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Abstract 

Parasitosis caused by gastrointestinal nematodes in ruminants is a problem that affects production 

by reducing feed conversion, reducing reproduction, and even causing animal death. This negatively 

impacts producers’ economy, also, there are constant reports of cases of anthelmintic resistance to 

commercial drugs. The objective was to evaluate the larvicidal effect of an ethanolic extract of Piper 

auritum and Capsicum annuum on gastrointestinal nematodes in goats under in vitro conditions. 

Concentrations of 100, 350, 1000, and 3500 µg mL-1 were used with three replicates, with albendazole 

2 mg mL-1 and distilled water as controls. ANOVA was used to compare means and Tukey’s test for 

contrast; LC50 and LC90 were estimated with Probit analysis, with significance (≤0.05). In Capsicum 

annuum concentrations, mortalities were observed (100:63.69%, 350:67.45%, 1,000:76.98% and 

3,500:93.82%). In Piper auritum (100:32.76%, 350:34.03%, 1,000:59.69% and 3,500:88.09%). The LD50 of 

Capsicum annuum extract was 47.16 µg mL-1 and the LD90 was 3,703.09 µg mL-1, while the LD50 of 

Piper auritum was 457.49 µg mL-1 and LD90 was 7,780.48 µg mL-1. In Piper auritum the presence of 

flavonoids, coumarins and alkaloids was revealed, as well as the availability of alkaloids, tannins and 

coumarins in Capsicum annuum. The two extracts showed the same trend, the higher concentration 

and time, the greater larvicidal effect. 

Keywords: animal health; anthelmintic plants; bioactive compounds; ethnoveterinary; phytotherapy 

 

1. Introduction 

Intestinal parasitosis caused by helminths is one of the main health problems affecting goat and 

sheep production [1]. This disease involves the greatest expense in production systems, its infections 

lead to losses in milk production, meat, reproduction and even mortality [2]. This disease is 

multietiological in animals, since a complexity of genera and species of helminths can be found in an 

organism and these increase the susceptibility of the host to other opportunistic diseases [3]. 

The sharing of grazing areas predisposes small ruminants to infection with strongylids such as: 

Oesophagostomum venolosum, Chabertia ovina (superfamily Strongyloidea), Nematodirus battus, Cooperia 

curticei, Trichostrongylus axei, Trichostrongylus columbriformis and Haemonchus contortus (superfamily 

Trichostrongyloidea) [4]. 

The gastrointestinal nematodes that affect sheep and goats are the same, but the one of greatest 

concern is Haemonchus contortus, because it is hematophagous and highly prolific, so in flocks there 

are usually massive infections, also goats are more susceptible to this species [5]. 
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Currently, the treatment of endoparasitosis with chemical control is compromised by the 

emergence of multi-drug resistant strains, which forces us to look for control alternatives, in which 

local knowledge focused on medicinal plants is gaining importance [6]. 

The inadequate use of conventional anthelmintics, in dosages, continuous application and 

greater frequency of the same active ingredient, has generated the problem of multiple resistance 

[7,8], also the accumulation of residues in products such as milk and meat, as well as damage to the 

environment [9]. In view of these problems, there is a need to develop alternative methods to treat 

intestinal helminth parasitosis, such as the use of plants used in traditional medicine, with secondary 

metabolites, which has become of international interest [10,11]. 

Plants contain a range of bioactive compounds to deal with various pathogens, these can act as 

fungicides, bactericides, antivirals and antiparasitics, these properties can lead to the development of 

new treatments. The groups of bioactive compounds that have gained relevance include terpenes, 

flavonoids, alkaloids, tannins, resins and their compounds [12,13]. 

The in vitro evaluation of anthelmintic plants allows confirming ovicidal and larvicidal activity, 

with the use of leaves, fruits, stems, roots and seeds, and the results are fast and economical [14]. The 

objective of the present work was to evaluate the larvicidal effect of ethanolic extract of Piper auritum 

and Capsicum annuum (tree chili) with gastrointestinal nematodes of goats under in vitro conditions. 

2. Materials and Methods 

2.1. Location 

The experiments were carried out in the Biochemistry and cell biology laboratory of the Facultad 

de Medicina Veterinaria y Zootecnia of the Universidad Autónoma Benito Juárez de Oaxaca, located 

in Ex-Hacienda 5 Señores, Oaxaca, Mexico, between the coordinates 17°02′53″N 96°42′44″O and at 

1,555 and 1,557 masl. 

2.2. Plant Material 

Piper auritum leaves and fruits of Capsicum annuum were collected in May 2025 in San Cristóbal 

Amatlán, Oaxaca, located between parallels 16°12′ and 16°24′ north latitude; meridians 96°18′ and 

96°28′ west longitude, altitude between 1,300 and 3,200 masl [15]. Leaves of plants close to flowering 

and ripe fruits were selected, washed with distilled water and dried in an oven at 42±1 °C. 

Subsequently, they were ground to obtain particles of approximately 1 mm. 

2.3. Extract Preparation 

500 g of each powder was extracted in 1,000 ml of 75 % ethanol for 72 h at room temperature 

[16]. Chlorophylls and impurities were removed by filtration using activated carbon and filter paper. 

Solvent removal was performed using a rotary evaporator under reduced pressure to obtain crude 

extracts [17,18]. The yield of the extracts (%) was calculated with the following formula (1). 

����� (%) =
����� ������

������� ������
� 100       (1) 

2.4. Chromatographic Profile 

The compounds were separated on a column packed with silica gel containing 3.5 g of crude 

extract in a 1:30 ratio. Three different systems were used to obtain fractions: 1) 1:9 

hexane/dichloromethane elution; 2) pure dichloromethane; and 3) 1:1 ethyl acetate/hexane, each 

yielding 12 fractions of 20 ml. The fractions were analyzed by thin-layer chromatography. The 

compounds were developed with white light, ultraviolet light at λ = 365 nm, and 2 % cerium sulfate 

solution [19]. 

2.5. Culture and Isolation of L3 Larvae 
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Feces were collected from the rectum of naturally infested goats, those with a high parasite load 

(>700 eggs per gram of feces) were considered. Stool cultures were prepared with approximately 30 

g of feces pooled in glass jars, moistened, and incubated at 28±1°C for 15 days. Temperature, 

humidity, and ventilation were monitored daily. Larvae were recovered using the Baermann 

technique [20]. 

2.6. Identification of the Nematodes Used 

From the L3 larvae obtained in the stool cultures, 25 mg per sample was used, and genomic 

DNA was extracted using the “Quick-DNA MiniPrep” kit (Zymo Research, USA) following the 

supplier’s instructions. Amplification and determination of the genera present in the samples was 

performed by PCR using 200 ng of DNA and oligonucleotides specific for Haemonchus spp. (ITS2GF 

5’-CAC GAA TTG CAG ACG CTT AG and ITS2GR 5’-GCT AAA TGA TAT GCT TAA GTT CAG C), 

Trichostrongylus spp. (sp6C 5’-GAT TTA GGT GAC ACT ATA G and t7ch 5’-TAA TAC GAC TCA 

CTA TAG G) and Oesophagostomum spp. (oeso5 5’-TCG ACT AGC TTC AGC GAT G and oeso3 5’-

CCA AAG CAT TCT TAG TCG CT). The conditions of each reaction were: 95 ºC/3’ initial 

denaturation; followed by 35 cycles, 95 ºC/20”, 55 ºC/20” and 72 ºC/40” each; a final extension of 72 

ºC/5′ in an AB Applied Biosystem thermal cycler (Thermo Fisher Scientific, Spain). The amplified 

products were visualized by electrophoresis in a 2% agarose gel to corroborate the size of each 

product. 

2.7. Bioassays 

Extracts of Piper auritum and Capsicum annuum were used as treatments at concentrations of 100, 

350, 1000, and 3500 µg mL-1, with three replicates. Albendazole 2 mg mL-1 was used as a positive 

control and distilled water as absolute control. 

A total of 43 ± 11 L3 suspended in 100 µl of distilled water was added, and 100 µl of extract was 

added. These were placed in 12-well cell culture plates, each well representing an experimental unit. 

The larvae were stored at 28±1°C for 36 hours. Treatments were inspected every eight hours under a 

stereoscopic microscope. Larvae that were coiled or rigid and motionless were considered dead [21]. 

The percentage of larval mortality (LM) was calculated with the formula 2: 

������ ��������� (%) =
# �� ���� �� ������

# ����� �� ������ �� �� ���� ����
� 100   (2) 

2.8. Data Analysis 

Since the data followed a normal distribution, the comparison of treatment means by time was 

performed using analysis of variance (ANOVA) and Tukey’s post hoc test, with a significance level 

of α = 0.05. Probit analysis was used to estimate the mean concentration (LC50) and lethal dose (LC90) 

with the SPSS statistical package for Windows. 

3. Results 

3.1. Yield and Bioactive Compounds of the Extracts 

The yield of the extracts in dry mass was determined to be 2.23 % for Piper auritum and 2.61 % 

for Capsicum annuum. The presence of flavonoids, coumarins, and alkaloids in Piper auritum was 

revealed, as well as the availability of alkaloids, tannins, and coumarins in Capsicum annuum 

according to the chromatographic patterns described by Torres-Rodriguez et al. [22], are shown in 

the Table 1. 

Table 1. Secundary metabolites detected. 

Plants 
Group secundary metabolites  

Flavonoids Coumarins Tannins Alkaloids Yield 

Piper auritum + + - + 2.23 % 
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Capsicum annun - + + + 2.61 % 

 * + present, - absent. 

3.2. Larvicidal Activity 

Exposure of L3 caprine nematode larvae to ethanolic extracts of Capsicum annuum and Piper 

auritum at different concentrations for 32 hours showed larvicidal activity. A trend toward increased 

mortality was observed over time, compared to the negative control, which demonstrated natural 

larval survival (Table 1). 

Table 2. Mortality of L3 larvae of goat nematodes exposed to extracts at different doses. 

  Mortality of L3 larvae (%) 

Treatment 
Concentration 

µg ml-1 

0 

hr 
8 h 16 h 24 h 32 h 

Capsicum 

annuum 

100 0 29.27±14.31cde 37.45±13.96cd 53.94±7.47cd 63.69±5.85bc 

350 0 39.79±19.69bcd 53.33±11.28bc 56.30±11.02cd 67.45±7.08bc 

1,000 0 43.83±13.46bcd 59.91±7.70bc 69.30±8.20bc 76.98±9.09abc 

3,500 0 67.81±17.21b 78.52±12.80ab 89.32±4.02ab 93.82±2.75a 

Piper 

auritum 

100 0 5.95±7.00e 19.42±6.22de 28.89±10.11def 32.76±10.70d 

350 0 5.32±2.75e 8.65±7.91e 23.98±27.16ef 34.03±16.10d 

1,000 0 14.43±10.89de 25.27±6.39de 32.75±7.91de 59.69±17.75c 

3,500 0 45.54±8.20bc 60.89±14.85abc 79.74±7.24abc 88.09±6.24ab 

Albendazole 2,000 0 100±0.00a 100±0.00a 100±0.00a 100±0.00a 

Water 00 0 5.32±4.45e 3.12±1.20e 4.16±1.71e 4.02±1.70e 

   
F= 27.94 

Sig.= .000 

F= 42.09 

Sig.= .000 

F= 30.89 

Sig.= .000 

F=20.42 

Sig.= .000 

With the Capsicum annuum extract at 100 µg mL-1, a 63.69 % mortality rate was achieved, with 

350 µg ml-1 an effectiveness of 67.45% was observed, followed by the 1,000 µg mL-1 concentration 

achieving a 76.98 % reduction, with the 3,500 µg mL-1 dose being the best with 93.82 % effectiveness. 

Likewise, with the Piper auritum extract, after 32 hours of exposure to different concentrations of 

larvae, 100 µg mL-1 achieved 32.76% effectiveness, 350 µg mL-1 showed 34.03 % mortality, 1,000 µg 

mL-1 achieved 59.69 % mortality, and 3,500 µg mL-1 increased to 88.09 % effectiveness. The two 

extracts showed the same trend: higher concentrations and longer durations increased the larvicidal 

effect. 

Likewise, lethal doses were estimated for 50 % and 90 % of larvae exposed to the evaluated 

extracts for 32 hours. These are shown in Table 2. 

Table 3. Lethal doses of extracts against L3 larvae of gastrointestinal nematodes in goats. 

Extract LC50 

µg 

ml-1 

95 % 

confidence 

limits 

LC90 

µg ml-1 

95 % confidence 

limits 

Prediction 

equation 

R2 p 

Lower  Upper Lower  Upper 

Capsicum 

annuum 

47.16 5.37 113.31 3,703.09 1,593.48 29,182.84 y= -

0.62+0.79x 

0.73 0.000 
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Piper 

auritum 

457.49 216.49 875.89 7,780.48 2,837.40 110,579.69 y= -

2.99+1.13x 

0.70 0.000 

According to the Probit analysis, the LC50 of Capsicum annuum extract was 47.16 µg mL-1 and 

the LC90 was 3,703.09 µg mL-1, while the LC50 of Piper auritum was 457.49 µg mL-1 and LC90 was 

7,780.48 µg mL-1, suggesting that Capsicum annuum has a greater anthelmintic effect than Piper 

auritum. 

Piper auritum Capsicum annuum Water Albendazole 

    

    

Figure 1. Larvae exposed to Piper auritum and Capsicum annuum extracts, water and albendazole, after 32 hours. 

Morphological alterations were observed in the larvae exposed to the treatments. It has been demonstrated that 

exposure to Piper auritum results in the infiltration of the extract through the pod, accompanied by deformations 

in the cuticle. Furthermore, muscle deterioration was observed throughout the body and digestive tract. In the 

case of Capsicum annuum, the transfer of the extract from the pod was observed, resulting in turgidity primarily 

in the anterior region. A thickening of the cuticle was observed, as well as muscle degeneration in the caudal 

region and the digestive system. Deterioration of the cuticle and muscle in the caudal region was also evident. 

Albendazole demonstrated lysis across the larval stage, accompanied by the decomposition of the entire 

digestive system, muscle deterioration, cuticle degradation, and pod ruptures in various regions of the body. 

Given the absence of compounds in the water sample, no discernible morphological alterations were observed. 

3.3. Nematodes Identified 

Figure 2 shows the agarose gel electrophoresis profile of the gene fragments of the nematode 

species used. Lane 1 contained the molecular marker, lane 2 the negative control, water with PCR 

reagent mix was used, lanes 3-6 show the PCR products of Oesophagostomum spp., then lanes 7-9 the 

PCR products of Haemonchus spp. and lanes 10-12 the PCR products of Trichostrongylus spp. This 

analysis resulted negative for the presence of Oesophagostomum spp. and Trichostrongylus spp., but 

Haemonchus spp. was detectable. 
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Figure 2. Profile of the gene fragments. The saline flotation technique detected four samples positive for 

Haemonchus spp., while no Oesophagostomum spp. or Trichostrongylus spp. were present. 

4. Discussion 

Plants and extracts have long been used in ethnoveterinary medicine to treat diseases in 

domestic animals [23]. Furthermore, it has been studied that small ruminants can self-medicate 

against nematodosis by consuming specific plants [24]. For these reasons, the plants evaluated in the 

present study were chosen because they are used in traditional medicine as dewormers for 

ruminants. 

In vitro product testing is widely used in veterinary parasitology in the search for new 

anthelmintic active ingredients for use in ruminants, due to its low cost, direct contact of the 

compounds with the parasites, simplicity, and rapid results [25]. However, there may be divergence 

when used in vivo, since the compounds can be affected by physiological processes of metabolism or 

by the ruminal microbiota [26]. Furthermore, when administering anthelmintic plants in vivo, it is 

complex to dose a specific amount of bioactive compounds compared to solvent extraction. 

Several in vitro studies with hydroalcoholic extracts show larvicidal effects of L3 on 

gastrointestinal nematodes in goats and sheep. 50 mg mL-1 of Cyrtocarpa procera extract showed a 50 

% larvicidal effect against Haemonchus contortus [27], also, with the Leucaena leucocephala pod extract 

at a dose of 50 mg mL-1 killed 22 % of larvae, most frequently in Haemonchus contortus and Cooperia 

spp. [28], also, it is reported that 100 mg mL-1 of extracts of Pluchea sericea and Artemisia tridentata 

achieved 92.67 and 83% mortality of larvae [21] respectively, similarly, with doses of 6.25 mg mL-1 

and 200 mg mL-1 of Acacia cochliacantha extract achieved 22 and 100 % mortality of Haemonchus 

contortus larvae respectively [29]. These concentrations were higher with the doses of the plant 

extracts used in this study, and it is also deduced that they have a greater larvicidal effect on 

Haemonchus spp, a nematode of great importance because it is hematophagous. 

A similar study with low doses of extracts was studied with tropical legumes, with 1,200 µg mL-

1, 35 % inhibition of larval migration of Haemonchus contortus was achieved [30]. In the present study 

it was demonstrated that the effectiveness of the plants used dependent on the availability of 

secondary metabolites, related to the conditions in which the plants were developed, phenological 

stage, parts used, as well as the seasons of the year in which they are collected [14]. There is a history 

of in vitro evaluation of Piper auritum against Fasciola hepatica, with 500 µg mL-1 an efficacy of 83 % of 

ovicidal activity was obtained [31], however, there are few reports on the evaluation of Capsicum 

annuum, as well as Piper auritum as anthelmintics. 

The anthelmintic potential of plants is attributed to the mechanisms of action of bioavailable 

compounds [32]. Secondary metabolites can affect nematodes in various ways, such as damage to the 

cuticle, paralysis, starvation, growth, reproduction, among others [33]. Tannins act on the 

glycoprotein of the cuticle and the proteins of the digestive tract, by binding to the receptors it causes 

autolysis [34,35]. Alkaloids intercalate into the microtubules of the cuticle, causing paralysis of 

helminth larvae; their improper use in in vivo tests can generate toxicity [36,37]. Flavonoids interact 

with the lipid bilayer of helminth membranes and interfere with protein transport processes, 

preventing energy production and effectively paralysis in larvae [38]. They are also responsible for 

the inhibition of oxidative phosphorylation [39]. Alkaloids block acetylcholine receptors and inhibit 

the transmission of nerve signals, resulting in paralysis of the larvae and subsequent death [40]. 

Coumarin acts to block larval hatching, which suggests that it acts as a marker of bioactivity [41]. The 

larvicidal effect of the extracts used is associated with the mechanisms of action of the flavonoids, 

coumarins, alkaloids and tannins mentioned above. 

5. Conclusions 

Chromatography identified secondary compounds available in the plants Piper auritum and 

Capsicum annuum, which exhibited larvicidal activity against Haemonchus spp. in L3 goats, with 
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concentration-dependent efficacy. These results suggest their use in vivo as a sustainable strategy for 

the control and treatment of parasitic infections in small ruminants. Consideration should also be 

given to isolating pure compounds and standardizing dosage and potential adverse effects. 
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