragab, E., Badr, H., abuElkheir, A., & Elenbaawy, M. 1. (2020). The effectiveness of methanolic
extracts of five plants on different Salmonella isolates. International Journal of
Veterinary Science, 9, 379-384. DOI: 10.37422/1JVVS/20.041

Rahmani, A. H., Almatroudi, A., Alrumaihi, F., & Khan, A. (2018). Pharmacological and
Therapeutic Potential of Neem (Azadirachta indica). Pharmacognosy Reviews, 12(24).
https://phcogrev.com/article/2018/12/24/104103phrevphrev818#:~:text=Moreover%2C%
20neem%20and%20its%20ingredient%20might%20be%20a,and%20its%20ingredients%
20through%20modulation%200f%?20biological%20activities.

Rehman, T. U., EI-Mansi, A. A., Alhag, S. K., Al-Shuraym, L. A., Saeed, Z., Arif, M., Rashid,
M., Bhutta, Z. A., & Zaman, M. A., (2023). Antiparasitic activity of methanolic and ethyl
acetate extracts of Azadirachta indica against Haemonchus contortus. 43(1), 199-203.
http://dx.doi.org/10.29261/pakvetj/2023.014

Reyes, G. D. E., Olmedo, J. A., & Mendoza- de Gives. P. (2022). Control y prevencién de
nematodosis en pequefios rumiantes: antecedentes, retos y perspectivas en México. Rev.
mex. de cienc. Pecuarias, 12. https://doi.org/10.22319/rmcp.v12s3.5840

Sakti, A. A., Kustantinah., & Nurcahyo, R. W. (2018). In Vitro and in Vivo Anthelmintic
Activities of Aqueous Leaf Infusion of Azadirachta indica against Haemonchus
contortus.  Tropical Animal  Science  Journal, 41(3), 185-190. DOI:
https://doi.org/10.5398/tasj.2018.41.3.185

Saleem, S., Muhammad, G., Hussain, M. A., & Bukhari, S. N. A. (2018). A Comprehensive
Review of Phytochemical Profile, Bioactives for Pharmaceuticals, and Pharmacological
Attributes of Azadirachta indica. Phytother. Res.32 (7), 1241-1272.
https://doi.org/10.1002/ptr.6076

Scott, J. R. (2017). Influence of an internal Parasite Control on Cattle Grazing Behavior and
Production. Theses, Dissertations and Student Research in Agronomy and Horticulture.
133. https://digitalcommons.unl.edu/agronhortdiss/133/

Sharma, D. K., Paul, S., & Gururaj, K. (2020). Gastrointestinal Helminthic Challenges in Sheep
and Goats in Afro-Asian Region: A Review. J Anim Res., 10(1), 1-18.
https://www.indianjournals.com/ijor.aspx?target=ijor:jar&volume=10&issue=1&article=0
01

Sobhy, H., AboElnaga, T. R., Behour, T. S., & Razin, E. A. (2021). In vitro trypanocidal activity
of essential oils of some plants against Trypanosoma evansi. International Journal of
Veterinary Science, 10,191-195. doi:10.47278/journal.ijvs/2021.043

Journal of Animal Prod., 35(2), https://revistas.reduc.edu.cu/index.php/rpa/article/view/e4533


http://dx.doi.org/10.37422/IJVS/20.041
https://phcogrev.com/article/2018/12/24/104103phrevphrev818#:~:text=Moreover%2C%20neem%20and%20its%20ingredient%20might%20be%20a,and%20its%20ingredients%20through%20modulation%20of%20biological%20activities
https://phcogrev.com/article/2018/12/24/104103phrevphrev818#:~:text=Moreover%2C%20neem%20and%20its%20ingredient%20might%20be%20a,and%20its%20ingredients%20through%20modulation%20of%20biological%20activities
https://phcogrev.com/article/2018/12/24/104103phrevphrev818#:~:text=Moreover%2C%20neem%20and%20its%20ingredient%20might%20be%20a,and%20its%20ingredients%20through%20modulation%20of%20biological%20activities
https://doi.org/10.22319/rmcp.v12s3.5840
https://doi.org/10.5398/tasj.2018.41.3.185
https://doi.org/10.1002/ptr.6076
https://digitalcommons.unl.edu/agronhortdiss/133/
https://www.indianjournals.com/ijor.aspx?target=ijor:jar&amp;amp;volume=10&amp;amp;issue=1&amp;amp;article=001
https://www.indianjournals.com/ijor.aspx?target=ijor:jar&amp;amp;volume=10&amp;amp;issue=1&amp;amp;article=001
https://doi.org/10.47278/journal.ijvs/2021.043

Azadirachta indica Leaf Extracts to Control Gastrointestinal Nematodes in Sheep

Souza, A. M., Pereira, C. E., de Paula, E. M., de Freiras, R. M., & Kikuti, A. L. (2016).
Bioatividade de extratos vegetais de nim, jambu e pimenta de macaco sobre sementes de
alface. Revista ~ Cientifica  Eletrbnica  de  Agronomia, 30, 43-50.
http://faef.revista.inf.br/imagens_arquivos/arquivos_destaque/kSgPfUUUG6OMP7Jt 2018-
1-25-14-23-3.pdf

Szwako, A., Delgado, S., Romero, P., Tomassi, M., & Flecha, R. (2017). Neem (Azadirachta
indica) and ivermectin 1% comparative effect on gastrointestinal parasitary infestation in
cattle. Compend. cienc. Vet., 7(1), 25-28. (1) (PDF) NEEM (Azadirachta indica) AND
IVERMECTIN 1% COMPARATIVE EFFECT ON GASTROINTESTINAL
PARASITARY INFESTATION IN CATTLE (researchgate.net)

Tinghui, X., Wegener, M., O’Shea, M., & Deling, M. (2001). World Distribution and Trade in
Neem Products with Reference to their Potential in China. Neem Foundation, Pag 3- 8.
AgEcon Search http://ageconsearch.umn.edu aesearch@umn.edu

Torres, F. R. A., & Higuera, P. R. I. (2021). In vivo anthelmintic activity of terpenes and essential
oils in  small ruminant. Journal MVZ  Cordoba, 26(3), e2317.
https://doi.org/10.21897/rmvz.2317

Uzzaman, S. (2020). Pharmacological activities of neem (Azadirachta indica): A review. Int J
Pharmacogn Life Sci., 1, 38-41. https://www.pharmacognosyjournal.com/article/8/1-1-16-

389.pdf

AUTHOR CONTRIBUTION STATEMENT

Research conception and design: NCH, JSR, JQG; data analysis and interpretation: NCH, JSR,
JQG; redaction of the manuscript: NCH, JSR, JQG.

CONFLICT OF INTEREST STATEMENT

The authors state there are no conflicts of interest whatsoever.

Journal of Animal Prod., 35(2), https://revistas.reduc.edu.cu/index.php/rpa/article/view/e4533


http://faef.revista.inf.br/imagens_arquivos/arquivos_destaque/kSgPfUUU6OMP7Jt_2018-1-25-14-23-3.pdf
http://faef.revista.inf.br/imagens_arquivos/arquivos_destaque/kSgPfUUU6OMP7Jt_2018-1-25-14-23-3.pdf
https://www.researchgate.net/publication/320541043_NEEM_Azadirachta_indica_AND_IVERMECTIN_1_COMPARATIVE_EFFECT_ON_GASTROINTESTINAL_PARASITARY_INFESTATION_IN_CATTLE
https://www.researchgate.net/publication/320541043_NEEM_Azadirachta_indica_AND_IVERMECTIN_1_COMPARATIVE_EFFECT_ON_GASTROINTESTINAL_PARASITARY_INFESTATION_IN_CATTLE
https://www.researchgate.net/publication/320541043_NEEM_Azadirachta_indica_AND_IVERMECTIN_1_COMPARATIVE_EFFECT_ON_GASTROINTESTINAL_PARASITARY_INFESTATION_IN_CATTLE
https://doi.org/10.21897/rmvz.2317
https://www.pharmacognosyjournal.com/article/8/1-1-16-389.pdf
https://www.pharmacognosyjournal.com/article/8/1-1-16-389.pdf

