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Abstract: The present study aimed to evaluate the in vitro anthelmintic activity of Juniperus phoenicea and Artemisia herba-alba against
abomasal nematodes collected from naturally infected sheep. The anthelmintic activities of the extracts were assessed using egg hatch inhibition
(EHIA) and adult motility assays (AMA) against Teladorsagia circumcincta. The parasites were stored in phosphate-buffered saline (PBS) until
the in vitro assessment began. The leaf powders of J. phoenicea and A. herba-alba were extracted using the maceration procedure. Briefly, the
leaf powders were mixed with a sufficient quantity of 99% ethanol and distilled water (80%/20%). The extracts were dissolved in a 3% dimethyl
sulfoxide (DMSO) solution to improve water solubility. The hydroethanolic extracts were tested at concentrations of 1.562, 3.125, 6.25, 12.5,
and 25 mg/ml. Adult motile worms were individually subjected to each treatment at laboratory temperature. The PBS and albendazole (25
mg/ml) were prepared and used as negative and positive controls, respectively. The test was repeated five times for each concentration. The
results showed that both plant extracts exhibited anthelmintic effects. A. herba-alba extract at 25 mg/ml inhibited the motility of all T.
circumcincta adult worms within 1 hour of administration, while J. phoenicea extract caused 100% mortality of adult worms after 4 hours at the
same concentration. Neither of the extracts, at 1.562 mg/ml, had any inhibitory effect on motility. At 25 mg/ml, the A. herba-alba (98.67%) and
J. phoenicea (96.24%) showed high activity with an inhibitory effect on hatchability compared to the other tested concentrations. The findings of
the present study showed that hydroethanolic extracts of A. herba-alba and J. phoenicea leaves had in vitro anthelmintic activity on eggs and
adult 7. circumcincta of sheep.
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1. Introduction

Gastrointestinal nematode infestations significantly threaten livestock, particularly cattle, sheep, and goats. Recent research
conducted in Algeria revealed that sheep are infested by various abomasal parasitic species (Zouyed et al., 2018). Despite the use
of anthelmintics, the emergence of drug resistance in animals is becoming increasingly significant. For instance, Teladorsagia,
Trichostrongylus, Marshallagia, and Nematodirus strongyles within five pilot farms in eastern Algeria were resistant to
albendazole (Bentounsi et al., 2006), then found to be highly prevalent in pilot farms in the steppe zones of Eastern Algeria for
benzimidazoles and ivermectin (Bentounsi et al., 2007). Another study in western Algeria focused on the link between the
development of resistance to albendazole and the presence of Marshallagia marshalli in some agricultural establishments
(Boulkaboul et al., 2010).

Therefore, combating anthelmintic resistance has become an important challenge that requires much research and reliable
methods for the detection and testing of the efficacy of anthelmintic agents. In vitro tests are used to select plant species, their
secondary metabolites, and ingredients that exhibit anthelmintic activity (Andre et al., 2017). There are several positive aspects of
in vitro assays before in vivo, including less time-consuming, less expensive, needing a smaller number of animals, and permitting
the evaluation of the efficacy of different anthelmintic compounds throughout the life cycle of the parasite (Demeler et al., 2013).
Furthermore, The Adult Motility Assay (AMA) and Egg Hatch Inhibition Assay (EHIA) are preferred over in vivo approaches
because they are cost-effective, simple, and provide immediate findings (De Jesus-Martinez et al., 2018).

Medicinal plants are widely used as single drugs or in combination delivery systems. The World Health Organization states
that 80% of the global population depends on traditional medicine for their main healthcare need (WHO, 2003). Medicinal plant
preparations containing bioactive compounds offer a promising alternative for treating and managing various health problems and
infections. These preparations exhibit antimicrobial, antioxidant, anti-inflammatory, antipyretic, and immunostimulant properties
(Laudato and Capasso, 2013). Algeria has a longstanding tradition of utilizing medicinal herbs, and the traditional herbal
knowledge is passed from generation to generation (Boudjelal et al., 2010). In developing nations, traditional methods of
controlling nematodes, used by small farmers, remain largely dependent on medicinal plants. Plants are a great source of naturally
occurring substances that can be utilized as substitutes for dewormers in livestock (Ahmed et al., 2023).

Traditional veterinary knowledge remains crucial for sheep and goat farmers in the Algerian steppe. Many plant species are
used in ethnoveterinary remedies (Miara et al., 2019). A recent study on the traditional use of medicinal plants for treating
parasites in humans and animals in Algeria revealed plenty of ethnopharmacological knowledge. The most commonly mentioned
medicinal plant is A. herba-alba Asso (Benlarbi et al., 2023), which is recognized for its antioxidant, anti-cancer, and anti-
inflammatory properties (Khlifi et al., 2013), antifungal activity (Abu-Darwish et al., 2015), and antibacterial activities (Ouguirti
et al., 2021). J. phoenicea, locally known as "Araar," is a naturally widespread shrub in the Algerian steppe, become a commonly
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used plant as an anthelmintic, antiseptic, and for treating wounds (Miara et al., 2019), and exhibits antioxidant and antibacterial
activities (Ait-Mimoune et al., 2023) as well as antiproliferative properties (Kemal et al., 2023).

Several studies have documented the anthelmintic application of medicinal plants and these include Juniperus communis
(Strbac et al., 2020), Azadirachta indica (Rehman et al., 2023), Acacia nilotica (Zabre et al., 2023), Combretum glutinosum (Toklo
et al., 2023), Artemisia brevifolia (Iqbal et al., 2004), Juniperus pinchotii (Armstrong et al., 2013), J. phoenicea (Aouadi et al.,
2021), and some Artemisia L. species (Dag et al., 2023).

Except for some studies that revealed antiparasitic activity of some chemical components of plants such as artemisinin (Wang
et al., 2015), 1,8-cineole and camphor (Zhu et al., 2013), carvone (Katiki et al., 2019), cinnamaldehyde and limonene (Katiki et
al., 2017), most of the studies reported the presence of key components of the plants which do not provide any information about
the effective antiparasitic compounds and their mechanism of action. The anthelmintic components cited above appear in the
composition of A. herba-alba (1,8-cineole, carvone, camphor, and cinnamaldehyde) and J. phoenicea (limonene), studied in
Algeria by Zouaoui et al. (2020). The same study showed the dominance of a-pinene, which revealed antiparasitic activity in the
study of Rodrigues et al. (2015).

In a study by Ali et al. (2021), some mechanisms of the nematicidal activity of medicinal plants against H. contortus were
regrouped. These mechanisms led the parasite to a state of starvation, energy deprivation, and neuromuscular disorganization, and
it became unable to survive inside the host. However, no information about the action mechanisms of 4. herba-alba, Artemisia
capillaris, and Artemisia maritima was provided.

Given the importance of using A. herba-alba and J. phoenicea in Algerian traditional therapy and the emergence of
antiparasitic resistance, this is the first study in Algeria to evaluate the in vifro anthelmintic activity of these plants against T.
circumcincta from naturally infected sheep using egg hatch inhibition (EHIA) and adult motility assays (AMA).

2. Materials and Methods

2.1. Collection of Plant Samples

The leaves of J. phoenicea and A. herba-alba were collected in the area of Guettatecha locality, M'sila province, Northern
Algeria (35°47'02"N, 5°02'05"E). After collection, identification of the plants was made by a botanist at the herbarium of the
agronomic department at Batna 1 University. The plants were left to dry at room temperature for a week to facilitate leaf recovery.
Subsequently, the plant materials were pounded using a coffee grinder, resulting in a fine powder, and were kept in the dark for an
in vitro anthelmintic test.

2.2. Plant Extract Preparation

The leaf powders of J. phoenicea and A. herba-alba were extracted using the maceration procedure. Briefly, the leaf powders
were mixed with a sufficient quantity of 99% ethanol and distilled water (80%/20%) for 48 hours; then, the solutions were filtered
through Whatman paper. The filtrates were placed in a rotary evaporator to prepare hydro-ethanolic extracts. The extracts were
dissolved in a 3% dimethyl sulfoxide (DMSO) solution to improve water solubility, producing two stock solutions at a
concentration of 25 mg/ml (100 ml volume). Several dilutions were made with varying concentrations (1.562, 3.125, 6.25, 12.5,
and 25 mg/ml).

2.3. Parasite Collection

Adult parasites were collected from the abomasum of a slaughtered sheep. The abomasum was collected post-slaughter and
transported to the veterinary parasitology laboratory at Batna University. In the laboratory, the abomasum was cleaned using a
continuous flow of water, and the worms were separated by cutting the larger curve of the abomasa. The parasites were stored in
phosphate-buffered saline (PBS) until the in vitro assessment began. According to the technique described by Cabaret et al.
(1984), with modification, a microscopic cutting of the uterus of 150 adult 7. circumcincta using a small scalpel to release the eggs
was the method used, excluding the most famous nematode model H. contortus frequently used for in vitro studies because it is
not an abundant parasite in our bioclimatic stage.

2.4. Adult Motility Assay (AMA)

This test was performed using 96 micro-plate wells. Five increasing concentrations of the extracts of the plants were carried
out (1.562, 3.125, 6.25, 12.5, and 25 mg/ml). A total of about 560 adults of T. circumcincta were used to assess the anthelmintic
effect of the extracts. Identification of the parasite was based on their numerous longitudinal cuticular ridges, which were seen
posteriorly, the presence of a genital cone with a single papilla that projects from the surface of the body, the presence of small
prominent cervical papillae, together with other identification keys (Taylor et al., 2015; Gibbons and Khalil, 1982; Soulsby, 1982).

Eight (08) adult motile worms were individually subjected to each treatment at laboratory temperature. The PBS and
albendazole (25 mg/ml) were prepared and used as negative and positive controls, respectively. The test was repeated five times
for each concentration. The inhibition of the mobility of adult worms for five (05) seconds under the effect of extracts was used as
the criterion for anthelmintic activity. Mobility of worms was observed at intervals of 0, 1, 2, 4, 6, and 8 hours using a binocular
magnifier. With each observation, immobile worms were observed for five (05) seconds to confirm their condition. At the end of
the test, the treated worms were immersed again for 20 minutes in the PBS to observe the possible resumption of the mobility of
the worms.
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2.5. Egg Hatch Inhibition Assay (EHIA)

The egg hatch test was carried out according to the procedure described by Coles et al. (2006) with modifications. For every
concentration of plant extract, 50 eggs of 7. circumcincta were deposited in 0.5 ml of solution inside 1.5 ml Eppendorf tubes. All
tubes were incubated at 27°C for 48 hours in this assay. A drop of Lugol iodine solution was added to each tube to stop further
hatching, and all the unhatched eggs and first-stage (L1) larvae were counted under a dissecting microscope (40x). Two batches
were conducted: a negative reference control batch consisting of PBS, and a positive reference control batch containing
albendazole at a concentration of 25 mg/ml. The experiment was conducted with five repetitions for each concentration of the
extracts. Ultimately, the percentage of inhibition in the hatching of eggs was determined by employing the subsequent formula:

x
Percente inhibition = 100 (1 — x_l)
2

Where x; represents the number of eggs hatched in the extract, and x, represents the number of eggs hatched in PBS.

2.6. Data analysis

All data were tabulated and analyzed using descriptive statistics, determining minimum and maximum values and average and
standard deviation variables. Statistical analysis was performed using SPSS version 23. A Kruskal-Wallis test was conducted with
time and concentration as independent variables and plant activities as the dependent variable.

3. Results

3.1. Adult Motility Assay (AMA)

Adult motility experiments were conducted on the adult worms; the results are presented in Table 1. Within one hour of
administering a dosage of 25 mg/ml of 4. herba-alba extract, the motility of all adult worms was reduced. In contrast, the J.
phoenicea extract resulted in a 100% mortality rate of mature worms after 4 hours of administration at the same dose. At a
concentration of 3.125 mg/ml, A. herba-alba, and J. phoenicea exhibited 30 and 15% inhibition of motility, respectively, 8 hours
after treatment. Neither of the extracts, at 1.562 mg/ml, had any inhibitory effect on motility. A. herba-alba was more effective on
worms than J. phoenicea. Experiments showed that as the concentration of extracts increases and as time passes, the worms’
movement decreases.

3.2. Egg Hatch Inhibition Assay (EHIA)

In the egg hatch inhibition assay (EHIA), the rate of inhibition ranged from 85.10 to 100% for A. herba-alba and from 33.12 to
96.23 % for J. phoenicea. Maximal (100%) egg-hatching inhibition effect was exhibited by the extract of A. herba-alba at 25
mg/ml (Figure 1).

Extract concentrations (mg/ml)

Plant Time 1562 3125 625 12.5 25 Negative Positive

(h) mean+ mean+ mean=+ mean=+ meant mean+ meant P walue

sd sd sd sd sd sd sd

0. 0= 0. 0= 0. 0= 0.0+ 0.0= 0.0x 100=
To 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0001
T1 0. 0+ 0. 0+ 22 5+ 325+ 97 5+ 0.0 100+ 0.0001

0.0 0.0 31.1 20.9 56 0.0 0.0
T2 0. 0+ 0. 0+ 62 5+ T7.5+ 100+ 0.0+ 100+ 0.0001

A herba alba 0.0 0.0 153 20.5 0.0 0.0 0.0
T4 0. 0= 0. 0= 750+ 100 100= 0. 0x 100= 0.0001

0o 0.0 38.5 0.0 0.0 0.0 0.0
T6 0. 0= 5 0= 100 £+ 100+ 100+ 0.0x 100+ 0.0001

00 685 00 0.0 0.0 0.0 0.0
T8 0. 0+ 30.0+ 100+ 100+ 100+ 0.0+ 100+ 0.0001

0.0 11.2 0.0 0.0 0.0 0.0 0.0
o 0. 0= 0.0+ 0. 0+ 0. 0+ 0.0+ 0.0 100+ 0.0001

0.0 0.0 0.0 0.0 0.0 0.0 0.0
T1 0. 0% 0. 0% 0. 0+ 0. 0+ 25+ 0. 0x 100=x 0.0001

00 0.0 0.0 0.0 56 0.0 0.0
T2 0. 0% 0. 0% 0. 0x 0 0 50+ 0. 0x 100= 0.0001

J. phoenicea 00 00 0.0 0.0 125 0.0 00
T4 0. 0+ 0. 0+ 2.5+ 67.5+ 100+ 0.0+ 100+ 0.0001

0.0 0.0 56 11.2 0.0 0.0 0.0
T6 0. 0= 5 0= 12 5+ 80+ 100= 0.0x 100= 0.0001

0o 6.85 12.5 6.85 0.0 0.0 0.0
T8 0. 0% 15+ 35+ 95+ 100+ 0. 0x 100=x 0.0001

0.0 5.6 18.5 6.85 0.0 0.0 0.0

Obs. Comparisons are made within the row.

Table 1 — Percentage (%) of movement inhibition effect using hydroalcoholic extracts of Artemisia herba-alba and Juniperus phoenicea
against Teladorsagia circumcincta adult worms.
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Figure 1 — Percentage (%) of egg hatching inhibition of hydro-alcoholic extracts of Artemisia herba-alba (black bars) and Juniperu
sphoenicea (grey bars) against Teladorsagia circumcincta collected from naturally infected sheep.

4. Discussion

In the present study, an evident inhibitory in vitro effect of A. herba-alba and J. phoenicea leaf extracts on developing eggs
and adult abomasal strongyles in naturally infected sheep was demonstrated. Our findings are consistent with those reported by
Igbal et al. (2004), who found that crude aqueous and methanolic extracts of A. brevifolia had anthelmintic effects on H. contortus
adult worms, as exhibited by paralysis and/or mortality 6 hours after exposure. The research conducted by Ahmed et al. (2020)
revealed that various quantities of methanolic extracts from the flowers and aerial parts of A. herba-alba exhibited anthelmintic
activity similar to that of the conventional anthelmintic drug (albendazole at 0.25mg/ml). The anthelmintic activity of plant
extracts increased with time. Accordingly, after 7 hours of exposure of adult H. confortus to the highest concentration (10 mg/ml),
absolute mortality (100%) was produced. Furthermore, at 1 mg/ml, methanolic extracts of the flower and aerial parts of the plant
showed egg-hatching inhibition rates of 98.67% and 88.3%, respectively. In the study conducted by Dag et al. (2023) on H.
contortus, extracts derived from various Artemisia species (A. absinthium, A. abrotanum, A. annua, A. incana, and A.
tournefortiana) showed complete efficacy in the egg hatch inhibition assay across all tested concentrations (ranging from 50 to
1.5625 mg/ml) and time intervals (ranging from 1 to 48 hours). Among the studied species, it was observed that 4.annua was the
most effective and A. fournefortiana was the least effective species against larvae. Irum et al. (2015) showed that following the
post-treatment period, the fecal egg count (FEC) significantly decreased for Artemisia vestita and Artemisia maritima. On day 28
post-treatment, the maximum reduction in fecal egg count for 4. vestita was 87.2% at 100 mg/kg, whereas for 4. maritima it was
84.5%. Examined extracts showed a high level of efficacy against larvae and adults.

Ouguirti et al. (2021) demonstrated the bactericidal activity of the essential oil of A. herba-alba growing in Algeria, which is
mainly constituted by oxygenated monoterpenes (80.3%), followed by monoterpene hydrocarbons (10.8%), and a very low
quantity of oxygenated sesquiterpenes (0.2 %). The major compounds are a-thujone (48.0%), B-thujone (13.4%), and camphor
(13.1%). In the same country, Kadri et al. (2023) found that thujone (10.55%), borneol (5.98%), and eucalyptol (1.63%) were the
major constituents of A. herba-alba.

On the other hand, the research conducted by Aouadi et al. (2021) on the essential oil of J. phoenicea demonstrated a
nematicidal effect regarding worm immobility. After 8 hours of exposure, J. phoenicea essential oil resulted in 76.18% mortality
at the highest tested concentration (1 mg/ml) and exhibited dose-dependent egg-hatching inhibition activities, which is similar to
the results obtained in our study with hydroethanolic extract of the same plant. In the same study, the analysis of red juniper
essential oil showed the presence of a high rate of monoterpenes (75.90%) owing to the predominance of a-pinene (74.14%),
followed by linalool (2.97%), a-terpineol (0.34%) and B-myrcene (1.05%). The sesquiterpene compounds constituted 20% of the
total essential oil including germacrene B (1.4%), B-caryophyllene (0.8%), and delta-cubebene (3.5%) as main components.

Moreover, phenolic profile analysis of J. phoenicea growing in Algeria revealed that quercetin was the major compound and
the antimicrobial activity against all the bacterial strains was more bacteriostatic than bactericidal (Ghouti et al., 2018). In the
study of Strbac et al. (2020), the main components of Juniperus communis essential oil were o-pinene (40.46%), sabinene
(14.04%), myrcene (8.87%) and limonene (4.95%). The essential oil exhibited significant efficacy against sheep gastrointestinal
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nematode eggs. At the highest concentration (50 mg/ml), the essential oil displayed a hatchability inhibitory effect of 96.75%,
which is comparable to our result of 96.238% at 25 mg/ml. Furthermore, Armstrong et al. (2013) showed that Juniperus pinchotii
forage material decreased the mobility of H. contortus larvae.

Using medicinal plants and their products as feed supplements or additives instead of chemical drugs may be an effective
strategy for controlling sheep's gastrointestinal nematodes. The present study highlighted the anthelmintic properties of 4. herba-
alba and J. phoenicea extracts against gastrointestinal nematodes in sheep. The demonstrated effectiveness is likely attributed to
the synergistic effect of the various compounds in the hydroalcoholic extracts and their diverse composition, which was identified
above by Zouaoui et al. (2020). Some compounds are already recognized as medically pertinent due to their anthelmintic
properties, such as quercetin, and phenolic acids (Rehman et al., 2023), monoterpene alcohols and monoterpene hydrocarbons in
essential oils (Strbac et al., 2021). Condensedtannins also may exert anthelmintic activity by reducing hatching, and decreasing
larval motility (Molan, 2014). Besides, tannins have been shown to interfere with coupled oxidative phosphorylation and block
ATP synthesis in H. contortus (Martin, 1997). In the study conducted by Maestrini et al. (2020), saponins and prosapogenins
showed inhibiting effects on gastrointestinal strongyle eggs in a concentration-dependent manner. Furthermore, it was found that
the activity of Artemisia lancea essential oil against H. contortus is attributed to the presence of 1,8-cineole and camphor (Ali et
al., 2021), which represents a high rate in the composition of Algerian 4. herba alba.

Based on the above, it appears that the presence of effective chemical compounds against worms leads to two types of changes
in the parasite: first, structural alterations (tegmental damage, intrauterine egg destruction, lipid accumulation, glycogen depletion,
and finally, worm paralysis and death), and second metabolic changes (Irreversible inhibition of the enzymes of the metabolic
cascade, disrupt mitochondrial membrane potential; inhibit oxidative phosphorylation of mitochondria, activation of caspase-3-
mediated apoptosis) (Cavalcante et al., 2016; Araujo et al., 2017; Ali et al., 2021; Resendiz-Gonzalez et al., 2024).

UFPR

https://www.ufpr.br/

5. Conclusion

A. herba-alba and J. phoenicea exhibited in vitro anthelmintic activity. However, while the initial results are encouraging,
further research are needed to enhance the purification process, identify bioactive components, and understand their mechanisms
of action against sheep nematodes. This knowledge could aid in optimizing dosage and delivery methods, ensuring efficacy while
minimizing potential side effects.

Acknowledgments: The authors would like to thank the technical staff of the chemistry and animal biotechnology laboratories of
the biotechnology besearch center of Constantine for their valuable collaboration in this study. The authors would also like to
thank the owners and designers of the QuillBot website that helped us with grammar checking.

Briefing notes: Abomasum collections were conducted in slaughterhouses that respect animal welfare according to internationally
and nationally accepted standards (European Directive 86/609/EEC of 24 November 1986, and national executive decree No. 95-
363 of November 11, 1995, Algeria).
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