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RESUMEN 

 

La ovinocultura es una actividad pecuaria de gran importancia económica en México. 

El sistema con mayor predominancia es el extensivo, lo que deja a los animales 

susceptibles a contraer enfermedades causadas por nematodos gastrointestinales 

(NGI). Dichos parásitos son una de las principales amenazas y limitantes en la 

producción. Heamonchus contortus es uno de los nematodos con mayor importancia 

en el mundo, por su patogenicidad y prevalencia. Este nematodo afecta la salud, el 

bienestar y reduce la productividad de los ovinos. El tratamiento convencional para el 

control de este parásito se enfoca en el uso irracional y sin ningún criterio técnico de 

fármacos de origen químico, lo que ha provocado la resistencia antihelmíntica. Debido 

a esta problemática, se están buscando alternativas sustentables para el control y 

tratamiento de estos, una de ellas ha sido el uso de metabolitos provenientes de las 

plantas. Por ello el objetivo de esta investigación fue evaluar la actividad 

antihelmíntica (in vitro) del extracto hidroalcohólico, fracciones y subfracciones de la 

corona de piña (Ananas comosus) variedad MD-2 sobre una cepa de Haemonchus 

contortus resistente a benzimidazoles y caracterizar los compuestos bioactivos 

responsables de dicha actividad. Para determinar la actividad antihelmíntica, se evaluó 

el efecto del extracto hidroalcohólico y de sus fracciones a partir de la corona de la 

piña (Ananas comosus) sobre la inhibición de la eclosión y mortalidad larvaria de 

Haemonchus contortus. El extracto hidroalcohólico y las fracciones de la corona de 

piña mostraron tener mejor efecto sobre la inhibición de huevos que sobre la 

mortalidad de larvas de H. contortus, en donde el extracto hidroalcohólico (EHCP) y 

sus fracciones mostraron tener un comportamiento similar al de los controles positivos 

tialbendazol e ivermectina, mientras que en la prueba de mortalidad larvaria EHCP 

obtuvo la mejor actividad, a pesar de que los resultados tanto como del extracto como 

de las fracciones no alcanzaron más del 35% de mortalidad, fueron más activos que 

tiabendazol, ya que este no obtuvo ningún efecto sobre las larvas. Por lo que el extracto 

hidroalcohólico y las fracciones de corona de podrían ser un método sustentable y 

efectivo para el control y tratamiento de este, contribuyendo con el bienestar de los 

animales, el cuidado y preservación del medio ambiente, sin embargo. Se recomienda 

llevar a cabo pruebas in vivo. 
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SUMMARY 

 

Sheep farming is a livestock activity of great economic importance in Mexico. The 

most predominant system is the extensive one, which leaves animals susceptible to 

contracting diseases caused by gastrointestinal nematodes (GIN). These parasites are 

one of the main threats and limitations in production. Heamonchus contortus is one of 

the most important nematodes in the world, due to its pathogenicity and prevalence. 

This nematode affects the health, and well-being and reduces the productivity of sheep. 

Conventional treatment to control this parasite focuses on the irrational use of chemical 

drugs without any technical criteria, which has caused anthelmintic resistance. Due to 

this problem, sustainable alternatives are being sought for the control and treatment of 

these, one of them has been the use of metabolites from plants. Therefore, the objective 

of this research was to evaluate the anthelmintic activity (in vitro) of the 

hydroalcoholic extract, fractions, and subfractions of the crown of pineapple (Ananas 

comosus) variety MD-2 on a strain of Haemonchus contortus resistant to 

benzimidazoles and to characterize the bioactive compounds. responsible for said 

activity. To determine the anthelmintic activity, the effect of the hydroalcoholic extract 

and its fractions from the crown of pineapple (Ananas comosus) on the inhibition of 

hatching and larval mortality of Haemonchus contortus was evaluated. The 

hydroalcoholic extract and the fractions of the pineapple crown showed to have a better 

effect on the inhibition of eggs than on the mortality of H. contortus larvae, where the 

hydroalcoholic extract (EHCP) and its fractions showed to have a behavior similar to 

that of the positive controls tialbendazole and ivermectin, while in the larval mortality 

test, EHCP obtained the best activity, although the results of both the extract and the 

fractions did not reach more than 35% mortality, they were more active than 

thiabendazole, since that this had no effect on the larvae. Therefore, the hydroalcoholic 

extract and the crown fractions could be a sustainable and effective method for the 

control and treatment of this, contributing to the well-being of the animals, and the 

care and preservation of the environment, however. It is recommended to carry out in 

vivo tests. 
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INTRODUCCIÓN 

 

La ovinocultura es una actividad pecuaria de gran relevancia que ha ido en crecimiento 

debido a la alta demanda de sus carnes y derivados, tomando gran importancia en 

México (Martínez et al., 2011; Bobadilla et al., 2021), existen diferentes sistemas de 

producción desde los altamente tecnificados, hasta los trashumantes, los cuales varían 

según la región (Partida et al., 2013; Hernández et al., 2019).  

El sistema con mayor predominancia es el extensivo, el cual consiste en pastorear al 

ganado a la orilla de caminos o en agostaderos comunales (Herrera et al., 2019), 

dejando a los animales susceptibles a contraer enfermedades causadas por nematodos 

gastrointestinales (NGI) (Medina et al., 2014; Reyes-Guerrero et al., 2021) que habitan 

en pastizales con condiciones favorables para su proliferación, entrando a a sus 

hospederos durante el pastoreo, a través de la piel, tejido subcutáneo, cavidades 

corporales, musculo y sangre (Vazquez et al., 2004; Herrera et al., 2013; Ensuncho et 

al., 2014), para finalmente alojarse en el abomaso, intestino delgado e intestino grueso 

de los rumiantes (Miller et al., 2012; Mungia et al., 2018).  

Los NGI parasitan a animales de todas las edades, siendo los animales jóvenes los más 

susceptibles a partir de su primera temporada de pastoreo debido a su sistema 

inmunológico inmaduro (de Cesaro et al., 2016; Zvinorova et al., 2016; Salgado-

Moreno et al., 2017). 

 Haemonchus contortus, es un nematodo gastrointestinal hematófago, perteneciente a 

la familia Trichostrongylidae, presenta un ciclo de vida directo y se transmite 

horizontalmente a través del pastoreo por larvas de tercer estadio (L3) (Arsenopoulus 

et al., 2021). Tiene mayor predominancia en climas tropicales y subtropicales, pero ha 

logrado adaptarse a regiones semiariaridas (Minguía et al., 2018), por lo que es 

considerado como uno de los nematodos con mayor importancia en el mundo (Charlier 

et al., 2020; Baltrušis et al., 2022).  

Debido a su alta patogenicidad y prevalencia (Burgunder et al., 2018) H. contortus 

ocasiona grandes pérdidas económicas (Jaramillo et al., 2021) volviendo a los sistemas 

de producción poco rentables para los productores, puesto que las tasas de crecimiento, 

fertilidad y calidad de la carne se ven seriamente afectadas (Crook et al., 2016; Doyle 

et al., 2018). Los principales signos asociados al parasitismo de este nematodo son: 
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falta de apetito, diarrea, reducción en el peso vivo, anemia, edema y muerte en los 

animales muy afectados (Moreno et al., 2010; Zaragoza et al., 2019).  

El tratamiento más común para el control de este parasito se enfoca en la aplicación de 

distintos fármacos (André et al., 2020), las cuatro clases principales son 

benzimidazoles (mebendazol, albendazol, febendazol, flubendazol etc.), 

imidazotiazoles (levamisol), lactonas macrocicliclas (ivermectina, moxidectina) y el 

derivado de aminoacetonitrilo monepantel (Zajíčková et al., 2021). Sin embargo, el 

uso indiscriminado y sin ningún criterio técnico de los mismos ha contribuido a la 

selección y adaptación de distintas familias multirresistentes (Rehman et al., 2021).  

Ante esta situación, se han investigado alternativas sustentables para el control y 

tratamiento de los NGI (Rivero et al., 2019), como el manejo adecuado de la 

alimentación, partículas de cobre, rotación de potreros, separación de animales con la 

capacidad de resistir a infecciones parasitarias y la utilización de plantas con 

metabolitos secundarios con actividad antihelmíntica comprobada (Katik et al., 2011; 

Zaragoza et al., 2019). 

Los metabolitos secundarios extraídos como terpenos, alcaloides, saponinas, 

antaquioninas y taninos (Hernández et al., 2018) son compuestos orgánicos que se 

derivan del metabolismo secundario de las plantas (Augustin et al., 2011; Khaw et al., 

2017) y no tienen una función directa con las funciones primarias de las mismas 

(Avalos et al., 2009; Sepúlveda et al., 2018), la función principal de estos compuestos 

es brindar protección y supervivencia a las plantas (Pérez y Jiménez, 2011; Flores-

Villa et al., 2020). 

Hay evidencia en que los taninos pueden provocar diversas afectaciones de las 

funciones vitales de los nematodos, como lo es en su movilidad, nutrición y 

posiblemente en su reproducción (Medina, et al., 2014; Hernández et al., 2018). 

Además de producir un efecto colateral a través de la defensa inmunológica de los 

pequeños rumiantes contra los NGI (Hoste et al., 2012; Tong et al., 2022).  

Se ha determinado de que los taninos aumentan la invulnerabilidad (reducción en la 

manifestación de enfermedades, aumento en la productividad de carne y lana entre 

otros) y resistencia (reducción en la cantidad de huevos por gramo de heces (HPGH), 

menor carga parasitaria y disminución en el potencial reproductivo de las hembras 
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parásitas) de los pequeños rumiantes contaminados con estas nematodiasis (Torres-

Acosta & Hoste, 2008; Hernández et al., 2018). 

Una de las plantas considerada importante para el análisis de sus propiedades 

fitoquímicas es la piña (Ananas comosus L.). Esta especie tropical pertenece a la 

familia Bromeliaceae, y es originaria del sur de América, (Santos et al., 2021). Se ha 

demostrado que presenta propiedades terapéuticas que incluyen actividad 

antinflamatoria, anticoagulantes, anticancerígenas, antifúngica, facilita la digestión y 

presenta actividad antihelmíntica (Stepek et al., 2005; Domingues et al., 2013; Ibarra 

et al., 2021).  

Destacando a esta última, debido a que se ha encontrado que en el tallo del fruto se 

localiza la cisteína-proteasa bromelina, una enzima capaz de promover la digestión de 

la cutícula y muerte de los NGI (Stepek et al., 2007; Buttle et al., 2011; Daiba et al., 

2022). Otras investigaciones realizadas han determinado que Ananas comosus posee 

compuestos fenólicos, esteroides, flavonoides, terpernos, saponinas, quinina, 

cumarina, alcaloides y taninos en todas sus partes en diferentes concentraciones 

(Agnes y Anusuva, 2016), capaces de presentar actividad antihelmíntica (Hernández 

et al., 2018; Gaudin et al., 2019).  

Por lo anterior, el objetivo de esta investigación fue evaluar la actividad antihelmíntica 

(in vitro) del extracto hidroalcohólico, fracciones y subfracciones de la corona de piña 

(Ananas comosus) variedad MD-2 sobre una cepa de Haemonchus contortus resistente 

a benzimidazoles y caracterizar los compuestos bioactivos responsables de dicha 

actividad. 
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Justificación 

 

La ovinocultura es una actividad pecuaria de gran relevancia en México, a pesar de 

que la producción ha ido en crecimiento, esta no ha logrado satisfacer la demanda a 

nivel nacional y mundial, uno de los motivos al cual se ha adjudicado esta problemática 

principalmente en los sistemas extensivos, es a las parasitosis causadas por nematodos 

gastrointestinales. Dichos parásitos amenazan la salud animal y la economía de los 

productores debido a las altas cargas parasitarias y a la ausencia de planes sanitarios, 

ya que se constata que las parasitosis provocan perdidas en la producción de carne, 

lana y leche, y en casos más severos pueden causar la muerte, fundamentalmente de 

animales jóvenes.  

El tratamiento más común para el control de estos parásitos se enfoca en la aplicación 

irracional y sin ningún criterio técnico de fármacos de origen químico, lo que ha 

permitido a los nematodos sobrevivir a dosis terapéuticas de manera generacional, 

fenómeno conocido como resistencia antihelmíntica, además de causar grandes 

alteraciones en el medio ambiente, como la contaminación de mantos freáticos, muerte 

de microorganismos edáficos, insectos y artrópodos benéficos. 

Por lo cual es de gran importancia buscar medidas de control funcionales, que 

contribuyan con el bienestar animal, el cuidado y la preservación del medio ambiente, 

que permitan controlar a estos parásitos y al uso excesivo de estos antihelmínticos de 

origen químico.  

Una de estas alternativas es el uso de plantas y residuos agroindustriales con potencial 

antihelmíntico, ya que estos poseen un alto contenido de metabolitos secundarios 

capaces de intervenir con las funciones vitales de algunos géneros de NGI, como es el 

caso de H. contortus, considerado como uno de los nematodos con mayor importancia 

en el mundo debido a los altos índices de mortalidad que ocasiona.  
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Hipótesis 

 

Los compuestos presentes en el extracto hidroalcohólico de corona de piña variedad 

MD-2 y sus fracciones (Ananas comosus) presentarán actividad antihelmíntica contra 

Haemonchus contortus. 

 

Objetivos 

Objetivo General  

Evaluar la actividad antihelmíntica (in vitro) del extracto hidroalcohólico, fracciones 

y subfracciones de la corona de piña (Ananas comosus) variedad MD-2 sobre una cepa 

de Haemonchus contortus resistente a benzimidazoles y caracterizar los compuestos 

bioactivos responsables de dicha actividad. 

 

 

Objetivos Específicos 

 Obtener el extracto hidroalcohólico, fracciones y subfracciones de la corona de la 

piña (Ananas comosus). 

 Evaluar el efecto del extracto, fracciones y sbfracciones obtenidas a partir de la 

corona de piña (Ananas comosus) variedad MD-2 contra la inhibición de la 

eclosión y la mortalidad larvaria de Haemonchus contortus. 

 Determinar la citotoxicidad del extracto hidroalcohólico mediante el modelo 

Artemia salina. 

 Identificar los compuestos presentes en las sub-fracciones obtenidas a partir de la 

corona de piña variedad MD-2 con mejor actividad antihelmíntica. 
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REVISIÓN DE LITERATURA 

Ovinocultura en México 

Los ovinos (Ovis aries), se consideran uno de los primeros animales en ser 

domesticados por el hombre, posiblemente por su producción diversificada, su tamaño 

y hostilidad, proporcionándonos principalmente alimento y vestido (Molony et al., 

1993; Secretaría de Agricultura y Desarrollo Rural [SADER], 2017).  

En México la cría de ovinos es una actividad relevante, debido a que proporciona un 

importante aporte de proteína de origen animal para los mexicanos (Mesana et al., 

2013; Hernández-Marín et al., 2018). El sistema con mayor predominancia es el 

extensivo, en donde los animales pastan libremente durante el día en agostaderos de 

zonas áridas, semiáridas, terrenos agrícolas donde aprovechan los residuos de 

cosechas, o incluso en orillas de los caminos (Chávez-Espinoza et al., 2022; González-

Reyna et al., 2020).  

Por otro lado, en México el ganado ovino es de tipo criollo y un porcentaje bajo son 

de razas puras como: Suffolk, Hampshire, Rambouillet y Corriedale (SADER, 2017). 

La producción nacional se concentra principalmente en México, Hidalgo, Veracruz, 

Jalisco, Puebla, Zacatecas, Tlaxcala y San Luis Potosí, con un aparte del 64% de la 

producción total nacional (Figura 1) (Sistema de Información Agroalimentaria y 

pesquera [SIAP], 2020).  

Los principales productos obtenidos de este sistema de producción son cortes, 

animales vivos y gastronomía tradicional (mixiotes de borrego y barbacoa). Esta 

última ha aumentado su popularidad, y el 95% de la carne de borrego es destinada para 

este platillo (Herrera et al., 2019).  

Según datos del SIAP, reporta que en 2020 se produjeron 6,109 t de carne de ovino 

(SIAP, 2020). Sin embargo, esta producción de carne de borrego es deficiente para 

cubrir los requerimientos de la población a nivel nacional, ya que en el país solamente 

se produce el 39% de la carne que se consume, por lo que se deben de buscar estrategias 

para aumentar la producción y productividad de este sistema. (Camacho et al., 2021). 
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Figura 1. Participación estatal de carne en canal de ovino en México en 2020 (SIAP, 

2020) 

Principales Factores que Afectan a la Producción Ovina 

Enfermedades Parasitarias 

En el caso particular de los ovinos, se estima que el parasitismo interno es una de las 

patologías más común y que más repercute en la economía de los productores a nivel 

mundial (Osório et al., 2020) ya que afectan de manera significativa la salud de los 

borregos, dado que, la digestibilidad, producción de carne, lana, leche y el crecimiento 

de los animales se ven seriamente afectados gracias a estas parasitosis (Ninamancco et 

al., 2021), y en casos más severos causan la muerte, en donde los animales jóvenes, 

desnutridos e inmunodeprimidos son los más susceptibles,  lo que conlleva a una baja 

eficiencia productiva (Hernández et al., 2018; Zaragoza et al., 2019).  

Cabe mencionar que, prácticamente la totalidad de los rebaños en producciones con 

sistema extensivo sufren este tipo de infección (Rojas et al., 2007; Rodríguez-Martínez 

et al., 2018). 

Diversos factores interfieren en el nivel de infestación parasitaria, como la localización 

geográfica, los tipos de sistema de producción, los programas antiparasitarios puestos 

en práctica, etc., y, en la mayoría de las ocasiones, son el resultado de un grupo de 

14%

10%

9%

7%

7%7%5%

41%

Participación estatal de ovinos en México 

México Hidalgo Veracruz Jalisco

Puebla Zacatecas San Luis Potosí Resto de los estados
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factores, tales como la alimentación, la estacionalidad en la producción de los pastos 

y su efecto modulador en la reproducción (Arece, 2007; Rodríguez et al., 2015). 

Entre los principales nematodos que afectan a ovinos y caprinos identificados en 

México se encuentran Haemonchus contortus, Cooperia curticei, Trichostrongylus 

colubriformis, Trichostrongylus axei, Teladorsagia circumcincta, Oesophagostomum 

spp., Nematodirus spp. y Trichuris ovis, los cuales se distribuyen a lo largo del tracto 

gastrointestinal de los animales, sin embargo, presentan afinidad a una sección en 

particular donde desarrollan un cuadro patológico particular (Cuadro 1) (López et al., 

2013; Cabanelas et al., 2017; Mondragón-Ancelmo et al., 2019). 

Cuadro 1. NGI que afectan al ganado ovino en México 

Género Especie Órgano 

digestivo 

Haemonchus 

Trichostrongylus 

Teladorsagia 

contortus 

axei 

circumcincta 

 

Abomaso 

Trichostrongylus  

 Cooperia 

Nematodirus spp. 

culubriformis 

curticei 

 

Intestino 

delgado 

Oesophagostomum 

spp. 

Trichuris  

 

ovis 

Intestino 

grueso 

 

Generalidades de Haemonchus contortus  

Descripción Taxonómica  

Reino: Animalia 

     Clase: Nematoda 

          Phylum: Nematelmintos  

               Orden: Strongylida  

                    Superfamilia: Trichostrongyloidea  

                         Familia: Trichostrongylidae 

                              Subfamilia: Haemonchinae  
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                                        Género: Haemonchus  

                                             Especie: H. contortus 

 

Descripción Morfológica  

El Haemonchus (o gusano en forma de “palo de barbería”), es un helminto redondo no 

segmentado (Carson et al., 2023). Los machos miden entre 10-20 mm y se caracterizan 

por su bolsa copuladora formada por dos grandes lóbulos laterales y un pequeño lóbulo 

dorsal colocado asimétricamente y es de color rojo uniforme (Selemon, 2018). Las 

hembras miden entre 18-30mm de longitud, tienen un tubo digestivo rojizo lleno de 

sangre ingerida, rodeado en espiral por dos cordones genitales blancos (ovarios) 

(Audebert & Durette-Desset, 2007; Cruz, 2020). 

Los huevos son de tipo estrongiloide y miden alrededor de 45 x 70 μm (Llinas-

Cervantes, 2012). Es considerado como el parásito de mayor importancia económica 

de los pequeños rumiantes, debido, a que es altamente patógeno y que por sus hábitos 

hematófagos se convierte en uno de los que tienen mayor grado de afectación (Cuéllar, 

2014; Saminathan et al., 2015; Flay et al., 2022).  

Los estadios endoparásitos (L5 y L6) de dicho nematodo son capaces de extraer hasta 

250 ml de sangre por día cuando hay infecciones de >5000 larvas, siendo los 

responsables de brotes de enfermedades agudas con altos niveles de mortalidad 

(Angulo-Cubillán et al., 2007; Cruz, 2020). Los signos asociados con este nematodo 

son anemia, bajo volumen de células empaquetadas (PCV), diarrea, deshidratación, 

acumulación de líquido periférico e interno, entre otros (Pineda-Alegría et al., 2017).  

Ciclo Biológico  

Los parásitos adultos se hospedan en el tracto gastrointestinal de los rumiantes y su 

ciclo biológico está dividido en dos fases: exógena y endógena (Cepeda, 2017). 

La fase exógena comienza cuando los huevos fértiles de los NGI junto con las heces 

fecales de los rumiantes son expulsados al ambiente (Figura 2), mismos que dan origen 

a larvas L1 al eclosionar cuando las condiciones son favorables para su proliferación 

(temperatura de 28 °C y una humedad relativa del 80 %) (Olmedo-Juárez et al., 2022), 

dichas larvas se alimentan de las bacterias contenidas en las heces de los animales, 
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para así lograr desarrollarse hasta larvas infectantes (L3), se estima que este proceso 

consta entre 7 y 15 días aproximadamente (Van Dijk y Morgan, 2011; Selemon, 2018). 

Las larvas L3 presentan una vaina a su alrededor la cual les permite sobrevivir durante 

periodos largos si las condiciones son favorables, estas abandonan la materia fecal y 

migran a la parte aérea de los pastos que sirven como forraje para los rumiantes, 

esperando ser ingeridas por los mismos (Cardona y Pacheco, 2021). Las L3 no 

necesitan alimentarse ya que dependen de la energía almacenada para sobrevivir, 

incluso si hay bajas temperaturas estas se inactivan y consumen poca energía para 

subsistir durante periodos largos (Flay et al., 2022). 

              

 

 

La fase endógena comienza con la ingestión de los pastos contaminados con L3 e 

infestar a los rumiantes. Cuando la larva infectante L3 ingresa al rumen muda por la 

acidez, ocasionada por las enzimas contenidas en la células de este 

(leucinoaminopeptidasa)  mediante las células neurosecretoras de las larvas (figura 3) 

(Soca et al., 2005; Guerrero, 2018), y en poco tiempo migra al abomaso para 

desarrollarse y dar origen a larva cuatro (L4), después se aloja en el lumen abomasal 

para transformarse en L5, la cual desarrolla un estilete oral con el cual perforan las 

paredes del abomaso para adherirse y succionar sangre induciendo hemorragias.  

Las L5 se alimentan hasta convertirse en adultas (L6), diferenciarse sexualmente y 

reproducirse (Vázquez, 2000; Paredes, 2021). Las hembras adultas son capaces de 

expulsar al día entre 5 000 a 10 000 huevos (Torres y Aguilar, 2005; Guerrero, 2018). 

                  

Figura 2. Huevos de H. contortus en 

muestra fecal de ovinos, observada en 

microscopio (objetivo 10x) 

 

Figura 3. Ecdisis inducida de larva L3, 

observada en microscopio (objetivo 10x) 
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Figura 4. Ciclo biológico de Haemonchus contortus (Fuente: López-Rodríguez et 

al., 2023) 

Patogenia  

Son varios los factores implicados en el daño causado por el parasito en la oveja, sin 

embargo, nos enfocaremos en dos de ellos. Primero, las larvas en desarrollo dañan las 

células glandulares del estómago, lo que produce una alteración del proceso digestivo 

(El‐ Ashram et al., 2017; Jasso, 2017). La segunda forma en que se produce el daño 

es específica de Haemonchus, ya que es un chupador de sangre voraz y elimina 

cantidades considerables de sangre de las ovejas (0.05 ml/parásito/día) (Rani et al., 

2019).  

La pérdida de sangre puede llegar a ser rápidamente mayor de lo que el animal puede 

reemplazar, lo que resulta en anemia (un nivel bajo de células sanguíneas) 

(Arsenopoulus et al., 2021). La anemia puede llegar a ser tan grave que los animales 

no pueden transportar el oxígeno adecuado a los tejidos, lo que resulta en la muerte del 

animal (Alvarado-Alvarado et al., 2017). 

Resistencia Antihelmíntica 

Las infecciones por NGI son de suma importancia en la producción de rumiantes con 

efectos que varían desde pérdidas subclínicas de peso a la muerte de animales 

severamente parasitados (Sepúlveda-Vázquez et al., 2018). Estos nematodos están 



 

12 

 

asociados principalmente a los animales que están en pastoreo y toda práctica de 

producción animal que contemple el aprovechamiento racional del forraje (Collazo-

Preciado et al., 2023). La principal forma de controlar estas nematodiasis se basa en la 

administración de antihelmínticos, que en algunos casos también son utilizados como 

profilácticos, los cuales se han constituido en insumos indispensables para mantener 

la eficiencia productiva de los rumiantes (Anziani & Ardusso, 2017; Selemon, 2018). 

Sin embargo, se ha generado la aparición de resistencia de los nematodos a estos 

antiparasitarios debido a la frecuencia de administración, la subdocificación, la 

elección errónea del fármaco o la rápida reinfección (Medina et al., 2014; Mphahlele et 

al., 2019).  

Lo que ha dado resultado a una modificación en el genoma o al aumento de expresión 

de un carácter hereditario periódicamente, lo que se traduce como la capacidad de una 

población de nematodos de sobrevivir a las dosis terapéuticas de los distintos fármacos 

que resultarían tóxicos para la totalidad de los individuos en una población susceptible 

de la misma especie, además,  los nematodos capaces de sobrevivir al tratamiento 

transmiten estos alelos resistentes de manera generacional (Márquez, 2003; Mayoral 

et al., 2017).  

La propagación de estos genes resistentes está vinculada principalmente a la 

movilización de animales infestados, ya que ayuda a los nematodos con resistencia 

antihelmíntica a movilizarse a través de estos para establecerse en zonas más lejanas 

(Buitrago y Correa-Valencia, 2020). 

Piña (Ananas comosus) 

Ananas comosus L., mejor conocida por su nombre común “piña”, es un fruto 

originario del sur de América, pertenece a la familia Bromeliaceae (Santos et al., 

2021). Posee una adaptación fotosintética CAM, la cual le permite un 

aprovechamiento eficiente del agua en ambientes áridos (Chen et al., 2019), es 

herbácea y posee una inflorescencia de tallo corto con alrededor de 100 a 200 flores 

situadas en forma de espiral, la etapa de floración dura alrededor de 30 a 70 días, para 

finalmente dar origen a un único fruto partenocárpico, el cual demora 

aproximadamente 135 días en madurar (Gómez y Ríos-Rojas, 2020).  

La planta de piña es típica de climas tropicales y subtropicales, requiere temperaturas 

de 23 a 30 °C y alrededor de 80 a 100 mm de agua por mes, es un fruto exigente por 

http://www.scielo.org.pe/scielo.php?pid=S1609-91172023000100023&script=sci_arttext&tlng=pt#B24
http://www.scielo.org.pe/scielo.php?pid=S1609-91172023000100023&script=sci_arttext&tlng=pt#B24
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lo que si hay alteraciones en sus requerimientos las repercusiones se ven reflejadas 

consideradamente en el desarrollo de las hojas y la formación, maduración y calidad 

del fruto (Hikal et al., 2021). Un ejemplo de esto sería cuando hay exceso de agua, el 

fruto de piña tendrá bajo contenido de azúcar y una acidez alta, por lo que la calidad 

será deficiente (Chica, 2018).  

La piña es un fruto de alto valor comercial a nivel mundial, es cultivada en 86 países 

de todo el mundo (FAO, 2019), en donde México ocupa el sexto lugar a nivel mundial. 

En el 2022, se produjeron 1,251,094.44 toneladas a nivel nacional, Campeche, 

Veracruz, Oaxaca, Tabasco, Quintana Roo y Nayarit son los principales estados 

productores de piña en México, cubriendo el 94% de la producción total nacional 

(SIAP, 2022). Según datos de la SADER, el consumo per cápita al año en 2017 fue de 

6.3 kg (SADER, 2017).  

De la amplia variedad de piñas cultivadas en el mundo, los cultivares comerciales 

predominantes en México son Cayena (60 %), MD2 (30 %), criollas (4 %), Champaka 

(menos del 1 %) y las ornamentales (menos del 0.005 %) (Uriza et al., 2018; Mercado-

Ruiz et al., 2019). Sin embargo, actualmente estos cultivares están siendo desplazados 

por el híbrido MD-2 conocido como “piña miel”, “Golden Sweet” o “Honey Golden”, 

debido a la preferencia de los mercados nacionales e internacionales por su dulzura, 

uniformidad y consistencia en madurez y tamaño (Moreno et al., 2021).  

 

Figura 5. Piña variedad MD-2 

https://www.redalyc.org/journal/813/81361553004/html/#redalyc_81361553004_ref80
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SUMMARY 

The objective was to determine the anthelmintic activity (in vitro) of the 

hydroalcoholic extract and fractions of the pineapple crown against H. contortus 

(benzimidazole-resistant strain) and to characterize the compounds responsible for this 

activity. For the hatching inhibition (EHI) test of the hydroalcoholic extract of 

pineapple crown (HEPC), an organic fraction (OFPC) and an aqueous fraction 

(AFPC), controls were evaluated using ten concentrations (200 - 0.3 mg/ml). The 

positive controls were thiabendazole 0.1 mg/ml and ivermectin 5 mg/ml and the 

negative control was distilled water. The concentrations evaluated in the HEPC larval 

mortality (ML) test ranged from 200 to 12.5 mg/ml, and for fractions from 100 to 12.5 

mg/ml, the same positive and negative controls were used as in the ovicidal lethality 

test. OFPC was most effective in the EHI test, for which it was subjected to 

chromatographic fractionation, where it revealed the presence of chlorogenic acid and 

an analog thereof, compounds to which pineapple crown nematicidal activity is 

attributed to variety MD-2. In the ML evaluation, HEPC obtained the highest efficacy 
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with 34.9% at 200 mg/ml, surpassing thiabendazole at 0.1 mg/ml as it did not affect 

the L3 larvae of H. contortus. It was concluded that HEPC, its fractions, and 

subfractions have anthelmintic activity against H. contortus so this agro-industrial 

residue could be a sustainable control option against this important nematode in sheep 

production. 

KEYWORDS 

Ananas comosus, chlorogenic acid, Haemonchus contortus  

REFLEXES 

 Reduction of agroindustrial waste (pineapple crown) 

 Sustainable alternatives for the nematicidal control of Haemonchus contortus 

Introduction 

The production of small ruminants in Mexico is a livestock activity of great economic 

importance due to the increasing demand and the benefits it generates (Bobadilla et al. 

2017), however, infections caused by gastrointestinal nematodes (GINs) are one of the 

main threats, and limitations to production worldwide (Reyes et al. 2021). 

Haemonchus contortus is a gastrointestinal nematode that parasitizes small ruminants, 

belongs to the family Trichonstrongylidae (Flay et al. 2022), has a direct life cycle, 

and is transmitted horizontally by ingestion of third instar larvae (L3) during grazing 

(Arsenopoulos et al. 2021). Infections with this nematode are more common in 

tropical, subtropical, and warm temperate regions. However, it has managed to adapt 

to semi-arid regions due to climate change (Mungia et al. 2018). H. contortus has 

hematophagous habits, so it sucks blood from the capillaries of the walls of the 

abomasum of ruminants (Adduci et al. 2022), causing acute anemia, hemorrhagic 

gastroenteritis, edema, and even death of the animals in severe cases (Ali et al. 2021). 

It is considered one of the most important GINs in the world (Charlier et al. 2020) due 

to the high morbidity and mortality it causes, in addition to the drug resistance that has 

been reported for this GIN (Arsenopoulos et al. 2021). Therefore, H. contortus is one 

of the major threats to the sustainability of extensive sheep production systems due to 

the large economic losses it causes (Doyle et al. 2018). Conventional control of these 

parasites is based exclusively on the use of chemical anthelmintics, which have caused 
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serious problems of drug resistance and environmental impact worldwide due to their 

misuse (Sepúlveda et al. 2018). 

Due to this problem, it has been decided to look for alternatives to control these 

parasites that are profitable for producers (Rivero et al. 2019) and contribute to animal 

welfare, care, and preservation of the environment, examples of these alternatives are 

paddock rotation, copper particles (Schweizer et al. 2016; Fetene and Amante 2019), 

biological control (Mendoza et al. 2022), selection of resistant animals (Reyes et al. 

2021), nutrition (Can et al. 2022), and plant extracts with secondary metabolites with 

anthelmintic activity (Zaragoza et al. 2019). The use of plants with anthelmintic 

potential has increased significantly in recent decades, thanks to the different 

phytochemical compounds they possess (Olmedo et al. 2017; de Paula et al. 2019). 

Recently, however, research has been carried out with organic wastes generated by 

agroindustry (Barros et al. 2022); to take advantage of and minimize the environmental 

and economic impact generated by these wastes (Chaparro et al. 2021). Examples are 

grape pomace, as it has been shown to have 100% ovicidal activity at a concentration 

of 12.5 mg/ml and 100% larvicidal activity at a concentration of 3.12 mg/ml against 

H. contortus (Silva et al. 2018), and coffee pulp, of which 100% ovicidal activity has 

been reported against nematodes of the genera Haemonchus spp. and Trichostrongylus 

spp. at a concentration of 100 mg/ml (López et al. 2022). 

In addition, Ananas comosus is a fruit of high commercial value due to its demand in 

the world market, it is widely cultivated in tropical and subtropical regions (Lorente et 

al. 2022). According to the Agri-Food and Fisheries Information Service (SIAP), it 

reports that in 2021 Mexico produced 1,271,520.75 tons of pineapple, of which the 

crown represents approximately 10 to 15% of the weight of the fruit, depending on the 

variety, which is discarded by agribusiness (Chaparro et al. 2021).  

It has been reported that this fruit has therapeutic properties such as anti-inflammatory, 

anticoagulant, anticancer (Ibarra et al. 2021), antioxidant (Hossain et al. 2011; Agnes 

and Anusuya 2021), antimicrobial, cardioprotective, digestive and anthelmintic 

(Debnath et al. 2023). In addition to the above, the objective of this research was to 

determine the anthelmintic activity (in vitro) of the hydroalcoholic extract and 

fractions of the pineapple crown on H. contortus (benzimidazole-resistant strain) and 

to characterize the compounds responsible for this activity. 
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Materials and methods 

Obtaining the hydroalcoholic pineapple crown extract 

The pineapple crowns of the MD-2 variety were collected in different fruit shops in 

the municipality of Soledad de Graciano Sánchez, S.L.P. They were dried at room 

temperature, avoiding exposure to the sun, for 30 days. 200 grams of crushed fruit 

were mixed with 4000 ml of hydroalcoholic solution (70% water: 30% methanol) and 

left for 72 h at 25 °C. The extract was filtered with cotton and paper (Whatman®, 

Stone, UK) to remove the remaining plant material. The extract was filtered with 

cotton and filter paper (Whatman®, Maidstone, UK) to remove the remaining plant 

material. Finally, the solvent was removed in a rotary evaporator (Büchi-R-300, 

Flawil, Switzerland) according to the methodology described in (Rivero et al. 2016). 

This concentrated extract was kept refrigerated (4 °C) until phytochemical analysis 

and anthelmintic evaluation. 

Fractionation of pineapple crown hydroalcoholic extract 

The hydroalcoholic extract of pineapple crown (HEPC) was subjected to bipartition 

by liquid-liquid chromatography with the solvents water/ethyl acetate (1:1), from 

which two fractions were obtained, one organic (OFPC) and one aqueous. (AFPC). 

The solvent was then removed from both fractions by low-pressure distillation (Büchi-

R-300, Flawil, Switzerland). Both fractions were evaluated by testing the inhibition of 

H. contortus egg hatching and larval mortality with H. contortus L3 larvae. 

Since OFPC was the most active fraction, it was subjected to chromatographic 

fractionation in an open column (20 x 600 mm) previously packed with silica gel 60 

(Merck, 30 g, 70-230 mesh). n-Hexane: AcOEt was used as the mobile phase (volume 

of all samples was 100 ml). 5 subfractions were obtained (SF1 to SF5), which were 

grouped according to their chemical composition. All subfractions were concentrated 

by reduced pressure in a rotary evaporator (Büchi-R-300, Flawil, Switzerland), and the 

subfractions were evaluated only by the hatching inhibition test with H. contortus eggs 

since their best activity was determined for this test. The subfractions with the best 

activity (SF3, SF4, and SF5) were subjected to high-performance liquid 

chromatography (HPLC), which showed that these subfractions contained chlorogenic 

acid and a derivative thereof (Figure 1). 
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Figure 1. Schematic representation of the extraction and fractionation process of the 

hydroalcoholic extract of pineapple crown variety MD-2 for directed testing. 

 

Obtaining Haemonchus contortus eggs 

H. contortus eggs were obtained from 6 donor sheep of the Katahdin cross breed, 3 

months old, which were previously infected with L3 larvae (infective phase) of H. 

contortus (benzimidazole-resistant strain), obtained from the National Institute of 

Forestry, Livestock and Agronomic Research (INIFAP), at a rate of 5,000 larvae per 

sheep. Subsequently, fecal samples (5-10 g) were collected directly from the rectum 

of each of the sheep, which were transferred at a temperature of 4 °C to the 

bacteriology laboratory of the ICAP-UAEH, for processing and analysis. The sheep 

were handled following the criteria for the care and handling of experimental animals, 

established in the official Mexican standards NOM-051-ZOO-1995, and NOM-062-

ZOO-1999, in addition to complying with the provisions of the Federal Animal Health 

Law. 

Subsequently, the presence of H. contortus eggs was determined using the flotation 

technique and the quantification of eggs per gram of feces (EPGF) using the McMaster 

technique, according to the methodology of (Rivero et al. 2019). Subsequently, 30 g 
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of collected feces were homogenized with distilled water for the recovery of H. 

contortus eggs, which were purified according to the methodology of Von Son-de 

Fernex et al. 2015. Finally, the solution obtained with clean eggs was adjusted to a 

concentration of 150 eggs/50 µl. 

Evaluation of hatching inhibition 

To evaluate the inhibition of hatching of Haemonchus contortus eggs, a 96-well plate 

was used, in each of which 50 l of a distilled water solution with 150 eggs/50 l and 

50 l of each of the different concentrations of the hydroalcoholic extract, organic 

fraction and aqueous fraction (200, 100, 50, 25, 12.5, 6.2, 3.1, 1.5, 0.7 and 0.3 mg/ml), 

for the subfractions the concentrations evaluated were (12.50, 6.25, 3.12, 1.56, 0.78, 

0.39, 0.19 and 0.09); with four replicates each, thiabendazole (0.1 mg/ml) and 

ivermectin (5 mg/ml) were used as positive controls and distilled water as negative 

control. In the case of subfractions, 3% methanol was added to the negative controls. 

The plates were incubated in a humid chamber at 30º C for 48 h, after which 10 aliquots 

of 10 l were taken from each well to be observed under a microscope (4x objective) 

and, the number of hatched and unhatched eggs quantified; the percentage of EHI was 

calculated using the following formula:  

 

% ℎ𝑎𝑡𝑐ℎ𝑖𝑛𝑔 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
L1

L1 + Egg
∗ 100 

Where L1 is equal to larva 1. 

Recovery of H. contortus L3 larvaeFeces collected from infected animals were mixed with 

polyurethane foam and distilled water to form a stool culture, which was incubated at 28°C 

for 17 days. At the end of this period, the L3 larvae were recovered using the Baermann 

technique, and the recovered larvae were washed with a gradient of saturated saline solution 

and processed in a centrifuge at 3,500 rpm to remove most of the organic particles from the 

larvae. L3 was then exposed to a 3% sodium hypochlorite solution to induce ecdysis. Finally, 

the adjustment of 150-200 larvae in 50 µl was made. 

Larval mortality evaluation 

The lethal effect was evaluated at the following concentrations: hydroalcoholic extract 

of 200 - 6.2 mg/ml, aqueous fraction of 100 - 12.5 mg/ml, and organic fraction of 100 
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- 12.5 mg/ml, in a 96-well polystyrene microplate. They added 50 µl of distilled water 

solution with 150-200 shelled larvae and 50 µl of the different concentrations; with 

four replicates for each concentration, the positive controls were ivermectin (5mg/ml) 

and thiabendazole (0.1mg/ml) and distilled water as a negative control. The plate was 

incubated in a humid chamber at 30º C for 72 h. At the end of this time, 10 aliquots of 

10 µl were taken from each well and observed under a microscope (4x objective) and 

the live and dead larvae were quantified; the percentage of ML was determined using 

the following equation:  

 

% 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 =
Dead larvae

Total larvae
∗ 100 

 

Cytotoxicity evaluation of pineapple crown hydroalcoholic extract with Artemia 

salina  

The evaluation was performed by serial dilutions in a 96-well microplate using 

Artemia salina, following the methodology of Rivero-Pérez et al. (2019). The 

concentrations used to evaluate the hydroalcoholic extract of the pineapple crown 

ranged from 200 to 1.56 mg/ml. 0.05 g of Artemia salina cysts were incubated in 200 

ml of 3.5% artificial seawater at a temperature of 27 °C for 24 h. At the end of the 

incubation period, the nauplii were collected. A 50 µl suspension containing 10-15 

organisms and 50 µl of each concentration to be evaluated was added to each well of 

the plate, with three replicates, using Tween 80 (SIGMA P1754) as a positive control. 

Finally, the plate was incubated at 29°C for 24 h. At the end of this time, the number 

of dead and live nauplii in each well was counted using a stereoscopic microscope 

(VE-S1). Toxicity criteria were established according to Syahmi et al. (2010), where 

extracts with LC50 greater than 1.00 mg/ml are considered non-toxic. 

Statistical analysis 

To determine the effect of hydroalcoholic extract, fractions, and subfractions, an 

analysis of variance (ANOVA) was performed with a completely randomized design, 

and the comparison of means was performed using the Tukey test. A completely 

randomized design was used. The data obtained were analyzed by analysis of variance 
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(ANOVA) and comparison of means by Tukey's test (α=0.05). The LC50 and LC90 

values and their 95% confidence intervals were calculated by the PROBIT method 

using the SAS V9.0 statistical package. 

Results 

 

Hatching inhibition 

The results obtained in the evaluation of the inhibition of H. contortus egg hatching 

allowed us to determine that HEPC, OFPC, and AFPC have inhibitory activity, with 

OFPC being the most active at a concentration of 6.2 mg/ml, without determining 

statistical differences significant with ivermectin and thiabendazole (P ≤ 0.05) at 

concentrations 200 to 12.5 mg/ml, respectively (Table 1). However, it was observed 

that HEPC and OFPC showed a similar behavior between concentrations of 200 to 1.5 

mg/ml. Regarding AFPC, although it presented a lower activity, there are no 

significant statistical differences with the positive controls at the concentration of 12.5 

mg/ml (Table 1). 

Table 1. Percent inhibition of Haemonchus contortus egg hatching by HEPC, OFPC, 

and AFPC 

Concentration (mg/ml) HEPC OFPC AFPC 

200 100a 100a 100a 

100 100a 100a 100a 

50 100a 100a 100a 

25 100a 100a 98.2 a ± 0.4 

12.5 100a 99.5a ± 0.5 97.1a ± 0.4 

6.2 98.3b ± 0.4 98.3ab ± 0.6  91.0b ± 0.3 

3.1 90.4c ± 0.1 93.1b ± 1 69.3c ± 0.2 

1.5 85.2d ± 0.1 86.4c ± 0.1 27.5d ± 0.6 

0.7 60.1e ± 0.1 74.8d ± 0.3 11.2e ± 0.3 

0.3 1.3f ± 0.2 38.2e ± 0.2   0.3f ± 0.5 

Distilled water 1.5f ± 0.3 1.5f ± 0.3 1.5d ± 0.3 

Ivermectin (5 mg/ml) 100a 100a 100a 

Thiabendazole (0.1 mg/ml) 100a 100a 100a 

p-value  0.0001 0.0001 0.0001 
HEPC: Hydroalcoholic extract of pineapple crown (Ananas comosus), OFPC: Organic Fraction, AFPC: Aqueous 

Fraction. Different literals in the column show significant statistical differences (P≤ 0.05) between the evaluated 

treatments. 

Table 1 shows that the hydroalcoholic extract of pineapple crown and the fractions 

derived from it showed a dose-dependent effect, with OFPC being the most active. 
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The chromatographic fractionation of OFPC allowed us to determine that the hatching 

inhibition percentages of SF1 to SF5 showed a statistically similar behavior (P ≤ 0.05) 

at 12.5 mg/ml concerning the positive controls (ivermectin and thiabendazole), 

however, the SF5 subfraction was the most active, since no significant statistical 

differences were observed with the positive controls at the concentration of 0.78 

mg/ml, followed by SF3 at a concentration of 1.56 mg/ml and SF4 at 3.12 mg/ml 

(Table 2). 

Table 2. Percent inhibition of Haemonchus contortus egg hatching of SF1, SF2, SF3, 

SF4 

SF1: Sub-fraction 1, SF2: Sub-fraction 2, SF3: Sub-fraction 3, SF4: Sub-fraction 4, SF5: Sub-fraction 5. Different 

literals in the column show significant statistical differences (P≤ 0.05) between the treatments evaluated. 

 

In the PROBIT analysis, the lowest LC50 was found to be 0.4 mg/ml corresponding to 

OFPC, followed by the LC50 of HEPC at a concentration of 0.7 mg/ml, and for AFPC 

an LC50 of 2.2 mg/ml (Figure 2). The LC90 was 1.8 mg/ml for HEPC and OFPC and 

6.9 mg/ml for AFPC. Regarding the subfractions, the lowest LC50 was 0.07 mg/ml for 

SF5, but SF3 and SF4 showed the same LC50 of 0.1 mg/ml (Figure 3). 

Concentration (mg/ml) SF1 SF2 SF3 SF4 SF5 

12.50 96.3a ± 0.6 100a 100a 98.4ab ± 0.8 100a 

 6.25 79.3b ± 0.1 100a 99.6a ± 0.6 97.7ab ± 0.8 100a 

3.12 70.6 c ± 0.2 99 a ± 0.2 99.6 a ± 0.7 97.1ab ± 0.7 100a 

1.56 61.6 d ± 0.6 96.6 b ± 0.4 97.2a ± 0.4 95.2 b ± 0.6 98.7a ± 0.7 

0.78 18.6e ± 0.6 86.6c ± 0.4 92.3b ± 0.7 81.8c ± 0.3 94.9ab ± 0.8 

0.39 7.8f ± 0.3 68.4d ± 0.2 67c ± 0.4 63.4d ± 0.2 89.6b ± 0.7 

0.19 7f ± 0.3 30e ± 0.3 60.8d ± 0.9 52.6e ± 0.2 66.4c ± 0.4 

0.09 7f ± 0.3 13.9 f ± 0.6 47.3 e ± 0.2 41.1f ± 0.2 60.2c ± 0.8 

Distilled water 2f ± 0.1 2g ± 0.1 2f ± 0.1 2g ± 0.1 2d ± 0.1 

Ivermectin (5 mg/ml) 100a 100a 100a 100a 100a 

Thiabendazole (0.1 mg/ml) 100a 100a 100a 100a 100a 

Methanol 3% 1.4f ± 0.4 1.4g ± 0.4 1.4f ± 0.4 1.4g ± 0.4 1.4d ± 0.4 

p-value 0.0001 0.0001 0.0001 0.0001 0.0001 
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Figure 2. Lethal concentrations of CL50 and CL90 of HEPC, OFPC, and AFPC on 

Haemonchus contortus eggs 

 

 

Figure 3. Lethal concentration CL50 and CL90 of F1, F2, F3, F4 and F5 on 

Haemonchus contortus eggs 

 

Fractionation of pineapple crown hydroalcoholic extract 

HPLC analysis of the three subfractions derived from the OFPC chromatographic 

fractionation indicated that the active fractions SF3, SF4, and SF5 were composed of 

chlorogenic acid and an analog of chlorogenic acid. 
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Figure 4. HPLC chromatogram of subfraction 3  

 

 

Figure 5. HPLC chromatogram of sub-fraction 4 

 

Figure 6. HPLC chromatogram of sub-fraction 5 
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Larval mortality 

Regarding larval mortality (ML), the highest activity was obtained in HEPC at 

concentrations of 200, 100, 50, and 25 mg/ml with percentages of 34.9%, 27.3%, 

26.8%, and 25.2% respectively, statistical analysis did not show relevant differences 

(P= 0.0001) between them, however, a higher percentage of mortality was observed 

compared to the positive control thiabendazole at 0.1 mg/ml (P= 0.0001). In addition, 

AFPC showed an ML of 20.5%, exceeding the 0% ML of thiabendazole at 0.1 mg/ml 

(P= 0.0001). Ivermectin at 5 mg/ml was effective against 100% of the larvae. 

 

Table 3. Percentage of larval mortality in L3 of Haemonchus contortus of the HEPC, 

OFPC, and AFPC 

Concentration (mg/ml) HEPC OFPC AFPC 

200 34.9b ± 0.7 - - 

100 27.3bc± 0.6 6.2b± 0.3 20.5b± 0.2 

50 26.8bc± 0.8 5.1bc± 0.2 8.4c± 0.2 

25 25.2c± 0.7 4.10cd± 0.2 4.2d ± 0.1 

12.5 11.6d± 0.6 2.9d ± 0.4 3 d ± 0.3 

Distilled water 3.9de ± 0.3 3.9cd ± 0.3 3.9 d ± 0.3 

Ivermectin (5 mg/ml) 100a 100a 100a 

Thiabendazole (0.1 mg/ml) 0e± 0.6 0e± 0.6 0e± 0.6 

p-value 0.0001 0.0001 0.0001 
(-) Data not analyzed, HEPC: Hydroalcoholic Extract of Ananas comosus, OFPC: Organic Fraction, AFPC: 

Aqueous Fraction. Different literals in the column show significant statistical differences (P≤ 0.05) between the 

evaluated treatments. 

 

Cytotoxicity evaluation of pineapple crown hydroalcoholic extract with Artemia 

salina 

The results obtained for the LC50 and LC90 of HEPC were 3.6 and 7.9 mg/ml, which 

indicates that EHCO is not toxic (Figure 7). 
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Figure 7. Evaluation of cytotoxicity (CL50 and CL90) with Artemia salina from 

HEPC 

 

 Discussion 

Gastrointestinal nematodes are one of the main diseases that affect the production of 

small ruminants worldwide, H. contortus is one of the most pathogenic, prevalent, and 

dominant in terms of infection intensity, treatment with synthetic anthelmintics is the 

indicated method to control GIN infections, however, currently due to the phenomenon 

of resistance to anthelmintics that different populations of GIN have developed, 

including H. contortus, the need arises to look for alternatives for its control, in this 

regard medicinal plants are an alternative for the search for new molecules that can be 

applied in the control of H. contortus (Cortes-Morales et al. 2019). 

In the present study, the anthelmintic activity of the hydroalcoholic extract of 

pineapple crown (HEPC) was determined, having its best activity on the inhibition of 

hatching of H. contortus eggs resistant to benzimidazoles (100% at 12.2 mg/ml). The 

chemical fractionation of the extract allowed us to obtain the organic fraction (OFPC), 

which presented the best ovicidal activity (93.1% at 3.1 mg/ml), and in the sub-

fractionation of the OFPC, SF5 was identified with an inhibitory activity of 89.6 % at 

a concentration of 0.39 mg/ml. The presence of chlorogenic acid and a derivative of 

the latter was identified in the SF5 fraction. 

In this regard, Hernández-Villegas et al. (2017) found that the aqueous extract of 
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concentration of 600 µg/ml, obtaining better results than those reported in the present 

investigation; however, it is important to highlight that the strain used by the cited 

authors did not show resistance to benzimidazoles. 

Recently, Rodrigues et al. (2020) evaluated in vitro the methanolic extract of BRS 

Boyra pineapple leaves and its fractions against Haemonochus spp., 

Oesophagostomum spp. and Trichostrongylus spp. obtained from naturally infected 

goats and determined that at 5 mg/ml the extract obtained 82.4% of EHI, a 

concentration higher than that determined in the present study, since the organic 

fraction of the present study at a concentration of 5 mg/ml presented a 99.4%, however, 

the results are similar to those of the aqueous fraction (73.1% of EHI at 5 mg/ml), the 

differences obtained in the results could be associated with the methodology used or 

with the variety of fruit used, even though the methodologies used were different, these 

results confirm the anthelmintic effect of A. comosus on GINs of importance in sheep 

and goat farming. 

As mentioned above, the presence of chlorogenic acid and its analog was identified in 

SF3, SF4, and SF5. In this regard, Jasso (2017) evaluated a hydroalcoholic extract of 

Tagetes filifolia, which obtained a 99% hatching inhibition at 10 mg/ml. The extract 

was subjected to biodirected fractionation, and as a result, 11 fractions were obtained, 

of which the most active were subjected to a phytochemical identification analysis, 

associating the hatching inhibition against H. contortus eggs with the presence of 

chlorogenic acid against H. contortus eggs. 

Similarly, Küpeli et al. (2021) reported the phytochemistry of the methanolic extract 

of Jasminum fruticans L. and identified p-coumaric acid, gallic acid, caffeic acid, 

ferulic acid, and chlorogenic acid as the main compounds, highlighting the latter for 

its anthelmintic potential, which is consistent with the results obtained in this study. 

Regarding the CL50 and CL90, (Domingues et al. 2013) found that the aqueous extract 

of Ananas comosus leaves presented a CL50 in the EHI of 31 mg/ml and a CL90 of 81 

mg/ml, concentrations higher than those obtained in the present study, since the CL50 

and CL90 of the HEPC were 0.7 and 1.8 mg/ml, respectively. 

For his part, Jasso evaluated chlorogenic acid as a pure compound and obtained a CL50 

of 0.24 mg/ml on the inhibition of H. contortus eggs, when compared with the CL50 of 

SF5 (0.07 mg/ml), the latter was better, which could be explained by the fact that in 
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SF5, in addition to chlorogenic acid, there is a derivative of it that could enhance the 

effect on hatching inhibition (Jasso 2017). 

In terms of larval mortality (ML), the HEPC showed a mortality of 34.9% at 200 mg/ml 

and the AFPC showed an ML of 20.5% at 100 mg/ml, both exceeding the effect of 

thiabendazole at 0.1 mg/ml (0%). In this regard, Sujon et al (2008) studied the 

hydroalcoholic extract of pineapple leaves and determined a larvicidal activity 

between 60% and 100% on adult larvae obtained directly from the gastrointestinal tract 

of naturally infected goats. These results are superior to those obtained in the present 

study, but there was no evidence of resistance to any drug. These data cannot be 

compared with the present study because different methods were used to extract the 

hydroalcoholic extract and to determine the ML. However, they allow us to verify the 

larvicidal activity of Ananas comosus. In this regard, Cáceres et al. (2013) carried out 

an investigation with pineapple leaves as a nutritional supplement for hair sheep in 

grazing naturally infected with GINs, achieving a reduction of up to 28% in the amount 

of EPGF, in turn, Ramírez-May et al. (2013) used pineapple leaves in nutritional 

blocks and determined the EPGF of gastrointestinal nematodes in naturally infected 

sheep, observing a reduction of 90.24% of EPGF, however, in both studies the mode 

of action was not reported. According to the results of this research, HEPC was found 

to have up to 34.9% ML, which could explain the reduction described by the authors. 

In an experiment carried out with BRS Boyra pineapple leaves, they prepared a 

methanolic extract where they found 2.38% of ML at a concentration of 5 mg/ml, while 

with the aqueous and organic fractions at the same concentration, they obtained 1.33%, 

and 1.37%, respectively, results lower than those obtained in the present study 

(Rodrigues et al. 2020). 

In addition to the above, Domingues et al. (2013) showed results of 100, 79.4 and 

54.7% at concentrations 10, 5, and 2.5 mg/ml, with greater larvicidal than ovicidal 

activity, results that do not coincide with the data obtained in the present work, since 

greater activity was observed. ovicide than larvicide. The above could indicate that the 

differences found could be due to L1 larvae being more sensitive to bioactive 

compounds than nematode eggs, or to the exposure time of the larvae to the different 

extracts (Cala et al. 2012; Chagas et al. 2018). 
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Finally, it has been shown that the secondary metabolites responsible for the 

anthelmintic activity in Ananas comosus extracts are p-coumaric acid, tannins, 

saponins, and the cysteine protease bromelain, these compounds are capable of 

intervening in the development of the life cycle of gastrointestinal nematodes, 

including Haemonchus contortus (Hossain and Rahman 2011; Hernández et al. 2017; 

Rodrigues et al. 2020; Daiba et al. 2022). However, this research differs from the 

authors because the efficacy obtained with the hydroalcoholic extract of pineapple 

crown variety MD-2 is associated with the presence of chlorogenic acid and an analog 

derived from it. 

Conclusions 

The hydroalcoholic extract of pineapple crown variety MD-2, its fractions, and 

subfractions showed activity on the inhibition of egg hatching and lethal mortality on 

Haemonchus contortus resistant to benzimidazoles, SF5 was identified as the most 

active in the inhibition of hatching and this the presence of chlorogenic acid and an 

analog of this was identified and it was determined that hydroalcoholic extract of 

pineapple crown so HEPC could be a sustainable control option for the control of this 

gastrointestinal nematode in sheep production units. However, it is still necessary to 

carry out in vivo tests with other species of nematodes to see their response and 

confirm said activity. 
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