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Abstract

Gastrointestinal parasitosis constitutes important health problems, worsening
over the years, due to inadequate use of drugs for its control, causing an-
thelmintic resistance. The objective of the present study was to evaluate the
potential of Azadirachta indica (AZA) and Moringa oleifera (MOR) extracts in
inhibiting egg hatching and in vitro migration of Haemonchus contortus lar-
vae. A completely randomized experimental design was carried out, where 15
treatments and a dimethyl sulfoxide negative control were evaluated: MOR-
75, MOR-50, MOR-25, MOR-12.5, and MOR-6.25 mg/mL; AZA-75, AZA-50,
AZA-25, AZA-12.5, and AZA-6.25 mg/mL; and thiabendazole (TBZ) TBZ-200,
TBZ-100, TBZ-40, TBZ-20, TBZ-10 pg/mL. The extracts did not inhibit egg
hatching capacity; however, we observed a complete decrease in motility in
L, larvae. The extracts affected larval migration (P < 0.0020) compared with
controls (dimethyl sulfoxide and TBZ), with migration rate inhibition above
65 %. Probit analysis showed that the median effective concentrations were
60.41 and 65.69 mg/mL for M. oleifera and A. indica, respectively. The in vi-
tro results suggest that the water extract of both plants has an anthelmintic
action against gastrointestinal nematode larvae.

Keywords: Anthelmintic; Azadirachta indica; Haemonchus contortus; Moringa oleifera;

ovine.
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Study contribution

Gastrointestinal parasitosis constitutes important health problems, worsening over
time, due to inadequate use of drugs for its control, causing anthelmintic resis-
tance. One of the main problems affecting ovine production based on the grazing
system is infestation primarily caused by gastrointestinal nematodes, which affects
the majority of small ruminant farms worldwide. Gastrointestinal parasitosis has a
greater impact on tropical and subtropical regions, where environmental conditions
encourage the proliferation of parasites. This study evaluates addressing a current
complex issue regarding the potential of plant extracts in inhibiting egg hatching in
gastrointestinal nematode larvae. Aiming to minimize the use of chemical products
and having a sustainable livestock production and contribute by providing solutions
to the problem and help minimize the use of chemical products.

Introduction

In 2016, ovine production in Mexico was approximately 118 thousand tons, of
which 60 300 tons were destined for ovine meat carcasses. Mexico only covers
70 % of national demand, the remaining 30 % is imported from Australia, New
Zealand, and the United States of America; therefore, this production is considered
of great importance in the context of development of the livestock industry, which
provides food, raw materials, employment, and, most importantly, income for rural
population, being the most dedicated to this activity.(') However, a primary issue
impacting ovine production in grazing systems is infestation, primarily caused by
gastrointestinal nematodes (GIN), affecting the majority of small ruminants live-
stock farms, not only in Mexico but worldwide.

Gastrointestinal parasitosis has a more significant impact on tropical and sub-
tropical regions, where environmental conditions promote the proliferation of para-
sites.(2: ) It is considered to have a high economic impact leading to a decrease in
animal weight and, consequently increased vulnerability to diseases with potential
rise in mortality.(2) Gastrointestinal parasitosis poses a global health challenge due
to inappropriate use of parasiticides, contributing to the development of anthel-
mintic resistance (AR).(*)

In some countries, Haemonchus contortus has been the parasite with the
most negative impact; however, in recent years, Trichonstrogylus colubriformis has
also gained importance.(> ©) Other genera are also present including Nematodirus,
Oesophagostomum, Cooperia, Strongyloides, Teladorsagia, Chabertia, Bunosto-
murm, Trichuris, and Dictyocaulus.(”) It has been demonstrated that blood parasites
from Haemonchus contortus have a profound negative impact on animals causing
an approximate blood decrease of 0.05 mL per adult nematode per day.

A parasitic load of 5 000 adult nematodes in a host represents a daily blood
decrease of 250 mL in sheep, leading to anemia, anorexia, and health problems.
This, in turn, results in decreased productivity indicators such as daily weight gain,
final weight at slaughter, and carcass weight, and an increase in feed conversion.
These factors contribute to the economic inefficiency of livestock grazing systems,
leading to discouragement and neglect of activity.(8 9

In an effort to of minimize AR, various alternative methods have been explored
to address GIN in sheep, particularly Haemonchus contortus. Among the most
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notable approaches is the utilization of plants with anthelmintic potential, providing
a biological control strategy without inducing anthelmintic resistance. This method
aims to reduce gastrointestinal larvae by leveraging, secondary metabolites, such
as: saponins, tannins, and alkaloids, known for their inhibitory effects on egg hatch-
ing and larval migration.(10. 11)

In this context, there are reports indicating that neem leaves (Azadirachta
indica) yield effective compounds, particularly against endoparasites.(!?) It has also
been observed that the use of A. indica extract inhibits more than 80 % of egg
hatching and disrupts the development of larvae in more than 70 9% of cases.(!®)
Conversely, sterilized water extract from moringa leaves (Moringa oleifera) has
exhibited antibacterial effects, and the alcoholic seed extract has demonstrated
antifungal properties of against phytopathogenic fungi.(*: 1)

The utilization of aqueous extracts of these plants (A. indica and M. oleifera)
in ovine production systems could impede the development of parasite larvae,
making it crucial to evaluate their potential positive impact. Furthermore, these
alternatives are accessible to producers as they are more cost-effective than drugs
can be utilized as dietary supplements for animals. The present study assessed the
inhibitory activity of Azadirachta indica and Moringa oleifera extracts on egg hatch-
ing and in vitro larval migration of Haemonchus contortus.

Materials and methods

Ethical statement

All experimental procedures were approved by the Animal Experimentation Ethics
Committee of the Autonomous University of Ciudad Juarez, Department of Veteri-
nary Sciences (Resolution CEI-2023-2-980).

Area of study and collection of tree leaf

The research was conducted at the Laboratorio de Fisiologia Digestiva of the Institu-
to Tecnoldgico de Conkal, situated at km 16.3 of the Antigua Carretera Mérida-Mo-
tul, Conkal, México, sited at 21°05" N and 89°32" W. The location features an AW,
subhumid climate at an elevation of 7 m above sea level, an average annual tem-
perature of 26 °C, and annual rainfall of 900 mm.(1%) Leaves from A. indica and
M. oleifera were harvested in the months of April and May, during morning hours
within the schedule of experimental areas of the Institute.

Collection of Parasitological material
A 4-month-old male ovine, weighing 20 kg, previously dewormed with albenda-
zole and ivermectin, was utilized for the study. The animal underwent a 15-days
confinement in a metabolic cage for diet adaptation (alfalfa pellets). Following a
10-day deworming period, fecal samples were collected every two days for a week
to confirm the endoparasites including Haemonchus eggs and larvae.

Once the absence of eggs, larvae, and endoparasites was confirmed, espe-
cially Haemonchus, the animal was orally inoculated with 7 000 (L) larvae of
Haemonchus contortus (strain provided by the Facultad de Medicina Veterinaria
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y Zootecnia-UADY) using a 20 mL syringe (Plastipack™, México). After inoculation
and pre-patent period (28 days), samples were collected for obtaining eggs for use
in the assay.

Aqueous extract preparation

The leaves of each plant were subjected to a 48 hour drying process in a heating
oven. Subsequently, they were ground to a particle size of 0.1 mm using a Wiley
Mill (Thomas Scientific, Model 8455.6). Two stock solutions were prepared by
combining 25 g of dried material (DM) with 200 mL of distilled water per plant.
The resulting solution was agitated at 680 rpm using a Thermo Scientific™ agitator,
Model 88880017) until complete dilution. Afterward, the solutions were refrigerat-
ed at 4 °C for 48 h, followed by filtration using gauze and a sieve with a mesh size
of 38 . The preparation was labeled per plant as Neem stock solution (A. indica)
and Moringa (M. oleifera), and various dilutions were subsequently created.(16)

Aqueous extract dilutions

Each original solution underwent dilution according to the following concentrations:
Moringa extract at 75, 50, 25, 12.5, and 6.25 mg/mL. Neem extract at 75, 50, 25,
12.5, and 6.25 mg/mL. In addition, five dilutions of thiabendazole at concentrations
of 200, 100, 40, 20 and 10 pg/mL serving as positive control and with dimethyl
sulfoxide (DMSO) used as negative control (D4540-1L SIGMA®).

Assay 1

We employed the egg-hatch test (EHT), adapted from the method outlined by
Marie-Magdeleine.('”) H. contortus eggs collected from the inoculated animal were
distributed in 24-well cell plates (120 to 150 eggs/well, repeated three times)
and exposed to various solutions of aqueous extracts. The plates were incubated
for 48 h. Following incubation, an inverted microscope (WF10X-18 mM, VELAB®)
with 10x magnification was utilized to count the number of eggs and larvae. The
hatching percentage was determined using the following equation:

Hatching inhibition = 100 hatching
Where:
Hatching = [(L, larvae) / (eggs + L, larvae)] x 100

Assay 2

The larval migration test (LMT) was conducted by adapting the technique described
by Demeler et al. (2010).('") Third-stage larvae (L) or infective larvae in 24-well
plates obtained from coproculture and exposed to various dilutions of aqueous
extract. The well contents were observed using an inverted microscope (10x mag-
nification). Subsequently, the number of migrated larvae was determined, and the
percentage inhibition of larval migration (ILM) was calculated using the following
equation:
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ILM =

x 100

Where:
A= the proportion of migrated larvae in the control
B=the proportion of migrated larvae in the treatments

Statistical analysis

We employed a completely randomized design consisting of three treatments and
a negative control. The results were analyzed using PROC GLM of SAS Version 9.1.3
portable.(18) Each well plate was considered as the experimental unit. Mean compar-
isons were conducted using Tukey's test at a significance level of 0.05.(19) Lethal con-
centrations (LCs gq) were calculated using Probit through the Polo Plus program.(?0)

Results

The secondary metabolites in both the leaves and stock solutions of Moringa oleif-
era and Azadiracht indica are shown in Table 1. According to variance analysis, the
employed aqueous extracts did not significantly interfere (P = 0.0550) with egg
hatching of Haemonchus contortus; however, they exhibited a notable effect on L,
motility, ranging from 989%—100 % (P = 0.0021).

In the analysis, it was observed that aqueous extracts of MOR (90.17 %), AZA
(89.70 9%), and negative control DMSO (95.65 %) did not impact the egg hatching
of H. contortus. Conversely, in TBZ group (38.81 %), there was a significant inhi-
bition of egg hatching (P < 0.0025) when exposed to the different concentrations
(Table 2), confirming the the ovicidal effect of this drug.

Table 1. Chemical analysis of leaves and stock solution for secondary metabolites of Neem (Azadirachta indica)
and Moringa (Moringa oleifera) (g/100 g)

mm Condensed tannins Total tannins Total phenols

Leaves Neem 1.00 0.46 1.84
Moringa 1.07 0.47 1.78

Stock Neem 0.25 0.115 0.46
Solution (25 g of DM) Moringa 0.27 0.117 0.44

Table 2. Eggs and larvae of Haemonchus contortus according to treatment with aqueous extracts of plants (Mean £SE)

Dimethyl sulfoxide (DMSO) 6.13 £ 4,14 109.58 + 6.42°
Neem (Azadirachta indica) 8.11 + 4.47b 105.05 + 7.26P
Moringa (Moringa oleifera) 7.80 + 4.47P 105.40 + 7.50P

Thiabendazole 36.21 £ 30.81¢ 76.02 £ 31.35¢

a b, ¢, d= different letters in the same column indicate differences (P < 0.05)
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Figurel.Egg hatching means in different extract dilutions of Azadirachta indica (AZA), Moringa oleifera (MOR), thiabendazole
(TBZ), and dimethyl sulfoxide (DMSO) as negative controls.
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Figure 2. Motility of larvae (L) exposed to different concentrations of aqueous extracts of Neem (Azadirachta indica) and
Moringa (Moringa oleifera).

The aqueous extracts of AZA and MOR at each dilution did not exhibt a signif-
icant effect (P = 0.0550) on H. contortus egg hatching. In contrast, a dose-depen-
dent response to TBZ was observed (P = 0.0010) (Figure 1). It was observed that
aqueous extracts of MOR and AZA inhibited more than 95 9% of first-stage larval mo-
tility (L;). The response of L to both plants was atypical of a dose-dependent reac-
tion, as the lowest concentration achieved the lowest motility percentage (Figure 2).
While the migration of first-stage larval (L) decreased (P = 0.0031), the aqueous
extract dilutions of the plants increased (Table 3 and Figure 3).


https://veterinariamexico.fmvz.unam.mx/
https://veterinariamexico.fmvz.unam.mx/

http://veterinariamexico.fmvz.unam.mx

Plant extracts in the inhibition of larvae

Oa
Original Research W

doi: http://dx.doi.org/10.22201/fmvz.24486760e.2023.1258

Vol.1012023

Table 3. Number of L larvae of Haemonchus contortus that migrated and did not migrate when exposed to different

concentrations of aqueous extracts of Neem (Azadirachta indica) and Moringa (Moringa oleifera)

e ] |t | omgaion

Neem 1279 + 9.92 265+ 8.7¢
Neem 6.2 93.1 + 14.1P 59.7 % 14.0d
Neem 125 85.3 + 17.1bc 66.4 + 18.4%
Neem 25 74.1 + 14.5d 793 £ 16.1b
Neem 50 58.4 + 7.7¢ 940 +8.72
Neem 75 49.7 + 8.6° 102.4 + 11.22
Moringa 0 126.4 + 9.22 280+ 9.9¢
Moringa 6.2 91.9 + 14.8b 61.5 + 13.84
Moringa 12 88.0 * 16.5P 64.2 + 17.04
Moringa 25 76.5 + 14.2¢d 75.0 £ 15.1b¢
Moringa 50 67.9 * 18.64 84.5 + 18.0P
Moringa 75 53.0 + 21.6° 99.2 + 22.72
a b ¢, d e— different letters in the same column indicate differences (P < 0.0550).
g 8 s 8 ° o B9
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Figure 3. Percentage of larval (L) migration of Haemonchus contortus in sheep exposed to aqueous extracts of Azadirachta
indica (AZA), Moringa oleifera (MOR), thiabendazole (TBZ), and dimethyl sulfoxide as negative (DMSO) controls.

Discussion
In this study, we did not observe the inhibition of egg hatching when H. contortus
eggs were exposed to aqueous extracts of A. indica and M. oleifera. However, a
direct effect of the extracts on hatching to L1 was evident, indicating interference
with the parasite’s motility. This effect is likely attributed to larvae ingesting the
extracts containing metabolites such as tannins and phenols, causing damage to
their intestine, which constitutes 80% of the parasite,(?!) thereby demonstrating
inhibitory activity of the extracts.(2-25)

A study by Costa,(?®) utilized a low-dose (3.12 mg/mL) ethanolic extract of
A. indica, achieving up to 97.7 % egg inhibition of H. contortus. They suggested
that the ovicidal action may be associated with other secondary compounds like
triterpenoids and condensed tannins. Our study aligns with these findings, as we
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observed a low percentage (2 %) of motile (L1) larvae when using a low-dose
(6.25 mg/mL) extract of A. indica and M. oleifera.

In this context, the in vitro test involved the use of aqueous extracts to assess
egg hatching and larval migration. Surprisingly, both Neem and Moringa plants ex-
hibited an atypical response; they did not inhibit egg hatching, contrary to their
larval migration. The presence of active principles interfered with the muotilityof
L, larvae, incapacitating the parasite from migrating to the to the foliar part of the
pastures, thus diminishing its infective capacity.

Similarly, studies conducted in Brazil('2) demonstrated that the use of aqueous
extracts from dried neem leaves, at a concentration of 240 000 ppm, interfered
with the egg hatching capacity in feces cultures by 89 %, without differentiation
between H. contortus and T. columbriformis. These effects were attributed to the
presence of azadirachtin. An advantage of in vitro assays is the ability to the simul-
taneously explore various stages of parasite development, including validating eggs
before hatching, larval development, cuticle shedding (molting), larval migration, and
adult parasites, without interfering with the physiological functions of the hosts.(27)

In the larval migration test, the results indicated effects on the motility of L,
larvae for five different extract concentrations (Figure 3). Notably, this study found
that DMSO did not interfere with (P = 0.0010) the migration capacity of L5 infec-
tive larvae, while thiabendazole exhibited migration (P = 0.0010). Thiabendazole
interacts with tubulin, enhancing the formation of microtubules crucial in cell phys-
iology and morphology: Benzimidazoles, including thiabendazole, bind to tubulin,
impeding microtubules formation , disrupting parasite metabolism, hindering ATP
formation, and ultimately leading to parasite death.(28)

It is crucial to emphasize the significant capacity (P = 0.0020) of aqueous
extracts from A. indica and M. oleifera on larval migration (Table 3). This inhibi-
tory effect on larval migration is attributed to the presence of secondary metab-
olites with anthelmintic properties, including condensed tannins,?) lectins,(30)
terpenoids, 1) flavonoids.(52) The affinity of phenolic compounds or tannins for
glycoproteins (proline) on the parasite cuticle is noteworthy, as it binds to inhibit
motility, larval development, feeding, reproduction, and ultimately leads to death.
Additionally, the membranolytic action of saponins plays a role in this inhibitory
process. (3525

In this study, we demonstrated a substantial inhibitory effect > 60 %) on the
migration of H. contortus larvae, attributed to the secondary compounds present
in the evaluated plants. It's noteworthy that the totality and these compounds are
yet to be determined. Moreno(®®) assessed the in vitro impact of dry leaves on the
migration of L infective larvae of Haemonchus contortus, Cooperia sp., Haemon-
chus placei, and Trichostrongylus columbriformis. Callitris endlicheri consistently
hindered the migration of the studied nematodes. Specifically, the nematode spe-
cies H. contortus exhibited a larval migration inhibition percentage of 88%—89.83at
doses of 5 and 30 mg/mL, respectively. These in vitro studies suggest the presence
of anthelmintic properties in some of the studied plant species.

In this study, water extracts of A. indica and M. oleifera exhibited an inhibitory
effect on larval migration inhibition of H. contortus. Similar versatility has been
reported in other studies, highlighting these plant’s interesting results in integrated
pest control within the livestock sector.(3: 38) Specific investigations have demon-
strated the nematocidal activity of plants, (12 27) such as Gliricida sepium, where
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the inhibition of larval migration reached 95 % with the use of aqueous extracts of
Gliricida sepium.(>9) Phytochemical screening of M. oleifera revealed the presence
of alkaloids, glycosides, flavonoids, steroids, terpenoids, saponins, tannins, and an-
thraquinones.(*9) On the other hand, A. indica, is rich in terpenics (diterpens) and
over fifty tetranortriterpenoids, notably azadirachtin which acts an antinutrient for
insects, bacteria, and nematodes.(“!) Other studies focused on Gliricida sepium, a
plant with diverse secondary metabolites, like saponins, tannins, and alkaloids, (42)
along with condensed tannin concentrations ranging from 3.6 %—4.6 %.(*3) These
variations in ovicidal capacity and the inhibition of larval migration observed in dif-
ferent in vitro studies may be linked to the origin of the plant material.

The chemical composition of a plant can vary significantly even among plants
of the same species duet he genetic and environmental differences, phenological
state, harvesting process and drying methods, and extraction techniques, among
other factors.(44) Therefore, it is advisable to exercise strict control over qualitative
material to be evaluated.(*>)

In general, the types of solutions and extraction methods can significantly in-
fluence the activity of botanical compounds. This is evident with hydroalcoholic
extracts, which may contain some nonpolar organic chemicals with higher polarity
than aqueous extracts and have greater lipid solubility.(4®)

Conclusions

Aqueous extracts of Azadirachta indica and Moringa oleifera did not impact egg
hatching in H contortus. Nevertheless, as larvae progressed to L;, motility de-
creased significantly, ranging 98 % to 100 % with the lowest concentration of both
extracts. In terms of larval migration, both extracts had exhibited detrimental effects
on infective larvae (L), resulting in an inhibition rate of 67 percent.
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