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RESUMEN.

Las nematodosis gastrointestinales (NGI) representan uno de los principales
problemas de salud dentro de las unidades de produccién bovina en el mundo. El
uso de plantas ricas en metabolitos secundarios se ha propuesto como una
alternativa para el control quimico de NGI en rumiantes. En la primera fase
experimental de este estudio, se evalud el potencial antinelmintico in vitro de
cinco plantas bioactivas (Leucaena leucocephala, Gliricidia sepium, Cratylia
argentea, Guazuma ulmifolia y Azadirachta indica) sobre la inhibicidon del
desenvaine larvario y sobre la inhibicion de la eclosion de huevos de Cooperia
punctata. Todas las plantas evaluadas interfiieron en el desenvaine larvario con
un efecto dosis-dependiente (P < 0.05). Sin embargo, el efecto antihelmintico
sobre la eclosion de huevos fue menor. Los compuestos polifendlicos fueron el
grupo de metabolitos secundarios involucrados en la actividad antinelmintica in
vitro. En una segunda fase experimental, se realizé el fraccionamiento biodirigido
de L. leucocephala y G. sepium (plantas que mostraron mayor actividad ovicida)
con la finalidad de aislar e identificar las moléculas quimicas involucradas en el
efecto AH sobre C. punctata, asi como su posible mecanismo de accidén. Para G.
sepium se identificé una cumarina con potente actividad ovicida; y para L.
leucocephala se observd la interaccidn de dos moléculas en el efecto
antihelmintico, la quercetina y el ac. caféico. Las moléculas aisladas de ambas
plantas alteraron el grosor de la tri-capa de los huevos y generaron una pérdida
en la continuidad de membranas. En la tercera fase experimental, se realizd la
validacion in vivo del potencial anfihelmintico G. sepium sobre el establecimiento
larvario de C. punctata en becerros. El consumo de hojas frescas de G. sepium
redujo 76.9 % el establecimiento parasitario de C. punctata (P < 0.05). Se concluye
que las plantas bioactivas evaluadas podrian ser una alternativa dentro de un

programa estratégico de control de NGI en bovinos.

Palabras clave: Cooperia punctata, plantas bioactivas, fraccionamiento biodirigido,
establecimiento larvario.



ABSTRACT.

Gastrointestinal nematodes (GIN) represent one of the major constrains in cattle
production units worldwide. The use of plants rich in secondary metabolites has
been proposed as an alternative to chemoprofilaxis for GIN control in ruminants.
The first stage of this investigation five bioactive plants (Leucaena leucocephala,
Giliricidia sepium, Cratylia argentea, Guazuma ulmifolia y Azadirachta indica)
were assesed in vitro for anti-exsheathment and ovicidal activity against C.
punctata. All extracts showed a dose-dependent anti-exsheathment activity (P <
0.05). However, the ovicidal activity observed was much lower. Polyphenolic
compounds were identified as prime effectors of the anthelmintic (AH)-like
acctivity in both in vitro assays. For the second stage, L. leucocephala and G.
sepium (plats which showed a higher ovicidal activity) were chosen for bioguided
fractionation, sor the isolation and identification of the phytochemicals involved in
the AH activity over C. punctata. For G. sepium a coumarin was identidied as @
molecule with potent ovicidal activity; as for L. leucocephala an interaction
between quecetin and caffeic acid was observed. The molecules isolated from
both plants affected the thickness of the eggshell and caused discontinuity of the
membranes. Finally the in vivo validation of G. sepium AH-like activity was
demonstrated with a reduction of 76.9 % of C. punctata larvae establishment in
calves (P < 0.05). The results obtained through this investigation confirms that the
use of the bioactive plants used through this investigation represent a reliable
alternative to consider when implementing an integrated GIN control

management system.

Key words: Cooperia punctata, bioactive plants, bioguided fractionation, larval

establishment
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INTRODUCCION.

Los nematodos gastrointestinales (NGI) son el principal problema de salud
endémico de las unidades de producciéon bovina en pastoreo (Fitzpatrick, 2013).
Las infecciones por NGI en condiciones naturales se presentan de forma multiple:
Haemonchus spp., Mecistocirrus digitatus, Ostertagia ostertagi, Cooperia spp.,
Trichostrogylus spp., Nematodirus spp., y Oesophagostommum spp. (Quiroz, 1999);
de los cuales Cooperia spp,. s& ha posicionado como uno de los NGl de mayor
prevalencia en ganado bovino en pastoreo (Fiel et al., 2012). Las infecciones por
Cooperia spp., tienen un impacto econdmico negativo dentro de las unidades de
produccion bovina (UPB) debido a pérdida de la ganancia diaria de peso,
disminucion del consumo voluntario, disminucion de los pardmetros reproductivos
por retraso en el crecimiento, disminucidn en la produccién ldctea, asi como
incremento de costos por tfratamiento y por manejo (Li and Gasbarre, 2009; Li et al.,
2009; Stromberg et al., 2012).

Desde el descubrimiento de los antinelminticos hace mds de 55 anos, el control de
las nematodosis se ha basado en la quimioprofilaxis (Benzimidazoles,
Imidazotiazoles y Lactonas macrociclicas); y durante las Ultimas dos décadas, las
lactonas macrociclicas (LM) ha sido la familia de antihelminticos mds empleada
por ganaderos debido a las ventajas que ofrece para mejorar los pardmetros
productivos y por su amplio espectro (Jackson and Miller, 2006). Sin embargo, la
sustentabilidad a largo plazo de dichos beneficios se ha puesto en duda, ya que su
mala y excesiva utilizaciéon ha generado la emergencia de cepas de NGl resistentes
y multi-resistentes a los antihelminticos (Kaplan, 2004; Soutello et al., 2007; Suarez
and Cristel, 2007; Suarez and Silvina, 2005). Ademds, el uso de antihelminticos se ha
cuestionado debido a problemas de ecotoxicidad y a la presencia de residuos
quimicos en los productos de origen animal (Waller et al., 2001). Otro aspecto, que
ha sido poco senalado es que el uso excesivo de los antfinelminticos influye
directamente sobre la epidemiologia de los NGl en bovinos. Por ejemplo, Cooperia
spp.. €s un nematodo que de forma innata posee mayor tolerancia a las LM en
comparacién con otros géneros, y esa caracteristica puede influir en el incremento
de su la prevalencia. Es posible, que debido a una fuerte presibn con
antihelminticos, la presencia de algunos otfros pardsitos poco reportados sea mds
frecuente. Ante dicha problemdtica, multiples investigaciones a nivel mundial se
han enfocado en la bUsqueda de alternativas de control.

El uso de plantas con compuestos secundarios como los taninos es una de las
alternativas de control mas estudiadas debido al efecto antinelmintico directo e



indirecto que tfienen sobre los NGl de pequenos rumiantes (Hoste et al., 2006), sin
embargo, existen pocos estudios del efecto de plantas sobre NGI de bovinos.
Estudios in vitro e in vivo han demostrado que la incubacion de NGI de pequenos
rumiantes en extractos de taninos y/o compuestos polifendlicos pueden reducir la
eclosion, el desarrollo, la viabilidad, la motilidad, el establecimiento, la fertilidad y
fecundidad de los mismos (Alonso-Diaz et al., 2008; Athanasiadou ef al., 2001; Molan
et al., 2002). Otros estudios indican que compuestos polifendlicos como los
flavonoides también pueden jugar un papel importante en la actividad
antihelmintica (Ademola et al., 2005; Barrau et al., 2005; von Son-de Fernex et al.,
2012). Se han reportado que existen mdas de 10,000 compuestos polifendlicos (CPF)
presentes en plantas que pueden tener una amplia gama de actividad biolégica
(antiinflamatorio, antioxidante, antimicrobiano, antinelmintico y con potencial anti-
carcinogénico). No obstante, existen pocos trabajos de investigacion que hayan
logrado el aislamiento, la purificacion y la identificacion de las moléculas con
actividad antihelmintica, mediante el fraccionamiento biodirigido de los extractos
(Barrau et al., 2005). La purificacion e identificaciéon de las moléculas quimicas con
efecto antinelmintico sobre NGI de bovinos puede ayudar a explorar el mecanismo
de accién, a estudiar y a comprender las posibles interacciones entre fitoquimicos,
y finalmente ayudar con el desarrollo de nuevos productos con potencial
antinelmintico.

El presente trabajo de investigacion se dividid en tres fases: i) en evaluar in vitro
cinco leguminosas tropicales (Leucaena leucocephala, Gliricidia sepium, Cratylia
argentea, Guazuma ulmifolia y Azadirachta indica) sobre la inhibicion del
desenvaine larvario y de la eclosién de huevos de C. punctata, ii) en redlizar el
fraccionamiento biodirigido de las leguminosas tropicales que mostraron mayor
actividad antihelmintica in vitro y iii) en evaluar el efecto in vivo del consumo de la
leguminosa con mayor actividad antfihelmintica in vitro sobre el establecimiento
parasitario de C. punctata en becerros F1 (Ho X Cebu).



. REVISION DE LITERATURA

2.1. Nematodos gastrointestinales y su impacto en la ganaderia bovina
2.1.1. Produccién bovina en México

La ganaderia bovina en México representa una de las principales actividades del
sector agropecuario del pais, ya que aporta el 43% del valor de la produccion
pecuaria nacional (SHCP, 2014). Mds del 50% del territorio se destina para el sector
primario, donde se ubican 1.1 millones de unidades de produccion bovina (SHCP,
2014). En México, la ganaderia de doble propdsito se desarrolla en mds de 48
millones de hectdreas y posee 45% del inventario bovino nacional. De acuerdo con
la FAO (2009), el consumo anual per cdpita en México para el 2014 se estima en
16.9 kg de carne y 112.6 kg de leche (SIAP, 2014); sin embargo, la produccion
nacional cubre Unicamente 31.4% y 67% del consumo total de carne y leche,
respectivamente (Garcia-Winder, 2011). En el 2012, la producciéon promedio de
carne y de leche de bovino fue de 1,820.5 toneladas y 11.15 mil millones de litros.
Este déficit en la produccién, aunado a una mayor demanda debido al constante
incremento demogrdfico, obliga a la estructuracidon de nuevas estrategias
zootécnicas que permitan fortalecer la produccién nacional, considerando tanto
las necesidades de la industria como las de los consumidores.

En México, la ganaderia bovina se desarrolla bajo un panorama extremo donde
existen desde sistemas productivos altamente tecnificados (en menor proporcién)
hasta sistemas de produccién extensivos y de doble propdsito. En los sistemas
donde el forraje se aprovecha como el principal recurso nutricional, las parasitosis
son el problema sanitario mds importante. Por lo tanto, si se establece un sistema
de conftrol parasitario eficiente, los estdndares nacionales de produccion podrian

elevarse considerablemente.



2.1.2. Ciclo biolégico de los nematodos gastrointestinales.

Los nematodos gastrointestinales son los helmintos de mayor importancia en el
ganado bovino. Pertenecen al phylum Nematoda y existen mds de 20,000 especies
descritas. Los NGI de mayor importancia en rumiantes son: Haemonchus spp.,
Mecistocirrus digitatus, Ostertagia ostertagi, Cooperia spp., Trichostrogylus spp.,
Nematodirus spp., y Oesophagostommum spp. (Vazquez-Prats et al., 2004). Los NG
se caracterizan por presentar una morfologia de tipo cilindrica, cavidad
pseudoceldmica con simetria bilateral, sistema nervioso (4 troncos nerviosos
longitudinales), aparato digestivo completo (boca, intestino, cloaca), sistema
excretor (tUbulos colectores que desembocan en un poro excretor) y aparato
reproductor (dioicos) y son de tamano variable segun el género (Bird and Bird,
1991). Presentan un ciclo bioldgico directo dividido en una fase pre-parasitica
(fases en vida libre) y otra parasitica (fases establecidas dentro del hospedero). Las
fases de vida libre inicia con la eliminacién de huevos del hospedero e incluye de
la eclosion de huevos al desarrollo de larva 1 (L), larva 2 (L2) y larva infectante (Ls).
La duraciéon de esta fase es variable y depende tanto de las condiciones climaticas

como del género parasitario (Cuadro 1).

Cuadro 1. Duracién de las fases del ciclo biolégico de los nematodos
gastrointestinales.

Tiempo de

Fase Localizacién Referencia
desarrollo
Pre-parasitica | Huevo  Heces Eliminado con las
heces
Larva 1l Heces 24-30 horas post Quiroz-Romero, 2011
eliminacion
Larva2 Heces 2-3 dias
Transicién Larva 3 Pastura 4-7 dias Quiroz-Romero, 2011
Larva 4 Tracto 7 dias post-
gastrointestinal  infeccion
e Juvenil  Tracto 8-15 dias post Cordero-de-campillo
Parasitica . . ) ! . .
gastrointestinal  infeccion y Rojo-Vazquez, 1999
Adulto  Tracto 15-21 dias post-
gastrointestinal  infeccién

% El fiempo de duracién enfre cada fase dependerd del género parasitario.



La fase pre-parasitica inicia con la eliminacién de los huevos junto con las heces, vy
este estadio se considera la fase bioldégica de los NGl con mayor resistencia no solo
al estrés medioambiental, sino tfambién a los productos antinelminticos (Bird, 1971).
Los huevos estdn constituidos por una friple capa externa (vitelina, quitinosa y
lipidica) que le confiere la caracteristica de resistencia (Bird and Bird, 1991). El
desarrollo embrionario se desencadena tres horas post-eliminacion de los huevos y
se encuentra mediada por la accién de la hormona juvenil (Rogers, 1980). El
proceso de eclosion se lleva a cabo durante las primeras 24 a 30 horas post-
eliminaciéon. En los trichostrongylidos la eclosidon se divide en dos fases, ambas
mediadas por el embridn. La primera, consiste en la produccion del fluido de
eclosion, el cual se encuentra constituido por diversas enzimas donde destacan la
leucina aminopeptidasa (LAP) y lipasa (LIP) que son las encargadas de alterar la
permeabilidad de las membranas, y de ocasionar la ruptura en el huevo. Y la
segunda, consiste en la fractura mecdnica, debido a los movimientos de la larva L
dentro del huevo, los cuales provocan la emulsibn de la capa lipidica y
consecuentemente la fractura del huevo (Rogers and Brooks, 1976). Otras enzimas
gue se han asociado al desarrollo y a la eclosion de huevos son la anhidrasa
carbdnica y la hormona juvenil (Rogers, 1980), y que aligual que las enzimas LIP y/o
LAP, una falta o disminucién de su produccién bajo condiciones naturales produce
una inhibicidn en la eclosidon (Rogers y Brooks., 1976; Rogers, 1980) generando la
muerte larvaria y con ello la interrupcion del ciclo bioldgico de los NGl (von Son-de

Fernex et al., 2015).

La larva infectante (Ls) representa la etapa de fransicidn entre la fase de vida libre
y la fase parasitaria. Debido a que ésta larva se localiza en los pastos para ser
ingerida por el hospedero definitivo, la Ls posee caracteristicas especificas de
resistencia medioambiental y de comportamiento que incrementan la
probabilidad de la continuidad de su ciclo bioldgico. Estas caracteristicas consisten
en: i) la retencion cuticular de su fase anterior (vaina) que sirve de proteccion del
estrés medioambiental (tfemperatura y humedad), ii) el fototropismo positivo a la luz

tenue, iii) el hidrotropismo positivo, vy iv) la capacidad de ejercer una migraciéon



vertical por los pastos para situarse en la seccion media-alta de la hoja, para ser

ingerida por los rumiantes (Niezen et al., 1998).

El establecimiento parasitario inicia con el desenvaine larvario, y ocurre pocas
horas post-ingestion en el érgano precedente al sitio de establecimiento del
pardsito adulto (Lesage y Mallet., 1987). Si no ocurre el desenvaine, la Lsno logra
infectar al hospedero y muere (Hoste et al., 2012). El desenvaine larvario se
desencadena al exponerse al microambiente ruminal, lo cual estimula la secrecién
del fluido de desenvaine a fravés del espacio intracuticular (Ozerol and Silverman,
1972). Este fluido es un liguido conformado por proteasas de diversos pesos
moleculares que al entrar en contacto directo con la cuticula inducen la formacion
de un anillo refractil aproximadamente 20 um por debajo de la region cefdlica de
la vaina de la Ls, que fras ser digerido por las proteasas (ej. leucina
aminopeptidasa), permitird a la larva liberarse de la vaina y e iniciar su proceso de
establecimiento (Hoste et al., 2012; Lesage y Mallet, 1987). Una vez desenvainada,
la Ls migra por el fracto gastrointestinal (TGl) donde dependiendo del género
parasitario, penetrard o iniciard su establecimiento en el lumen de diversas zonas
de la mucosa digestiva dando continuidad a su ciclo (Cuadro 2).
Aproximadamente, el séptimo dia post-infeccion (Pl) se desarrolla en una Ls, que
continla su desarrollo hasta alcanzar la fase juvenil o pre-adulto (Cordero-de-
campillo y Rojo-Vazquez, 1999). Tras un periodo prepatente de 15 a 21 dias,
dependiendo del género, el pre-adulto alcanza su madurez sexual culminando asi
su establecimiento, para posteriormente llevar a cabo la cépula e iniciar con la
produccién de huevos entre los dias 16 y 23 Pl (Cordero-de-campillo y Rojo-

Vazquez, 1999).



Cuadro 2.

Procesos

del

establecimiento  parasitario de

los nematodos

gastrointestinales de mayor prevalencia en bovinos y su sitio de ocurrencia dentro

del hospedero.

Género Desenvaine L3 Penetraciéon de Ls Establecimiento
0. ostertagi Transito GIc’mdglg; gdstricas de la regidn
antropilérica
rumeno- Abomaso
H. placei omasal Mucosa fundica del abomaso
M. digitatus
Primer tercio del intestino delgado,
T. colubriformis entre el epitelio y la membrana
Transito omaso- basal de la mucosa Intestino
C.oncophora abomasal No penetra delgado
C. punctata Mucosa del intestino delgado
N. battus No penetra
O. radiatum Intesfino Intestino grueso Intestino grueso
delgado

2.1.3. Cooperia punctata

Las especies de Cooperia que afectan al ganado son C. oncophora (Raillet, 1898),
C. punctata (von Linstow, 1907), C. pectinata (Ransom, 1907), C. surnabada
(Anitpin, 1931) y C. spatulata (Baylis, 1938).

localizan en los primeros seis metros del intestino delgado y su patogenicidad varia

Los adultos de estas especies se

segun la especie, siendo C. punctata la mds patégena (Stromberg et al., 2012). El
ciclo biolégico de C. punctata es similar al de ofros géneros de trichostrongylidos;
sin embargo, diversos autores difieren sobre el sitio de establecimiento del adulto,
ya gue mencionan que tiene la capacidad de establecerse fanto en abomaso
como en intestino delgado (Cholleta et al., 2000; Stromberg et al., 2012). Una vez
que la Ls ha sido ingerida por su hospedero, ésta desenvaina dentro de las primeras
13 horas post-ingestién. La Ls de Cooperia punctata, a diferencia de las otras
especies, tiene la capacidad de penetrar la mucosa del intestino delgado para

emerger cuatro dias post-infeccion como L4, y convertirse en adulto en un periodo



aproximado de 9 a 11 dias (Stromberg et al., 2012). El periodo prepatente de la
especie es de 13 dias y la patencia tiene una duracion de 9 a 15 meses (Rickard,
1990).

El potencial bidtico del género Cooperia es bajo comparado con ofros nematodos
como H. placei o M. digitatus. Lo anterior implica que animales infectados con
Cooperia, eliminen pocos huevos en heces y son diagnosticados libres de NGI
(animales falsos negativos). Las infecciones por Cooperia punctata representan
una amenaza para las unidades de produccion debido a su patogenicidad.
Estudios recientes reportaron el impacto negativo sobre el desempeno vy la salud
animal en ganado infectado mono-especificamente con larvas de C. punctata.
Se observaron alteraciones en el metabolismo de la albumina y en el
balance/retencion de nitrdgeno, disminuyd el consumo voluntario hasta 680
gr/animal/dia, y retraso en el crecimiento de hasta un 13.5% comparado con
animales libres de infeccion (Coop et al., 1979; Li and Gasbarre, 2009; Stromberg et
al., 2012). También existen reportes de muerte de becerros de 5 meses de edad
producida directamente por una primo infeccidén con 130,000 Ls de C. punctata
(Yatsuda and Vieira-Bressan, 2000).

2.1.4. Impacto de las nematodosis en la produccioén bovina.

Las nematodosis gastrointestinales se consideran el principal problema endémico
de salud animal dentro de las unidades de produccidn bovina bajo sistemas de
alimentacion extensivos y semi-extensivos (Fitzpatrick, 2013; Vdzquez-Prats et al.,
2004). Las infecciones por NGl bajo condiciones naturales suelen ser de origen multi-
etioldgico (mds de 20 especies) (Charlier et al., 2015). Los NGl con mayor grado de
patogenicidad en bovinos son los Trichostrongylidos abomasales y del intestino
delgado (Encalada-Mena et al., 2009), entre los que destacan Haemonchus spp.,
Mecistocirrus sp., Cooperia spp., Trichostrongylus spp., y Ostertagia sp., (Quiroz et
al., 2009). Las infecciones por NGI en bovinos suelen ser subestimadas y

normalmente pasan desapercibidas debido a su naturaleza subclinica, ya que la



semiologia y lesiones ocasionadas en el hospedero definitivo, varian con los
géneros de NGI involucrados en la infeccion y la inmunocompetencia del mismo
(Encalada-Mena et al., 2009). Es importante recalcar que todo proceso infeccioso
se refleja con una afeccién directa sobre la salud general del hato. En bovinos, la
edad de mayor susceptibilidad a las nematodosis gastrointestinales es entre los 4 a
12 meses (Encalada-Mena et al., 2009), pero se ha reportado que en el ganado
adulto las infecciones por NGI afectan su desempeno productivo (Charlier et al.,
2014).

En un estudio que se realizdé en el fropico hUmedo de México, se encontré una
prevalencia del 98.8 % de M. digitatus en el abomaso de 68 animales adultos con
un peso promedio de 384.7 + 14.83 kg, y las lesiones observadas (Figura 1) (von Son
de Fernex et al., 2014) son similares a las ocasionadas por las haemonchosis; las
cuales se asocian a anemia, anorexia, y a alteraciones en el metabolismo de la
proteinay de la energia (Garcia-Coiradas ef al., 2010). En la misma regién, fambién
se encontré que animales adultos infectados con paratuberculosis, presentaron
altas cargas parasitarias de M. digitatus. Estos hallazgos en animales adultos,
indican que tanto los animales jbvenes como los adultos son susceptibles a
infecciones de NGI, y se ha demostrado que causan fuertes pérdidas econdmicas

dentro de las unidades de producciéon(Charlier et al., 2014).

Las acciones patdégenas de mayor relevancia tanto médica como productiva en
animales jévenes y adultos (mecdnica, traumdtica e iritativa), ocurren por el
proceso de penetracion en la mucosa gdstrica o entérica y por la permanencia de
los pardsitos adultos sobre la mucosa abomasal o entre las vellosidades intestinales
(Quiroz, 1999). Durante el proceso de establecimiento parasitario, se liberan
sustancias de secrecion y excrecion que estimulan una reaccién antigénica en el
hospedero, debido a las reacciones inmunoldgicas humorales y celulares que se
desencadenan tanto a nivel sistémico como local, y se traduce en un costo
metabdlico por pérdida de proteinas plasmdaticas (Romero y Boero, 2001). Las
manifestaciones clinicas que caracterizan a las parasitosis gastrointestinales son

emaciacion progresiva, anemia, diarrea, disminucion del consumo voluntario y de



la tasa de conversion alimenticia (Li and Gasbarre, 2009). A mediano plazo, los
animales infectados con NGI merman su produccion ldctea, cdrnica y disminuye

la tasa de fertilidad por retraso a la pubertad (Perri et al., 2011).

El costo directo que ocasiona el control de las parasitosis también se ha calculado.
Nielsen (1997) reporté un gasto anual aproximado a los 14 millones de ddlares por
concepto de compra de antihelminticos. En Australia, se estimaron pérdidas
productivas de 235 millones de dodlares y costos para su control de
aproximadamente 122 millones de ddlares australianos. En otros frabajos, la
medicion del impacto econdmico de las parasitosis en bovinos se ha estimado
midiendo la asociacién entre el nivel de infeccién y los pardmetros productivos.
Estudios con ganado lechero en Bélgica, reportan que el costo anual de una vaca
infectada con NGl varia entre los 4 y 113 euros (Charlier et al., 2015). En México, se
estimé un impacto econdmico anual de las nematodosis gastrointestinales en
bovinos de 445.10 millones de ddlares americanos, considerando Unicamente las
perdidas en la produccidn de leche y en la ganancia de peso de animales no
tratados (Rodriguez-Vivas et al., 2015). Se han reportado reducciones en la
produccién lactea de 1.2 kg de leche por vaca/dia (Barger y Giblbs, 1981; Charlier
et al., 2005). Perri et al. (2011) reportan que la disminucion en la produccion lactea
causada por infecciones de NGI, estd mediada por la accién e inhibicién de
diversas hormonas metabdlicas y galactopoyéticas como: la hormona del

crecimiento, factor de crecimiento insulinico tipo 1 (IGF-1) y prolactina.

En animales en desarrollo y crecimiento, las parasitosis gastrointestinales estdn
directamente relacionadas a las pérdidas de peso en los animales. Se ha
demostrado que la pérdida de peso vivo en la primer etapa del pastoreo de los
becerros es de tipo permanente (Charlier et al., 2014) y repercute en pérdidas
productivas por retraso a la pubertad, retraso a la primer lactancia y la disminucion
en el desarrollo de la region pélvica en las hembras (Perriet al., 2011). Otros estudios
realizados con infecciones artificiales de trichostrongylidos reportan una
disminucion en el consumo voluntario que varia del 15 al 50%, como consecuencia

de la accidon parasitaria e inmunoldgica dentro del hospedero (Basabe et al., 2009;

10



Fox, 1997). Una deficiente conversion alimenticia y digestibilidad de nutrientes,
menor retencion de nitrégeno, deficiencia en el desempeno metabdlico y mala
utilizacién tanto de proteinas, como de minerales y energia (Rossangio et al., 1992;
Mutturi et al., 2005).

Todos los efectos negativos mencionados anteriormente han sido registrados bajo
cifras de eliminacién menores a los 300 huevos por gramo de heces (Rossangio et
al., 1988; Coop y Kyriazakis, 1999; Knox et al., 2006; Basabe et al., 2009). Es
importante considerar que en los animales parasitados resulta imperativo
establecer un estado de homeostasis que les permita sobrevivir, y esto representa
un elevado costo metabdlico (tanto proteico como energético). Para lograrlo, los
animales deben: i) incrementar la sintesis de proteinas plasmdaticas, i) producir
moco para favorecer la expulsion parasitaria, iii) realizar la reparacion del tracto
gastrointestinal (TGI), y iv) alcanzar un estado de inmunocompetencia. Cuando el
costo metabdlico coincide con un bajo aporte nutricional y/o disminuciéon del
consumo de alimento, se suspenden las funciones fisioldgicas secundarias como el
crecimiento desarrollo éseo y muscular, deposicion de grasa, reproduccion y
produccién ldctea (Coop y Kyriazakis, 1999; Mutturi et al., 2005). De esta forma,
todas las modificaciones de los pardmetros nutricionales vy fisioldgicos, en rumiantes
con infecciones por NGI, ponen en continuo riesgo la rentabilidad de las unidades

de producciéon en todo el mundo (Corwin, 1997).
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Figura 1. Lesiones del abomaso ocasionadas por M. digitatus en animales de rastro.
A-B) Nematodos del género M. digitatus en mucosa abomasal de bovino, C-D)
Lesiones ocasionadas en mucosa abomasal de bovino, asociado a la presencia de
M. digitatus.

2.2. Estrategias de control de nematodos gastrointestinales

En la actualidad, un programa de contfrol de NGI se debe disenar de forma
individual para cada UPB, considerando prolongar la vida Util y la efectividad de
los anfihelminticos quimicos y mejorar el desempeno animal (Kaplan, 2004). De
acuerdo con Jackson y Miller (2006), un programa de contfrol de NGI debe
combinar diferentes estrategias de control de NG, y simultdneamente potencializar
la produccién animal (Jackson and Miller, 2006). Para desarrollar dicho programa,
es necesario partir de informacion epidemiolégica considerando las variantes
siguientes: i) las caracteristicas del hospedero (estado nutricional, edad e

inmunocompetencial), i) las condiciones del NGI (género, especie y estatus de
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resistencia antinelmintica), iii) las condiciones medioambientales, iv) el sistema de
produccion (intensiva, extensiva, semi-extensiva y familiar o de traspatio), y v) el
manejo zootécnico y médico que se realiza en la UPB. Después de esto, y con base
en los resultados del andlisis epidemioldgico, se deben elegir las mejores opciones
entre las alternativas de control existentes: quimicas, inmunoldgicas, de manejo, y

biolégicos (Jackson y Miller, 2006).

2.2.1. Control quimico.

El manejo de las NGI se ha basado en el uso de antihelminticos de las familias de
los benzimidazoles, imidazotiazoles y lactonas macrociclicas (ver Cuadro 3). Desde
su aparicién en los 90°s, la ivermectina ha sido el antinelmintico de eleccién para
el control de las parasitosis debido a su facil aplicacion, a su accidén endectocida,
y a su capacidad de maximizar la productividad vy la eficiencia alimenticia del
ganado (Jackson y Miller, 2006). En general, la accion de las diferentes moléculas

de antihelminticos puede resumirse en dos mecanismos:

i) Alteraciones neuromusculares, como los imidazotiazoles (ej. levamisol) y
lactonas macrociclicas (ej. ivermectina) que producen una alteraciéon
directa sobre el sistema neuromuscular de los NGI provocando una
pardilisis ireversible y muerte.

ii) Alteraciones del metabolismo energético, como los BZDs (ej. albendazol)
gue inhiben la polimerizacidon de los micro tUbulos celulares que son los
organelos encargados de la secrecidon de diversas enzimas digestivas de
los nematodos, y que al ser inhibidas provocan la muerte parasitaria por

inanicion.

En el 2009, se liberd al mercado una nueva clase de AH quimico derivados amino-
acetonitrilicos (por sus siglas en inglés AAD), que posee un nuevo mecanismo de
accién para evitar la aparicién de resistencia cruzada (Ducray et al., 2008). Los AAD

actuan a nivel de los receptores nicotinicos de acetilcolina (Hco-MPTL-1), que estdn
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presentes Unicamente en los nematodos, y son responsables de la transmisiéon de
las senales nerviosas. Su capacidad para bloquear dichos receptores produce una
pardlisis en los NGl y con ellos su muerte y/o expulsion del hospedero. La primer
molécula comercial perteneciente a dicha clase de antihelminticos es el
monepantel que mostrd una eficacia del 100% contra cepas de NGl
multirresistentes a los diferentes antinelminticos (Kaminsky et al., 2008; Steffan et al.,
2011). No obstante, y tras cuatro anos de su lanzamiento al mercado ya se han
publicado los primeros reportes de resistencia antihelmintica (Leathwick, 2013). En
principio, y con los beneficios obtenidos en la salud y en la produccién animal, se
considerd que los antihelminticos quimicos serian la solucién a largo plazo para la
problematica de pardsitos gastrointestinales en el ganado; sin embargo, debido a
la répida aparicién de la resistencia antihelmintica se ha demostrado que

depender de un método de control, no es sustentable (Nari ef al., 1996)

Cuadro 3. Principales antinelminticos y su mecanismo de accion (Jabbar et al., 2006).

CLASE AH MECANISMO DE ACCION

Tiabendazole
Albendazole
BENZIMIDAZOLES Mebendazole
Oxibendazole
Oxfendazole

Se une a la B-tubuling, inhibiendo la
polimerizacién de los microtUbulos

IMIDAZOTIAZOLES Levamisol Agonistas colinérgicos
Tetramisol

lvermectina

LACTONAS MACROCICLICAs | APamectina Mantienen abiertos los canales de
Doramectina

. cloro

Selamectina

Milbemicina

(Moxidectina)

DERIVADOS, AMINO- Monepantel Inhibe los receptores nicotinicos de

ACETONITRILICOS P acetilcolina (Hco-MPTL-1)
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2.2.2. Resistencia antihelmintica.

La resistencia antihelmintica se define como la capacidad heredable de una
poblacion de NGI para tolerar dosis toxicas de principios activos que normalmente
son letales para una poblacién susceptible (Torres-Vasquez et al., 2007). El desarrollo
de laresistencia antinelmintica se ha relacionado con la elevada tasa de evolucion
que presentan los NGI a nivel de secuencias de nucledtidos y a su elevado
potencial bidtico, caracteristica que les confiere una amplia diversidad genética
(Kaplan, 2004). El problema de resistencia anfihelmintica se ha documentado
ampliamente en NGI de pequenos rumiantes (Kaplan, 2004); pero los reportes de
la presencia de cepas multirresistentes de NGl en bovinos va en aumento (Becerro-
Nava et al., 2014; Sutherland and Leathwick, 2011). Debido a la constante amenaza
que representa la resistencia antihelmintica en las UPB, es imperativo modificar el
manejo de los antihelminticos dentro de un modelo integral de alternativas de
control que permitan optimizar la salud y la produccion animal. Leathwick et al.
(2015), mencionaron que con un manejo adecuado en las unidades de
produccion ovina, es posible revertir la resistencia antihelmintica mediante el

manejo siguiente:

1. EL uso adecuado de antihelminticos y la evaluacion anual de su efectividad
en campo

El tratamiento selectivo de animales clinicamente enfermos

No administrar productos antihelminticos en intervalos menores a 28 dias

Minimizar o eliminar el uso de antihelminticos con actividad persistente

o > 0D

Realizar una desparasitacion Unica al final del verano con una molécula
antihelminticos nueva

Preservar el refugio parasitario

Maximizar zonas de pastoreo integrado por diferentes especies de rumiantes

Asegurar que las desparasitaciones no coincidan con el cambio de potrero

0 o N o

Realizar cuarentena de ganado de nuevo ingreso a la UPA, para evitar la

diseminacién de cepas resistentes
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La investigaciéon sobre alternativas para el control de NGI en rumiantes, puede

ayudar a mejorar las condiciones de salud y de bienestar animal asi como a

aumentar la vida Util de los antihelminticos disponibles para el control de NGI, antes

de que éstos se vuelvan obsoletos para la ganaderia.

2.3. Métodos alternativos de control contra nematodos gastrointestinales.

Los métodos alternativos de control representan todas aquellas herramientas

ajenas a la quimioprofilaxis que permiten controlar las poblaciones de NGI tanto

dentro como fuera del hospedero; y han sido clasificadas en: (Jackson y Miller,

2006):

Estrategias para el control de supra-poblaciones (fases en vida libre)
gue incluyen el manejo de pastoreo y el control bioldgico.

Estrategias para el control de infra-poblaciones (dentro del
hospedero) que incluye el manejo inmunolégico del hospedero
(inmunonutricidn, seleccion genética y vacunacion), agujas de éxido

de cobre y el uso de plantas bioactivas.

Debido a la relacién con el tema central de este estudio, se realizard una mayor

descripcion de los métodos alternativos de control de infra-poblaciones, en

particular lo relacionado con el uso de plantas para el control de NGI.
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2.3.1. Control de infra-poblaciones
2.3.1.1. Inmunonvutricién

En las regiones tropicales donde se practica la ganaderia bovina existen dos
limitantes principales que impactan negativamente el desempeno animal, la
alimentacion y las parasitosis. Hay una estrecha relacién entre la nutricion y los NGI.
La implementacion de un sistema nutricional éptimo mejora la resistencia y/o la
resiliencia del hospedero para mitigar el impacto negativo de los NG, y viceversa
(Houdijk, 2012; Viney, 2002). La primer respuesta inmunoldgica que se desencadena
en el hospedero es una reaccion antigénica de tipo humoral o innata a las
sustancias de secreciéon y excrecion parasitaria (Schallig et al., 1996), mediante la
intervencion de las inmunoglobulinas IgA, 1IgG e IgM (Yatsuda et al., 2000).
Posteriormente, se desarrolla una respuesta de tipo celular o adquirida mediada
por células como las citokinas y eosindfilos. Las células de la inmunidad humoral y
celular son de origen proteico y cuando no se cuenta con el aporte nutricional
adecuado, el organismo animal opta por suspender funciones secundarias como
el desarrollo muscular y la reproduccion. Sykes (2010) resume que el costo
nutricional generado por la reaccién inmunoldgica en el hospedero se debe a los

factores siguientes:

1. Aun aumento en la actividad metabdlica durante la activaciéon de las células
de la inmunidad, al reclutamiento y activacién de leucocitos, y al aumento
por duplicado o triplicado en el consumo de oxigeno, glucosa y glutamina
(Colditz, 2008).

2. A una menor disponibilidad de nutrientes debido a la anorexia y a la mala
absorcioén.

3. A una alteraciéon en las prioridades de la utilizaciéon de nutrientes durante la
activacién inmunolégica (impide su utilizacion por tejidos no inmunoldgicos);
aumento del catabolismo proteico en musculo esquelético, y anabdlico en el
higado y TGI.

4. Ala rapida produccion de células de la inmunidad de origen proteico.
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5. Y a la reparacion del dano ocasionado en el tejido gastrointestinal del

hospedero.

Estudios que evaluaron el efecto de los niveles de proteina metabolizable (PM) y
energia metabolizable (EM) sobre las poblaciones parasitarias en ovinos,
encontraron que Unicamente el incremento de proteina cruda tiene la capacidad
de reducir las poblaciones parasitarias establecidas; y reportaron una correlacion
positiva con el incremento de mastocitos en la mucosa de los animales infectados
(Jones et al., 2011). Dichos hallazgos son consistentes con otros autores que
reportan la necesidad de una suplementacion con 17 gramos extras de PM sobre
el requerimiento fisioldgico, a modo de compensar las pérdidas proteicas debido
a los danos provocados por los NGl en ovinos (Knox et al., 2006). Gennari et al.
(1995), reportaron que en becerros con mayor porcentaje proteico en su dieta, se
disminuye la tasa de establecimiento parasitario, la presentacion de semiologia
clinica y menor porcentaje de alteraciones bioquimicas y hematoldgicas. Estos
reportes permiten concluir que la suplementacion proteica de animales
parasitados con NGI permite mejorar la resistencia y resiliencia de los mismos (Hoste
et al., 2008; Houdijk, 2012; Jones et al., 2011). Se ha reportado que la EM tanto en
rumiantes como en monogdstricos, no es un factor determinante para mejorar la
resistencia del hospedero contra las NG, lo cual es asociado al bajo requerimiento
energético que demanda el sistema inmunoldgico para cubrir sus funciones
(Houdijk, 2012). No obstante, los autores recomiendan una suplementacion

equilibrada que aporte tanto PM como EM (Houdijk, 2012).

2.3.1.2. Medicina etnoveterinaria y el uso de plantas con efecto antihelmintico

La ganaderia mundial se enfrenta a la necesidad de incrementar los pardmetros
productivos para satisfacer la demanda de alimentar tres billones de persona mds
en los proximos 50 anos, sin incrementar las extensiones de tierra destinadas para

ello (Charlier et al., 2015). Este incremento en la produccion se debe realizar
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considerando las demandas sociales que exigen un menor impacto ambiental, un
menor uso de productos quimicos, y una mayor seguridad alimentaria (Lans, 2011).
La investigacidon en medicina ethnoveterinaria se refiere a la validacion de la
seguridad y la eficacia de la medicina tradicional, como es el uso de plantas para
tratar diversas enfermedades en los animales (Barrau et al., 2005). Debido a que la
nutricion y las nematodosis gastrointestinales son de los principales problemas que
afectan el desempeno productivo en las regiones tropicales (Fitzpatrick, 2013),
durante la Ultima década se ha evaluado el uso de plantas nutraceuticas con
efecto antinelmintico dentro de las unidades de produccidén animal. Esta bUsqueda
de plantas nutraceuticas con efecto antihelmintico se ha enfocado en aquellas
familias o especies que poseen mayor concentraciones de compuestos bioactivos
o metabolitos secundarios, ademds de su aporte nutricional, de produccién y de
adaptacion (Vercoe et al., 2010). De esta forma, se han desarrollado estudios in
vivo donde mediante el consumo de plantas nutraceuticas, se ha corroborado el
efecto antihelmintico en pardsitos de pequenos rumiantes (Martinez-Ortiz-de-
Montellanos et al., 2010; Villalba et al., 2010).

2.3.1.2.1. Leguminosas forrajeras tropicales

El trépico mexicano se extiende en el 33 % del territorio nacional, concentra el
mayor porcentaje del hato ganadero del pais (64 %) y aporta 25 % y 35 % de la
produccion nacional de leche y carne, respectivamente (FUNPROVER, 2010). La
mayoria de los sistemas de produccidon en el tropico se basan en el uso del forraje,
mediante el pastoreo, como el principal recurso nutricional. Por lo tanto, uno de los
principales problemas que enfrenta la ganaderia en estas regiones, es la
produccién estacional del forraje muy marcada, que limita la alimentaciéon y la
nutricion del ganado en épocas de variacion climdatica extrema (nortes /o sequial)
(Gonzdlez-Arcia et al., 2012). A parte de la escasez de forrgje, la produccion se ve
limitada debido a la mala calidad de los pastos (Lascano and Avila, 1991). Una de

las estrategias para resolver la falta de forraje y la calidad nutricional del mismo, es
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la complementacién alimenticia con leguminosas tropicales (Gonzdlez-Arcia et al.,
2012). Las leguminosas, desde el punto de vista forrajero/nutricional, tienen como
atributo principal, un alto contenido de proteina cruda (14-28%) y un contenido de
fibra menor al 40%, lo cual favorece un mayor consumo voluntario y digestibilidad.
Estudios enfocados a la evaluacién del potencial productivo de las leguminosas
reportan un incremento en los rendimientos productivos de carne y leche de hasta
un 50% (Lascano y Avila, 1991). Dentro de las ventajas que ofrece su
implementacion estdan: i) mayor produccidén de biomasa, ii) tolerancia a sequias
prolongadas, i) capacidad de rebrote en sequia, iv) mejor calidad del forraje; y
de modo alternativo como v) barreras naturales, vi) division de potreros y vii)
conftrolar la erosion del terreno (Argel and Lascano, 1998). Asi mismo, se ha sugerido
que el contenido moderado de CPF y/o taninos que poseen algunas de las
leguminosas permiten proteger la proteina cruda de la degradacion ruminal,
aumentando la disponibilidad de proteina de sobrepaso para su absorcion
intestinal. También se ha reportado que el consumo de algunas leguminosas
tropicales tiende a ser mayor que el de los pastos y cereales, debido a que poseen
una mayor palatabilidad (D'Mello, 1992).

Una de las principales desventajas del uso de algunas leguminosas es la presencia
de multiples metabolitos secundarios (aminodcidos no proteicos, glucdsidos,
fitohemaglutininas, compuestos polifendlicos, alcaloides, tritrepenos y oxalatos)
que son considerados factores anti-nutricionales que afectan el consumo
voluntario y la digestibilidad en los rumiantes (Kumar, 1992). No obstante, estudios
recientes reportan que los efectos anti-nutricionales varian dependiendo de
factores como: i) la concentracion y naturaleza de los metabolitos secundarios, ii)
la especie que los consume, iii) la adaptacion fisioldgica del animal, iv) su estado
fisioldgico y v) la composicidon general de la dieta (Makkar, 2003).

Actualmente, el contenido de metabolitos secundarios en las leguminosas se ha
asociado con multiples efectos benéficos sobre la nutricion y sobre la salud de los
consumidores. Giliricidia sepium y Leucaena leucocephala son dos de las
leguminosas que mds se utilizan en la alimentacion del ganado en México

(Olivares-Pérez et al., 2011), ambas con moderadas a altas concentfraciones de MS
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(Rojas et al., 2006). Estudios in vitro e in vivo con estas mismas leguminosas han
reportado un efecto AH contra los NGl de pequenos rumiantes (Alonso-Diaz et al.,
2008; von Son-de Fernex et al., 2012).

2.4. Metabolitos secundarios de las plantas

Los metabolitos secundarios de las plantas son compuestos que no estdn
directamente relacionados al crecimiento, al desarrollo o a la reproduccién de las
mismas, sino que forman parte de la defensa quimica o de la interaccién
medioambiental (Sepulveda-Jiménez et al., 2003). Los metabolitos secundarios de
las plantas se sintetizan y/o se acumulan en la planta ante la presencia de danos o
lesiones ocasionados por: i) agentes bioldgicos (bacterias, virus, pardsitos u
hongos), ii) agentes quimicos (bactericidas, fungicidas, insecticidas, nematocidas),
i) situaciones de estrés climdatico (radiacion solar) Y/o herbivoria (artrépodos y
vertebrados), iv) funciones orientadas a la adaptacion medioambiental (atraccion
de polinizadores y dispersores) y, v) reparacion celular y tisular.

Existen alrededor de 20, 000 estructuras de metabolitos secundarios, los cuales se
encuentran clasificados en dos grandes grupos: compuestos nitfrogenados
(alcaloides, aminodcidos no proteicos, aminas, glucdsidos cianogénicos vy
glucosinolatos) y  compuestos no nitrogenados (terpenoides, poliacetilenos,
policetidos y fenilpropanoides) (Sepulveda-Jiménez et al., 2003). Los metabolitos
secundarios de las plantas han mostrado poseer diversas actividades bioldgicas,
por lo cual han sido ampliamente utilizados en la industria cosmética, alimentaria y
farmacéutica (Avalos-Garcia and Pérez-Urria, 2009).

Dentro de los grupos de metabolitos secundarios de las plantas mds empleados o

estudiados en dichas industrias encontramos a cuatro grupos principales:

1. Terpenoides. Los terpenos se derivan de la fusidon de cinco carbonos, unidad
funcional conocida como isopreno. Se clasifican de acuerdo a la cantfidad
de unidades de isopreno que le conforman como monoterpenos,

diterpenos, triterpenos, tetraterpenos y quinonas, etc. Existen mds de 40,000
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moléculas dentro de las cuales encontramos hormonas (giberelinas, dcido
abscisico y citoquininas), pigmentos (clorofilas, carotenoides), esteroles y
aceites esenciales (Avalos-Garcia y Pérez-Urria, 2009). Dentro de la amplia
gama de actividad biolégica que muestran, se ha reportado el efecto
antihelmintico de algunos fitoquimicos pertenecientes a éste grupo como
las piretrinas, monoterpenos que afectan el sistema nervioso de insectos; y la
cucubitacing, triterpenoide que posee accidn nematocida (Sepulveda-

Jiménez et al., 2003).

Compuestos fendlicos. Los fenilpropanoides son moléculas que poseen en
su estructura un anillo aromdtico con uno o Mmds grupos hidroxilo. Se
clasifican de acuerdo a la cantidad de anillos, grupos hidroxilo y a la
posicion de los anillos fendlicos que poseen. Dentro de éste grupo se
encuentran como principales compuestos bioactivos a las cumarinas, al
dcido caféico, a los flavonoides y a los taninos (Sepulveda-Jiménez et al.,
2004). Los compuestos polifendlicos han mostrado tener una amplia gama
de compuestos con actividad AH como los taninos y flavonoides (Alonso-
Diaz ef al., 2008; Barrau ef al., 2005; Hoste et al., 2012; von Son-de Fernex et
al., 2012). Sin embargo, es necesario aislar e identificar los compuestos con
mayor potencial antihnelmintico contra nematodos gastrointestinales de

rumiantes.

Glicosidos. Son metabolitos constituidos a partir de una molécula de azicar
condensada con otra molécula que contiene un grupo hidroxilo. Dentro de
ésta clasificacion encontramos a las saponinas, glicésidos cardiacos,
glicdsidos cianogénicos y glucosinolatos. Este grupo se caracteriza por

poseer propiedades detergentes.

Alcaloides. Estos compuestos heterociclicos se sintetizan a partir de
aminodcidos cuya foxicidad ha sido directamente asociada a su

capacidad para bloguear neuroreceptores, debido a la similitud que
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poseen con diversos neurotransmisores. Existen mds de 15,000 moléculas
reportadas con actividad bioldgica; dentfro de las cuales algunas poseen
actividad AH: i) la anarginina y cistina con actividad nematocida, v ii) la
matrina y esparteina, que tienen la capacidad de afectan la motilidad de

los helmintos (Sepulveda-Jiménez et al., 2003).

2.4.1. Compuestos polifendlicos (CPF).

Los CPF contienen alrededor de 8,000 moléculas que se agrupan en tres categorias:
dcidos fendlicos, flavonoides y taninos (Isaza, 2007; Robbins, 2003). Los compuestos
polifendlicos se producen durante la sintesis de aminodcidos aromdticos a partir del
dcido sjhkimico. La mayoria se constifuyen por una estructura de 3 anillos, dos
aromdticos (anillos A y B) y uno heterociclico oxigenado (anillo C); y cuya
distribucion dentro de la molécula determinard su funcion, naturaleza, estabilidad
y actividad bioldégica (Waghorn, 2008; Wojdylo et al., 2007). Pueden agruparse con
base en la complejidad molecular como fenoles simples o polifenoles (Robbins,
2003). Los CPF se caracterizan por su amplia actividad bioldgica que incluye la
precipitaciéon de proteinas y la formacion de complejos con polisacdridos, dcidos
nucleicos, esteroides, alcaloides y saponinas (Lascano ef al., 2003). Dichas
propiedades bioldgicas generan un gran interés médico (antinflamatorio,
antioxidante, antimicrobiano, potencial anticarcinogénico) e industrial (Cushnie
and Lamb, 2011; Handique and Baruah, 2002; Wojdylo et al., 2007). En los Ultimos 20
anos los CPF han cobrado gran interés en la medicina veterinaria ya que se ha
demostrado que tienen la capacidad de ejercer un efecto antinelmintico contra
los principales NGl del ganado doméstico (Alonso-Diaz et al., 2008; Novobilsky et

al., 2011; von Son-de Fernex et al., 2012).

Dentro de los grupos de CPF con mayor actividad antihelmintica encontramos a

los siguientes:

23



1. Acidos fendlicos. Los dcidos fendlicos son fenoles que poseen una unidad
funcional de dcido carboxilico; no obstante, al referirse a los metabolitos
secundarios de las plantas un acido fendlico se considera cuando la molécula
tienen adheridas una estructura hidroxicindmicas y ofra hidroxibenzoica (Robins,
2003). Su funcidén en la planta se asocia al aprovechamiento de nutrientes,
actividad enzimdtica, fotosintesis y como componentes estructurales (Robins,
2003). Se ha reportado que los dcidos fendlicos poseen propiedades
antioxidantes, y que tienen la capacidad de inhibir enfermedades ocasionadas
principalmente por danos oxidativos como enfermedades coronarias, infartos y
cdncer (Block et al., 1992; Jacob y Burri, 1996). Asi mismo, Ndhlala et al. (2015)
reporta que los dcidos fendlicos como el dcido gdlico, isoferllico, ruting,
clorogénico, dacido caféico vy ferdlico entre ofros, pueden tener propiedades
antimicrobianas y antinelminticas. Existe poca informacién sobre la participacion
de estas estructuras quimicas aisladas de leguminosas tropicales, sobre el efecto

antihelmintico de NGI en rumiantes.

2. Flavonoides. Los flavonoides son un amplio grupo de compuestos que
cuenta con aproximadamente 4000 moléculas conformadas por una benzo-y-
pirona, y se subcategorizados en ocho clases diferentes. Su estructura quimica
estd conformada por un nUmero variable de moléculas de carbono, hidrégeno y
oxigeno (Grupos Hidroxilo + Hidrocarburo aromdatico), que dependiendo la
cantfidad y su localizacién dentro de la molécula dan origen a multiples
compuestos con denominacion y funcién diferente. Estos metabolitos se sintetizan
en la planta en respuesta a la invasion bacteriana. Su actividad bioldgica
depende directamente de su estructura molecular (grado de hidroxilacion,
patrones de sustitucidn, conjugacion y grado de polimerizacion). La actividad
bioldgica mds importante o estudiada dentfro de éste grupo es la antioxidante.
Existen pocos reportes sobre la actividad antinelmintica de éstos compuestos, se
ha reportado el efecto directo de algunos flavonoides como el nicofiflorin,

narcisina, luteolina, quercetina, sobre la motilidad de larvas infectantes de NGI de
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importancia econdmica y fitonematodos (Adekunle and Aderogba, 2008; Barrau
et al., 2005; Kozan et al., 2013).

3. Taninos. Pertenecen al grupo de los flavonoides, son considerados taninos
cuando poseen fres o mds subunidades de fenol en su estructura (Robins, 2003).
La palabra tanino tiene su origen de la palabra germana fanna, que se significa
roble (fuente original de los taninos). Los taninos se han clasificado segun su
complejidad molecular en tres diferentes grupos: hidrolizables, condensados y
derivados del dcido eldgico. En general, los taninos se encuentran conformados
por unidades de flavonoides enlazadas mediante ligaduras de carbono (C-C)
(Schofield and Pell, 2001) y su longitud de cadena es variable llegando a poseer
en su estructura hasta mds de 20 unidades de flavonoides (Waghorn, 2008). Los
taninos condensados se caracterizan por su capacidad de formar complejos con
proteinas, polisacdridos, dcidos nucleicos, esteroides, alcaloides y saponinas; no
obstante, la formacion de dichos complejos serd dependiente de multiples
factores como el tamano molecular del tanino, la composicion de aminodcidos,
el peso molecular de la proteina y el pH del medio de incubacion (Haslam, 1989;
Hagerman, 1989). La estabilidad del complejo dependerd del tipo de interaccion
molecular: i) cuando se realiza mediante enlaces hidrofébicos y de hidrégeno, la
union tendrd una naturaleza reversible y ii) cuando es mediante oxidaciéon, su
unién es irreversible denomindndosele como una quinona. Uno de los factores
mds importantes en la formacién y disociacién de complejos tanino-proteina es el
pH, presentdndose la conjugaciéon molecular cuando el pH es cercano a neutro
y desasocidndose cuando el pH es menor o igual a tres. El complejo tanino-
proteina se forma a partir de enlaces de hidrégeno entre los grupos fendlicos de
los taninos y el grupo cetoamida de las proteinas, éste proceso de formacion es
normalmente reversible y tanto las proteinas como los taninos pueden
recuperarse intactos (Hagermann, 1989). Esta caracteristica ha captado la
atencién de diversos investigadores, quienes mediante diversos estudios in vitro e

in vivo han reportado la actividad antihelmintica de los taninos condensados
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contra los principales NGI en pequenos rumiantes (Alonso-Diaz et al., 2010; Katiki
et al., 2013; Macedo et al., 2012; Saric et al., 2015; Vargas-Magana et al., 2014).

2.4.2. Efecto antihelmintico de los CPF/taninos. ¢ Directo o Indirecto?

La hipdtesis del posible efecto antihelmintico de los CPF surge tras observar que
pequenos rumiantes que pastorearon en praderas con leguminosas de clima
templado, presentaban una menor eliminacién de huevos por gramo de heces
(hpg) (Hoskins et al., 2000; Niezen et al., 1995). A partir de este reporte, la evaluacion
de plantas bioactivas se han enfocado a la utilizacion de plantas que poseen
elevadas concentraciones de taninos o CPF. En primer instancia, se planted que el
efecto antfihelmintfico de los taninos era de modo indirecto, debido a su habilidad
de proteger la proteina de la digestion ruminal y favorecer un incremento de la
proteina de sobrepaso para la absorcion a nivel intestinal; lo cual repercute en una
mejora de la resistencia/resiliencia del hospedero contra las infecciones por NGl

(Coop y Kyriazakis, 1999) (Ver seccion 2.3.1.1.).

También se planted la hipdtesis de un efecto antinelmintico de los taninos, debido
a la unidn con proteinas de diferentes estructuras de los pardsitos gastrointestinales
(Hoste et al., 2006). Existen estudios que han demostrado el efecto antihelmintico
directo de los taninos condensados, y se relacionan a la formacién de complejos
tanino-proteina. Diversas estructuras parasitarias como la cuticula, la cavidad
bucal, el eséfago, la cloaca y la vulva, son ricas en prolina, un aminodcido con
afinidad para formar complejos estables con los taninos (Hoste et al., 2006). Hay
evidencias de un efecto antihelmintico directo ejercido por plantas ricas en taninos
sobre la cuticula, la motilidad y el desenvaine larvario, asi como en la reduccién de
hpg y establecimiento de pardsitos adultos en el hospedero (Alonso-Diaz et al.,
2008; Athanasiadou et al., 2001; Brunet et al., 2008; Heckendorn et al., 2007; Hoste
et al., 2006; Paolini et al., 2003; Rojas et al., 2006). La mayoria de los estudios han

sido realizados utilizando pequenos rumiantes como modelo experimental, por lo
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qgue es necesario evaluar el efecto de compuestos polifendlicos extraidos y

purificada de leguminosas tropicales sobre NGl que afectan a los bovinos.

2.4.3. Evaluaciones in vitro de la actividad antihelmintica de metabolitos

secundarios

Las evaluaciones del efecto antinelmintico in vitro de los metabolitos secundarios
han sido adaptadas de las metodologias existentes para la evaluacion de la
eficacia de moléculas antihelminticas y/o de la resistencia antinelmintica
(Athanasiadou and Kyriazakis, 2004). Las evaluaciones del efecto antihelmintico in
vitro de plantas bioactivas son una metodologia rdpida y de bajo costo. Esta
herramienta también permite realizar el monitoreo de varias plantas contra varios
géneros de NGI. La mayoria de las evaluaciones in vitro se realizan con las fases
parasitarias de vida libre (huevo, L1, L2y Ls) debido a la facilidad en la obtencion y
en el mantenimiento del material bioldgico bajo condiciones de laboratorio. Los
bioensayos estandarizados para dichas evaluaciones son: i) la inhibicion de la
eclosion de huevos (EHA), ii) la inhibicion de la alimentacion larvaria, iii) la inhibicién
del desarrollo larvario, iv) la inhibicidn de la migracion larvaria, y v) la inhibicion del
desenvaine larvario artificial (LEIA) (Hoste et al., 2012). También se han logrado
adaptar bioensayos con pardsitos adultos (micromotilidad); sin embargo, el tiempo
que se logra mantener con vida a los adultos fuera del hospedero (24 - 48 horas) es
una de las principales limitantes para su evaluacion (Athanasiadou y Kyriazakis,
2004).

En cuanto al tipo de extraccién de los metabolitos secundarios de las plantas
bioactivas, posiblemente el método mds popular es el sistema mixto de
acetona:agua (70:30) debido a que ofrece un mayor rendimiento de compuestos
polifendlicos (Hoste et al., 2015). No obstante, existe evidencia de la presencia de
otros metabolitos secundarios con actividad antinelmintica (Molan et al., 2003;
Barrau et al., 2005; Kozan et al., 2013), que podria ser recuperados y dislados de las

plantas mediante ofros métodos de extraccion. Barrau et al. (2005), reportd que los
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flavonoides como rutina, narcissina y quercetina, de origen sintético, también
ejercen un efecto antfihelmintico directo sobre diferentes fases bioldgicas de los
NGI.

Para realizar un mejor perfil fitoquimico de plantas bioactivas, se sugiere ufilizar
métodos de extraccidon que combinen diferentes polaridades asi como realizar el
fraccionamiento biodirigido de los extractos de plantas con actividad
antfinelmintfica. Lo anterior permite elucidar las moléculas quimicas involucradas en
la bioactividad (Adekunle y Aderogba, 2008). Sin embargo, existen pocos estudios
sobre el aislamiento y la identificacion de fitoquimicos con actividad antihelmintica
presentes en los extractos de las plantas bioactivas, debido a la complejidad del
procedimiento. Esto puede ser ain mds complejo con leguminosas tropicales
debido a que poseen una composicion bioguimica mds diversa (Alonso-Diaz et al.,
2010). En el cuadro 4, se presenta un resumen de los fitoquimicos aislados de plantas

bioactivas con actividad antihelmintica.

Cuadro 4. Metabolitos secundarios de plantas, reportados con actividad

antiparasitaria.

METABOLITO GRUPO PARASITO REFERENCIA

ALFA-HEDERINA Saponinas Fasciola hepdtica Julien et al. (1985)
Dicrocelium spp

EMETINA Alcaloides Toxocara canis Satou et al. (2000)

QUELERITRINA

BERBERINA

TANINOS Polifenoles Dictyocaulus Molan et al. (2003)

LACTONAS Terpenos viviparus

SESQUITERPENICAS

RUTINA Polifenoles Haemonchus Barrau ef al. (2005)

NICOTIFLORINA contortus

NARCISINA

QUERCETINA Polifenoles C. elegans Adekunle y

Aderogba, (2008)

TANINOS Polifenoles H. contortus Alonso-Diaz et al.
T. colubriformis (2008 a,b)

QUERCETINA Polifenoles Trichosfrongylus sp. Kozan et al. (2013)

LITEOLINA
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Los estudios in vitro pueden ser potencializados mediante la combinacién de otras
metodologias como el fraccionamiento biodirigido, el cual permite conocer las
moléculas quimicas involucradas con el efecto antihelmintico asi como el o los
posibles mecanismos de accion.

2.4.3.1. Fraccionamiento biodirigido

El fraccionamiento biodirigido de las plantas es una metodologia que permite el

agislamiento, la purificacion y la caracterizacién de compuestos con una

bioactividad especifica. Para realizar el fraccionamiento, se sugiere la metodologia

siguiente (Tsuda, 2004):

1.

Extraccion primaria. El método de extracciéon dependerd de la naturaleza
del compuesto bioactivo. En caso de desconocerse, se sugiere realizar una
extraccion con 100 g de material vegetal seco y molido; (1) 200 ml hexano
(3 veces), (2) 200 ml acetato de etilo (2 veces) y (3) 200 ml metanol (2 veces)
por un periodo de 3 - 4 horas.

Realizar una evaluacion cualitativa de las tres fracciones mediante la
utilizacion de Cromatografia en capa fina.

Realizar el bioensayo para determinar la actividad bioldgica de cada una
de las fracciones.

Colocar la fraccidon de mayor actividad bioldgica en una columna
cromatogrdfica. El sistema de solventes a utilizar en la columna depende de
la naturaleza y de la polaridad de los compuestos observados en la
cromatografia en capa fina.

La molécula purificada deberd enviarse a resonancia magnética nuclear

para realizar la elucidacion molecular.

Para el disefo y/o seleccion del bioensayo que permita aislar el fitoquimico

bioactivo, es importante tomar en consideracién cuatro caracteristicas esenciales

que son: i) la simplicidad (que sea facil, rapido de elaborar y que requiera de bajas

concentraciones o dosis), i) la rapidez (los resultados deberdn obtenerse en un
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lapso de dos dias y una semana como mdximo), i) la repetitividad (para considerar
resultados confiables, al ser realizado por otra persona o en ofro momento, los
resultados deben ser similares) y iv) la comparabilidad (los resultados obtenidos

deben ser de naturaleza cuantitativa).

El aislamiento y purificaciéon de fitoquimicos con actividad antinelmintica permite
no solo la identificacién de nuevas moléculas con potencial antihnelmintico, sino
gue en conjunto con ofros métodos como la microscopia electronica de barrido
(MEB) y de transmisidon (MET) podria ayudar a definir con mayor claridad el

mecanismo de accidon de los fitoquimicos (von Son-de Fernex et al., 2015).

2.4.3.2. Microscopia electronica de barrido (MEB)

La microscopia electrénica de barrido emite informacion topogrdfica y
tridimensional de la superficie de los ejemplares analizados, después de un proceso
de fijacidbn que permite preservar la estructura celular evitando cambios
significativos en su tfamano, forma y en la relacion espacial de los componentes
celulares (Dykstra and Reuss, 2003). En la parasitologia, ésta técnica se utiliza con
fines de caracterizacion y de diferenciacién morfoldgica de especies; asi como
para la observacion de caracteristicas ultraestructurales que no es posible
identificar mediante microscopia dptica (Lichtenfels, 1990; von Son-de Fernex et al.,
2014). Recientemente, la MEB se ha empleado para determinar los posibles
mecanismos de accidn de los metabolitos secundarios con actividad
antihelmintfica (von Son-de Fernex et al., 2015). Estudios recientes demostraron que
adultos de H. contortus incubados con taninos condensados presentaban
adherencias de materia orgdnica en laregion cefdlica y enla vulva de las hembras

pardsitas, ademds de dano cuticular (Hoste et al., 2012).
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2.4.3.3. Microscopia electrénica de transmisién (MET)

La microscopia electronica de transmision es una técnica que permite la
observacion de la estructura y conformacion interna del objeto de estudio, y se ha
convertido en una herramienta primaria dentfro de las ciencias bioldégicas (Stach,
2008). La MET permite realizar observaciones de tipo anatomo-patolégicas de las
muestras bioldgicas. La microscopia de transmision aplicada a la parasitologia se
ha utilizado como una herramienta de identificacion de cambios ulfraestructurales
en los diversos nematodos, producidos por sustancias (Bleve-Zacheo et al., 1993).
De esta forma, Mansfield et al. (1992), reportaron no solo la composicion estructural
de la tri-capa del huevo de H. contortus, sino también el proceso de eclosidon
larvaria, asicomo las alteraciones y danos que sufren las diferentes capas del huevo
fras su incubacion en proteasas, cloroformo y biotina. La MET también se utilizd para
esclarecer la composicion de las paredes de los oocistos de coccidias (Mai et al.,
2009). El primer reporte de su uso en el ramo de la ethnoveterinaria fue por Brunet
et al. (2011), quienes observaron cambios patoldgicos a nivel cuticular y de
hipodermis asi como en células somdticas musculares e intestinales en larvas
infectantes de H. contortus y T. colubriformis incubadas con Sanfoin (1200 ug/mil).
Este estudio también les permitid corroborar la hipdtesis del efecto antinelmintico
directo que pueden ejercer los extractos de plantas bioactivas y/o los taninos

condensados (Hoste et al., 2012).

2.4.4. Evaluaciones in vivo del efecto antihelmintico de los metabolitos secundarios

La evaluacion in vivo es indispensable para validar el efecto antinelmintico in vitro
de una planta o de sus compuestos. La actividad bioldgica puede ser evaluada
con base en su capacidad para inhibir/reducir el establecimiento parasitario y su
efecto sobre poblaciones de pardsitos ya establecidas (fertiidad y como
desparasitante). No obstante, también existen controversias con respecto al efecto

antihelmintico generado fras su administracion directa con los hospederos (efecto
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directo o indirecto; ver secc. 2.4.2.). Actualmente existen dos metodologias

aceptadas para la evaluacion de plantas con potencial antinelmintico in vivo.

1. Suplementacién de la planta bajo un ambiente parcialmente controlado y
mediante corte y acarreo de la planta en cuestion

2. Pastoreo directo con plantas ricas en metabolitos secundarios

Cada una de las metodologias mencionadas tiene ventajas y desventajas y su

eleccion deberd realizarse con base en el objetivo deseado.

La suplementaciéon con plantas bajo ambientes parcialmente controlados
(consumo voluntario, calidad de la dieta, grado de infeccion o infeccion artificial)
se considera una de las mejores opciones para determinar no solo el efecto de la
planta si no también su impacto productivo y de salud en los animales (Hoste et al.,
2015). La mayoria de las evaluaciones in vivo se han realizado con pequenos
rumiantes, donde se han reportado reducciones hasta del 80 % de la poblacién
adulta de NGI dentro del hospedero. Estas plantas también pueden ayudar al
control de los NGl en ganado bovino y en otras especies productivas (Sandoval-
Castro et al., 2012).

Con relacién a la segunda metodologia de pastoreo directo, se han obtenido
resulfados alentadores; no obstante, algunas inconsistencias ponen en duda el
efecto de las mismas. En experimentos donde se utilizé la misma planta bioactiva,
se reportaron resultados diferentes asociado a la naturaleza y concentracién de
metabolitos secundarios de las plantas (Athanasiadou y Kyriazakis, 2004). El
contenido de metabolitos secundarios de las plantas se modifican de acuerdo a
las condiciones geogrdficas, climdaticas y medio ambientales (Hoste et al., 2015).
Por lo tanto, uno de los mayores retos bajo un sistema de pastoreo es controlar el
consumo individual de los animales, lo cual frae consigo una elevada variabilidad
en los resultados y con ello un mayor margen de error para sobre-estimar o sub-
estimar las propiedades antihelminticas de una planta. A pesar de esto, los estudios
han demostrado que la utilizacion de plantas bioactivas son una alternativa viable

para el control parasitario en rumiantes (Hoste et al., 2015).
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Las inconsistencias entre el efecto antihelmintico in vitro e in vivo que han sido
reportadas, pueden verse asociadas a multiples factores dentro de los cuales

encontramos (Athanasiadou y Kyriazakis, 2004):

1. Diferencias en las concentraciones de los metabolitos secundarios de las
plantas

2. Tiempo de incubacién con los compuestos bioactivos

3. Falta de contacto directo de los metabolitos secundarios de las plantas y los
pardsitos

4. Microambiente de incubacion

La mayoria de los factores antes mencionados son controlados bajo condiciones
de laboratorio y se ven totalmente modificadas en condiciones naturales dentro
del hospedero. Motivo por el cual, tras la obtencién de un efecto antinelmintico in
vitro es indispensable su evaluacion in vivo antes de poder realizar alguna

conclusion.

2.4.5. Efecto de los CPF en la nutricidon de los rumiantes.

Existen controversias sobre el efecto de los CPF en la nutricion de rumiantes, ya que
se ha reportado efectos tanto benéficos (mayor disponibilidad de proteina de
sobrepaso, prevencion de timpanismo, efecto antinelmintico preventivo y curativo)
como detrimentales (disminucion del consumo voluntario, sensacién de saciedad,
reduccion de las poblaciones microbianas en rumen, mala digestiéon de fibra y
proteina). Se ha sugerido que el efecto ejercido sobre los animales dependerd
tanto de la naturaleza y concentracion de los CPF como de la especie animal que
lesingiere (Waghorn, 2008). Dentro de los efectos detrimentales con mayorimpacto
econémico negativo estd la disminucidn del consumo voluntario. La disminucién
del consumo voluntario ha sido asociado en primer instancia a una disminucién en
la digestibilidad de la materia seca en rumen, y con que al reaccionar con la

mucosa del TGl interfieren directamente con la absorcidon de los nutrientes
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generando una senal de distencion fisica en los animales. En segunda instancia, la
disminucion del consumo voluntario también se asocia a la palatabilidad ¥/ a la
astringencia provocada por a la capacidad que poseen los CPF para formar

complejos con las proteinas salivales (Mera, 2004).

También se ha reportado que la inclusion en la dieta de 6.1 % - 8.3 %, los CPF tienen
la capacidad proteger parte del nitrdgeno de la degradacién ruminal (Werne et
al., 2013). El complejo entre los CPF y las proteinas se caracteriza por mantener su
estabilidad bajo condiciones de pH entre 4 - 7 y por disociarse fuera de dicho
rango. Esto explica la hipdtesis de que el complejo CPF-Proteina se forma o pasa
a través del rumen, y se disocia en abomaso debido a la presencia de los jugos
gastrico (pH 2.5- 3.5) y/o en el duodeno por la accién del acido pancredtico (pH
8-9), permitiendo la absorcidon de proteinas de mayor calidad nutricional en el
intestino (Bernal-Bechara, 2007). Se ha reportado que la inclusién de CPF en la dieta
de rumiantes ftiene la capacidad de mejorar los pardmetros productivos
(reproduccion, produccidn Idctea y prevencion de timpanismo) (Min et al., 2003).
Aunado a las ventajas productivas que ofrece la inclusion de CPF, estd la
disminucion de la carga parasitaria en pequenos rumiantes (disminuciones en el
establecimiento parasitario, reducciéon de la poblacién adulta, y disminucion de la

fertiidad de las hembras pardsitas) (Hoste et al., 2015).

2.4.6. Automedicacion en rumiantes

La preferencia de los animales por algin alimento se encuentra regulado por dos
factores principales: la palatabilidad y su efecto post-ingesta. Ambos factores son
cudlidades de los alimentos que estdn directamente relacionados a su
composicidn quimica (Provenza, 1996). Se ha reportado que los rumiantes tienen
la capacidad de seleccionar sus alimentos con base en sus propiedades
nutricionales, e inclusive de seleccionar forrajes con propiedades medicinales que

les permitan reducir el indice de enfermedades (Janzen, 1978). El comportamiento
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de la automedicacidén en animales silvestres fue propuesto en los anos 60°s cuando
se observd que los chimpancés ingerian plantas, carentes de valor nutricional, sin
masticarlas  (Shurkin, 2014), con la finalidad de auto desparasitarse (Fruth et al.
2014). La auto-desparasitacidon en rumiantes se ha propuesto como un
comportamiento de regulacion fisiolégica, y se ha corroborado en pequenos
rumiantes que al tener altas cargas parasitarias muestran una preferencia en el
consumo de plantas con elevadas concentraciones de metabolitos secundarios
de las plantas, obteniendo como resultado una disminucién en la eliminacion de
hpg (Martinez-Ortiz-de-Montellano et al., 2010; Villalba and Landau, 2012; Villalba
et al., 2010). De igual manera, Gonzdlez-Arcia et al. (2014), reportd que bovinos
infectados con NGI también tienden a modificar su patrén de consumo al ofrecer
en la dieta leguminosas con potencial antihelmintico. El mismo autor reportd que
al comparar el consumo entre animales libres de infeccion por NGI con el de
bovinos que presentaban una eliminacion promedio de 80 hpgh, los animales
infectados incrementaron el consumo de Cratylia argentea mediante un
comportamiento de sustitucidon de componentes en la dieta. Por lo anterior,
diversos investigadores sugieren que el acceso de los animales a leguminosas o
plantas bioactivas con moderadas concentraciones de metabolitos secundarios
pudiese mitigar el impacto de las parasitosis, disminuir la utilizacién de

medicamentos y dependiendo de la calidad, mejorar la nutricion de los mismos.
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[1l.  HIPOTESIS.

Los exfractos (acuosos, acetona:agua y acetonicos) de las plantas: Leucaena
leucocephala, Cratylia argentea, Giliricidia sepium, Guazuma ulmifolia 'y
Azadirachta indica inhibirdn el desenvaine larvario y la eclosion de huevos de

Cooperia punctata.

La complementacion de la dieta de bovinos con hojas frescas de la leguminosa
que haya mostrado mayor efecto antihelmintico in vitro, reducird el

establecimiento de C. punctata in vivo.
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V.

OBJETIVO GENERAL

Evaluar el efecto antinelmintico in vitro e in vivo de plantas bioactivas sobre el

control de Cooperia punctata en bovinos.

4.1.

4.1.1.

OBJETIVOS ESPECIFICOS

Realizar tres métodos de extraccion [acuosos, acetona:agua (70:30) y
acetdénicos] a cinco plantas bioactivas: Leucaena leucocephala,
Cratylia argentea, Gliricidia sepium, Guazuma ulmifolia y Azadirachta
indica; y determinar las principales clases de fitoquimicos presentes en
cada extracto.

Evaluar el efecto antihelmintico in vitro de los 15 extractos de plantas
bioactivas sobre el desenvaine larvario artificial y la eclosion de huevos
de Cooperia punctata; y determinar la participacion de los compuestos

polifendlicos en la actividad anntihelmintica.

. Alislar y purificar los fitoquimicos de la planta bioactiva que haya

mostrado un mayor efecto antihelmintico in vifro, mediante
fraccionamiento biodirigido.

Evaluar el efecto antihelmintico in vivo de la planta bioactiva que
muestre el mayor efecto antihelmintico in vitro, sobre el establecimiento
parasitario de Cooperia punctata, en becerros % Ho X CebuU infectados

artificialmente.
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ABSTRACT

Larval exsheathment process of gastrointestinal nematodes is vital and necessary for the
successful establishment in the host. The objectives of this study were: (1) to assess the
anthelmintic (AH) potential of Leucaena leucocephala, Gliricidia sepium, Guazuma
ulmifolia, Cratylia argentea and Azadirachta indica on impairing larval exsheathment of
Cooperia spp., (2) to assess the role of polyphenols in AH activity, (3) to evaluate the best
plant extraction procedure (Aqueous [AQ], Acetone:Water [AW] and Acetonic [AC]) against
the exsheathment process. Infective larvae of C. punctata were exposed to increasing
concentrations of each plant extract (150, 300, 600, 1200 and 2400 pg mL™1). A general linear
model test was used to assess dose-dependent behavior. A Kruskal-Wallis test was used to
evaluate the AH effect among extraction procedures and the addition polyethylene glycol.
All fifteen extracts showed a significant dose-dependent response (P<0.05). At the lowest
concentration, Leucaena leucocephala inhibited 100% of larval exsheathment. Fourteen
extracts fully inhibited the exsheathment process at the highest concentration, except for A.
indica-AQ which inhibited 96.63 + 1.2 %. At the highest concentration, no significant
differences were found among plants and extraction procedures (P > 0.05). The best-fit LCso
values were: 86.77 = 48.12 (A. indica-AC), 225.27 + 57.5 (C. argentea-AC), and 250.48 +
11.45 ug mL' (G. sepium-AQ). Polyethylene glycol addition revealed polyphenols as the
main bioactive compounds. Results suggest that all three extraction procedures have similar
bioactivity; thus, the AW extraction offers both AH-like activity and higher yield. The five
plants could be considered for further in vivo investigations to corroborate their capacity to

reduce larval establishment within the host.

Keywords. Cattle, C. punctata, exsheathment, plant extracts
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INTRODUCTION

Over recent decades, special emphasis has been placed on cattle production unit
management due to current concerns on food safety (Fitzpatrick, 2013). Implementation of
legumes in livestock nutrition in the tropics has been proposed as an alternative to counteract
the low quality of most native forages available for grazing cattle (Gonzalez Arcia €t al.,
2012). Furthermore, the use of legumes has been proposed as an alternative for helminth
control in small ruminants (Alonso-Diaz et al., 2010). Plants rich in secondary metabolites
(PSM) have been shown to act against different life stages of gastrointestinal nematodes
(GINs) (Bizimenyera et al., 2006; Alonso-Diaz et al., 2008b; von Son-de Fernex et al., 2012).
Although several in vitro and in vivo studies have proved the AH efficacy of bioactive plants
(BP) against GINs in small ruminants, the information on cattle nematodes is scarce
(Novobilsky et al., 2011).
Infective larvae (L3) are the transitional stage between the pre-parasitic and parasitic life
cycles of nematodes, representing a critical time-framing step of nematode biology (Hoste et
al., 2012). The larva exsheathment inhibition assay (LEIA) is an in vitro test which looks for
compounds capable of impairing or delaying that biological process in L3, with the final
objective of reducing larval establishment within the host (Hoste et al., 2012). Cooperia spp.
is a highly resistant cattle nematode, which causes direct losses to the cattle industry
(Stromberg et al., 2012). The continuous reports of Cooperia resistant strains to the
anthelmintics available in the market for their control (Sutherland and Leathwick, 2011;
Arnaud-Ochoa and Alonso Diaz, 2012; Becerra-Nava et al., 2014) increases worm-burden
regulation inside the host; thus, new strategies are required.
Although the ovicidal effect of tropical plants against C. punctata has been reported (von
Son-de Fernex et al., 2016), other biological stages such as the exsheathment process should
also be targeted to propose an alternative focus of control, which includes more than one
development stage of GIN. The objectives of this study were: (1) to assess the potential of
Leucaena leucocephala, Gliricidia sepium, Guazuma ulmifolia, Cratylia argentea and
Azadirachta indica at impairing larval exsheathment of C. punctata infective larvae, (2) to
state the role of polyphenols in AH activity, and (3) to evaluate the best plant extraction
procedure against the larval exsheathment process.
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MATERIALS AND METHODS

Plant material

Fresh leaves of Leucaena leucocephala (LL), Cratylia argentea (CA), Gliricidia sepium
(GS), Guazuma ulmifolia (GU) and Azadirachta indica (AI) were harvested in March 2013
from an experimental area located at the Centro de Ensefanza, Investigacién y Extension en
Ganaderia Tropical (Centre for Research, Teaching and Extension in Tropical Livestock) of
the Facultad de Medicina Veterinaria y Zootecnia (Faculty of Veterinary Medicine and
Zootechnia) of the Universidad Nacional Auténoma de México (National Autonomus
Univesity of México), located in Martinez de la Torre (20°03” N y 93°03” O; 151 msnm),
Veracruz, Mexico.

Extraction procedure

For each plant species, 1+0.15 kilograms of fresh leaves were air-dried at 60 °C for 72 h and
placed in a grinder to obtain particles of 1 mm. Air-dried and powdered material was used
for different polarity extraction procedures. First, plant material was placed in a glass beaker
(2L) containing acetone:water (70:30) with a magnetic stirrer. The mixture was then
sonicated for 4 h in a water bath (Branson Sonicator 2510®). The second extraction was
performed by placing 500£36.97g of dried-ground material of each plant species in an
individual glass beaker with acetone and then kept at room temperature (24 °C) for 24 h.
Finally, an aqueous extract was performed, using the same ground material used for the
acetonic extraction, which after dried, was placed in distilled water previously heated to 58
°C for two hours. For all three extraction procedures, the extract was obtained from the
filtered material using filter paper (Whatman® qualitative filter paper, Grade 1). Solvents
were evaporated from the extracts at 58 °C using a low pressure distillation procedure in a
rotovapor machine (Rotovapor® R-3). Extracts were washed four times with 500 ml of n-
hexane to remove chlorophyll and lipids, and a separation funnel was used to discard the n-
hexane fraction. Finally, extracts were frozen and lyophilized to obtain the dry ground
extracts.

The percentage yield from fresh young leaves of each plant species was obtained through
three extraction procedures (aqueous, acetone:water, acetonic) are presented in Table 1.

Thin layer chromatography (TLC) of the fifteen extracts

Qualitative phytochemical screening of the fifteen plant extracts was performed using silica
gel 60 Fass- pre-coated TLC plates with capillary tubes, and developed in a TLC chamber
using suitable mobile phase for terpenoids and flavonoids. The developed TLC plates were
air dried and observed under ultra-violet light at both 254 nm and 365 nm. They were then
sprayed with the Natural products-polyethylene glycol reagent (NEU-reagent) and
Anisaldehyde-sulphuric acid reagent (AS), for flavonoids and terpenoids, respectively
(Wagner and Bladt, 1996). Finally, plates were placed in a hot air oven for 1 min for the
development of color in separated bands. The qualitative determination of compounds was
performed according to colorimetric standards (Wagner and Bladt, 1996). The
phytochemicals identified in the fifteen organic extracts are presented in Table 2.

Bioassays
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Larval recovery

Cooperia punctata third stage larvae (L3) were obtained from donor calves with a mono-
specific infection (CEIEGT-FMVZ-UNAM strain, Mexico). Calves were housed indoors on
concrete floors, provided with hay, commercial concentrate and free access to water. Feces
were collected daily and cultured for seven days, after which larvae were Baermanized and
filtered. Finally, larvae were stored at 4 °C for 2 months before use. Final concentration of
1000 L3 mL! was achieved either by concentrating the larval inocula through centrifugation,
or by diluting with distilled water (DW).

Larval exsheathment assay

Four thousand ensheathed C. punctata were separately incubated for each of the three
different polarity extracts at increasing concentrations of 150, 300, 600, 1200 and 2400 pg
mL! of distilled water (DW), for 3 h at 21 °C. For negative control treatments, larvae were
incubated either in DW (AQ and AW extracts) or Tween 80 (TW) at 2% (AC extracts) (Katiki
et al 2011). After incubation, L3 were washed and centrifuged (2500 rpm) three times in DW
(pH 7.2). Larvae were then subjected to an artificial exsheathment process by contact with a
sodium hypochlorite solution (75 uL domestic bleach with 112 puL of 6% sodium
hypochlorite, diluted in 15.813 mL of distilled water) modified from Katiki et al. (2011).
This was performed to obtain 100% larval exsheathment after 60 min in control groups. The
kinetics of the larval exsheathment process was monitored by microscopic observation (40x).
Exsheathed and unsheathed larvae were counted at 0, 10, 20, 30, 40, 50 and 60 min. At each
time interval, L3 were killed and examined immediately. Six replicates were run for each
dose, extract and control, to look for possible changes in the proportion of exsheathed larvae
over time. To confirm the role of polyphenolic compounds in the AH effect, another series
of incubations were made. This included three treatments: 1) the negative control (distilled
water or Tween 80 at 2%), ii) the maximum dose of the extract to be tested (2400 ug of
extract/ml) with PEG (4800 pug/ml; after a pre-incubation period of 3 h to bind tannins), and
iii) the maximum dose, but without PEG (Makkar €t al., 1995).

Statistical analysis

General linear model (GLM) tests were used to assess a dose-dependent behavior for each
plant extract (STATGRAPHICS, Centurion XVIv. 16.1.18, USA). Kruskal-Wallis tests were
used to evaluate differences in exsheathment rate with and without PEG addition. Statistical
differences were considered significant at P<0.05. The lethal concentration to inhibit 50% of
L3 exsheathment (LCsp) was calculated for each extract using a Probit Analysis Program
(Minitab® 17.1.0, Minitab Inc. USA).

RESULTS

Larval exsheathment inhibition assay (LEIA)

The exsheathment kinetics of C. punctata (L3) was similar in all control groups (DW and
TW) with 100% of exsheathment obtained after a 60 min exposure to the artificial
exsheathment fluid. However, after 3 h incubation period of L3 to the highest concentration
(2,400 pg mL1), the exsheathment process of C. punctata was fully inhibited with all fifteen
extracts (Figs. 1-5), showing dose-dependent behaviors (P < 0.05).

Best impairment of exsheathment was achieved with L. leucocephala-AQ and AW extracts,
where the lowest concentration (150 pg mL™") induced exsheathment inhibition by 100%

59



174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

(Fig. 1 a, b). Lethal concentrations required for 50% exsheathment inhibition are presented
in Table 3. The best fit LCso were: 86.77 +48.12,225.27 +57.50, 250.48 + 11.45, and 270.73
+22.98 ug mL! from A. indica (AC), C. argentea (AC), G. sepium (AQ) and G. sepium
(AW), respectively. For L. leucocephala extracts, the LCso was not possible to calculate due
to the high inhibitory effect.

When assessing AH performance among extraction procedures, lethal concentrations (LCso)
were taken into consideration (Mean = SE): 519.11 £ 176.29, 142.94 £ 104.04 and 479.43 +
167.04 ug mL! for AQ, AW and AC extractions, respectively. Best mean values were
obtained with the AW extracts.

Role of polyphenols in the anthelmintic activity of bioactive plant extracts

Polyethylene glycol addition evinced the role of polyphenolic compounds in the AH-similar
activity of most plants, restoring the exsheathment values similar to control groups (distilled
water or TW 80 at 2%) (Table 4). However, non-reestablishment was achieved with L.
leucocephala-AC and G. sepium-AC, discarding polyphenols as the bioactive compounds
present in both acetonic extracts (Table 4).

DISCUSSION

Cooperia punctata infective larvae (L.3) were chosen for AH evaluations because their
prevalence in grazing cattle is one of the highest worldwide (Hoglund et al., 2013), and
reports of their resistance to anthelmintic drugs are increasing (Sutherland and Leathwick
2011; Arnaud-Ochoa and Alonso Diaz 2012; Becerra-Nava et al., 2014; Gasbarre 2014). One
objective of this study was to assess the potential of L. leucocephala, G. sepium, G. ulmifolia,
C. argentea and A. indica at impairing the larval exsheathment of C. punctata infective
larvae. The exsheathment process of C. punctata was fully inhibited with all fifteen extracts
used. There are scarce reports where extracts from plants with potential use for cattle nutrition
also had an AH effect against the cattle nematode C. punctata. Previous studies reported that
L. leucocephala, G. sepium and C. argentea acetone:water (70:30) extracts inhibited or
delayed the H. contortus L3 exsheathment process at 1200 ug mL! (Alonso-Diaz €t al.,
2008a; von Son-de Fernex et al., 2012). This concurs with our findings, where at the highest
concentrations the exsheathment process of C. punctata was inhibited. According to
Hertzberg et al. (2002), larvae are not able to infect their host when the exsheathment process
is blocked. The latter might explain why the consumption of bioactive plants by small
ruminants negatively affects the larval establishment of T. colubriformis or H. contortus
(Brunet et al., 2008). It is necessary to conduct in vivo trials to corroborate the AH effect
against cattle nematodes with bioactive plants when are voluntary consumed by cattle. This
information might help to build strategic/integrated mechanisms to control GINs in grazing
cattle.

In this study, the best inhibitory values were observed with L. leucocephala (AQ and AW
extracts), which inhibited the exsheathment of C. punctata at 150 ug mL!. Indeed, the best-
fit LCso were: 86.77 + 48.12, 225.27 + 57.50, 250.48 + 11.45, and 270.73 + 22.98 ug mL"!
from A. indica-AC, C. argentea-AC, G. sepium-AQ and G. sepium-AW, respectively.
Novobilsky et al. (2011) reported significant delays, but no full exsheathment inhibition by
bioactive plants against Cooperia oncophora using similar concentrations, but different plant
species. Differences could be associated to the phytochemical constituents in each extract
and their affinity with certain structural molecules of GIN morphology (Martins et al., 2011;
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Hoste et al., 2012). Previous reports have emphasized tannins or polyphenolic compounds as
responsible for the AH effect of some plant extracts. Thus, the second objective of this study
was to state the role of tannins/flavonoids in plant extracts on the AH activity against C.
punctata. Although phytochemical evaluations in the present investigation allowed for the
identification of different phytochemical classes in plant extracts, the use of polyethylene
glycol addition evinced the role of polyphenolic compounds in the AH-like activity of most
plants, confirming that PEG is a specific tannin/flavonoid neutralizer (Makkar et al., 1995;
Barrau et al., 2005). Nevertheless, it should also considered that for G. sepium and L.
leucocephala acetonic extracts, PEG failed to restore inhibition values, suggesting the
participation or co-participation of other phytochemical classes in the AH effect. Thin layer
chromatography represents a low cost analytical tool for the qualitative phytochemical
screening of plant extracts, which facilitates the separation and visualization of organic
substances (Nicoletti, 2013). The qualitative phytochemical analysis allowed for the
visualization of flavonoids as the most active phytochemicals inhibiting the C. punctata
exsheathment process. Thus, further fractionation is suggested as it could provide important
information for the elucidation of novel anthelmintic molecules.

When comparing extraction procedures to determine the best method for anti-exsheathment
activity screening, the mean LCso values (+SE) obtained were: 519.11 + 176.29, 142.94 +
104.04 and 479.43 + 167.04 ug mL™' for AQ, AW and AC extractions, respectively. For
extraction methods, acetone:Water was the best procedure when screening for AH-like
molecules. The results are consistent with von Son-de Fernex et al. (unpublished data) who
reported the AW extraction procedure to be the best methodology when screening for
ovicidal activity against C. punctata.

CONCLUSIONS

It is concluded that: i) the five tropical plants assessed against C. punctata have anti-
exsheathment activity, ii) flavonoids are potent phytochemicals to inhibit Cooperia’s
exsheathment process, and iii) acetone:water is the best extraction procedure for anti-
exsheathment activity and to obtain higher yield percentages. Nevertheless, Leucaena
leucocephala proved to be the forage with stronger anthelmintic-like flavonoids. Therefore,
after in vivo confirmation, this legume could be considered a good alternative for inclusion
into an integrated control strategy in tropical regions to reduce C. punctata establishment
within hosts.
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356 TABLES

357
358 Table 1. Yield percentage from of each plant species obtained through three extraction
359  procedures (aqueous, acetone:water, acetonic).

) Extraction Yield (%)
Plant material -
Aqueous Acetone:water Acetonic
L. leucocephala 6.408 7.312 1.335
C. argentea 6.444 9.791 2.673
G. sepium 5.742 9.533 1.013
G. ulmifolia 5.780 10.624 1.001
A.indica 6.548 12.947 1.491
mean+SE 6.18+0.17 # 10.04+0.91° 1.50+0.31°¢
360
361
362
363  Table 2. Qualitative identification of phytochemicals present in the fifteen extracts.
Plant Extract  Flavonoids Coumarins Hydroxy'c [RAMIC Terpenoids . UI.l_.
acids identified
Aqueous +++ +++ +
LL 70:30 +++ +++ +++
Acetonic +++ ++
Aqueous + +++ + +
CA 70:30 + ++ ++ ++
Acetonic + ++ +
Aqueous ++ +++ + +
GS 70:30 ++ + +++ ++
Acetonic ++ + ++ +++
Aqueous + + ++ +
GU 70:30 ++ +++ + +
Acetonic + +++ + + +
Aqueous +++ +++ +++ ++
Al 70:30 ++ +++ + +
Acetonic ++ +++ + +
364 +++: visible under UV-254 or 365 nm, for terpenoids and flavonoids respectively; ++: viewed after reagent application; +: slightly seen
365 after reagent application. Unidentified compounds were not reactive to the reagents employed.
366
367
368
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Table 3. Lethal concentrations required to inhibit 50% of C. punctata exsheathment, after a

3 h incubation period with the bioactive extracts (ug/ml).

Probit analysis for C. punctata exsheathment inhibition (95.0% Normal CI)

Plant species Extraction Mean Std. Error Limits
Lower Upper
Aqueous *? ND ND ND ND
L. leucocephala  70:30 a ND ND ND ND
Acetonic  °  698.27 11082.6 -21023.3  22419.8
Aqueous *  994.17 4591 904.18 1084.17
C. argentea 70:30 b ND ND ND ND
Acetonic ¢ 225.27 57.50 112.57 337.98
Aqueous *  250.48 11.45 228.04 272.92
G. sepium 70:30 & 270.73 22.98 225.68 315.78
Acetonic °  377.37 4411.15 -8268.33  9023.08
Aqueous *  623.76 31.19 197.54 322.58
G. ulmifolia 70:30 b 309.47 544.92 -758.56 1377.5
Acetonic ¢ 1009.46 40.89 929.32 1089.60
Aqueous *  727.16 52.05 625.15 829.17
A. Indica 70:30 b 33234 40.20 253.55 411.14
Acetonic ¢ 86.77 48.12 -7.54 181.08

* For each plant species, different letters in the same column represent statistically significant differences for the extraction procedures

with the same plant. * ND: Not determined due to an abrupt exsheathment of larvae, except for LL.

Table 4. Cooperia punctata larval exsheathment (%) obtained with the highest concentration
tested (2,400 pg/ml) among plant species and extraction procedures, with or without PEG
addition.

Cooperia spp., larval exsheathment (%)

Plant species

Extraction Exsheathment (%) PEG (%)
Aqueous 0.00 +0.00 82.66 +1.03°
L. leucocephala 70:30 0.00 + 0.00 79.24 +1.50°
Acetonic 0.00 +£0.002 0.00+0.002
Aqueous 0.00 +0.00 100.00 £ 0.00 °
C. argentea 70:30 0.00 + 0.00 100.00 + 0.00 ®
Acetonic 0.00 +0.00 * 88.03+1.60°
Aqueous 0.00 + 0.00 08.15+1.04°
G. sepium 70:30 0.00 + 0.00 89.03+£0.21°
Acetonic 0.00 + 0.00 0.00 + 0.00
Aqueous 0.00 + 0.00* 100.00 + 0.00 ®
G. ulmifolia 70:30 0.00 +0.00 * 100.00 +0.00 ®
Acetonic 0.00 + 0.00 08.48 +0.85°
Aqueous 3.37£1.20% 98.48+0.85 °
A.indica 70:30 0.00+0.00 * 100.00+0.00 °
Acetonic 0.00+0.00? 100.00+0.00 °

* Larvae in the control group exsheathed at 100% for all plant species and extract procedures. * Different letters in the same row represent

statistically significant differences (P<0.05).
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7. ARTICULO 2

Ovicidal activity of exiracts from four plant species against
the cattle nematode Cooperia punctata.
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Ovicidal activity of extracts

from four plant species against
the cattle nematode Cooperia punctata

Abstract
Binactve plants might represent an altemative for Coopena punchmin control
in gang ctle The objedives of the study were (1) 1o asess the ovicidal
activity of extracts from 4 plant species against & punciwta, (2} to determine
the role of the polyphenols in the plants” anthelmints (AH) ackety, and (3)
to evaluate the best plant extraction procedure when searching for owcidal
activity. The ege hatch amay was wsed with different extraction procedures,
agqueous (AQ), acstnnewater (A} and acetonic (AD), to evahuate the owod-
al activity of Levroena lewocephale, Glnodio: sepium, Guorurmo ulmifolio
amd Crofyiio argentea. Eggs of C pundioto were exposed in quaduplicate
1o 0.6, 1.2, 24, 4B and 9.6 mg mL7 of eadh plant extract. The roles of the
polyphenols were assessed using polyethwiene givool (PEG). The 12 plamt
extracts mévbited egg hatchng in 8 dose-dependent manmer. Best-fit Loy
vahes were 1.08 + 017 and 790 + 1.19 mg mL ! for G sepiom-AC and L
Isuencephaln-AC), respectively. Differences m AH acity were found among
the extraction procedoes (P < 0.05) At the highest concentration, L lew-
cocephalo-Al inhibited mione than 5005 of C pumctats hatching. The G
sepirm-AL extract fully inhibited egp hatching. The addstion of polyethylene
gy revealed the rofe of the polyphenols in the becacwwity of most plant
extracts; however, for G sepium-AC, the polyphenols were not the main bio-
acive compounds. Dverall, acetone-water extraction represenied the best
extraction procedure to obisin both ovicidal aciivity and higher yigdd. The
inhibibion Tates sugpested that L leuvocephols and G, seoiwm should be
ealuated as 2 means of reduang larval derssty in pastes.

Keywords, Catile; Nematodes; Coopero pundiods; Onods! effed; Plant exracis.

Introduction

Castrintesting nematodoss has been ranked as the main endemic paresitic dis-
sxe in e production units (Fizpatnck, 2013), reducing the productivity and
heaith of Ivestod: (Charer et ol 2009; Perr et aol, 201 1), Among the gastrointes-
tinal nematodes (GIN) that affect cattle, Coopemz spp. have been highlighted as
the nematodes weth highes prevalence in grezng mitle around the word (Keswon
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ared Jackson, 2012; Sromberg ef al, 2012} These paresies decrease the amount
of dry feed consumed and nuttient wotake or utlization (Stromberg ef o, 2012).
Broad-specirum anthelminbics {AHs) are a surzble 1ol for the contro! of GIN, and
the application of these anthelmintics enhances the producety and perdormance
of animaks (Suthesland and Leattwack, 201 1) Unfortunately. resistance has be-
come an emegmng problem among cete nematodes (Casbare, 20714). Recent
studbes have reponted the emergence of Coopena spp. strains resstant to mac-
rocyclic boiones (ML) (Bartley = o, 2012), benzimidarcies (Amaud-Ochaa and
Alonso Diaz, 2012) and imidarothamles (Becerra-Nava et ol, 2014). Thus, novel
approaches for hebminth control in catle are required before GIN becomes a major
problem due to the spread of hghly resistant and muls-resstant stars =mong
farme.

One of the most studhed nove! approaches has been the w=e of bicacive
plants hawng anthelmendic effeds (Hoste et ol, 2017 d wino and @1 wmo studes
have shown the anthelmentic effect of some plants when using GiN from small
rumnants as models (Alonsc-Diaz et ol, 2008a; Alonso-Dhaz et at, 20085; Alon-
so-Dilaz ef o, 2010; Martinez-Otiz-de-Mortellanc et al, 2010; von Son-de Femex
ef at, 2012}, whereas litde research has been camed out with ite nemaindes.

Tropical browse legumes are one of the most studied forages due to thes high
content of plant secondary metabalites {F54s), along weth their benehts, which ae
obtained from their nutrional qualty. Anthelmintic actwty of PSMs has been main-
ly associated with the presence of tannins due to their capacty o mternpt specfic
nematode He-stages, such as inhibiting egg hatching, lanal development, lanal
matiey and lanval exsheathment (Molan et ol, 2000; Athanasadou ef of, 2001;
Aonso-Dizr et o, 20085 von Son-de Famex et al, 2017). The AH effect from
tannins &5 related to the abdsty of the tannins to create chermecal boands weth struc-
‘tural protesns present i nematodes morphotogy (Hosiz ef ol, 2012). However,
fewi reponts have identified other bicactive melecules such as flavonol gycosdes,
flavones and sesqusterpene ladones a5 baing invohwed in AH effecs (Moian eral,
2003; Bamrau et af, 2005; Koran ef ol, 2013

Over the last decade, multple extrachion procedures that use diferent solvents
and mustures for phytochermecal extracions have been standardazed for i wiro AH
ealuations. As condensed mnnins (T7=) have been the most targeted compounds
for imvestigation, the system proven most efficent for O recovery = the midure of
acetonewater (Cravan & ol, 2001; Chavan and Amaowicz, 2013), sfthough dif-
ferent extraction methods (cleaginous, ethy! acetate, aqueous and acstonic) have
aisn shown bioachwity aganst diferent parasites {Kanki ef of, 20177 Botura et al,
201%; Kozan ef of, 2073); The evaluation of different extraction procedures for
tropical plants might help to standardize extracts with posbie AH affecs agaest
catte nematodes and to identdy the phytochemica! dasses resent. The objecves
of this study were (1) 1o amess the ovicidal activity of exrads from four plant
speces against C punchat, (2} to stiete the role of polyphenos o the plants'
anthelmintic actvty, and (Z) to evaluate the best plant extracton procedure when
searching for owodal actwty.

71



=]
e e | LA T T e e e e e DAL 3y o BT BT CIpe mRCTEa Original Resasrch w !‘,u
Wil FaMeL D gl 1200

Materials and methods

Plant material

Fresh leaves of Leuroena ieumocephala, Cratyha argentea, Ginodia sepurm and
Grazurna wimifolo wese harvested during March 2013 from an expesimental area
Iocated at the Centro de Ersefanza, investigacién y Extensidn en Ganaderia Tropi-
cal (Center for Ressarch, Teaching and Extensson m Tropicad Livestock) of the Facul-
tad de Mediona Veterinaria ¥ Zootecnia (Faculty of Veterinary Medicine and Anirmal
Soence) of the Universdad Maoonal AutSroma de Méoco (National Autono-
mus Universiy of Mexico), located in Martiner de |a Torre (20703' Ny 93 03" O;
151 m above sea level), Veraouz, Mexco. These plants were chosen because they
hawe high levels of secondary plant metabolites, and some of the plants have been
reported to exvie AH activity against GIN of small uminants (AonsoDis of al,
2008 o Son-oe Fernex ef o, 2012). Furthermore, these plants are predominant
within the natve vepstation of Veracruz and are also disinbuted in other tropécal
areas of the woeld (Flores-Cuido, 2007). These fodder trees and shrubs are an
important nutrional atematve for amimal produchon.

Extraction procedure

For each plant species, 1 £ 0.15 kg of fresh leaves were air-dned at 80 °C for
72 h and then placed in a ginder o obtam parides of 1 mm i size. This matenal
was then placed m a glass besker {2 L) containing acetoneswater (70:-30) with a
magnetic sterer. The mature was then somicated for 4 b in 2 weter bath (Branson
Sonicator 2510MTE, Emerson Indistnal Automation, Danbury, LISA). The second
extraction was performed by pladng 500 + 3697 g of dned growund material from
each plant species in @ miker with acetone and main@ined at room temperatue
{24 *C) for 24 h. Finaly, an aquecus extraction was performed, using the same
groumd matemial usad for the acetonsc extraction, which, after being dried, was
placed in disbfied water prewously heated at 58 °C for 2 hours. For all exrachon
procedures, the exdract was obtained from the filtered material using filter paper
(Whatman® gualitatve filber paper, Crade 1) Solvents wene eveporated from the
extracts at 58 "C using a bow presswe distllaion procedure n a rotovapar ma-
chine (Rotovapar® R-3, Bldw®, Switzerdand). Extracts were washed 4 times with
500 ml of n-heane o remove the chlorophyll and lipids, and 2 sesaration funnel
was used for discarding the n-hexane fraction. Before the n-hexane fraction was
discarded, a qualtaive cwomatographic profile was performed o confirm that only
chlorophwll and lipids wers removed. Finally, extracds were fozen and lyophdzed 1o
obtain the dry ground extracts.

Bioasays

Egg racovery

Eggs were obtained from a donor calf infected with the © prndiato strain musti-re-
sistant towards macrocyclic laciones, benzmedazoles and imidazothiazoles ((E-
ECT-FMIVZ-UNAM strain, Meoco). Adult males of C pundimts were idenshed usng

taxonomic keys (Ghoons, 1967) and molecular techniques (yan Son de Femes,
unpublished date). C=ives were housed indoors on a concrete finar, provided wih

hay and commercal oncentrate and allowed free access to water. Feces werne
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collected dafy =g hamesses and pofyurethane collection bags; sampies were
stored and processed at temperatura of 2337 £ 021 "C (mean + 5E). Tap water
(1 LY was added to 200 g of feces with a fecal ego oount (FEC) of 150 egps per
gram of feces (EPGF) and maed to produce a relaively iquid suspension. Liguid
feras were fered through a household seve with 2 400-pm mesh =6 to remove
coase plant debris. Then, the suspension was senally filtered through sieves with
pore sizes of 1000, 149 and 74 wm, with the eggs finaly berg trapped on a 24 pm
miesh. The material on the 24-pm mesh was washed mto 50-mL centifuge tubes,
which were filied with a saturated Nall schution and centfuged =t 3000 pm for
15 min. The supernatant was washed m tap water through a 24-um mesh sieve, on
which the eggs wese coflected. Clean egps were concentrated and placed in 15-mL
centfuge tubes for counting. The ege concentration was estimated by cousting the
number of eges in aliquots of 10 % of the suspension on a microscope slide. A fnal
concentaton of 200 eggs/mL was achieved eiher by mncentratng the ege s
pension thwough centrifugation or by dilutng # with dstilled water. The egg recovery
process was standardized for completion in 1.25 £ 0.08 hours {mean + SE).

Egp hatching assay (EHA)

Approwimately 100 eggs/200 pL of epp si=persion were pipetted into each well
of a 24 well cutture plate, and 200 pl of iInceasing concentrations §1.2, 2.4, 4.8,
96 and 192 mg mL") of the comesponding plant speces extract were placed
in each test well. Thus, we cbtimed final concentrations of 0.6, 1.2, 2.4, 48 and
96 mg mU 1. [evamisole was used as 2 postive montrol at a concentration of
10 % to equa the highest plant exract concentration (Dobeon of of, 1988). 0=
tiied water was employed as a negative control for the 70230 and aqueous extrads;
wheseas 2.5 G dmethyl suffoxide (DMS0) was w=ed for acetonic plant extacts
(becawse o was employed as 2 low/non-polar compound soivent for the bioas
sayz). Control wals alsa conmined 200 wl of the egg suspension. Four replictes
were run for each dose, extract and control. The plates wese incobated at 277 +
0.1 °C {mean + SE) for 48 h. A drop of Luges indine soluton wes added to each
wel 1o stop further hatching, and all the unhatched eggs and lanee (dead or alve)
in each wel were counted (Coles ef of, 1997}, To confem the role of palypheno-
lic compownds in an AH effedt, another senes of incubatons was performed for
3 teatments: i) negative control (distfied water or DMS0 2.5 %), i) the maxmum
dosa of the edract to be tested (9.6 mg of exract/mL) wih PEG (192 mgmL ™)
and a pre-incubaton penod of 2 h 1o bind the pofyohenodc compounds (before
egg exposwe), and &) the mammum dose of incubation without PEG (Makkar =
al, 1ag5),

Statistical analyss

A General Lineal Model (GLM) was used 1o assess a dose-dependent behaviour
within each plant speoes extract (Y] = W + Tj + Eij}, where the dependant variable
was the egg hatching (¥&), which represents the ith chsenation taken under the fth
treatment; the independent variable was the incresssng concendration of each plant
exract (T}); y represents the general mean; and Eij represents the residua! vananon
or expermental emor. Treatment means compansons wene performed with 2 Least
Significant Diference (LSO test, and the probability value mdicatve of statistical
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significance was P < 005 (F4est). No tersformaton was requeed because the
data had mormal dstmbution and homoscedastaty (STATGRAPHICS, Centumon XV
version 16.1.18, USA). A Knskal-Walls test wes used o 1) compare the egg hatch-
ing rates obiamed for each plant speces extract with and without PEG addsion,
i} compare the egg hatching rete among exacion procedures within each plant
speces, and i) evaluate extract yields among exracion procedures. Kuskal-Wallis
test wias employed when assumptions of ANOVA analysis dd not met. The proba-
bility value indicatve of statietcal signdficance was P< 0.05 (H-test).

The percemage of egg haching inhibition (EHID was @lculated usng the fob
Ioweineg formula: inhebetion (%) = 100 {1 - P, / P whers 1 represents the total
number of eggs, P, is the number of eggs hatched m a freatment group, and P, is
the respectve mumiber in waier or DMSO control groups (Bmmenyera et al, 2006).
The lethal concentration to inheba 50 % of egg hatching {LCgq) wes caloulated for
gach extract usng a Probit Analysis Program (Minizb® 17.1.0, Minitab Inc., USA).

Results and discussion

Fgg hatching assay (EHA)

The mean egp hatching (+ 5E) of C puncisio in negative and positve control
groups ranged from G248 £ 197 06 0 9520 £ 076 W and 3117 £+ 460
96 to 3549 + 437 U, respecively. Epg hatching showed a dose-dependent be-
hawowr when exposed to sach of the 12 extracs (P < 00T} (Fgres1 1o 3). Leu-
coena levcorephalr-AL inhibited more than 50 % of the C puncioto epg hatching
(P < 0105; F = 6951 %) (Faure 1) For G whmalo and C amgentea, the high-
est inhibition rate was obtained with the AW extraction procedurs: 4542 + 230,
(P < 001;/2=9571 6k) and 3507 + 1.40 B (P < 0.01; 2 = 0746 M), respec-
twely (e 7). At the highest concentration, the G, sepitm-AC fully mbbéted hatch-
ing of the C. pundiots eggs (F < 0.01; 1 = 94.42 0 (Fgre 3). Coopeng spp. is
resporsible for one of the GiNs with higher prevalence in grazing cattle. ncreasmg
reports of nematode resstance to chemothesapy notes the need to develop effec-
twe-and seoure strateges of conrol (Bartey ef ol 2012; Demeler et al, 2013).
Thes work provides evidance of the owicidal effect of binactive plant extracs against
the app and freednving stapes of O punciofe. Reports on the novel technologees
available to coniral free-living stages of catte nemaiodes are scamce (Novobilsky
=f al, 2071} Previous &7 witro assessments have shown temperate legumes 1o be
actve aganst thee infective larvee of C oncophiors (Novobilsiop et o, 200 1), but few
reports exst on the novel techmolopes avadable for other freetwng stages such
as egg hatching. The nematode egg = a GIN biological stage with a relatvely thick
tidayered shell (Mansheid ef ol 1997, which provides esistance o adverse en-
viranmenta conditions (temperature, moisture, UV radiation and trampiing). These
charactenstics complicate the development of effective control strateges.

The lethal concentratiors regueed for S0 % of hatching inhibiton caloulated
for all 12 extracts are presented in Table|. Best-fit L ey vafues were 1.03 +0.17 and
79+ 1.19 mgmL?! for G. sepiem-AC and L feuwcooephalks-A0, respectively. For the
AW exaracts, the L sy ranged from 884 10 1512 mg mL. The significant dose-de-
pendent effect observed for most of the plant exrads indicates a toxcological
response of the phytochemicals present in the 4 plant species evaluated (Hoste ef
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Tahiz 1. Lethal concentrstions required to inhibit 500 of Coopena punciois eg? hatching {Lep),
after a 48-h mcubation period with bioacive extracts (mg mL

L

Probit snalysis (LC, ) for C. puncta ts egy
hatching inhikition { $5% Normal C1)

L leimocephala Aquenus 793

1.19 5.509 1027
T30 13T 118 9042 1832

Aostonic. 1364 1.19 11.51 116

C agenteg Aqueous 1505 aan 834 BT
i 1.3 .79 378 1286

Astonic 1470 251 9.86 1971

(%, sepilAm Aqueous 3263 16.41 047 6479
030 1512 L.BE 11.47 1876

Acstonic 1,03 o7 oLES 137

G wlmifoliz Bgieous. 16AT" 535 532 2683
F030 BB4 oes TS 1059

Acetonic 808 85 1063 4734

af, 2071 7). However, further studies are necessary for the identification and isolation
of the AH-like molecules present m the most actve edracs. Phytochermical identif-
cation could help to undesstand the ongoing medhanisms swvoived in ther ackivity.

Role of pol yphenols in the owcidal activity

of bibactive plant extracts

The addition of pofypethylene gyoo! revealed the role of polyphenolic compeunds
in the owicidal actwty of most plant extracts, restoning epg hatching 1o values similar
to those for control groups: (distifled water or DMS0 2.5 W) (Tabie 7). Howey-
er, almost no reestablshment was achieved with G sepiurm-AC (EH1 of 7585 +
12 %), discarding polyphenals 2 the main binacive compound present in those:
extracts (Tabie 7). The hydrophilic podymer PEC wes utized 1o test for the mie of
polyphenols in the extracs regarding binacivity (Makkar, 200Z). When PEC was
added, the inhibibon values of most exrads were restored {0 values =milar o
those obtained with negatve comirols indicating the predominate role of pofphe-
nols {Tabie2). Nevertheless, inhibiton values of 79,85 + 1.2 % wene obtzined after
PEC addition for C. sepium-AC, which suggests the possible invohement of other
phytochemicals in the oviodal adnity of the acetonic extacs. Thin layer chroma-
tography analyss = one of the most frequently used techinigues when evaluatng
herbal medicnes for the identfication and differentiation of phytochemical dasses
(Rafi et of, 2011). The cwomatographs obtained for each plant extradt, &= well as
the use of PEC, =ugpest that mediom-polar flavonmds have owiodal acty agesnst
C. pundimda. Ths = in agreement weth previous authors who have reported flave-
niols, such as quercecsn, nutin and kempherol, 2 hawing AH properties (Bamau =
of, 2005). On the other hand, fingepemt analysis of O sepim-AC extract show
the predominant constituent to be a low polar phytochemical wsible under LV
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Tahle 2. Epg haiching mhibition (EH(). obtaned with the highest concentration tested (9.6 mg mL ) with or withow
addition of palyethylene ghyoo! (PEG), among plant species and exdrachon procedures. Different small letters m the
same mow and different capital letiers amongst exraction procedures of the same plant, represent stabshcally ssonificant

diffesences (P < 0.05).
e R
Plant material
Extraction | Enw) | eesmi(w)
L lercocephala Aqueous 20141240 1250 £259
' 7030 IS5+ 155 062 +050P
Ametomic 2580+ 1502 276+ 1508
C argentea Aqueous 5T+ 4100 5.6+ 3405
7030 507 + 1.40° 016+ 0a0d
Acetonic TG+ 4502 067+ 1602
G sepium Aquetus A 1540+ 1404 1.78 + nEo®
70:30 A 1855+ 1.708 240+ 0502
‘Aetonic 2 1000+ 000 ® ‘795 +128
. wimifnlia Aquecus A I72E £3.40° 248+ 3507
7030 g 4543 + 2302 nos+ 130k
Acetonic A 2146+ 3004 158 + 1500

short wave (254 nm) but non-reactive when sprayed with AS and NEL reagenis.
Additionally, PEC fabed to restone egg hatching inhebétion 1o control vadues (79.85 +
12 O}, thus supporting the suggestion of a non-Ravonoid phwtochemical with
AHHike acmaty but disagreeing with Wabo Poné ef al (2011), whao linked the mle
of CT in & sepum-AC extracts to H conforius egg hatching mbsbenon. it was mot
possible to elucdate the phytochemical mvoived in the AH effect m the present
sty however, this infoermation could be: helpful 1o a better understanding of the
possible mechansms of achon on C punciofa.

Plant extract yields

Phytochemical extraction showed yield differences among the exraction proce-
dures (P < 0.05). The AW extraction provided a yiesd of 10.04 + 091 9 (Mean
+ 5E). Indwdual yield percentages are shown in 1ok 3. In this study, extrachion
procedures wene also compared based on their owiodal actvty. Best inhibitory
values were observed using uni-solvent exfractions (G sepium-AC and L feurs-
cephalz-A), leading o the percepiion that compounds with similar pofaniy fea-
tures could enhance becacowity. Yet the overall performances of each extracnon
procedure, assessed through Lgp, were 16,64 + 427 (Mean + 5E), 1241 £ 1,74
and 1349 + 459 mg mL? for AQL AW and AC respectively (Table 3). Futher
more, among the extracson procedures, AW showed the feghest yeld percentape
(P <0.05).

Aralyses in this ewestigation abowed for the determination of baoth i) Bavonoids
haveg owicdal acovity and i) Bavonoids predominant i the AW exmactons. The
latter &= consistent with previous studies that repaort the aceionewater extraction as
the most effcient system for phenol eoovery (Chavan et af, 2001; Chavan and
Amarowicz, 2013), Previous phytochermcal studies have reporied 3 synergstics
antagoniste effect among components from the same extract {Bavats, 2009),
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Table 3 Phytochemical yield of 4 plant materals usng 3 extrachon procedues (agueous, acetone-water, and acetonic).
Different letiers = the means of each exacton prooedure represent statisticaly significant differences (P <0 0.OS).

Extraction %)
etrataty | eomcloyedw) |
™ ™R R
&80 31 133

c mgamu E.44 579 26T
. sepiwm 574 a5z 1.0
. whmialio 5.78 1062 1.00
Mean +5E 609 0T 931 + 0ot 150+ 0315

whech could explaim how the G sepuum-AC extract showed an excestonal ovodal
performance, but when the exractors wee performed with acstonewates, the
binacinaty was barely nobceable, Thus, such data trends were only observed in one
of the four plants analyred, G sepivmn, and overall, the AW extraction showed equal
or improved AH acivity. However, further bio-guided phytochemecal fracionation
is supgested for the detenmenabon of the active molecules present in each plamt
extract and their mteractions.

Conclusions

The present investigation comoborated the owodal potential of acetonewater plamt
extracts aganst C punciots. The use of PEC mdicated that polyphenolic com-
pounds were the mamn phytochermical dass swoleed i the AH acwny. Leucoena
lencocephaly and Glniodio sepium were the forages with the strongest anthelmint-
ic-lke phytochemicals, and they could be considered for husther in vvo evaliations.
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Keywarde:
Cartle nematod
Coomeria
Qmermetin
Caffeic ackd
TEM

SEM

Lewroenn brurocephaln is a tropical forage lspames suggested as an altemnative method o omod gas-
trointestimal parasitism im neminants. This snady: (1) performed 2 bio-mided factionation of an agesous
extract of L [eurocephala using the egy Batch assay (EHA) 1o dentify the antbsimimtic {AH)}-like phyto-
chemicals present in fresh beaves, and {2} assessed the pltrastnactural damage fo sgys of Cooperis spp
alter inosbhation with the Bnal fraction. Phytockemicals wese isolated using silica gel columns and identi-
fed wsing high performance liguid chromatography 2nd standands for commanison The Gnal fraction was
evaluated using FHA at 0108, 0.125, 1250, (15000 1.1 mg ml ", The lethal conosstration toinhabit S0 al
Cooperas spp. egg Batching (1) was calculated esing 2 Probit analysis. Scanning and transmission elec-
tron micoscopy revealsd the ultrastruciural changes present in Cooperio spp. eggs. Blo-guided ksolation
procedures b= o the recomition of an acive Fraotion {LIC1FY) mainky comiposed of quesrcetin (52 212)
and caffeic acid { 13.42%) which inhibited 90,49+ 28X of Cooperto spp. gy hatching {P<0.05) and an LCn
of L0501 4 mgml - . Scasning electron micoscopy [SEM ) showed emes expossd to the active fraction
Bad an irregular extemal layer with small prajections and naptures of lateral egzshell walls. Transmis-
=zion electron microscopy (TEM) showed changes to Conperin spp. sggs- in slectm-denzity, Isclisding the
thickness ol the egsief] layers and fractures after incubatios with the final fracton (EICEA L
Changes in bicactbrity after purication suagest synergistic interactions betvwesn quercetin and caf=ic
acid.
0 2015 Eleewier BV, All rights ressped.

1. Introduction

prevalent group of GINS in grazing cattle workdwite (Fiel ef al
201 2; Stromberg et al, 2012; Viaminck et al, 200 5). The negative

Cooperia spp. is an endemic genus of gastrointestinal nematodes
{GIMS} of grazing cattle in tropecal and subtropical ENVITORMERts.
These parasites have recently been reported as one of the most

* Correspomeding awthors. Fac +52 292 324 343,

E-mall oddresser ey sI@homail oom JE won Son-de Femex),
slonscdmashuimaiLonm, semsd mEunamurx | MA. Alosse-INar),
prdmmsipives@ya hoomm (P Mendoes-de Ches), bralio 1 s8ntimloom
(B, Yalles-de Ia Mora), pmansses@toimail com (M. Gom ey - Cortazar),

S amilpa FO0@yahoarnmun (A Tamilpa], pime ] NS mm m
{E Castilln Callegos .

it s oo 10, 10 06! wetpar 200 5.1 [LRIG
M0E-A017 e 2005 Elsewier BV All rights resereed.
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it of Cooperia spp. is due to the high costs of control schemes
and the decreased productivity of cattle [Stromberg et al, 2002}
Broad-spectrum anthelmintics (AHs hare a suitable tool for the con-
trol of GiMs, which also enhance the prodoctivity and performance
af other amimals (Sutherland and Leathwick, 2011} However, the
increasing presence of Cooperio Spp. Sirains resisant to broad-
spectnam AHs on cattle farms (Bartiey et 3l 201Z; Becerra-Nava
et al, 2014; Njue and Prichard, 3004) supports fhe development
of novel treatments to cantrol GIN popatations inside and oufside
hasts. The use of ticadive plants 25 a soarce of secondary metaho-
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likes with AH-like properties represents 3 viable altermative (Hoste
et al, 2006}

The tropical forsge [ewraenn [encocephoio (Lam.) de Wit is a
member of the family Fabacear. It is 3 perennizl browse Egume
mative to Central America and southetn Mexico, and has been
introduced intn mast tropical and subtropical areas of the warkd
{Mehdi et 31, 2004% L leurocepholn preparstions have been osed
i traditional medicine mainky for its I-infammatory and anti-
diabetic activities [S0uza Pinto etal., 1995; Syamsudin et 21, 2010}
Purthermore, L leuroczphizn has been Teported to have AH proper-
ties against sOME of the MOst iMpartant GINs af small ruminants,
imvolving tanninsjpalyphenais as the phytochemsdcal group respon-
sible far the AH effect (Ademala et al_, 2005: Alnso-Thaz et ai,
2008 . SEmilar resu s wire found against catthe nematmdes where L
ieurnCepnmy AquAnUS EOTACs mhibited both egg hatohing and the
exsheathment process of Cooperi spp. (von Son-te Fermex et al.,
unpubishen data), and flavonoidy polyphenols Were identifted as
he mast iMpIane Compoumeds Myvnived in the AH effect. Never-
theless, in the |atter study, the participation or co-participation af
gther phytochemical classes in the active extrad, especially on the
exsheatment process of Cooperio, Were suggested,

There are limited reports identifying the AH-like phytochemi-
cals present in L. [encocephals, but to our knowledge there are no
Teparts targeting cattle nematodes, Therefore, bio-guided fraction-
atiom of L leurocephota leaves doe o its ovicidal activity agsinst
Conperia spp. Mignt help to elucidate 2nd evaliste the phytochem-
ical involved in the AH effect to better understand the possible
Tmechanisms of Action on Cooperia spp. IF has been suggested that
the AH effect of phytochemicals such 25 @S, might be linked
0 Birect MEETACtions bebween patyp henois and the structaral pro-
teinsin the nematnde cuticle] Hoste et.al, 2006; Brunet e 21,2011
HoweveT, there are no m!ﬁiﬁﬁﬂ,gﬂ'ﬂ Hlmmmm
reated by L deurocephizin phytochemicals an the free living stages
al Cooperia spp.

This smdy- {1} performed 3 bio-guided ractionation of an aque-
Ous Extract from L feurocephmn using the EHA G0 identily the
Al-like phytochemicals present in fresh leaves, and (2) assessad
the ultrastTuctural damage to Cooperis Spp. BEEs Jfter incuhation
with the final fraction

2. Materials and methods
21, Piznt material

Fresh leaves of L [eucocephala [ 1865 £) were narvested during
February 2014 from 2n experimental area located at the Centro de
Ensefanza, Investigacidn y Extensidn en Ganaderia Tropical, de la
Fanuitad ce Medicing Vieterinaria y Zootecnia, de L3 Universidad
Nacional Autnoma de MExoo [(CEIEGT-FAMWE-LINAM ) [Centre far
Research, Teaching and Extension in Tropical Livestock, of the Fac-
ukty ofVeterinary Madicing, of the National Autonomous University
ar Moo, 1ncated in Martinez de 1a Torre [20003" N and 53037 W,
151 masl}), Veracnmz, Mexico

22, Brcnon procedure

Fresh beaves were ir-dried at 60 -C for T2h and placed in 2
grinding mill to obtain smaller particies (1 mm). Air-dried pow-
derer material (404 ) was placed in a glass beaker with distilbed
water |previously heated to 58 -C) and 2 magnetic stir-bar, 2nd was
continsously sonicated for 4 1 in 3 water bath [Branson Senacatar
2510%; 40KHz]. The extract was separated from the salid mate-
Tial using Alter paper (Whatman® qualitative filter paper, Grade 1},
and the solvent was evaporated from the extracs at 58°C using
lowr pressune distillation in a rotovapaor maching {Rotovapor® 8-

1), Extracts were washed four times with 500mi af n-haxane to
remove chiorophyl] and lipids, and 2 separition fumnel was used
mrﬂiiﬁ.‘l’lﬁlﬁm? R-hexane fraction. Fiﬂﬂﬂ'ﬂ'. exirachs were frozen
and lyophilized to obtan the dry ground extracts.

21 Chemicnd focHomation of the GpuUeous exruc g the ooy
Ruxtictr asszy

The aguecus extract (277 g) was fractioned through a bipar-
tition process msing ethyl acetate and water, oHIAiEng a
Iow-prizrity fraction (LIC-ACoET, organich and 3 poiar fraction
[LIA-AQ, 2queous) The fraction LIC-ADET {16 g) was subjected
to further fractiomation using a siica gel colomm, eloted with
ichloTOMEtane and methanol With an ascending palaricy of 5%
resmiting in fve main fractions (LICIF1, 353 mg: LIC1F2, 4B Smg
LICIF3, SO0.0 mg; LIC1F4, 409 mg and, LICTFS, £2 B mgk The best
AH value was pbtained with LIC]F1, which was farther anaiyzed
imsing high pesformance Hguid chromatography (HPLC) {Section
143} Due to the identification of 3 compoumd mixture, LIC1E3
was suspended in dichloromethane resulting in two final frac-
tions [soiubie fraction LICTFIA and precipitate fraction LICEFIE)
rar wieth AH svalustions also werepu‘furmedmwm'e il.'lilj'I-!ﬂ
esing HPLC. Prio to ail AH evaluations parformed during theexper-
iment, Irzcticns wene concentrated 1o dryness using low-pressune
tistiliation in 3 rotovapor machine (Rotovapor® @-3), and then
were Iyophilized. The EHA was usad to parform the bio-guided
fractionation of L. leucocephaln beczuse i previous smdies the
pxsheathment process showed higher sensitivity to piant extracs.

24, Phyiochemic Idendfiomion

A1 Thin fTyer carmmaingrophy maysts of frocions ahiained
[salation procedures

Quatitative phytechemical soreening of L fsurorepika fractions
was performed in siticl ged 60 Fise-pre-codted than Layer chro-
matography (TLC) plates using capilkary fubes, and ceveloped in 3
TLC chamber using suitable mobile phases for sither terpenoids or
favonaids. The seveioped TUC plates Were air-gried. and ohserved
under uitravinlet light at both 254nm and 365mm. They wene
later sprayed with natural products-polyethylene giycol reagent
ani anisaldehyoe- SOkpHETic 300 Teagent, for Navonoids and ter-
pengids, respectively (Wagner and Gladt, 1956). Fnally, the plames
were placed in a hot ir oven for 1 min for the devslopment of color
in separated bands. Qualitative determination of compomnds was
performed JCCOTHInG to e CoiarimetTic sStandards estabished by
Wagner and BLagt | 1996 ). Retention factors (R of phytochemicals
were abtained using the formuola: R = MDPYMDS, where MOP and
MDS represent the migration distance of the phytochemical and af
the solvent, Tespectively. Qualitstive TLC analysis was employed
starting with the aqueous crede extract, leding up to the Anal
fractions in order to perform an accuraie fractionation procedure.

F42 High parformance iiguid chromztography anmlysts of
fracetans abtmined Herough lolaton procedures

High perfarmande liguid chromatography {HPLC) was ised for
the Anat fractions analysis, osing 3 WaIters® 2605 separation-
moduie HPLC system equpped with 3 Waters® 026 photadione
array detector and Empower Pro software {Waters Corporation®,
U5A) Compounds wene separated on 2 supersphere 100 RP-18
CORUTTIT (4 » 125 mam, 5 jum) (Merck, Darmstadt, Germany). The
mobile phase consisted of water (5% TFA, solvent A) 2nd ace-
tomitrile (solvent By The gradient system was: 0-1min, 0% 8
1-4min 10% B: 5-Fmin, 206 B; B- [4min, 30X B 15-1E min, 40%
B; 19-22min, BO% B; 23-26min, 100X 8, and 27—28 min, 0% 8
Flow rate was maintzined at 1 mimin-' and the injection volume
mznwmmmmmnlﬁunm Havunmdpraks
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wirE i geritified by Comparison of Tetention times (RT) and aitravi-
oiet spectra with those of cOmMErTial reference Compounds. The
RT tor guercetin was 11.3 min (4 =205, 250 and 350nm}, caffeic
arid 825min {L=205nm} and scopoéetin 2378 min (A=325nm}
Percentages of phytochemicals present in the Mixiure wens esti-
mated by interpoiation of peak areas. Resoits were expressed a5
percentages.

2.5 Parasitologion! fechmigues

251 Egprerovery

Couperiz spp. £ggs were obtzined from bwo donor caives with
A mono-specic infection (CEIEGT-FMWWE-LINAM strain, Mexico),
which were hoased indoors on a concrete foor, fed hay and
COMmmercial concentrate, amnd had free access to water, prac-
tices complying with regulstions of the Comibé Instinzcional para
Cuidsgo y Uso de los Animales de Experimentaciin de l1a Uni-
versidad Mackonal Aubinoma oe Méxioo [OCUAE-LINAM] (Internal
Committee for Care and Use of Experimental Animals of the
Mational Autonomous University af México). Feces were collected
fzily wsing harnesses and polyurethane coflecion bags, and sam-
piles were stored and proessed at an environmental temperature
of 22304 0.00C (Mean £ 5E). To process the fecal amples, tap
water (1 1] was acded ta 200% of feces, which were then hamoge-
nized to make 3 relatively liguid suspension. The liguid feces were
then Mterad throogh a household seve having 400 mm mesh, and
the suspension then seriatly Mitered through sieves having pone
sizes from 1000, 149, 74 jum, with eges finaily being trapped on a
24 pm mech. The material refained oo the 24 um meshwas washed
into 15 mi centrifuge tmbes, which were fllled with satarated salt
salutan (specifc gravity 1.2} and centrifuged at BOG « g for Smin.
Ther, the Supematant was washed in tap water through 3 24 um
mesh sieve, 2nd the eggs were collected. Finally, clean eggs wene
concentrated and placed in 15mi centrifuge tobes for coumting.
EgE concentration was estimater by counting the number of eggs
in akguats of 10T of the suspension an 3 micascope slide. Final
cancentration of S00 egEsmil-" was achieved either by conoen-
trating the egg suspension throwgh centrifugation, or by ditufing
with distilled water. The egg TECOVENY Process wis standardized
for completion in 1,45 £ 0.06 h {Mean 4 5E).

2.52. Epp hatch assay

The EHA was performed acconding to Sizimenyera et 2. (2006),
wsing 3 24-well cubture plate. The initial concentratsan of L. feu-
cocephmla fraction was S5mgml -7, which was lowered through
the fractsonation process to 1.1 mgmi -, Distiked water and 25%
dimetyl sulfoite (DMS0] ware wsed 25 negative conkrols (for the
LIA-1Ag and the rest of the fractions, Tespectively). Levamisole at
1T was used a5 3 positive control (Olmedo-Jodrer et al, 2014}
Four Iﬂpliﬂtﬁ were rum for each conoendration, raction and con-
trul. The plates were incubated at 28 -C for 480, To stop further
hatrhing, 2 drop of Lugal's icdine salation was 2dded a5 described
by Bizimenyera et al. (2006). The nomber of onhatched eges and
larvae {ead or alive) per well wers then coanted (Coles of al,
19977, Finally, the percentage of egg hatching inhibition was cal-
oulated {Rizimenyera et al, 2006). Far the final fraction obtzined
through isolation procedures (Section 2.7 the same methocology
was performed, although the concentrations employed wers: 1.1,
0,50, 0250, 0.125 and 0.06 mgmi " 1o obtain an Loz,

26 Scamning efertron micmscopy

A new set of EHAS was perfarmed for SEM analyses acconding
to the technique prewicusly described [Section 2 5.2) Two hundred
Conperia eggs were expased tofraction BC1FZ at 1.1 mgmi - 1. Con-
trol eggs were incubated in 2.5% DMSO for 20 in order o avoid
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embrionztion or hatching. Al samples were fxed in 3 25% g-
taraldehyde salution and in 2 0.1 M sodium cacodylate boffer, and
post-fixed in 2 2.5% glutaraldehyde scbution 2nd 0.1 M Sorensen’s
phosphate buffer salution {pH 7.2) for 240 (Berola and Russsls,
1032, After three comsemtive washes with Sorensen's phiosphate
bsffer satution (0.1 M), the samples were dehydrated in a graded
ethanol series, dried in a critical-point dryer (SANDRI-FEO0A), and
coated with gald for Smin in an ionizer [l SPuter JFC-1100,
Jecd, Fine Coat), Eggs were then oboserved with 3 SCanning electron
micToscope [TESCAN MIRAT LM }at anacceferating vattage of 10KV,
Four I'.I'I.bﬂﬂ's]':lpm ‘were obizined for each treatment and condrol,

respectively.
27 Transmissian elect on M ascopy

A mew st of EHAS was performed for TEM anzlysis accord-
ing to the tochnigue previously describad (Section 257} Exposed
and conirol eggs were inmbated as mentioned bove [Section
2.6) Samples were fxed in 3 mixture of glotaraidetyoe and
paraformaldetyde 3t 2 5% and 4%, respectively, and then dilutedina
0.1 M sadium cacndylate buffer. Afterwarts, samples were washed
three Hmes in 3 caodylate buffer sotution for 15min, and post-
fled with 1 osmium tetroxide for one hour. Samples were then
detydrated on increasing conoentrations of acetane, and presarved
in palymerized epooy Tesin at G0 -C far 24 h, Finally, four ultrathin
slices { 1 S0nm) were placed on 2 microscope slite and stained with
foluiding bise and the BEES observed Wilh 1 Tansmissian eleciron
MiTosope.

LA Etmistical enmyss

Egg hatching inhibition percentage (%) was calolsted as: Inhi-
bitkan (X}= 1K1 — PfPc ), where Py is the number of eggs hatched
in a treztment growp, and F; is the number of eggs hatched in the
controd group (Rizimienyera ef 2l 2006) The egg hatching rates
obtained with each diose, and eggehell thickness were compared
using a Kruskal-Wallis test, and significant statistical differences
WETE omsidered when P=0.05 (STATGRAPHICS® Centurion X1
version 16.1.18). Lethal concentrations that inhibited S0 of Coape-
rin spp. epg hatching (LCsp ) were cabculated using 3 Probit analysis
[Minitab® 17.1.0, Minitab Inc. USA)L

1. Resulis

21 Ifemtffication of oniheimntic- ke phytochemicds presamt in
thae final Froctions

The full bio-gusded fraclionation procedure is presented in
Tabie 1. Bio-guided fractionation produced three Anal active frac-
tsons: LICTFE, LIC1F34 and LICIFIE, which inhibited 90.49 2+ 2 85%,
25734 489% and T7JEL 060K of Cooperta spp. egs hatching.
Fespectively (Tahia 1) High performance liquid chromatcgrapiny
of the most biactive fraction, LIC1F3, itentifled the presence of

{WT: 11233 min), cfeic acid (RT: B.254 min} and scopa-
letin {RT: 5.274min} in propartions of S2.21%, 13,42% and 4.37%,
respectively. After finl purification, the same pinytochemicals were
found in each fraction {LICTF3A and LIC1F3E), but their mncentra-
tians were highly maodifed {raction Compasitson is presented in
Tahiz 2).

3.2 Mean leifi concentrations of the fimal fractions

Mean lethal conoentrations {LCsy) weTe obtained for e thee
final fractions with AH-like activity. A best-At LCx, was ohtained
with LICIF3 [0.0540.04mg mi-1}, followed by LICIFIE and
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Table 1
Exg hatrhing isbihition values cbiased from Dis-guded Maciiomnatiem (Mean + 5EL

Fraclioration sleg Fraciaon iested Egg hairking inhilsdion | L)

I Larmens ksrncrsisin =11
L UETIE FXiTE

Bipariitam (L6 mymi 7}

b LIA-Ag, agueous bk Bk B
LIC-AmET, organic TEEIA5NRY

First chromatograpbic colmmm | L1 mgmi ')

3 (i mbs] 1o z4812
LIC1F2 TEAD 2540
LIC1F2 o040 = ZR5Y
LICT7 TLAZ=2RT2?
LICIFS M aIre
Levamiznie ai 1% 5547 =338

Secumd chiremaicgrapha mulommand EBparidon {11 mgmd 1)

4 LICTFA 5732400
m)z:] .78 20RO
[eamisnis ai 1% &4l =1Lk

DifTerent betiers wilhin sach fRrmenation siep prRorsent sgosemt dffsences
PeODG.

Tabie 2
ilestifEiion and meceniraien (5 of phyinchemials present o e main active
Eactioms.

Fraction Pirpinchemical conceniratens wilhin the mist e (%)
Qereedin e and Smpeletin
LLCTFD 211 1343 43T
LLCTRA L8 B4 kLTS
LLCTF3E oT3 Im =

LICIFEA (147 +031mgmi-" and 1.82:044mgmi-". respec-
tively [Tabie 3}

A3, SoEming eleciron mLTosopy

Uitrastructural features of Coopais eggs exposed and not
exposed to LICTFE ane shawn in Fig. |, Control eggs showed well-
defined extesnal layers with I pparent aterations (Fig. 1A} while
egps expased to LIC1F2 had Eregular external Layers with small
projections (Fig. 13) and reptures of Lateral epgshell walls{Fig. 101

34 Tronsmmision electon Mo ospy
Control eggs showed 3 well-definen] tri-Liyered eggshell stric-

ture [Fig 2AL Ultrathin slices of Cooperia eggs exposed to LICTF3
revealed changes in eledro-density and thickness of the eggshall

Table 3

Lethal comcenitations neguired. b inhid 306 of Doopori spp epw hatchimg
L) after @ &8 h incuhaion period wilth Be mos sy Sechoes (mEgml-T;
O= mnfidence Intenval’l

Flaml material Fraction L 095K O limis
Mhean S e Liwer lipper
fretandii] LA 53 L 550 10z
iz [iin] =] s = .54 E2 ik L]
=3 LCIAA iEar o 0ss 260
crphsin LCiFa - 1] %1 i1

[3ferent Imfiers i the Sme cimn represent st ically Sgnscant difemenoes
P« 0OS

layers {Fig. 3); yet when compared to the control @roup, no sta-
tistically sigrificant difference was foand (P> 005} Frachures and
material inflitration through the eggshel] layers were also evident
{Fig. 38).

4. DisCussin

The bio-guided fractionation prom@oure his been oescribed a5 3
key method Tor the swocesshal parification of phytochemicals with
speffic bicadive fextures that cookd farther help &0 the under-
standing of the ongoing mechanism of their activity, I this study,
hio-guided solation procedures led to the recognition of a fnal
activefraction{LIC1F3 jcompased af gueToatin $2.2 1) caffesc acid
[13.42%) and scopoletin {4.372), which inhibited 90040 4 2.BX of
Cooperio spp. g hatching. Quercetin, the main compound found
In the L. lewncocephais Anal fraction, is 3 Navonol 0CCWITing in many
plants, and has been descrived as the most potent anticxidant
amang poelyphenols. Furthermore, quercetin his seen reported
to. have antiviral and antibacterial properties (Matorsea, 2008)
Adesunie and Aderogha (2008) reported guercetim as am anti-
nematocidal compound present in L Ieecocephoie 1eaves, which
affected egg hatching and larval wiability of the phytonematode
Meloidogmyme moognifo. Forthermore, the derivative quercelin-3-
O-B-glucopyrancside has been described a5 Maving AH activity
affecting the motikity and viability of Trichostrongylus spp. third-
clage larvae (Earan ot 31, 20713) Previoes stodies re parted that L.
[Pucocrpialo has AH properties aglinst some of the most impor-
tant GINs of small mminents, imvolving tanminsjpolyahencls as
the phiytochemical group responsibie for the AH effect {Alonso-
Dizz ot 2l 3008; Ademola et 21, 2005} Similar Tesults were found
against cattle nemztodes, With L [Bncosepholn Jaqueous extrids
inhibiting both the epg hatching and exsheathmens prooesses of
Couparin spp. {von Son-ge Fernex et 31, unpublished datz), and
with Navonoecs/ potyphenods as impartant compaunds involved in

RE 1. Coaperio spp oS cheeryed 150y Scnmsnyg siecann micrmsopy, before and afler £ 5 of inoutaian with Leucoens kavonorsbale ariee fracton LICT FL
(A) Exfermal Lrger of umnedied opy; (B Egy strmoiure sighity oollapsed and with debris aggeeganon on (e surlce; | O Crier shaped Topoe in 2 ateral sggshei] wall
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R 2. [oomria gIp. egEs hserved Ming Iransmissen sleoon meoosopy, hefae and after 48 b ol mcohaton Wil Lesmms umorpnsio active facion LCTFL
(A} Egeshed of the conirol group. [B,C) Cooperin spp- epes innubaied in active fraction LICTFI with evident changes in the iri-yer slecne-densay, thickness and maienial

infETation thmugh the eggzhetl Lyers.

Eggehall thisknaes bs pm (dean 2 SE)
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E nen
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fisee S
WGiF =
FifE 3. Coperi Spp. eppshell (hackness analysis beflire and afler noubation with
Liuurnima emcocepnnls artie racton LICTF

the AH effect. The AH effect ITDm tanmins is related to their ability
tn ce3te chemical bonds with structural proteins present in GIN
marphoiogy {Hoste g2 3k, 2012], which has 2150 been describet for
Mavor ghycosides against the GINs in raminands {Branet et al.,
3011 Kozan ee al, 2003} Soch Tesnits suggest that doe to the
similarity of bipchemicl structhuTe Detwesn tannins and flavonc
giyrosides (Kozan et al, 20137 3 similar or close medhanism af
action for both types of compounds could oocur. The present
research aiso CoNTribuLes b this tapic.

0n thi pther hand, ke is known about the AH effect of caffsic
acid and its mechanism of action against Cooperio spp. I nature,
Caffeic acid has various deTivatives such as caffeic acid phencenyl
#ster (CAPE], 2 hinactive polyphenol (Murza et 3, 2014), it pos-
sesses several hiokogical and pharmacological activities, sach as
antioxidant, anti-cancer and irﬂﬁ-m’l‘lmq‘ {HLIE.].E et al.,
3014 Uirih, 2015) Therefore, the sppliction of CAPE in the
pharmaceutical industry is increasing oue to its potential healtn
benents The AH properties of caffeic acid 2gainst GINS of ruminanss
hawe been scarcely stdier Vargas-Msgana et ai, (2014) reported
that Coffen orabicy extrart did not show any AH effect against
Haemancius contorius egy hatchings yet in the Latter study chem-
icall compounds were oot isalated To our knowiledge, tis is the
Arst TepoEt iMDdving CaTesc ackl as 3 potential AH against Coaperta
Spp., and below we discuss the possible co-parti cipationf synergism
of this chemic) compound on e egg hathing inhibitsn of Coope-
riz spp. Howewer, further investigation on the AH effect of c@feic
arid against fres-living stages of Cooparia spp. is suggested.

In tropical regions, plant biochemic) composition is uso-
alty much more comglex than that of temperate legume forages
{Akinso-Diax et al, H10) A combination of Cnoensed GEims,
hydrolysahle @annins, polyphenols, and other plant secondary
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metabatites such 25 Jlkaloids of s2ponins can be found in such
plants, making the wse of tese resources |ess stragntionward.
In the AH effect of these plants it is posible to And participa-
tian or co-participation af other phytodhemical classes present
in the active fractions. In fact, onfavorable interactions between
tanninsfpolypohenals and other unidentifed plant secondary
metaboiites an the &H effect (measured as inhibition of egg hatch-
ing af K. comtorfus) af plants has been proposed |[Vargas-Magana
£t al, 2084} An important Anding of this stody was the possi-
bie syneTgistic interaction observed between gueTcetin and caileic
ackd from L. leucocephaln on the egg hatching of Cooperio SPR.
Due to the slight change of scopaletin concentration in the mix-
fure aner the last purifcation process and the evident decrease
in AH activity, GUeTCetin and caffeic scid were cansidered the pri-
mary AH-like phytochemicals. When quercetin and caffeic acid
were B221% and 13.42% in the final raction, the egg hatchi

inhibition was highes than S0% and e Lxy was 006 mgmi-"
Yet, when the propartion of guercetin and cxfleic acid changed
fo 57X and 2.3%, respectively, the AH effect decreased to nearly
40% and e LCxp was 1.82mgmi-'. The syneTgistic interaction
observed bebween compoonds could be zssooiated in the firss
instance to geercetin traits of P-glycoprotein (Pgp) efMux media-
for (Mandery et al. 2010). P-giycoproteins are ABC transparters
participating in cell membranes a5 bamiers Jgainst corag penetra-
tian {¥u et 31, 2005 Although, the mechanism of plang extracts
in the inhibition of” GIN egg hatching has not been eluckdated,
the presence of PEE on the surface of nematode eggs has been
corroborated and strongly refated (o GIN anthefmintic resistance
[De Grael et al, 2013} Furthermare, recent investigations have
reparted guercelin =5 an enhancer of iVErmern effectivity when
CounieTacting Hesmonchs plocef resesiant sirains, and it has been
assaciated with the capacity to inhibit speacific grig evasian mech-
anisms {Heckier et al, J014) Secondly, @ffeic acid has been
reparted to inhibit proteolysis, lipolysis, and (0 suppress the 2chi-
wation of matrix metallo-proteinases (Raghavendra ef a1, 2007
Qiang, 201 1; Sullivan and Zeker, 2012); pathways and enEymes
knimwn to be either released or activated by the nematode embryo
prioe o hatching (Kowaleva et al. 2004: Rogers and Brooks, 19761
Throughaut this inwestigation, the embrionation process was not
inhibited, as B0.20 4 2 45X of the eggs failing to haich contained
fully developed Larvae (2. 4). This sugeests that the main AH effec
of the isolated piytochemiczls consisted of Bocking egg hatch-
ing, possibly by thickening the eggshel] and suppressing matrix
metalio-profeinases and other hatching-related enzymes (Molan
et al_ 2002} Yet, embryo mortality within the eggs might also
hawe been Ehe result of asphyxia andjor celiular foxicity associated
with the accumulation of metabalic prodocts {Brumet et 2., 2015
Wizston ef 2., 19845 Knowledge of specific interactions between
quercetin and caffeic acid {in different propoetions) on the AH effec
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g4 Coapero spp. ages chered uweg optical micrmsmpy (40 | fer & b of incuhation with Lrucoeny fscoorphals soryve facson C1F.
[A) EmErynnated egg witha Bving lrea fading o hatct (B C) Bmibryonated Cogperis spa. egg with 2 dead Line inside.

against egg hatching inhibition of Cooparin Spp. is required in arder
o kenow more about their possible interaction.

In this shdy, the uRtrastructoral damage to Cooperia spp. eges
afteT incubatian with the Anal [r3ction is presentad. Scnning elec-
a0 MiCToSCopy revealied Sewere structural damage to the extamal
surface of eggs incubated with the Anal fraction. According to
Trumet et al {201, thic kind of stochiral damags Mgt lesd
to the death of nematodes, Furthermoee, TEM mioographs of
Cuoperin spp. eggs revealed either thickening of thinning of the
tri-iayeTed eggshell, alt NOUgh Non-SigRifcant valoes were obeained
When caleniatad togeenar. Erzctunes and hath matsrial aperegation
and infltration, which might be the result of changes in mem-
trane permeahility, werne also evident. To our knawledge, there
a1e Mo FEpOCs of difect AH PIBOS of qUercetin and caffeic acids
an Iree-living stages of Coaperic spp. In 2 study using H. ot
s and Trichosrongyins colubriforms third-stage larvae as models,
frumet & 21 (2011) reported similsr witrstructheral damage b
parasites czused by S3nCin (Onolryoils wcfolln SCo00.) lannins.
Thizs, wee can suggest that the besions cansed by guercetin and
caffeic acids might be imvolved in Be possible AH Mechanism af
3Ction from L ieurncepial exiTaos on the cittle nematode Croperin
PR

5. Conclusions

The mixtare of quercetin and cafeic acids isolated from L ley-
cocephal lpaves has synergistic interactions, which enhanme AH
SCtiVity Sgainst {poperta spp. egg hatching. Erucststion of binactive
piytochemicals will help to develop novel AHS targeted o reduce
larval density in pasiures.
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9. ARTICULO 4

Anthelmintic effect of 2H-chromen-2-one isolated from
Gliricidia sepium leaves against Cooperia punctata.

von Son-de Fernex, Elke 2*; Alonso-Diaz, Miguel Angel a*- Valles-de la
Mora, Braulio 2; Mendoza-de Gives, Pedro P; Gonzéalez-Cortazar, Manases ©;
Zamilpa, Alejandro ©.
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INTRODUCTION

Gastrointestinal nematodes (GIN) represent one of the mayor constraints for animal welfare
and performance, causing important economic losses in the cattle industry (Stromberg et
al., 2012). For the past few years, GIN control has become a major problem because
anthelmintic resistance rapidly increases among herds worldwide (Becerra-Nava et al.,
2014; Bartley et al., 2012; Njue and Prichard, 2004). Cooperia species have been reported
as one of the most prevalent species worldwide (Fiel et al., 2012; Vlaminck et al., 2015);
being C. punctata the most pathogenic species of the genus, affecting cattle performance
(Stromberg et al., 2012). In recent years, both academic and commercial institutions have
joined efforts to form collaborations focused on anthelmintic drug discovery (Wolstenholme
and Martin, 2014).

The use of plants as medicinal sources has been reported since Claudius Galénus (AD 130-
200) developed the "galenical” drugs from vegetables (Waller et al., 2001). Currently, more
than 50,000 plants have been described possessing useful biological activity (Cordell,
2014). Moreover, it has been estimated that one-fourth of all prescribed drugs contain
compounds which are directly or indirectly derived from plants (Zhong, 2011); thus,
phytochemistry represents a suitable alternative for AH-like molecules screening.

Gliricidia sepium is tropical forage legume widely used in cattle production units as natural
fences and nutritional resource during dry seasons (Wood et al., 1998). Previous in vitro
evaluations have reported anthelmintic activity of G. sepium against GIN nematodes
associating the presence of tannins, flavonoids and lectins to its bioactivity (Kabore et al.,
2012; Rios-de Alvarez et al., 2012; von Son-de Fernex et al.,, 2012). A recent study
demonstrated that G. sepium crude extracts blocked the egg hatching of C. punctata,
however, polyphenols/tannins were not the main bioactive compounds suggesting the
possible involvement of other phytochemicals in the ovicidal activity (von Son de Fernex et
al., 2016). The proper identification of the bioactive(s) molecule(s) has not been completed
and it might help to understand the ongoing AH mechanism. The objectives of this
investigation were: (1) to perform a bio-guided fractionation of an acetonic extract of G.
sepium leaves using the egg hatch assay (EHA), (2) to elucidate the anthelmintic (AH)-like
phytochemical using nuclear magnetic resonance (NMR), and (3) assess the ultrastructural
damage of Cooperia punctata eggs exposed to the AH-like phytochemical.

2. MATERIALS AND METHODS
2.1. Plant material

Fresh leaves of G. sepium (1695 g) were harvested during February 2014 from an
experimental area located at the Centro de Ensefianza, Investigacion y Extension en
Ganaderia Tropical (Centre for Research, Teaching and Extension in Tropical Livestock) of
the Facultad de Medicina Veterinaria y Zootecnia (Faculty of Veterinary Medicine and
Zootechnia) of the Universidad Nacional Autonoma de México (National Autonomus
University of México), located in Martinez de la Torre (20°03" N y 93°03" O; 151 masl),
Veracruz, Mexico.

2.2. Extraction procedure
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Leaves of G. sepium were air-dried at 60° C for 72 h and were subsequently milled (Pulvex-
Plastic®) for smaller particles (4 - 6 mm). The powder (240 g) was placed in a flask and was
added 2 L of acetone (GR, Merck) to be macerated for 24 h at room temperature (23 °C).
The extract was filtered with filter paper (No. 4 Whatman), and concentrated by distillation
under reduced pressure in a rotary evaporator (58 ° C, R-3 Heidolph®, Germany). The
acetone extract obtained was re-suspended with 0.8 L of n-hexane to eliminate waxes and
chlorophyll. The precipitate (Fraction soluble in acetone, Fr-Acet) was lyophilized (Heto
Drywinner DW3®, USA) and stored at 5 ° C for later use.

2.3. Chromatographic purification of bioactive fraction

Fraction Fr-Acet (2.10 g) was subjected to a liquid-liquid fractionation using ethyl acetate
(1000 mL) and water (1000 mL) to obtain an organic fraction (GSB-EA) and aqueous fraction
(GS-Aqg). Both fractions were analyzed on the pharmacological model described in section
2.5.2. Fraction GSB-EA (1.80 g) was subjected to a silica gel 60 open chromatographic
column (5.4 g, 00-00 mesh, Merck) using as mobile phase a mixture of
dichloromethane/methanol gradient system. Samples of 10 mL were collected and grouped
according to their chemical similarity obtaining five final fractions: GSB1 (100:0, 320.4 mg);
GSB2 (90:10, 152 mg); GSB3 (80:20, 99.8 mg); GSB4 (50:50, 35.7 mg), and GSB5 (0:100,
77.7 mg). These fractions were biologically evaluated to choice the most active fraction. As
proposed by von Son-de Fernex et al. (2015), the EHA was used to perform the bio-guided
fractionation of G. sepium.

The most active fraction (GSB2, 152 mg) was rechromatographed in a silica gel open
column (452 mg, 70-230 mesh, MERCK). The mobile phase consisted on an n-hexane/ethyl
acetate gradient system (samples of 50 mL). This process was followed by thin layer
chromatography and fraction with similar chemical constituents were grouped in three final
fractions (GBS2A, 90:10 system, 25.9 mg; GBS2B, 80:20 system, 83.8 mg; GBS2C, 70:30
system, 32.6 mg). The fraction with highest AH-like activity (GSB2b) was analyzed by 'H
and "*C NMR showing the same spectra data the previously reported 2H-chromen-2-one.

2.5. Parasitological techniques.
2.5.1. Egg recovery.

Cooperia punctata eggs were obtained from a donor calve with a mono-specific infection
(isolate C. p. CEIEGT-FMVZ-UNAM strain, Mexico), which was housed indoors on concrete
floor, fed hay and commercial concentrate, and had free access to water (complying with
the Internal Committee for Care and Use of Experimental Animals of the National
Autonomous University of México [CICUAE-UNAM] regulations). Feces were collected daily
using harnesses and polyurethane collection bags, and samples were kept and processed
at an environmental temperature of 22.30 + 0.09 °C (Mean + SE). Egg recovery technique
was performed as described by von Son-de Fernex et al. (2015).

2.5.2. Egg hatch assay (EHA)

The EHA was performed according to Bizimenyera et al. (2006), using a 24-well culture
plate. Initial concentration of G. sepium Fr-Acet was 9.6 mg mL™", which was lowered through
fractionation to 1.1 mg mL"". For the final fraction obtained through isolation procedures (see
section 2.3), the same methodology was performed, although the concentrations employed
were: 1.1,5x107,25x 10", 1.25x 107, 6 x 102, 1 x 103, 1 x 10° mg mL"1 to obtain ECsqo.
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Dimethyl sulfoxide (DMSO) 2.5% was employed as a negative control. Four replicates were
run for each concentration, fraction and control. The plates were incubated at 28 °C for 48
h. A drop of Lugol’s iodine solution was added to each well to stop further hatching, and all
the unhatched eggs and larvae (death or alive) per well were counted (Coles et al., 1992).
Finally, the percentage of egg hatching inhibition was calculated.

2.6. Scanning Electron Microscopy (SEM)

A new set of EHA was performed for SEM analysis (sec 2.5.2). Two hundred C. punctata
eggs exposed to the fraction GSB2b at 1.1 mg mL™". Control eggs were incubated in DMSO
2.5 % during 2 hours in order to avoid embrionation or hatching. All samples were fixed in a
25 % glutaraldehyde solution and in a 0.1 M sodium cacodylate buffer, and post-fixed in a
2.5 % glutaraldehyde solution and 0.1 M Sorensen’s phosphate buffer solution (pH 7.2) for
24 h (Bozzola and Russell, 1992). After three consecutive washes with the Sorensen’s
phosphate buffer solution (0.1M), the samples were dehydrated in a graded ethanol series,
dried in a critical-point dryer (SANDRI-780A), and coated with gold for 5 min in an ionizer
(lon Sputter JFC-1100, Jeol, Fine Coat). Eggs were then observed with a scanning electron
microscope (TESCAN MIRA3 LM) at an accelerating voltage of 10 kV. Four micrographs
were obtained for each treatment and control, respectively.

2.7. Transmission Electron Microscopy (TEM)

For TEM analysis a new set of EHA were performed according to the technique previously
described (sec 2.5.2). Treated and control eggs were incubated as mentioned above (sec
2.6). Samples were fixed in a mixture of glutaraldehyde and paraformaldehyde at 2.5 % and
4%, respectively, and then diluted in a 0.1 M sodium cacodylate buffer. Afterwards, samples
were washed three times in a cacodylate buffer solution for 15 min, and post-fixed with
osmium tetroxide at 1% for one h. Samples were then dehydrated on increasing
concentrations of acetone, and preserved in polymerized epoxy resin at 60 °C for 24 h.
Finally, four ultrathin slices (150 nm) were placed on a microscope slide and stained with
toluidine blue and the eggs observed with a transmission electron microscope.

2.8. Statistical analysis

The percentage (%) of egg hatching inhibition was calculated using the formula: Inhibition
(%) =100 (1 - P:/ Pc). Where P is the number of eggs hatched in treatment group, and P. is
the respective numbers in DMSO control group (Bizimenyera et al., 2006). The egg hatching
rates obtained for each fraction were compared using a Kruskal-Wallis statistical test and
eggshell thickness was analyzed using an ANOVA test (STATGRAPHICS ® Centurion XVI
vs 16.1.18) Significant statistical differences were considered when P < 0.05.

To fit the dose-response data by non-linear regression, a four-parameter logistic equation
with a variable slope was used using the computer program GraphPad Prism ® V. 6.1. All
analyses were performed after transforming the data into their logarithms (X=I ogX) and
constraining the bottom value to 0%. The ECso values, the 95% confidence intervals and R?
values were calculated.
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[ll. RESULTS
3.1. Bio-guided fractionation of the acetonic extract of G. sepium leaves

The Bio-guided fractionation process was carried out in four steps, where 10 different
fractions were analyzed (Table 1). Through the third step of fractionation, the fractions GSB2
and GSB4 showed potent AH-like activity (100.00 £ 0.00 and 94.24 + 3.04, respectively);
however, fraction GSB2 was chosen for further purification as it had the capacity to fully
inhibit the embrionation within the egg, while GSB4 acted only as a blocking agent of C.
punctata hatching process.

3.1. Elucidation of the AH-like phytochemical present in the final fraction

Nuclear Magnetic Resonance (1H and C13) provided two chromatograms (Fig. 1 a,b) with
number and distance of both Hydrogen and Carbon atoms present in the bioactive molecule
(C10H6). Atoms position and coupling constants are shown in Table 2. The anthelmintic-
like phytochemical isolated from G. sepium, was identified as 2H-chromen-2-one.

3.2. Half maximal effective concentration (EC50) of 2H-chromen-2-one

At 1.1 mg mL-1 egg hatching was fully inhibited (Table 3). Furthermore, embrionation of C.
punctata eggs was also fully inhibited with the isolated Coumarin (Fig. 2). Half maximal
effective concentration (EC50) obtained for 2H-chromen-2-one was 0.024 + 0.074 mg mL-1
(Table 3). Dose-response curve is presented in figure 3.

3.4 Scanning Electron Microscopy (SEM)

Ultrastructure features of C. punctata eggs exposed and not exposed to 2H-chromen-2-one
were assessed through SEM (Fig. 4). Control eggs show a well-defined external layer with
slight content of debris attached, which is consistent with the external vitelline layer sticky
nature (Fig. 4 A). Eggs exposed to the 2H-chromen-2-one showed less debris attachment,
collapsed eggshell structure and multiple external fractures (Fig. 4 B-C).

3.5 Transmission Electron Microscopy (TEM)

Ultrathin cuts of C. punctata eggs showed multiple eggshell fractures involving the proteic
and chitin layers (Fig. 5). Furthermore, changes in the electrodensity and thickness of C.
punctata eggshell layers were also noticeable (Fig. 5 B). Statistical significant difference of
the eggshell thickness was observed between groups (Fig. 6; P < 0.05).
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DISCUSSION

Gliricidia sepium is a tropical forage legume widely used as a cattle-feeding resource and
for medicinal purposes (Rastrelli et al., 1999). Medicinal appliances of the legume have been
reporting bioactivities such as antioxidant, antimicrobial, anthelmintic, antifungal, and
insecticidal properties (Nazli et al., 2011; Sinha, 2013). Bio-guided fractionation performed
through this investigation identified the molecule 2H-chromen-2-one (chromone or
coumarin) as a potent dose-dependent inhibitor of C. punctata embrionation and egg
hatching. The presence of coumarin in multiple aerial parts of G. sepium has been reported
since 1946, when its rodenticide activity was firstly described (Standley and Steyermark,
1964). Further studies have stated the presence of at least four different coumarin
derivatives to be present in G. sepium leaves (Wood et al., 1998). Coumarin is a secondary
heterocyclic metabolite composed of fused benzene and pyrone rings, found in a wide range
of plant families and microorganisms (fungi and bacteria). In fact, the bioactivity of various
coumarin derivatives depends on the presence and position of hydroxyl groups. The
bioactive phytochemical isolated from G. sepium through this investigation represents the
simplest coumarin (2H-chromen-2-one); of which, to our knowledge, AH bioactivity has not
been reported. Coumarins described with AH activity are mainly Acylhydrazones and 3-
carbamoyl-4-hydroxycoumarins (Pubchem, NCBI).

Through this investigation C. punctata eggs incubated in G. sepium 2H-chromen-2-one,
were not just inhibited for hatching, but mainly for embryo development (Fig. 2). Such
findings are consistent with previous statements of both coumarin and coumarin derivatives
to be potential inhibitors of cellular proliferation (Lacy and O'Kennedy, 2004), and to
deregulate mitochondrial respiration by uncoupling oxidative phosphorylation and inhibiting
succinate oxidase (Du et al., 2011). Even more, Coumarins have been proved as potent
inhibitors of carbonic anhydrases (Balboni et al., 2012) which are metalloenzimes present
in nematode species including cattle trichostrongylids (DeRosa et al., 2008; Emameh et al.,
2014; Guzel et al., 2009), and are associated with membrane proteins of eggshells and to
interact with the juvenile hormone; which is responsible for nematodes early stages
development (Rogers, 1980). Furthermore, carbonic anhydrase inhibitors, have been
reported to alter cell membrane permeability and to affect the control of embryonic
development (Rogers, 1980). In addition, coumarin and its derivatives have been
characterized as Cytochrome P450 (CYP) inhibitors (Kleiner et al., 2003; Laing, 2010),
which is also present in multiple nematodes genera such as: Caenorhabditis elegans,
Haemonchus contortus and Cooperia oncophora (Benenati et al., 2009; Laing, 2010; van
der Veer et al., 2003). Cytochrome P450 has been related with eggshell lipid production,
meiosis and embryo polarization of C. elegans; and its depletion leads to embryonic lethality
associated to: i) osmotic imbalance, ii) incorrect execution of meiosis and iii) impaired
establishment of polarity (Benenati et al., 2009).

Although more studies are required to fully understand the ongoing ovicidal mechanism of
2H-chromen-2-one, optic microscopy allowed to observe that C. punctata larvae
development within the egg was fully inhibited. Benzimidazoles (BZD) have been described
as the anthelmintic group inhibiting trichostrongylid embrionation, and many hypothesis
have been proposed for its mechanism of action, including: i) inhibition of protein and
nucleotide synthesis, ii) inhibition of fumarate reductase, iii) inhibition of glucose uptake and
iv) inhibition of tubulin polymerization to form microtubules (Lacey et al., 1987). The
molecular size has also been associated to the mechanism of action, as ovicidal compounds
such as BZD should not be bigger than 400-500 Da to exert their activity inside the egg
(Vargas-Magana et al., 2014). On this matter, the 2H-chromen-2-one isolated throughout
this investigation has a molecular weight of 146.14 Da, which is very similar to BZDs 118.14
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Da (Pubchem-NCBI CID:323 and CID:5798, respectively). Moreover, trichostrongylid eggs
incubated in BZD have been reported with atypical blastomers formation, resulting in
abnormal cellular division and also a hatching-blockage associated to the transport inhibition
of substances crucial for the hatching process of nematodes (Lacey et al., 1987). Kirsch and
Schleich (1982) observed and characterized some morphological alteration of eggs exposed
to BZD such as Bubble-like/ or crater-like structures and knot-like shape of blastomers and
granular appearance; most of which are consistent with damages observed through this
investigation (Fig. 2). On the other hand, SEM micrograph set revealed both collapsed and
multi-fractured eggshells; which might be consistent with alterations of membrane
permeability. Finally, TEM analysis allowed the corroboration of most of the previous
observations. Furthermore, comparison of exposed and unexposed eggs revealed a
significant thickening of the eggshell tri-layer complex, with multiple fractures involving the
external and mid-layer. Damage observed is consistent with recent studies using SEM and
TEM, where when analyzing Cooperia spp., eggs exposed to a mixture of flavonoids isolated
from Leucaena leucocephala, direct alterations of eggshell permeability and thickness were
reported; however, embrionation was not affected (von Son-de Fernex et al., 2015).
Suggesting that depending on the nature of phytochemicals, those may act either as hatch-
blocking agents or ovicidal molecules. However, further in vitro assays targeting other
development stages of C. punctata and toxicity analysis are suggested for the better
understanding of 2H-chromen-2-one ongoing AH-like mechanism; and to determine the
safety of the isolated phytochemical prior to in vivo evaluations.

CONCLUSIONS

The coumarin (2H-chromen-2-one) isolated from G. sepium leaves has potent ovicidal
activity against C. punctata. After toxicity evaluations, 2H-chromen-2-one could be
suggested as a feasible novel AH-like phytochemical targeting GINs supra populations in
the field.

Conflict of interest statement

The authors of this manuscript have no financial or personal relationship with other people
or organizations that could inappropriately influence or bias the content of the paper.

Acknowledgements

Authors express their gratitude to DGAPA-UNAM for financing this work through Research
Project PAPIIT No. IN212613. The first author also acknowledges UNAM’s postgraduate
program: Doctorado en Ciencias de la Produccién y de la Salud Animal and the Mexican
National Council for Science and Technology (CONACyYT).

96



278

279
280
281
282

283
284
285

286
287
288

289
290
291
292

293
294
295
296

297
298
299

300
301
302
303

304
305

306
307
308

309
310
311

312
313
314

315
316
317

318
319

REFERENCES

Balboni, G., Congiu, C., Onnis, V., Maresca, A., Scozzafava, A., Winum, J.Y., Maietti, A.,
Supuran, C.T., 2012. Flavones and structurally related 4-chromenones inhibit carbonic
anhydrases by a different mechanism of action compared to coumarins. B Med Chem
Letters. 22, 3063-3066.

Bartley, D.J., McArthur, C.L., Devin, L.M., Sutra, J.F., Morrison, A.A., Lespine, A., Matthews,
J.B., 2012. Characterisation of macrocyclic lactone resistance in two field-derived isolates
of Cooperia oncophora. Vet Parasitol. 190, 454-460.

Becerra-Nava, R., Alonso-Diaz, M.A., Fernandez-Salas, A., Quiroz, R.H., 2014. First report
of cattle farms with gastrointestinal nematodes resistant to levamisole in Mexico. Vet
Parasitol. 204, 285-290.

Benenati, G., Penkov, S., Muller-Reichert, T., Entchev, E.V., Kurzchalia, T.V., 2009. Two
cytochrome P450s in Caenorhabditis elegans are essential for the organization of
eggshell, correct execution of meiosis and the polarization of embryo. Mech Dev. 126,
382-393.

Bizimenyera, E.S., Githiori, J.B., Eloff, J.N., Swan, G.E., 2006. In vitro activity of
Peltophorum africanum Sond. (Fabaceae) extracts on the egg hatching and larval
development of the parasitic nematode Trichostrongylus colubriformis. Vet Parasitol.
142, 336-343.

Bozzola, J.J., Russell, L.D., 1992. SCANNING ELECTRON MICROSCOPY OF INFECTIVE
LARVAE OF HAEMONCHUS CONTORTUS OF DOMESTIC RUMINANTS, in:
Biological Electron Microscopy. Jones and Bartlett Publishers, Inc, Sudbury, US, pp. 450.

Coles, G.C., Bauer, C., Borgsteede, F.H.M., Geerts, S., Klei, T.R., Taylor, M.A., Waller, P.J.,
1992. World Association for the Advancement of Veterinary Parasitology (W.A.A.V.P.)
methods for the detection of anthelmintic resistance in nematodes of veterinary
importance. Vet Parasitol. 44, 35-44.

Cordell, G.A., 2014. Phytochemistry and traditional medicine—The revolution continues.
Phytochem Lett. 10, xxviii-xI.

DeRosa, A.A., Chirgwin, S.R., Williams, J.C., Klei, T.R., 2008. Isolation and characterization
of a gene encoding carbonic anhydrase from Ostertagia ostertagi and quantitative
measurement of expression during in vivo exsheathment. Vet Parasitol. 154, 58-66.

Du, L., Mahdi, F., Jekabsons, M.B., Nagle, D.G., Zhou, Y.D., 2011. Natural and
semisynthetic mammea-type isoprenylated dihydroxycoumarins uncouple cellular
respiration. J Nat Prod. 74, 240-248.

Emameh, R.Z., Barker, H., Tolvanen, M.E.E., Ortutay, C., Parkkila, S., 2014. Bioinformatic
analysis of beta carbonic anhydrase sequences from protozoans and metazoans. Parasit
Vectors. 7, 1-12.

Fiel CA, Fernandez AS, Rodriguez EM, Fuse LA, Steffan PE. 2012. Observations on the
free-living stages of cattle gastrointestinal nematodes. Veterinary Parasitology, 187: 217-
26.

Guzel, O., Innocenti, A., Hall, R.A., Scozzafava, A., Muhlschlegel, F.A., Supuran, C.T., 2009.
Carbonic anhydrase inhibitors. The nematode alpha-carbonic anhydrase of

97



320
321

322
323
324
325

326
327

328
329
330

331
332
333

334
335
336

337
338

339
340

341
342
343

344
345
346
347

348
349
350

351
352
353

354
355

356
357

358
359
360

Caenorhabditis elegans CAH-4b is highly inhibited by 2-(hydrazinocarbonyl)-3-
substituted-phenyl-1H-indole-5-sulfonamides. B Med Chem. 17, 3212-3215.

Kabore, A., Traore, A., Nignan, M., Gnanda, B.l., Bamogo, V., Tamboura, H.H., Bele,
M.A.M.G., 2012. In vitro anthelmintic activity of Leuceana leucocephala (Lam.) De Wit.
(Mimosaceae) and Giliricidia sepium (Jacq.) Kunth ex Steud (Fabaceae) leave extracts
on Haemonchus contortus ova and larvae. J Chem Pharma Res. 4, 303-309.

Kirsch, R., Schleich, H., 1982. Morphological changes in trichostrongylid eggs after
treatment with fenbendazole. Vet Parasitol. 11, 375-380.

Kleiner, H.E., Reed, M.J., DiGiovanni, J., 2003. Naturally occurring coumarins inhibit human
cytochromes P450 and block benzo[a]pyrene and 7,12-dimethylbenz[a]anthracene DNA
adduct formation in MCF-7 cells. Chem Res Toxicol. 16, 415-422.

Lacey, E., Brady, L.R., Prichard, R.K., Watson, T.R., 1987. Comparison of inhibition of
polymerisation of mammalian tubulin and helminth ovicidal activity by benzimidazole
carbamates. Vet Parasitol. 23, 106-119.

Lacy, A., O'Kennedy, R., 2004. Studies on Coumarins and Coumarin-Related Compounds
to Determine their Therapeutic Role in the Treatment of Cancer. Curr Pharm Des. 10,
3797-3811.

Laing, R., 2010. The cytochrome P450 family in the parasitic nematode Haemonchus
contortus. University of Glasgow, http://theses.gla.ac.uk/2355/.

Nazli, R., Sohail, T., Nawab, B., Yageen, Z., 2011. ANTIMICROBIAL PROPERTY OF
GLIRICIDIA SEPIUM PLANT EXTRACT. Pakistan J Agric Res. 24.

Njue, A.l, Prichard, R.K., 2004. Genetic variability of glutamate-gated chloride channel
genes in ivermectin-susceptible and -resistant strains of Cooperia oncophora. Parasitol.
129, 741-751.

Rastrelli, L., Caceres, A., De Simone, F., Aquino, R., 1999. Studies on the Constituents of
Gliricidia sepium (Leguminosae) Leaves and Roots: Isolation and Structure Elucidation
of New Triterpenoid Saponins and Aromatic Compounds. J Agric Food Chem. 47,
1537-1540.

Rios-de Alvarez, L., Jackson, F., Greer, A., Bartley, Y., Bartley, D.J., Grant, G., Huntley,
J.F., 2012. In vitro screening of plant lectins and tropical plant extracts for anthelmintic
properties. Vet Parasitol. 186, 390-398.

Rogers, W.P., 1980. The action of insect juvenile hormone on the hatching of eggs of the
nematode, haemonchus contortus, and its role in the development of infective and non-
infective stages. Comp Biochem Physiol. 66, 631-635.

Sinha, S.N., 2013. PHYTOCHEMICAL PROFILES AND ANTIOXIDANT ACTIVITIES OF
THE LEAF EXTRACTS OF GLIRICIDIA SEPIUM. Int J Innov Bio-Sci. 3, 87-91.

Standley, P.C., Steyermark, J.A., 1964. Flora of Guatemala: Leguminosae. Fieldiana Bot.
24, 264-266.

Stromberg, B.E., Gasbarre, L.C., Waite, A., Bechtol, D.T., Brown, M.S., Robinson, N.A.,
Olson, E.J., Newcomb, H., 2012. Cooperia punctata: effect on cattle productivity? Vet
Parasitol. 183, 284-291.

98



361
362
363
364

365
366
367
368

369
370
371
372

373
374
375
376
377
378
379
380
381
382

383
384
385
386

387
388

389
390
391

392
393

394
395
396

van der Veer, M., Kanobana, K., Ploeger, HW., de Vries, E., 2003. Cytochrome oxidase c
subunit 1 polymorphisms show significant differences in distribution between a laboratory
maintained population and a field isolate of Cooperia oncophora. Vet Parasitol. 116, 231-
238.

Vargas-Magana, J.J., Torres-Acosta, J.F., Aguilar-Caballero, A.J., Sandoval-Castro, C.A.,
Hoste, H., Chan-Perez, J.I., 2014. Anthelmintic activity of acetone-water extracts against
Haemonchus contortus eggs: Interactions between tannins and other plant secondary
compounds. Vet Parasitol. 206, 322-327.

Vlaminck, J., Borloo, J., Vercruysse, J., Geldhof, P., Claerebout, E. 2015. Vaccination of
calves against Cooperia oncophora with a double-domain activation-associated secreted
protein reduces parasite egg output and pasture contamination. International Journal of
Parasitology 45 (4), 209-13.

von Son-de Fernex E, Alonso-Diaz MA, Mendoza de Gives P, Valles-de la Mora B,
Gonzélez-Cortazar, M, Zamilpa A, Castillo-Gallegos, E. Elucidation of Leucaena
leucocephala anthelmintic-like phytochemicals and the ultrastructural damage generated
to eggs of Cooperia spp. Veterinary Parasitology 2015; 214:89-95.

von Son-de Fernex E, Alonso-Diaz MA, Mendoza de Gives P, Valles-de la Mora B, Zamilpa
A, Gonzalez-Cortazar, M. Ovicidal activity of extracts from four plant species against the
cattle nematode Cooperia punctata. Veterinaria México OA 2016;3(2):1-14.

von Son-de Fernex, E., Alonso-Diaz, M.A., Valles-de la Mora, B., Capetillo-Leal, C.M., 2012.
In vitro anthelmintic activity of five tropical legumes on the exsheathment and motility of
Haemonchus contortus infective larvae. Exp Parasitol. 131, 413-418.

Waller, P.J., Bernes, G., Thamsborg, S.M., Sukura, A., Richter, S.H., Ingebrigtsen, K.,
Hbéglund, J., 2001. Plants as De-Worming Agents of Livestock in the Nordic Countries:
Historical Perspective, Popular Beliefs and Prospects for the Future. Acta Vet Scand. 42,
31-44.

Wolstenholme, A.J., Martin, R.J., 2014. Anthelmintics - from discovery to resistance. Int J
Parasitol Drugs Drug Resist. 4, 218-219.

Wood, C.D., Stewart, J.L., Vargas, J.E., 1998. Genetic variation in the nutritive value of
Gliricidia sepium. 2. Leaf chemical composition and fermentability by an in vitro gas
production technique. Anim F Sci Technol. 75, 125-143.

Zhong, J.J., 2011. Small molecules. Plant Secondary Metabolites. Murray Moo-Young (ed.),
Comprehensive Biotechnology, Second edition, vol. 3, 299-308.

99



397
398
399

400
401
402
403
404
405
406
407

408
409

410
411
412

413
414

415
416
417
418
419

420
421
422

423
424
425
426
427
428
429

430
431
432

433

Figures

Figure 1 a-b. Proton and Cabron chromatograms.

Figure 2. Cooperia punctata eggs observed using optical microscopy (40X) after 48 h of
incubation with 2H-chromen-2-one.

A. Apparent disruption of eggshell continuity and lack of embrionation; B.
Blastomers with Bubble / crater-like structures; C. knot-like shape of blastomers.

Figure 3. Dose-response curve of 2H-chromen-2-one against C. punctata egg hatching.

Figure 4. Cooperia punctata eggs observed using scanning electron microscopy, before
and after 48 h of incubation with 2H-chromen-2-one.

A. External layer of unexposed egg; B. Collapsed egg structure; C. Eggshell
fractures.

Figure 5. Cooperia punctata eggs observed using transmission electron microscopy, before
and after 48 h of incubation with 2H-chromen-2-one.

A. Eggshell tri-layer complex of unexposed egg; B. Cooperia punctata eggs
incubated in 2H-chromen-2-one with evident changes in the tri-layer electro-
density; C. Disruption of eggshell continuity involving proteic and chitin layers.

Figure 6. Cooperia punctata eggshell thickness analysis before and after incubation with
2H-chromen-2-one.

Tables

Table 1. Egg hatching inhibition values obtained from bio-guided fractioning (Mean + SE).

Table 2. 'H and *C NMR data (300 and 75 MHz) of 2H-chromen-2-one in CDCls.

Table 3. Half maximal effective concentration (ECso), 95 % confidence intervals (Cl) and
correlation coefficients (R-square) obtained after 48h incubation of C. punctata
eggs in 2H-chromen-2-one (mg mL™).
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Figure 5. Cooperia punctata eggs observed using transmission electron microscopy,
before and after 48 h of incubation with 2H-chromen-2-one.

A.

Eggshell tri-layer complex of unexposed egg; B. Cooperia punctata eggs incubated in 2H-
chromen-2-one with evident changes in the tri-layer electro-density; C. Disruption of eggshell
continuity involving proteic and chitin layers.

Figure 6. Cooperia punctata eggshell thickness analysis before and after incubation with
2H-chromen-2-one.
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Table 1. Egg hatching inhibition values obtained from bio-guided fractioning (Mean + SE).

Fractionation

steps Fraction tested Egg hatching inhibition (%)
1 G. sepium acetonic extract 100.00 £ 0.00 @
] Bipartition (9.6 mg mL™")
5 GSA’-Aq, aqueous 5.98 £+3.532
GSB’-AcoET, organic 100.00 + 0.00 P
| First chromatographic column (1.1 mg mL™)
GSB1 3.57+296 2
GSB2 100.00 + 0.00 P
3 GSB3 59.84 +2.13°¢
GSB4 94.24 +3.04 °
GSB5 -1.11+0452
Second chromatographic column (1.1 mg mL")
GSB2a 36.44+2.792
4 GSB2b 100.00 +0.00 P
GSB2c 17.35+2.69°¢

Different letters within each fractionation step represent statistically significant differences P < 0.05.

Table 2. 'H and *C NMR data (300 and 75 MHz) of 2H-chromen-2-one in CDCls.

Position Sc Sy
2 160.7 --
3 116.6 6.42 (d, J=9.6 Hz)
4 143.4 7.72 (d, J=9.6 Hz)
5 127.8 7.55 (dd, J= 1.5, 8.6 Hz)
6 124.4 7.31 (ddd, J= 1.1, 8.5, 8.5 Hz)
7 131.8 7.51 (ddd, J= 1.3, 8.6, 8,6 Hz)
8 116.8 7.29 (dd, J= 1.1, 8.8 Hz)
9 154.04 --
10 118.8 --

Table 3. Half maximal effective concentration (ECso), 95 % confidence intervals (Cl) and
correlation coefficients (R-square) of 2H-chromen-2-one against C. punctata egg hatching
(mg mL").

Molecule 95 % CI Limits R square
ECso Std. Error Lower Upper g

2H-chromen-2-one 0.0247 0.074 0.01522 0.04021 0.9466
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ABSTRACT

The use of bioactive plants has been suggested as an alternative for the
control of gastrointestinal nematodes. Recent in vitro studies have
demonstrated the anthelmintic (AH) effect of Gliricidia sepium extracts
against cattle nematodes. This study aimed to: 1) assess the anthelmintic
effect of G. sepium on the establishment of Cooperia punctata third-stage
larvae in calves, 2) assess morphological features of established worms.
Twelve % Holstein x Zebu calves were divided in two experimental groups:
control and freatment (T1 and T2; n=6). The 17-day trial was divided in three
periods: i) adaptation (7-d), ii) experimental (6-d), and iii) post-treatment (4-
d). After adaptation, each calf was infected with an oral dose of 400 C.
punctata Lz / Kg LW. During the trial, the basal diet consisted of Digitaria
decumbens hay (6.27 % CP) and commercial concentrate (12 % CP). In
addition, during the experimental period T2 received fresh G. sepium leaves
(26.88 % CP) ad libitum, while T1 remained on the basal diet with the amount
of concentrate adjusted to obtain isoproteic diets. Six calves were randomly
selected for slaughter 9-d post-infection, and worm counts and
measurements were performed. Larval establishment rates were: 13.44 *
0.13% and 3.1 £ 1.42% for T1 and T2, respectively (P < 0.05). The reduction of
larval establishment was 76.9%. Differences were found for dry matter intake
and worm length (P < 0.05). Results confirm that the ingestion of G. sepium
leaves reduced larval establishment of C. punctata in cattle.

. INTRODUCTION

The alarming emergence of anthelmintic resistance (AR) in gastrointestinal
nematodes (GIN) represents a continuous threat to cattle production units
worldwide. The use of bioactive plants (BP) has been suggested as an
alternative to reduce the dependence of chemoprophylaxis in small
ruminants (Martinez-Ortiz-de-Montellano et al., 2010) due to their potential to
inhibit larvae establishment, development and to affect adult fertility of GIN
(Brunet et al., 2008; Martinez-Ortiz-de-Montellano et al., 2010). Thus, and
despite of the social and economic importance of the cattle industry, there
are scarce reports of the possible benefits of implementing the use of
bioactive plants for GIN control. Recent in vitro studies have demonstrated
the anthelmintic effect of BP against the cattle nematodes Cooperia
oncophora and Ostertagia ostertagi (Novobilsky et al., 2011). Furthermore,
Cooperia spp., represents one of the gastrointestinal nematode with highest
prevalence and resistant features in cattle (Bartley et al., 2012; Becerra-Nava
et al., 2014; Stromberg et al., 2012). On the other hand, Cooperia punctata
has been found to induce important production losses associated to a
significant decrease of: i) dry matter intake, i) nutrient uptake and iii) weight
gain (Li and Gasbarre, 2009; Stromberg et al., 2012); highlighting the urge of
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novel control strategies to be both developed and implemented. The
possible implementation of BP as an alternative to control gastrointestinal
nematodes in ruminants might be restricted by the consumption of the
feedstuff offered to animals. Gliricidia sepium is a tropical legume with a
worldwide distribution; which is commonly used as natural fence or feedstuff
for small ruminants. Furthermore, in vifro studies have reported an
anthelmintic-like effect of leaves exiracts; affecting the hatching,
exsheathment and motfility of either H. contortus or C. punctata (von Son-de
Fernex et al., 2012). Therefore, G. sepium has been considered a suitable
prototype to assess its potential to reduce larval establishment of C. punctata
in calves. The objectives of this study were to: 1) assess the anthelmintic effect
of G. sepium on the establishment of C. punctata third-stage larvae in calves,
and 2) assess morphological features of established wormes.

Il. MATERIALS AND METHODS
2.1. Plants

Fresh daily harvested leaves of G. sepium were used in the experiment. The
material was harvested on daily basis during the trial, from an experimental
area located at the Cenfro de Ensenanza, Investigacion y Extension en
Ganaderia Tropical (Cenfre for Research, Teaching and Extension in Tropical
Livestock) of the Facultad de Medicina Veterinaria y Zootecnia (Faculty of
Veterinary Medicine and Zootechnia) of the Universidad Nacional
Autoénoma de México (National Autonomus Univesity of México) located in
Martinez de la Torre (20°03° Ny 93°03” O; 151 msnm), Veracruz, Mexico.

2.2. Infective larvae

Cooperia punctata third-stage larvae (Ls) were obtained after culturing
feces from a donor calve with a mono-specific infection (isolate C. p. Fernex-
MEX), which was housed indoors on concrete floor, fed hay and commercial
concentrate, and had free access to water (complying with the Internal
Committee for Care and Use of Experimental Animals of the National
Autonomous University of México [CICUAE-UNAM] regulations).

2.3. Experimental design and diets.

Twelve, 10.08 £ 0.08 month-old (Mean % S.E.), nematode free calves were
involved in the study. They were divided in two experimental groups (n=6),
balanced according to body weight T1 (control): 166.17 + 5.09 kg and T2
(tfreatment): 167.33£7.03 (Mean £ S.E.). Animals were treated with levamisole
(8.5 mg/kg live weight, 14 days prior infection); furthermore, animals were
also drenched with oral Benzimidazole (15 mg/kg PV live weight) before
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being placed on individual concrete floor pens to avoid further natural
nematode infection (10 days prior infection). Animal feces were analyzed
with McMaster technique (Reynaud, 1970) daily for 10 days prior to the
arfificial infection, to corroborate the free GIN status. The calves were fed
daily with 500 grams of commercial concentrate (12% CP) and had free
access to water and Digitaria decumbens hay (6.27% CP). The frial lasted for
17 days and was divided in three successive periods: 1) 7-day adaptation
period to the diet (D-7 to D-1), ll) a é6-day experimental period (DO to D5), and
lIl) 4-day post treatment period (Dé to D?). Day-0 corresponded to the day
when the twelve calves were experimentally infected with 400 Ls/kg BW of C.
punctata. Six calves were humanely slaughtered 9 days after infection (D?)
complying with the Infernal Committee for the Care and Use of Experimental
Animals of the National Autonomous University of Mexico (CICUAE-UNAM)
regulations. During the 17-day trial, the basal diet consisted of Digitaria
decumbens hay (6.27 % CP; ad libitum) and commercial concentrate (12 %
CP; 500 g). In addition, during the experimental period (D0-D5) T2 received
every morning, and for six hours (08:00 to 14:00 h) fresh leaves of Gliricidia
sepium (26.88 % CP; ad libitum), while T1 remained on the basal diet with the
amount of concentrate individually adjusted to obtain isoproteic fares
between the experimental diets.

2.4. Plant analysis

During the experimental period (DO to D5), samples of G. sepium fresh leaves
and D. decumbens hay were collected daily and were individually oven
dried at 50°C for 72 h. Pool samples of either G. sepium or D. decumbens
were obtained respectively by mixing the same proportion of the six daily
dried samples. Samples were kept in airtight containers until analyses. Dry
matter (DM), ash (AS), crude protein (CP) and total fiber (TF) were
determined, according to the AOAC procedures (1980).

2.6. Measurements of the plant consumption

Animals were fed on individual concrete troughs. Both, offer and refusal were
measured daily in order to estimate the intake of fresh leaves of G. sepium
and D. decumbens hay.

2.7. Parasitological techniques

2.7.1. Worm recovery and morphological analysis procedures
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On D9, complying with the Internal Committee for the Care and Use of
Experimental Animals of the National Autonomous University of Mexico
(CICUAE-UNAM) regulations; six calves were humanely slaughtered and the
first 6 m of the small intestine were immediately recovered. The intestines were
opened and washed in order to recover the worms present in the luminal
contents. Contents were washed with pre-heated water through 1000 and
149 um mesh sieves, and stored in a 10% formalin solution until analyses. The
total number of larvae present in the luminal contents were estimated using
the 10% aliquot technique (Martinez-Ortiz-de-Montellano et al., 2007). For
each animal 20 non-damaged worms were recovered from the intestinal
washings and transferred to individual peftri dishes with distiled water.
Measurements were performed manually using a micrometer slide through
optic microscopy.

2.7. Statistical analysis

Daily consumption of dry matter and worm total length were analyzed
through a one-way analysis of variance (STATGRAPHICS, Centurion XVI
version 16.1.18). Differences in the worm counts between groups were
obtained through a Kruskal-Wallis test (STATGRAPHICS, Centurion XVI version
16.1.18). The rates of larval establishment were calculated according to the
following formula: 100*(1-Li/Li), where L; represents the total number of worms
recovered and L, represents the total number of Lz used for infection.
Reduction of larval establishment was calculated using the formula: 100*(1-
Et/Ec) where Etrepresents the establishment obtained in the treatment group,
and Ec represents the establishment obtained for the control group.

lll. RESULTS
3.1. Plant analysis

The chemical composition of both G. sepium and D. decumbens are
presented in Table 1.

3.2. Gliricidia sepium leaves and D. decumbens hay daily intake.

Dry matter (DM) intake between treatments was statistically significant
through both adaptation and experimental periods (P < 0.05). Moreover,
differences between the periods of T2 were also observed (P < 0.05),
presenting a higher DM intake in percentage of body weight (DM % BW)
throughout the adaptation period (data presented in Table 2). According to
the chemical analyses and DM ingestion, the daily protein intake was of
415.59 £ 7.39 g/d and 481.9 + 60.52 g/d, for T1 and T2 respectively (P > 0.05;
Figure 1). The inclusion of G. sepium on regards of the total diet for T2 was of
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26.64 £ 3.59 % (Mean * S.E.), with an average voluntary intake of 0.62 + 0.14
DM % BW.

3.3. Worm counts, larvae measurements and establishment rates

A significant decrease in C. punctata (Ls) establishment was observed
between groups (P <0.05; Table 3; Figure 2). The percentage of establishment
reduction obtained through the frial was of 76.9 %. Total length of fourth stage
recovered were 2.43 £ 0.1 mm and 1.66 + 0.05 mm, for control and tfreatment
respectively (P < 0.05); while young adults measured 6.58 + 0.29 mm and 5.3
*+0.26 mm for T1 and T2 respectively (P < 0.05; Figure 3).

4. DISCUSSION

The future implementation of bioactive plants as an alternative to conftrol
gastrointestinal nematodes in ruminants might be restricted by the
consumption of the feedstuff offered to animals; as most bioactive plants
have high contents of plant secondary metabolites which might restrain
ingestion of cattle mainly due to astringency or rumen distention (Frutos et
al., 2004). Condensed tannins are known for their anthelmintic activity in a
threshold of 3-5 % in the diet (Hoste et al., 2012); though, recent reports state
a concenftration of 6.1 % - 8.3 % to achieve an anthelmintic activity towards
GIN of small ruminants (Werne et al., 2013). However, concentrations higher
than 5 % adversely affect both DM intake and digestibility, and might also be
toxic (Hoste et al., 2006; Rogosic et al., 2008). Furthermore, opposite to small
ruminants which have higher diet selectivity and other physiological
mechanisms such as proline-rich proteins in their saliva (Alonso-Diaz et al.,
2010), cattle cannot successfully withstand the anti-nutritional properties of
CT; therefore, it could be a limiting issue for the use of bioactive plants with
anthelmintic properties in large ruminants.

Previous trials have reported G. sepium as a nutritional alternative to
compensate the deficit of both quantity and quality of native forages in the
tropics (Tesorero and Combellas, 2003); and mean consumptions of 1.3 DM
kg /day for crossbreed calves have been reported (Abdulrazak et al., 1997).
Furthermore, G. sepium has been characterized as a tropical legume with
traces of tannin contents (< 1 %) (Balogun et al., 1998), which might explain
the high acceptance observed when offered to cattle in nutritional frials.
Through the ftrial, differences in DM intake between groups were observed
within both adaptation and the experimental period. However, the treated
group revealed differences of DM intake between periods, with a significant
decrease of DM intake in the experimental period (P < 0.05); which might be
consistent with Smith and van Houtert (1987) who suggested that, when
consumed, G. sepium distends the rumen, reducing intake of basal diet.
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Nevertheless, and despite the decrease of DM intake, a high acceptance of
G. sepium was observed throughout the six-day experimental period (1.04 +
0.2 DM kg / day).

Throughout this investigation, the establishment rate obtained in the conftrol
group (13.44 + 0.13 %) was similar to the establishment rates reported by Li
and Gasbarre (2009), who recovered 10.67 % of C. oncophora 7 days after
infection. Furthermore, Sauerman (2014) reported that the establishment rate
of C. oncophora in animals with prior exposure to the nematode was less
than 20%. Conversely, in animals fed with fresh leaves of G. sepium the mean
establishment rate was 3.1 £ 1.42 %; which represents an establishment
reduction of 76.9 %. To our knowledge, no studies are available for
comparison; as most have been performed using small ruminants and were
feed with tanniniferous plants. Brunet et al., (2008) reports that the use of
tanniniferous plants led to a 70.99 % reduction in the establishment of H.
contortus and T. colubriformis larvae in small ruminants; and the AH-like
activity has been directly associated to the capacity of tannins to create
bonds with some nematodes structural features (Hoste et al., 2012). To our
knowledge, this is the first report of a non-tanniniferous plant reducing larval
establishment of GIN in calves; suggesting the participation of other AH-like
phytochemicals. Characteristics which might fulfill the goal of bioactive
plants incorporation in grazing cattle, which is the prevention of severe GIN
infections that might compromise animal performance and welfare; by
lowering down both dynamics and rates of infection through their
consumption.

The anthelmintic activity observed with G. sepium consumption through this
investigation, might be directly related to its capacity to inhibit infective
larvae exsheathment process (von Son-de Fernex et al., 2012); which
represents the most critical time-framing process for the establishment of GIN
within the host (Hertzberg et al., 2003). Furthermore, the total length of worms
recovered were also different between groups (p<0.05), advising that the AH
effect might not be only restricted to the exsheathment blocking, but could
also be targeting larval development. Belief that might be consistent with
prior in vitro and in vivo reports of plants rich in secondary metabolites
simultaneously affecting multiple key biological stages of GIN such as: i) egg
hatching, ii) development, iii) feeding, iv) migration, v) exsheathment, vi)
adult motility, and vii) fecundity (Hoste et al., 2012).

CONCLUSIONS

The consumption of Gliricidia sepium fresh leaves reduces C. punctata
establishment in calves.
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Table 1. Chemical composition of the feedstuff (G. sepium and D. decumbens)
offered to the calves during the trial (g/100g).

Diet Material O/R DM CP EE As CF NFE
O 9777 571 640 784 3531 44.54

C‘(’qu)ro' Dd R 9843 600 523 1194 3562 4121
o4 O 972 502 668 7.65 3129 4936

reatment R 9806 557 456 1202 38.17 39.68
2) e O 2326 2761 928 811 1524 3976
R 3512 2452 9.46 824 1598 41.80

*Dd: Digitaria decumbens; Gs: Gliricidia sepium; O: feedstuff offered; R: feedstuff rejected;
DM: Dry matter; CP: Crude proten; EE: Ethereous exiract; As: Ashes; CF: Crude fiber and
NFE: nitrogen free elements.

Table 2. Dry Matter (DM) intake during the adaptation and experimental periods,
presented as percentage of live weight (% LW; Mean * SE).

Dry matter intake (% LW)

Adaptation-period Experimental-period
Control (1) 2.78 £0.03 Aa@ 2.86 £ 0.11Aa
Treatment (T2) 2.59 +£0.05 Ba 2.24+0.25¢80

*Different capital letter in the same column represents statistically significant differences
between treatments (P < 0.05).

*Different small letter in the same row represents statistically significant differences between
periods (P < 0.05)

Table 3. Cooperia punctata third-stage infective larvae used for artificial infection
(400 Ls / kg LW) and fourth-stage / young adults recovered from intestinal contents.

Larval establishment of Cooperia punctata

Animal-ID Inocula Recovered
A3 58,800 7.750
Control (T1) A4 63,800 8,980
Ab 66,400 8,680
Bl 65,400 2,270
Treatment (T2) B3 78,000 510
B4 58, 200 3,550

Inocula were individually calculated according to live weight
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11. DISCUSION GENERAL

La evaluacion AH de plantas bioactivas sobre el control de NGI, surge como una
alternativa para mitigar el impacto econdmico y de salud animal en las UPAs. Para
implementar una estrategia eficiente de control de NGI, se necesita informacion
epidemioldgica de los NGl en la regién de estudio (Hoste et al., 2015). Este trabajo
se desarrolld fomando como base la informacién epidemioldgica en animales
sacrificados enrastro y en animales infectados artificialmente con NGI, en el trépico
humedo de Veracruz. En rastro, se encontrd que el nematodo abomasal de mayor
prevalencia fue Mecistocirrus digitatus (von Son-de Fernex et al., 2014) y en becerros
menores a un ano, infectados naturalmente con NGI fue el pardsito infestinal
Cooperia punctata. También se observd, que la prevalencia de C. punctata fue
mayor a través del ano en UPBs de la regidon. Mecistocirrus digitatus es un pardsito
abomasal que no habia sido reportado desde hace 30 anos en México; vy los
hallazgos en rastro a partir de éste trabajo de investigacion demuestran que es un
pardsito hematdfago que afecta al ganado adulto y cuyas lesiones al ser similares
a las generadas por la hemonchosis pudiesen tener un impacto directo en el
desempeno animal. La obtencién de datos epidemioldgicos sobre la prevalencia
y distribucién de los NGI en una regidn determinada permite el diseno e
implementacion delos métodos de control mds apropiados. A diferencia de ofros
géneros de NGI, M. digitatus ha sido reportado en infecciones accidentales en
humanos, lo cual pudiese representar un problema de salud publica (Tantaledn y
Sdnchez, 2007).

Se selecciond a C. punctata como modelo de estudio debido a que fue el pardsito
gue se pudo reproducir exitosamente en infecciones monoespecificas. Ademds,
C. punctata se ha reportado como un nematodo que causa importantes pérdidas
a la ganaderia bovina en el frépico y actualmente ha mostrado dificultades para
su confrol mediante estrategias convencionales. Por otro lado, M. digitatus a
diferencia de oftros trichostrongylidos presenta un periodo de establecimiento que

va de 28 a 45 dias (Fernando, 1965), situacion que dificulta la evaluacion del efecto
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anfinelminfico directo de plantas sobre el establecimiento parasitario en una
infeccidon combinada con C. punctata, ya que éste Ultimo se establece entre los
dias 7 y 12 post-infeccién (Stewart, 1954). Investigaciones previas recomiendan que
para la validaciéon del efecto antihelmintico directo de plantas bioactivas, el diseno
experimental debe considerar periodos cortos de evaluacion para evitar la posible
co-participaciéon del sistema inmunoldgico en el efecto AH, y con ello la obtencidn
de conclusiones errdneas (Hoste et al.,, 2015). Finalmente, y con base en las
recomendaciones propuestas por Vercoe et al. (2010), la seleccion de las plantas
utilizadas en las evaluaciones in vitro de éste trabajo de investigacion, fueron
consideradas con base en su potencial bioactivo, consumo voluntario vy
palatabilidad (Alonso-Diaz et al., 2008; Gonzdlez-Arcia et al., 2012; Igbal et al., 2010;

Juma et al., 2006; von Son-de Fernex et al., 2012).

Evaluacion in vitro de cinco leguminosas tropicales (Leucaena leucocephala,
Gliricidia sepium, Cratylia argentea, Guazuma uvlmifolia y Azadirachta indica) sobre
la inhibicion del desenvaine larvario y la inhibiciéon de la eclosion de huevos de

Cooperia punctata.

La evaluacion del efecto AH in vitro es una herramienta rdpida y de bajo costo que
permite valorar la actividad de multiples extractos contra diferentes fases del ciclo
bioldgico de uno o mas NGI. Es este estudio se evaluo el efecto AH de exiractos de
plantas leguminosas que se utilizan para la nutricion y/o para el control de pardsitos
del ganado bovino en el trépico. Se seleccionaron bioensayos que permitieron
evaluar el efecto AH sobre una fase de vida libre (huevos) y sobre la fase de
transicion parasitaria (larvas infectantes) de Cooperia spp. El huevo de los NGl se
considera la fase bioldgica de mayor resistencia a los antihelminticos (Bird and Bird,
1991), mientras que la larva infectante no solo representa a la fase bioldgica mds
longeva sino que al enconfrarse expuesta por largos periodos de tiempo al
medioambiente, también posee adaptaciones estructurales que les confiere un
mayor grado de resistencia (Hoste et al., 2012). En ambos casos, las adaptaciones

morfolégicas y fisioldgicas de resistencia que poseen representan un blanco
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prometedor para el desarrollo de nuevas alternativas de control orientadas tanto
a la reduccion de la poblacidén larvaria en los potreros como a la disminucion en el
establecimiento parasitario dentro del hospedero (Hoste et al., 2012). Los resultados
de este estudio permitieron determinar el potencial AH de las plantas, el método
de extraccion mds eficiente para el andlisis de la actividad AH, y el grupo de MS
responsables del efecto AH contra Cooperia spp. Sin embargo, y tal como se
programo en el protocolo de investigacion, fue necesario profundizar en las plantas
con mayor actividad AH, sobre el conocimiento de la(s) molécula(s) quimica(s) y/o
sus posibles interacciones involucradas en el efecto AH asi como el posible

mecanismo de accidn sobre los pardsitos.

Fraccionamiento biodirigido de las leguminosas tropicales que mostraron mayor

actividad antihelmintica in vitro

En esta fase se realizd el fraccionamiento biodirigido de los extractos bioactivos,
con el objetivo de aislar y determinar la(s) estructura(s) quimica(s) de los MS y/o sus
interacciones con actividad AH. También se utilizd microscopia electrénica de
barrido (SEM) y microscopia electronica de transmision (TEM) con la finalidad de
conocer sobre los posibles mecanismos de accion de dichas moléculas. Se realizé
el fraccionamiento biodirigido de los extractos G. sepium-AC y L. leucocephala-
AQ. El efecto AH de los fitoquimicos aislados tanto de G. sepium como de L.
leucocephala fueron ovicidas y de bloqueo de la eclosidn, respectivamente. Estos
mecanismos de accidn se reportaron en un estudio previo donde se evalud el
efecto AH de leguminosas sobre la eclosion de huevos de Haemonchus contortus
y las diferencias se asocian al tamano molecular de los fitoquimicos y a su
naturaleza (Vargas-Magana et al., 2014). Sin embargo, estos autores no
determinaron las estructuras quimicas de los compuestos responsables del efecto
AH. En este estudio, para G. sepium, se identificé una cumarina (2H-chromen-2-one)
como la responsable del mayor efecto ovicida (100 %) a una concentracion de 1.1
mg / ml (Clso de 0.024 + 0.064 mg / ml). Mientras que para L. leucocephala, se

observd la interaccidn de dos moléculas en el efecto AH, la quercetina y ac.
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Caféico. Esta interaccion inhibid el 90.49 + 2.85 % de la eclosion de huevos a una
concentracion de 1.1 mg/mil (CLso fue de 0.060 + 0.14 mg / ml). Perry (2002) reporta
que para gue los MS ejerzan un efecto ovicida deberdn pasar a través de las
membranas del huevo, y para ello deberdn tener una tamano molecular no mayor
a los 400-500 Da. Las moléculas que se aislaron es este estudio tienen un peso
molecular de 146.14 Da para la 2H-chromen-2-one y de 302.235 Da 'y 180.1574 Daq,
para quercetina y dcido caféico, respectivamente (Pubchem-NCBI CID:323;
CID: 5280343; CID: 689043). Lo anterior sugiere que a menor peso molecular, mayor
potencial AH tanto para la inhibicién de la eclosion como para ejercer un efecto
ovicida. La microscopia electronica de barrido (SEM) y de transmision (TEM)
permitié observar lesiones ultraestructurales que pueden estar relacionados con el
mecanismo de accidén de las moléculas aisladas e identificadas. Hubo alteraciones
ultra-estructurales en el grosor y en la pérdida de continuidad de la tri-capa de los
huevos de Cooperia spp. Hasta nuestro conocimiento, no existe ningun reporte del
efecto AH directo de la cumarina, ni de la quercetina combinada con dcido
caféico sobre huevos u alguna otra fase de vida libre de Cooperia spp. Brunet et
al. (2011) reportaron danos similares en larvas infectantes de H. confortus y T.
colubriformis incubadas en Sainfoin (Onobrychis viciiifolia Scop.), y que fueron
asociadas con la muerte larvaria. Los diferentes andlisis en ésta fase de
investigacion permitieron determinar que G. sepium y L. leucocephala tienen un
potencial AH y que su validacion in vivo es un paso necesario para poder utilizarse

dentro de una estrategia de control de NGI en campo.

Evaluacion del efecto in vivo del consumo de la leguminosa con mayor actividad
AH in vitro sobre el establecimiento parasitario de C. punctata en becerros F1 (Ho
X Ceb).

Para esta fase experimental, se selecciond G. sepium debido a que en los estudios
previos mostré el mayor efecto AH medido mediante la inhibicidn de la eclosion de
huevos y de la inhibicion del desenvaine larvario artificial contra Cooperia spp. Otro

de los criterios de inclusidon de esta planta fueron su disponibilidad como material
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vegetativo en las UPB, sus caracteristicas nutricionales asi como los reportes previos
de consumo voluntario (1.04 = 0.2 MS kg / dia) (Smith y van Houtert, 1987). Por lo
tanto, G. sepium se utilizd para evaluar el efecto AH sobre el establecimiento
larvario de Cooperia punctata. Se observd que el consumo de hojas frescas de G.
sepium por becerros infectados redujo 76.9 % el establecimiento de C. punctata.
Estos resultados son similares a lo reportado por Brunet et al. (2008) quienes al
suplementar caprinos con plantas ricas en taninos se redujo 70.99 % el
establecimiento de H. contortus y T. colubriformis. Hasta nuestro conocimiento éste
es el primer reporte del efecto AH directo del consumo de plantas no taniniferas en
bovinos. No obstante, los resultados obtenidos a lo largo de éste tfrabajo de tesis
permiten confirmar mediante una validaciéon integral, que el consumo de hojas
frescas de G. sepium tienen un efecto AH de tipo preventivo; lo cual permitird
reducir las poblaciones parasitarias denfro del hospedero y posiblemente las
densidades larvarias de Cooperia punctata en pastos debido al potente efecto
ovicida que posee. No obstante, se recomienda la readlizacién de ofras
evaluaciones in vivo que permitan determinar su potencial para ejercer un efecto
AH de tipo curativo sobre Ias poblaciones adultas de C. punctata ya establecidas

en el hospedero.

Finalmente, éste trabajo de investigacidon permite concluir que para la
determinacidon de las propiedades nutraceuticas de una planta, es indispensable
la utilizacion de diversas herramientas in vitro que deriven en resultados confiables
y orientativos sobre su potencial AH. La integracidon de las diversas técnicas en éste
trabajo de tesis nos permitié no solo elucidar nuevas moléculas con actividad AH
que pudiesen ser utilizadas en la industria farmacéutica y su posible mecanismo de
accion, sino que nos permitié orientar la evaluacioén in vivo a las caracteristicas
bioactivas propias de la planta; lo cual finaimente nos permite ofrecer una
alternativa confiable para implementar dentro de un programa de estrategias de

conftrol confra NGI.
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12. CONCLUSIONES GENERALES

Los exfractos acuosos, acetona:agua (70:30) y acetdnicos de las plantas
bioactivas: Leucaena leucocephala, Cratylia argentea, Giliricidia sepium,
Guazuma ulmifolia y Azadirachta indica inhibieron significativamente el desenvaine

de larvas infectantes y la eclosidn de huevos de C. punctata in vitro.

El fraccionamiento biodirigido de L. leucocephala y de G. sepium permitié el
aislamiento de una combinacion de moléculas (Quercetina y acido caféico) y de
la molécula pura 2H-chromen-2-one, respectivamente. Las cuales inhibieron la

eclosién y/o el desarrollo embrionario de C. punctata.

La complementacion de la dieta de bovinos con hojas frescas de Gliricidia sepium,

redujo significativamente el establecimiento de Cooperia punctata in vivo.
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