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“Shema Yisrael, HaShem Elokeinu, HaShem
ECHAD.” Devarim (“Deuteronémio”) 6:4

“O justo se preocupa com a vida de seus animais,
porém mesmo a compaixdo do malévolo é cruel”
Mishlei (“Provérbios”) 12:10

“Para mim, ndo é qualquer questao que é dignarde se
guestionada. Eu questiono apenas la onde sou
guestionado. Por pessoas sou questionado.” Franz

Rosenzweig

“Eu descobri em mim mesmo desejos 0s quais nada
nesta terra podem satisfazer, a Unica explicagiod6

€ gue eu fui feito para um outro mundo.” C. S. lsewi

“Com um pingo de mel se apanham mais moscas do

gque com um barril de fel.” Abraham Lincoln

“Acorde cedo se vocé quiser a vida ou a terra d®ou
homem. Nenhuma batalha é vencida deitado numa
cama. Nenhuma ovelha tera o lobo preguicoso.”
Provérbio Viking

“Corte sua propria lenha. Assim, ela aquecera vocé

duas vezes.” Henry Ford

“A maior recompensa para o trabalho do homem néo
€ 0 que recebe por ele, mas o0 que se torna por meio

dele.” John Ruskin

“O caminho que leva ao que realmente desejamos é
longo e dificil, mas s6 seguindo esse caminho é que

vamos alcancar nosso alvo.” M. Splinter
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RESUMO

GOMES, E. FInibicdes do desembainhamento de larvas infectantesda eclodibilidade
do nematoide Haemonchus contortus com extratos de plantas taniniferas2013. 66 f.
Dissertacdo (Mestrado). — Centro de Energia Nual@aAgricultura, Universidade de Séo
Paulo, Piracicaba, 2013.

Objetivou-se com o presente trabalho verificar aatividade dos extratos das plantas
taniniferasAcacia mearnsji Myracrodruon urundeuva, Caesalpinea bracte@sheucaena
leucocephalacontra os estagios de ovo e de largarifectante dédHaemonchus contortus
Para isso, dois ensaias vitro foram realizados: o Teste da inibicdo da eclodidde dos
ovos (TIEO) e o teste da Inibicdo do desembainh&mearvar (TIDL). O TIEO consiste na
incubacdo de ovos recém recuperados das fezesndaiamfectados em solucéo liquida de
extrato de planta por 24 horas e posterior diféagdo entre larvas e ovos nao eclodidos. As
concentracdes utilizadas paxamearnsiiforam de 50,00, 25,00, 12,50, 6,25, 3,12, 1,58 0,
e 0,39 mg/mL; 1,56, 0,78, 0,39, 0,19, 0,09 e 0,04mh paraM. urundeuva6,25, 3,12, 1,56,
0,78, 0,39 e 0,19 mg/mL pa€a bracteosae 6,25, 3,12 e 1,56 mg/mL pdraleucocephala.

O TIDL consiste no desembainhamento artificial devds infectantes, obtidas através de
coprocultura, que passaram por periodo de incubdeaiwés horas em solugdo liquida de
extratos de plantas nas concentragdes 1.200, 860G 350 pg/mL. As doses letais (DL) 50 e
99 foram calculadas para ambos testes. Um efese-dependente foi encontrado para os
dois testes, exceto pard.aleucocephalano TIEO, onde nao foi possivel calcular o valor da
DLspe DLggpara o respectivo teste nas doses escolhidas.sOkados da Dig para TIEO
foram de 0,18, 0,32 e 7,20 mg/mL e da¢Plforam de 4,31, 541 e 187,26 mg/mL
respectivamente paid. urundeuvaC. bracteosae A. mearnsii Para o TIDL, a Dk foi de
0,40, 0,52, 1,24 e 2,24 mg/mL e da ffoi de 2,37, 2,28, 19,99 e 2,53 x°>1Mg/mL
respectivamente parsl. urundeuva A. mearnsii, L. leucocephala C. bracteosaPara o
TIEO, as duas maiores concentragcded dmearnsiie as trés maiores d& bracteosdoram
efetivas (mais de 90% de bioatividade); as tréormaaiconcentracdes d& urundeuvae a
0,78 mg/mL deC. bracteosdoram moderadamente efetivas (entre 80 e 90%aidiidade);

as concentracdes de pouca efetividade (entre 6@oed@ bioatividade) foram a 12,50 mg/mL
(A. mearnsi, 0,19 mg/mL K. urundeuvy e 0,39 mg/mL €. bracteosy as demais
concentracdes foram consideradas ineficientes (sn@@®0% de bioatividade). Para o TIDL,
apenas a maior concentracdoAdemearnsiie M. urundeuvdoram efetivas; a concentracao
de 600 pg/mL deM. urundeuvafoi moderadamente efetiva; todas as outras corasgi@s
foram ineficientes. Entretanto, deve-se observar goesar de ineficientes em bloquear o
desembainhamento, algumas concentracoes atrasaraignificativamente 0
desembainhamento das larvas, sendo esse um resdiaithteresse. Assim, foi observado
gue os extratos, excetuando o extratd_désucocephalaguanto a eclodibilidade, possuem
bioatividade in vitro nas doses utilizadas contra a eclosdo dos ovosorgrac o
desembainhamento das larvad-deontortus

Palavras-chave: Verminose. Resisténcia anti-helmintiddaemonchusEtnoveterinarialn
vitro.
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ABSTRACT

GOMES, E. F.Inhibition of infective larvae exsheathment and egghatching of the
nematode Haemonchus contortus with extracts of tannin-rich plants. 2013. 66 f.
Dissertation (Masters). — Centro de Energia NuclearAgricultura, Universidade de Séao
Paulo, Piracicaba, 2013.

The aim of this work was to assess the bioactwitgxtracts of the tannin-rich plandsacia
mearnsij Myracrodruon urundeuva, Caesalpinea bractecmad Leucaena leucocephala
against egg and infective larvae stage$iaémonchus contortugwo in vitro assays were
held: an Egg Hatch Assay (EHA) and a Larval Exdimaant Inhibition Assay (LEIA). The
EHA consists of the incubation of previously rea@ekeggs from infected animal’s faeces in
a solution of plant extract for 24 hours and laddferentiation between larvae and non-
hatched eggs. The concentrations used were 505000,212.50, 6.25, 3.12, 1.56, 0.78 and
0.39 mg/mL forA. mearnsii 1.56, 0.78, 0.39, 0.19, 0.09 and 0.04 mg/mLMorurundeuva
6.25, 3.12, 1.56, 0.78, 0.39 and 019 mg/mLGobracteosaand 6.25, 3.12 and 1.56 mg/mL
for L. leucocephalaThe LEIA consists in the artificial exsheathmeftinfective larvae,
obtained by previous coproculture, after a threarhocubation period with plant extract
solution in the concentrations 1,200, 600, 300 48d pg/mL. The 50 and 99 lethal doses
(LD) were calculated for both tests. A dose-depahddfect was found in the two tests,
except forL. leucocephalan EHA, where it was not possible to calculatespdnd DLlgowith
the chosen doses. The Rlresults for EHA were 0.18, 0.32, and 7.20 mg/mt &r DLgg
were 4.31, 5.41, and 187.26 mg/mL, respectivelyMorurundeuva C. bracteosaandA.
mearnsii For LEIA, the DL50 were 0.40, 0.52, 1.24, and42mg/mL and for Dbgthese
were 2.37, 2.28, 19.99 and 2.53 X b@g/mL respectively foM. urundeuvaA. mearnsii, L.
leucocephalaandC. bracteosa The two highest concentrationsAf mearnsiiand the three
highest forC. bracteosawere effective (more than 90% of bioactivity); theee highest
concentrations oM. urundeuvaand the 0.78 mg/mL level &@. bracteosavere moderately
effective (between 80 and 90% of bioactivity); tbencentrations with low effectiveness
(between 60 and 80% of bioactivity) were the 12v@mL (A. mearnsii, 0.19 mg/mL K.
urundeuvy, and 0.39 mg/mL(. bracteosy all other concentrations were ineffective (less
than 60% of bioactivity). For the LEIA, only theghiest dose fromA. mearnsiiand M.
urundeuvawere effective; the 600 pg/mL were moderatelyaite and all other doses were
ineffective. It should be observed that even if thuse is ineffective against exsheathment,
some concentrations were able to significantly yléekee process. It was observed that the
extracts had bioactivitin vitro within the chosen doses against the hatchabifitgggs and
exsheathment of larvae &f. contortus except forL. leucocephalawhich was not able to
block the hatching of eggs.

Key-words: Parasitosis. Anthelmintic resistaneemonchusEthnoveterinaryin vitro.
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1. INTRODUCTION

The goat and sheep production are expanding irzilBraccording to data from
Brazilian Institute of Geography and StatisticsGIB, 2011). But gastrointestinal parasites
still an ongoing issue against this productionngeine of the greatest worldwide problems in
ruminants, particularly in sheep and goats. Undsird), mass treatment, and use of the same
drug treatment for long periods might have workegether for the development of a drug
resistance in the parasites (LOUVANDINI et al., 20(PIMENTEL NETO; FONSECA,
2002; WALLER, 2006).

Haemonchus contortus one of the most common parasites in small rants It is
haematophagous, and it is found worldwide. It isllwaown because of its high
pathogenicity. When animals acquire high infectjainey become anaemic because of the
loss of blood and, because of that, a high lossufients, such as proteins, lipids and
minerals. They also may also have oedema becdulgpoproteinemia. For a long time
these infections have been treated with chemidaledmintics, which has led to high levels of
drug resistance. Because of that resistance, atteenefforts to fight against parasites have
been investigated in different fronts, such asyrastotation, selection for genetic resistant
hosts, biologic control of parasites, vaccinatiamd phytotherapy, among others. The
techniques aim at lowering the level of infectiontlhe animals and, consequently, to lower
the tax of pasture contamination (BAIN, 1999; JAGKS et al., 2009; TAYLOR; COOP;
WALL, 2010).

Regarding phytotherapy, there is a vast amountratiBan tannin-rich plants, but the
anthelmintic properties of these are mostly unknofvbetter way to screen these plants is by
doingin vitro assays, because they are cheaper, collectedy,aghdiw repeatability, and they
have sensitivity. Testing them first using vivo would be costly and also too slow. Many
tests can be used to analyze tannin-rich plants asi¢the Egg Hatch Assay, Larvae Inhibition
Motility Assay, Larval Migration Inhibition Assayl.arval Exsheathment Inhibition Assay,
Larval Feeding Inhibition Assay, and others. Théssts focus on different stages of the
nematode life cycle, and they show that tannin-rgiants do play a role similar to
anthelmintics. Once the vitro tests are carried out, the plants that sholedctivity may be
selected and tested in vivo assays (POWERS et al., 1982; BRUNET; HOSTE, 2006;
GOMES; BANDEIRA, 2012).
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Haemonchus contortuss a nematode specie. The general comprehension of
nematodes physiology is important to better undadsttheH. contortusphysiology. Even
though this work focuses afd. contortushatching and exsheathing, a brief description of
nematodes as a group will be given, highlighting tmportant differences found with

H. contortuswhen needed.
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2. INTRODUCAO

A producdo de caprinos e ovinos esta em expansaBrasil, segundo dados do
Instituto Nacional de Geografia e Estatistica (IBGEO1l). Entretanto, parasitas
gastrintestinais sdo um problema contra a produg&fo um dos principais problemas na
producdo mundial de ruminantes, particularmenteodelhas e cabras. Baixa dosagem,
tratamento em massa e uso do mesmo principio pbvgeriodos longos sao fatores que
juntos contribuiram para o desenvolvimento de t@&sisa anti-helmintica dos parasitas
(LOUVANDINI et al., 2002; PIMENTEL NETO; FONSECAM2; WALLER, 2006).

Haemonchus contortué um dos vermes mais comuns em pequenos rumindhtes
hematofago, encontrado mundialmente e conhecidocpota de sua alta patogenicidade.
Quando animais tém altas infec¢bes, eles se toar@micos pela perda de sangue e, por
conta desta, também ocorre uma grande perda dentes, como proteinas, lipideos e
minerais, podendo ocasionar edema nos animais¢cq@ua da hipoproteinemia. Por muito
tempo essas infec¢des foram tratadas com uso azued comerciais, 0 que ocasionou, pelo
mal uso das moléculas, uma grande resisténcia adeamentos. Por conta da resisténcia,
tentativas de controle alternativo tém sido bussadamo a rotacao de pastagens, selegcédo de
animais geneticamente resistentes, controle biobdgos parasitas, vacinagdo, fitoterapia,
entre outras. Visa-se atraves das técnicas dimirauirinfeccdo dos animais e,
consequentemente, diminuir a infestacdo dos p&BiBN, 1999; JACKSON et al., 2009;
TAYLOR; COOP; WALL, 2010).

Com relacéo a fitoterapia, existem muitas plaraaitferas na flora brasileira, mas
suas atividades anti-helminticas sdo pouco conagcidma forma viavel para selecionar
essas plantas € através de testestro, porque eles sao baratos, sdo mais rapidos, possue
repetibilidade e sensibilidade. Testar inicialmentevivo pode ser muito caro e demorado.
Muitos testes podem ser usados para analisar pltartmiferas tais como o Teste da Inibigdo
da Eclodibilidade dos Ovos (TIEO), o Teste da lyabi da Motilidade Larvar, o Teste da
Inibicdo da Migracao Larvar, o Teste da InibicdoREsembainhamento Larvar (TIDL), o
Teste da Inibicdo da Alimentagdo Larvar, entre asutlEsses testes focam em diferentes
estagios do ciclo de vida do nematoide e atravéss d&o mostrados o papel das plantas
taniniferas no combate aos helmintos. Depois deigelar as plantas nos tesiesvitro, as
plantas que apresentaram bioatividade sédo seledsra testadas vivo (POWERS et al.,
1982; BRUNET; HOSTE, 2006; GOMES; BANDEIRA, 2012).
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Haemonchus contortus uma espécie de nematoide. Para a compreensabottayfa
do H. contortus, faz-se necesséaria a compreensao dédisiodos nematoides como uma
grupo. O foco desse trabalho é a eclodibilidade desembainhamento dé. contortus
entretanto, uma breve descricdo dos nematoides sggesentada, destacando o que é

especifico para él. contortusquando necessario.
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3. REVIEW OF THE LITERATURE

3.1. Developmental stages of nematode larvae anedeng behaviour

An egg and four juvenile stages precede the mgtafinematodes, i.e., the stages of
development are first stage larvag)(lsecond stage larvae,flthird stage larvae ), fourth
stage larvae (§), and fifth stage, or adult, larvaesjLEach stage has its own morphology and
feeding behavior, to ensure survival of the specitisis important to notice that even the
nematode’s eggs show remarkable adaptations. gdnstesll is complex, having layers with
different permeability. They have an elliptical praand have between 20 to 50 pm in width
and 50 to 100 pm in lengthHaemonchus contortusggs are 44 um in width and 74 um
length. Female length ranges from 300 pBuronemaand Paratylenchuy to 8.4 m
(Placentonema gigantissima whales’ parasite). The nematode’s egg has dibsithree
layers: the inner one is a thin membrane; in thediei there is a thick layer of chitin, and an
outer protein layer. The inner layer is responsibfethe relatively impermeability of the egg
shell to polar compounds. The middle layer is meispnt at one or both ends of the egg in
many species, giving origin to an operculum. Th&t layer is secreted by the wall of the
uterus of the female (LEE, 1965; GAUGLER; BILGRAN2QO4; TAYLOR; COOP; WALL,
2010).

Before hatching, environmental conditions sucheasperature and moisture must be
optimal. Also, there is a partial control of hatadpifrom the unhatched larva, since it starts to
attack the inner layer of the egg shell. It is knothat the egg shell becomes permeable to
water, possibly because of that attack. The egchkatonly when the first stage larva is fully
formed for most parasitic nematodes (LEE, 1965; TOR; COOP; WALL, 2010).

Moulting is the process in which the larva logsscuticle and becomes the following
stage’s larva (Figure 1). The cuticle itself iscanplex structure: it has three main layers, with
collagen in each one, and an epicuticle. Thestage does not moult, but its cuticle keeps
growing as the animal grows. H contortusthe Ly and L, larval stage are bacterial-feeders,
and they feed from the bacteria from the faeceth@thost. The cuticle of thesllarvae is a
reminiscent of the 4s cuticle. The k larva is fully encased in the,s sheath, with all anal,
oral, and excretory pore orifices being completdbsed. So, thedlarva does not feed. The
stimulus for the beginning of thes'k exsheathment, in other words, the process afidoiss
sheath, is the contact of the larvae with a satutd lower or higher pH. In am vivo

situation, that solution may have soluble carbaixide gas, undissociated carbonic acid, or
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hydrochloric acid. With the beginning of the stimsil the larvae respond with secretion of the
moulting fluid, and this fluid makes the cuticletaleh from the larvae. The fluid is produced
close to the excretory pore, at the anterior enthefnematode, and distributed in a circular
pattern. Commonly, the cuticle detaches first @ #imterior portion of the larvae like a cap,
and the larvae swims outside the cuticle. Parhefitner layer of the sheath is dissolved and
reabsorbed and the outer layer sheds.Hzarontortusno enzyme from the host is necessary
for exsheathment. It all depends on the worm’s eves/ (LEE, 1965; ANDERSON, 1992;
RUPPERT; BARNES, 1996).

Epicuticle

Outer

cortex
Cortex{ |nner

cortex

Middle
layer
Basal
layer

Figure 1 - The details vary from species to spediasthe moulting process occurs basically
in this sequence. (A) Intact cuticle. (B) Secretidmew epicuticle and digestion of the basal
layer. (C) Secretion of the new outer and innetesgrpartial digestion of the old middle
layer. (D) Secretion of the new basal layer to cletepthe new cuticle. (D) and (E)
Discarding the old cuticle. Adapted from Rupperd &arnes (1996)

According to Lee (1965), im vivo conditions, the klarvae need 15 minutes of pH
lowering stimuli to start the exsheathment, butwl®le process may take up to three hours.
In anin vivo experiment with cannulated sheep, Brunet g28l07) found that approximately
80% of larvae were exsheathed after 160 minutesh wimen average pH of 5.72.
Haemonchus contortukarvae need a high concentration ofG@; in order to start the
exsheathment. That may explain wHy contortushas such a narrow host range, because

these conditions are hard to be found in spectesr dhan ruminants.
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Parasites have specific dietary sources. Manytatiaps have been occurring in order
for this to happen. There were some changes in ieddvior and in the response to the
environmental conditions. Morphologic changes ia tephalic region of the worms have
developed, allowing these animals to feed in défierfonts and ways. For example, their
pharyngeal glands produce a secretion that is mm#dthe food while it is passing through
the pharynx, and it is believed that this secreisofor helping in the digestion process; plant
nematodes have a stylet; bacterial-feeding nematfsdm the digestive tract of invertebrates
have specific structures in the cephalic regiohert feed from the food that the host has fed,
as seen in Ascaridoidea (LEE, 1965; GAUGLER; BILG®WA2004).

The oral cavity of the parasites has a huge maoghmand function variation and also
varies to the presence of teeth. Small denticleg exést to break down food or to retain it.
These teeth can happen in different formats, theplgist being a single solid cuticular
protuberance of the stoma in the inner oral cavnthis last case, the protuberance breaks
down food, and liberates small portions of it, socan enter the oral cavity by lip or
pharyngeal suction. Nematodes that parasite plantally pierce the cell wall and sucks the
content through its hollow stylet. The tooth of kidhematodes that lives in the digestive tract
of vertebrates is not just for feeding, they alstplthe nematode to be fixed in the sites they
live (for example, théncylostoma Others, such ad. contortus developed a lancet to cause
tissue lesions from where the parasites are fe@(1865; GAUGLER; BILGRAMI, 2004).

There is a phenomenon of sequestration of tharvae when the population of adult
nematodes is high, iAl. contortus. If the population is high, the immunological systé&m
being overstimulated, making harder for new lart@dixate. So, the 4 larvae enter the
gastric mucosa and stay there until the adult @mamn becomes senescent and dies. When
this happens, the immunological system will be Esaulated and the fixation will be easier.
So, the L larvae restart their development, by becomingldrvae, later adult larvae, and
fixing in the abomasum. Apparently, there is a trefa between the number of adult
nematodes fixed and the number of larvae sequegtranother situation of sequestration
may happen is in severe drought periods or in teawpeplaces, i.e., the larvae are
sequestrated during autumn and restart the develoipduring spring. By the end of autumn,
the larvae stay in this situation of sequestratinrspring, the larvae become adults, when the
environment outside the animal is supportive to @ggelopment. It has also been observed a
correlation between parasites egg laying and thegevhen sheep are lambing. It has been
observed that there is an increase in egg layingdmyatodes in the peripartum and lactation

periods. It is known that there is an interrelatoetween the egg laying of nematode females
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and the levels of prolactin produced by the host. & the levels of prolactin go higher

because of peripartum and lactation period, theatede’s egg production also increases. The
young animals are more susceptible to infectiomgesitheir immunological systems are less
developed (ANDERSON, 1992; WEISCHER; BROWN, 2001).

3.1.1. Habitat and ethology of nematodes

Nematodes are distributed in vastly different emwmnents. Free living forms can be
found in land, fresh water, and salt water. Thay lbe found in deserts, Polar Regions, and in
the tropics as well as in high mountains and thehdeof the ocean. Some of them are present
in places of extreme heat, such as hot springs aterw which can reach 53 °C. This
characteristic of the nematodes can be seen inote qaf Mr. Nathan A. Cobb, a famous
nematologist: “In short, if all the matter in thaiverse except the nematodes were swept
away, our world would still be dimly recognizabbmd if, as disembodied spirits, we could
then investigate it, we should find its mountaihd|s, vales, rivers, lakes, and oceans
represented by a film of nematodes. The locatiotowhs would be decipherable, since for
every massing of human beings there would be aegponding massing of certain
nematodes. Trees would still stand in ghostly rosggesenting our streets and highways. The
location of the various plants and animals wouilll Is¢ decipherable, and, had we sufficient
knowledge, in many cases even their species cauldebermined by an examination of their
erstwhile nematode parasites” (RUPPERT; BARNES6199283, our translation).

But different environments demand different nerdatdwehavior. So, parasites with
riskier behavior — those who have to migrate, imyadfect the host, for example — usually
have larger females, which are capable of layingreater amount of eggslaemonchus
contortushas a behavior of negative geotropism in theflast living stage, i.e., 4. After
living as bacterial-feeders {land L, stages), thed4larvae migrate through a water film to the
top of the grass leaves, to make it easier to benday the host (LEE, 1965; GAUGLER;
BILGRAMI, 2004).
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3.2. Parasitism and related issues

Parasitism is a type of interaction overspreathénAnimal Kingdom. For example, all
classes from the Chordates are parasitized. Plantfiguanimals from salt and fresh water, and
those from land, wild or domestic, are attackeghgasite nematodes. These nematodes can
be so harmful to the host that it may be killed B.2965; WEISCHER; BROWN, 2001).

Sheep may be affected by different species of tamegparasites, such Hs contortus
(abomasum), Teladorsagia circumcicta (abomasum), Trichostrongylus colubriformis
(duodenum) Strongyloides papillosugsmall intestine)Oesophagostomum venulosgliarge
intestine), among others. The adult form$iotontortushave between 10 to 20 mm of length
for males and 18 to 30 mm of length for femaless Harasite has a cephalic lancet, in order
to punch the internal wall of the abomasum anddbiyng so, to suck blood from the host
(FORTES, 1987; WEISCHER; BROWN, 2001; TAYLOR; COQFALL, 2010).

Parasitosis may cause different type of issue ¢ohtbst, depending on the tract it is
fixed, depending on the host, etc. For exampléhéncase oH. contortus each adult worm
sucks from the host 0.05 mL of blood/day. So, amahinfected with a population of 5,000
adult larvae loses 250 mL of blood/day. If nothisgdone, the animal would go under a
severe anemia, hypoalbuminemia due to great lospladfma proteins (which leads to
oedema), vitamins, minerals, etc. If there are temdling conditions, the animal would die
quickly. It is known that, usually, adult parasitase found in only one organ of the
gastrointestinal tract of the host, i.e., addiltcontortusis found exclusively in the abomasum
(LEE, 1965; WEISCHER; BROWN, 2001; TAYLOR; COOP; WA 2010).

3.2.1. Trichostrongylodea family

The Trichostrongylodea family is the largest of thersade nematodes. Most are
parasites of land vertebrates, such as bats,ruasnants, marsupials and monotremes. They
are rarely found in amphibians, reptiles and birde parasites of this family, one beiHg
contortus are usually found in the gastrointestinal traictheir hosts. Some can be found
parasitizing bronchi, biliary ducts, nasal cavapd mammal glands. The hosts get infected by
ingesting the infective larva, i.e.z larvae (LEE, 1965; ANDERSON, 1992).
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3.2.2. Parasitism origin

The studying of the origin of parasitism is a céempsubject, since it's hard to find
fossil record, at least for parasites. This hapfEtause parasites are very small animals with
few mineral-inorganic structures, making it hardbe preserved as a fossil (ROTH, 1980;
WEISCHER; BROWN, 2001).

Some authors postulate that, initially, parashetd a mutualism relation with the
hosts, i.e., maybe at an old period in the histdriife, the nowadays parasites were not in
this type of relation with their hosts. They wenemutualism or commensalism interactions,
and were probably bacterial-feeders. Nowadays etiyyges of interactions still exist, as seen
in the microbiota in the gastrointestinal tract raiminants and non-ruminants or in the
microbiota in the roots of many plants. It can lostplated by the fact that parasites usually
have very specific sites, in very specific hostardily, for exampleH. contortuswould be
able to parasitize non-ruminant or plant species nfaybe there was a change in the relations
of the parasite-host by loss of genetic variatioiMorizontal Gene Transfer (HGT). By HGT,
genes from other species, such as bacteria and, fwogld be able to pass to new species,
like nematodes. It has been seen that plant p@rasinatode’s cellulase genes was gained by
HGT from different microbial donors, when phyloggaaeconstruction was held (ROTH,
1980; WEISCHER; BROWN, 2001; MAYER et al., 2011).

A characteristic favorable to animal and plantagédism is the appearance of teeth-
like structures. Before the development of suclucsiires, the parasites were bacterial-
feeders. For example, the parastieabditis strongyloidebave juvenile stages that penetrate
in the skin of small rodents and become inactivel time host dies. After it dies, the larvae
feed on bacteria. Also, in the case of animal hdbkes negative geotropism behavior was a
great advance leading to parasitism and the presemcepidermal syncytium was an
important feature to allow animals to live in sgfe$ osmotic environments, such salt water
and inside host’'s gastrointestinal tract. Otherdemnce is found in some fungi-feeders
nematodes. Many species of the genérgptaphelenchusiave a commensal relation with
beetles that dwells in tree’s bark. When theretemi@ration of the fungi, for example, in the
case of drought, the worms start to produce jueehjllarvae, and these get fixed to adult
beetles and by that they are transported to nees tte start a new cycle, establishing a
commensalism relation. This way is only commensaliBut it is known that some species in
this genera started to invade the beetles, devejoparasitism. They get installed in the

beetle’s excretory tract until the exsheath tolthestage, and after that they become fungi-
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feeders again. Other nematode’s species, suBlam@sitaphelenchysave relations between
beetles that range from commensalism to parasiti@pending on the phase of development
of the nematodeParasitaphelenchud.; to Lz larvae are fungi-feeders. The L3 larvae
penetrates in the body of beetles, moult fpdnd start to live inside its hemocele. When the
beetle reaches the reproductive phase, the L4 ondesmtare expelled, and moult to L5; the
nematode’'s males ones lives just until the coputatand the females a little bit more
(RUPPERT; BARNES, 1996; WEISCHER; BROWN, 2001).

In relation to parasitism in plants, there is s@imeilarity to the cases of invertebrate
parasitism cited above. The worms would have bagially bacterial or fungi-feeders, and
after they developed anatomical structures, likedtylet and an alimentary tube, to parasitize
plants. The stylet has the function to make a sam@dkture in the plant’s roots. By the aid of
the alimentary tube, the larvae suction the liqo@htent of the cytoplasm, like drinking
straws sucking beverages. It's remarkable thatwben seals that alimentary tube after it
ends its feeding, probably to avoid secondary tidado the plant. Examples of these worms
are the ones from the ordddsrylaimidaandTriplonchida Another parasitizing method was
developed by the worms from tiAghelenchidaand Tylenchidaorders. There are basically
three levels of parasitism, with increasing degyeevasion of the root tissue: ectoparasite
form, semi-ectoparasite form and endoparasite fdrne ectoparasite forms are mobile and
they feed from root hairs and rizoderme cells, Habe turn necrotic and later the parasites
must continually seek new sites of infection. Ine tlsemi-ectoparasitism, like in
Cacopauruspestjghe individuals are semi-sessiles, with larvas gossess long stylet, being
able to collect nutrients from the deepest platg$sue. In the last stage, endoparasitism, the
females are motionless while the males and juvemite ectoparasites. A species that behaves
like that is Tylenchulus semipenetrgnsvhich parasitizes citric plants (ROTH, 1980;
WEISCHER; BROWN, 2001).

Nematodes from thAthelencoidegenera present different levels of parasitisme-fre
living form, ectoparasites most of the time, eatd@arasites, endoparasites most of time,
and endoparasites. There is a gradual change ibethavior of the parasites from the same
genera, from the free-living form to the complet@arasite. It might happen because of
genetic degeneration. Loss of genetic informatiod BIGT might have contributed to the
changes in the relations of mutualism and commemsalROTH, 1980; WEISCHER,;
BROWN, 2001; MAYER et al., 2011).
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3.2.3. Possible benefits of parasitism

Parasitism, in some cases, may bring some benmefite host, but in general they are
not as perceptible as the damage. In the Persidin &research was held with sharks that
were in an area contaminated by lead and cadmiume Bharks were fished and it was
noticed that these were hosting two parasite specinthobothrium sp. and
Paraorigmatobothriumsp., both cestodes. They have collected some sanien the
sharks’ tissues (gonads, intestine, muscle and)lased some samples from the cestodes for
heavy metal concentration. They realized that thmgites had about 278 and 332 times
higher cadmium and lead concentration, respectiyeiyAnthobothriunsp, and 455 and 438
times higher concentration respectively for cadmamd lead irParaorigmatobothriunsp. if
compared to the shark’s muscle tissue (ROTH, 18BU.EK et al., 2007).

In an experiment witlPseudacrisregillgdknown as the Pacific Tree Frog), researchers
found that in the presence of higher parasite’semdity, the hard effects of the most virulent
ones was kind of diluted by the competition witsdevirulent species. The opposite also
happened, if the diversity of parasite is loweg hHwosts are more affected by the presence of
one more virulent, since there is no competitiddHJNSON; HOVERMAN, 2012).

One interesting characteristic of nematodes faartde soil or in the roots of plants is
that they play an important role in the mineral@atand in the addition of nitrogenous
compounds to the soil. Also, there is a microbimdaociated with the worms, and they also
mineralize the soil. So, plants that grow in thesaditions have a higher growth rate than
others that do not (GAUGLER; BILGRAMI, 2004).

3.2.4. Animal’s ethological defenses against paréss and pathogens

Animals have developed ways to remove or avoid gi@® or pathogens. These
ethological defenses include behaviors such as ments to remove ectoparasites, licking,
ingestion of medicinal herbs to eliminate wormsmigation of the nests to expel flies,
guarantine (animal style), and immunization (anins&le). These behaviors are used
sometimes as therapeutic or prophylactic meastudie€s on animal self-medication could be
a good way for discovering new medicines, bothhiamans and animals (HART, 2011; DE
DE ROODE; LEFEVRE; HUNTER, 2013).
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One interesting behavior is present in grazingnafs. Ruminants and horses have
been known to avoid grazing on places close tontedeopped faeces. Carnivores do not
defecate in their den. They exit the den to deteaat urinate, in order to avoid contact with
the excrements. But the newborns are not so mobiile.female may practice coprophagy
quickly after one defecates. The female is notcédig by parasites, since she is ingesting
eggs, not the infective hatched form. Licking maydnother way to avoid diseases. It has
been shown that dog’s saliva is antibiotic, beeective againstStreptococcus caniand
Escherichia coli Female dogs lick their nipples, in a kind of lesicidal wash against
common disease-causing microorganisms, just bef@enewborn start lactating. Male rats
lick compulsively their penis after copulation, ander to avoid sexual transmitted diseases
(EZENWA, 2004; HART, 2011).

Some animals grab materials from the environmewotder to fumigate their nest. For
example, it is has been noted that house sparrodidigches usually grab cigarette butts to
their nests. By increasing the levels of nicotilneré, the mite infestation is lowered.
California dusky-footed wood rats bring leaves af/ lto their nest, apparently as a mean of
control against an overabundance of fleas. Starlaigo bring leaves to their nest when young
starlings are present. In this case it is beliethed the leaves should retard the hatching of
louse eggs and have an antibacterial effect (HARU11l; DE ROODE; LEFEVRE;
HUNTER, 2013).

Animals are able to make an animal style self-imization and self-medication. For
example, for more than just protecting the matesting area and food resources, territorial
defenses may play a role on a type of quarantinetegting a specific den against a
conspecific animal by peripheralizating it, sincemay carry strange pathogens with it.
Another kind of quarantine not very accounted is ttannibalism of newborns. A sick
newborn may be a reservoir of pathogens againstibtsngs. So, by detecting ill signs like
hypothermia and inactivity, the female may cann#gathis animal. This behavior is observed
in dogs, cats, and rats. Peripheralizating of anger may also play a role on immunization.
Both the conspecific and the other animals will exignce small samples of foreign
pathogens, because of the enforced space barrws. ilhmunization occurs by faecal
droppings and share of same water source. Sopthgh animal and the native animals will
experience each other pathogens slowly, being sididgs immune to the new pathogens, in
case of the stranger is allowed in the group. Aeotliay of slow immunization is seen in
mothers that brings prey to the young ones. Itlgwlees help making a bridge between

weaning and hunting, but also presents new, yel,Ipathogens to the animals. About self-
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medication, some animals graze on specific meditiags in order to eliminate parasites in
two ways, physically or chemically. It is well ndtéhat dogs, cats, and chimpanzees would
eat whole rough leaves to maintain low worm loau®st times in a prophylactic way.
Sometimes, the leaves are seen associated withlezkparasites. Other studies show that
small-ruminants may graze on tannin-rich foragdabefy are available, when the infection is
present. This grazing of tannin-rich forages dediwith the decline of the worm burdens in
the animals. So, it's a type of self-medicationtbg animals. Animals must benefit by the
availability of tannin-rich fodder on its pasturdecause they would self-medicate
(LISONBEE et al., 2009; HART, 2011; JUHNKE et &012).

3.3. Ethnoveterinary

Ethnoveterinary can be categorized as an oraltibadiwhich has been passed down
generation to generation, mostly in places wheeeattcess to veterinary services is absent or
expensive (TOYANG et al., 2007). Most of the teclusis use medicinal herbs, which are
easy to find. Plants utilized in the ethnovetelgnas treatment of livestock against
helminthes are rich in secondary metabolites fréents, most of them being tannins, and it's
known that tannins play a role as an anthelminfin. advantage of using tannin-rich plants is
that they leave no residual in meat, as chemicddedmintic drugs would so (BAHUAUD et
al., 2006; HOSTE et al., 2006; BRUNET et al., 2007)

3.3.1. Tannins

Tannins are secondary compounds found in plantey Tilay a role in the plant’s
secondary metabolism, acting against herbivory disases, and also by mimetizing
hormones. They are polymers of phenolic monomeranged differently from plant to plant.
That is why different plant’s extracts have differeesponses im vitro andin vivo assays.
There are a very wide array of phenolic compoundglants, from the lignin in the wall of
the plant’'s cells to the anthocyanidins (flower npggts). Tannins are polyphenolic
compounds with well-defined characteristics: thag able to interact and precipitate
macromolecules (for example, proteins and enzyrsesh as the ones found in the animal
skin. Also, it is soluble in water, acetone, ancblabls (BRUNETON, 1999; HAGERMAN,
2002a; BRUNET; HOSTE, 2006).
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Tannins are divided basically in two groups, Cors#eh Tannins (CT) and
Hydrolysable Tannins (HT). The CT are polymers fedby the condensation of monomers
of flavans. The HT are polymers formed by gallicdasllagic acid monomers and
carbohydrate (usually glucose). It is importanntide that each plant has its own monomer
pattern, producing its own tannin molecule. Thagmiexplain why different plants have
different anthelmintic results against nematodRNETON, 1999; HAGERMAN, 2002b;
BRUNET; HOSTE, 2006; HAGERMAN, 2010).

Initially, tannin-rich plants were used by mankindeather tanning process due to its
characteristic to bind and alter the spatial areamgnt of proteins. Nowadays, it is being used
for ethnoveterinary practices, with interestingutess Also, since consumers are these days
more concerned about drug residues and animal goeastuction, tannins may play an
important role in preventing or treating animalgiagt nematodes in green animal production
farms. It also may be used as antimicrobial sulostasince inhibitory effects against
Staphylococcus aurewmndEscherichia coliwere found (BAHUAUD et al., 2006; LONE et
al., 2013).

3.3.1.1. Leather tanning mechanisms

Knowing the mechanisms of leather production iponant to help us to understand
how tannins may work against nematodes, becauseprineiples are similar, at least
hypothetically. The process aims at making theh@feanimals a material heat-resistant, with
greater durability and also malleable, which arepamant characteristics of leather
(BRUNETON, 1999).

Briefly, the skin is divided in three layers, thpidermis, dermis, and subcutaneous.
About one third of the dermis is formed by collag€wollagen is a triple helix protein rich in
glycine, alanine, arginine, proline, and hydroxypr® amino acids, and it is known that
tannins have great attraction to these last twonanacids. Collagen has also a loose
arrangement, giving it great motility. The tannipgpcess changes the arrangement of the
molecules of collagen, making it rot proof by makinew hydrogen and covalent bonds
between the collagen fibers, making it stick togetBriefly, it changes the molecular
arrangement, giving it new characteristics, difféeréom the ones it had to have before,
physiologically speaking (HOSTE et al., 2006; MANMCMILLAN, 2013).
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3.3.1.2. Tannin’s role against nematodes

Tannins play a role acting in different stageshe nematode life cycle. It can get
fixed to the proteins (or enzymes) from the eggllstie from the sheath, preventing the
hatching and moulting processes, by preventingetiieyme activity or its conjugation to
targeted proteins; it can agglutinate to the peolmd hydroxyproline amino acids which are
found in high concentrations in the oral and vagregion of the nematodes, preventing the
worms from feeding and reproducing. Another wayntas may work is by delaying the
exsheathment of the infective larvae. It was fotimat less than 40% of larvae exsheathed
after 160 minutes in cannulated animals fed wit@%@liet of the tannin-rich plant sainfoin.
Tannins also may increase the amount of bypase®ipréir the animal, giving it a greater
protein supply for its immunological system. Inegent report, Martinez-Ortiz-de-Montellano
et al. (2013) showed the action of contact of adethalesH. contortus larvae with
tanniferous fodders, both vitro andin viva. It was shown that there was aggregations to the
larva’s cephalic region, anus, vulva and alteraionthe cuticle, such as the appearance of
longitudinal and transversal folds, thickening, awthkling for thein vitro test, and changes
in the cuticle, such as the folds, wrinkling, ahatkening for than vivo assay. This changes
may help understand the results foundnirvivo experiments, like Faecal Egg Count (FEC)
reduction, either by damage to the reproductivet temd by damage in the cephalic region
which would led to malnutrition, and smaller nentigdourdens (BAHUAUD et al., 2006;
HOSTE et al., 2006; BRUNET et al., 2007; LISONBEEE, 2009; MANOLARAKI et al.,
2010; HOSTE et al., 2012).

3.3.2. Plants

The extracts utilized in the present work wererfrAcacia mearnsii, Myracrodruon
urundeuva, Caesalpinea bracteamadLeucaena leucocephala

Acacia mearnsji from the Mimosoideae family, is a leguminous tmeative to
Australia and is commonly known as Acécia Negr8iiazil. It has been utilized in nitrogen
fixation, in the recovery of degraded soil, asvio®d, and also as a tannin source, being those
usually used in the leather industry (CENTRO DE ENTGENCIA EM FLORESTAS,

2013). Also, some research has been held wivo andin vitro assays. The results from these
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authors showed that the plants might have bioacteenpounds against nematodes
(ALONSO-DIAZ et al., 2011; CENCI et al., 2007).

Caesalpinea bracteosdrom the Caesalpinoideae family, is widely foumd the
Brazilian Caatinga. Its common name in Brazil &ti@gueira. It is a small slow growing
tree, and its wood is often used as flooring,ats/es as fodder for ruminants, and many parts
of the plant for ethnomedicine. It was the moseaiplant in different population groups in
different types of treatment, from the cure of abdwl pain to the cancer treatment
(CENTRO NORDESTINO DE INFORMACOES SOBRE PLANTAS, 12 GOMES;
BANDEIRA, 2012).

Myracrodruon urundeuvéwhich has been classified beforefetroniam urundeuva
from the Anacardiaceae family, is present both nazBian Caatinga and Cerrado, being
commonly known as Aroeira in Brazil. It has 17%arfinins in the bark, therefore considered
one of the most resistant woods against putrefadiiom Brazilian flora (CARVALHO,
2003). All the tissues of the plant have abundewel of tannins. Those are responsible for
the protection of plants against herbivores andraoiganisms. They have a healing,
antiseptic, antioxidant, and anti-inflammatory awo#. The plant has great use in
Ethnomedicine in the treatment of gynecologicaluéss abdominal pain, diarrhea, and
conjunctivitis (GOMES; BANDEIRA, 2012).

Leucaena leucocephaldrom the Mimosaceae family, is one of the mosedus
leguminous trees as fodders and its common narheusena in Brazil. Also, it is used as
wood, firewood, green fertilizer, shade, human faott erosion control. THe leucocephala
extract had a fungicidal effect against colonieshaf fungusLeucoagaricus gongulophorus
(SOUZA et al., 2012). In am vitro assay, Alonso-Diaz et al. (2008b) showed thatlthe

leucocephalaxtract had a dose-dependent effect on the migrafiH. contortusl.; larvae.

3.4. In vitro tests

The way compounds will interact with the animah dae assessed through vivo
tests. But, in many places, these type of testiag be too expensive, too slow or have many
ethics related issues. Sm vitro testing may be a good, fast, less laborious, aodem
economical manner of screening plants of ethnowetar potential use. But one must bear in
mind thatin vitro tests may overestimate or underestimate what waayghen if tested in the
animal, sincen vitro tests do not respond to the complexity found ime’s physiology. An

ideal in vitro test is one that has low cost, high sensibiliapid collection of results and
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repeatability. So, one can select plant sampleshidnee showed effectivenessimvitro and
test it later inin vivo (POWERS et al., 1982; JACKSON; HOSTE, 2010). Als@ndard
protocols should be followed by different researshso the data from the assays may be
comparable. In order to determine such stand&uolsers et al. (1982) published a guideline
to evaluate anthelmintic activity. These authpostulate that groups should have at least
three doses of treatment. This guideline was adopte the World Association for the
Advancement of Veterinary Parasitology (WAAVP).

The Brazilian flora has a vast amount of tannimrgants that may have use for
ethnoveterinary purposes. Quantifying and qualdytime anthelmintic activity of those plants
may be valuable, but it may be too expensive tatdost with in vivo methods.In vitro
testing may be a better alternative. After vitro screening, plants that showed great
anthelmintic activity would be selected and tested/ivo (GOMES; BANDEIRA, 2012;
SILVA et al., 2012; FERREIRA et al., 2013).

The Egg Hatch Assay (EHA) is am vitro test that focuses on the egg stage and its
hatching. The egg solution are kept in contact witferent pre-tested concentrations of plant
extracts for 24 hours with suitable conditions égg hatching. The readings after 24 hours
are done in an inverted microscope and it's posdibldifferentiate the eggs from the larvae.
The tannins interact with the collagen from the eguell, and it may change the
morphological structure, making it not able to hafthinking about the nematode cycle, eggs
would have contact with tannins in the intestinéshe animal and also in its faeces. So, it
would not be able to hatch, or hatching taxes waldt least lowered, making it to drop the
contamination of the pastures withy larvae, and further to drop the infection taxeghsf
animals (JACKSON; HOSTE, 2010; FERREIRA et al.,2050me examples of reports with
different plants tested iim vitro are found in Table IThese reports may be an example of the
importance of the EHA in the screening of poter@lv anthelmintic material.

The Larval Exsheathment Inhibition Assay (LEIA)asin vitro assay that focus on
the ecdysis process between theahd L, larvae, also known as exsheathment. In the taest, a
artificially exsheathment stimuli is given toz llarvae previously exposed to tannin-rich
extracts for three hours. Tannins would intera¢hwie collagen of the cuticle and alter that
in a way it wouldn’t be able to exsheath. In thevivo process, if an animal is being fed with
a tannin-rich fodder, the tax of exsheathment withbably drop, depending on the tannin
molecules from the fodder. If the nematodes areangust some of them are capable to
exsheath, the infection will not be establishedtawxill be established, but at lower taxes,
which would be still a benefit for the animals (BRHET et al., 2007; JACKSON; HOSTE,
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2010). Some examples of reports in which were deglant extracts or essential oils against

the exsheathment ofllarvae are found in Table 1. This reports may stimimportance of

the LEIA for the screening of tanniniferous plants.

Table 1 — Examples of reports that usedlitro assays for the screening of plants

Author

Year Assay Plant

ADAMU; NAIDOO;
ELOFF

ALONSO-DIAZ et al.

ALONSO-DIAZ et al.

ALONSO-DIAZ et al.

BAHUAUD et al.

BRUNET et al.

DE OLIVEIRA et al.
DE OLIVEIRA et al.
DOMINGUES et al.

FERREIRA et al.

KATIKI

KATIKI

OLIVEIRA et al.

PESSOA el al.

Brachylaena discolgiMelia azedarachCyathea
dregej Milletia grandis Indigofera frutescens
2013 EHA Apodytes dimidiatdHeteromorpha trifoliataMaesa
lanceolata Leucosidae serice@anthoxylum capense
Clerodendrum glabrumandStrychnos mitigxtracts

Acacia pennatula, Leucaena leucocephala, Lysiloma

2008a  LEIA latisiliquum and Piscidia piscipulaxtracts

Acacia pennatula, Leucaena leucocephala, Lysiloma

2008b  LEIA latisiliquum and Piscidia piscipulextracts

Acacia gaumeri, Brosimum alicastrum, Havadia

2011 LEIA albicans, and Leucaena leucocephaldracts
2006 LEIA Castanea sativiéErica Erigena P_mus sylvestresand
Sarothammus scopariextracts
2007 LEIA Onobrychis viciifoliaextract
2011 EHA Myracrodruon urundeuvaxtract
2011 LEIA Myracrodruon urundeuvaxtract
2013 EHA Ananas comosusdustrial residue
2013 EHA Annona muricataxtract
2011  EHA Cymbopogon schoenantmg;entha.plpgrlta and
Cymbopogon martinissential oils
2011  LEIA Cymbopogon schoenanth?lh@entha.plpgrltaand
Cymbopogon martinissential oils
2011  LEIA Anadenanthere} colubrlne,_Leucaena leucocephala, and
Mimosa tenuifloraextracts
2002 EHA Ocimum gratissimuraxtract
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3.5. Objectives

The objectives of the present work were to deteenthe bioactivity of the plant
extracts ofA. mearnsii, M. urundeuy&. bracteosaandL. leucocephalagainst the hatching
and the exsheathment of the nematddeontortus
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4. MATERIAL AND METHODS

4.1. Plant samples

Myracrodruon urundeuva, C. bracteosmdL. leucocephalavere harvested from the
semi-arid region of the Brazilian state of Pernaotb(latitude 8 ° 4 'S and longitude
34 ° 53" W) in four different counties, namely Fsta, Serra Talhada, Itacuruba and
Petrolandia. This region presents two distinct ahmperiods based in the rainfall rates. The
rainfall period lasts from three to four monthstvilen February and May; the drought period
lasts from eight to nine months, between June andaly. It is worth noting that this drought
period may last up to 18 months, because rainfaif be irregular and torrential.

The plants were collected from four different site each collection area. In each site,
material from five different plants from the samgesies were collected, emulating the
animal’s grazing behavior. Three kilograms of leaaed branches were collected from each
plant. The fresh material was dried in shade foh®érs inside cardboard trays. After that, the
samples were stored in paper bags and were traedptir Center for Nuclear Energy in
Agriculture, in Piracicaba, Sdo Paulo, Brazil, whérwere reduced to 1,0 mm powder by a
Wiley grinder. The powdered material where stosedae plastic flasks in a light-free place at
room temperature. The plants utilized in the expent were M. urundeuva
L. leucocephalgA. mearnsii andC. bracteosaThe A. mearnsiiplant material was obtained
commercially from SETA S/A EXTRATIVA TANINO DE ACAGQA.

4.2. Laboratory facilities

The extracting process and the EHA were held enBlomatology Laboratory of the
Instituto de Zootecnia, in Nova Odessa, S&o Pdsitazil, between June 2012 and April
2013. The LEIA was held in the Animal Nutrition Ladatory of the Center for Nuclear
Energy in Agriculture, in Piracicaba, S&o Paula#ly between April 2013 and June 2013.

4.3. Bioactive extracts

For thein vitro tests, the tannin content from the plants was etddafollowing the

methodology of Barrau et al. (2005). The fresh pla@re dried and ground fine, using sieves
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of 1 mm drill. Five grams of this material were g#d inside a beaker that was later covered
with a tinfoil for protection against the sunligithis material were extracted with 50 mL of a
70:30acetone: distilled water solution for one hourthe magnetic stirrer (Figure 2).The
acetone causes cell lyses, letting the moleculehloirophyll, lipids, and tannins free in the
solution (BARBIERI et al., 2010). After this phashe material was filtrated in a number
two filter paper with the aid of a Buchner funnalyacuum pump, and a kitasato. The solid
residues were discarded and the liquid solutionewsaced in the BUCHI HB 140 rotary-
evaporator until the acetone evaporated (Figur@i3.water in the rotary-evaporator were at
35 °C. After the acetone evaporated, the resukioigtion was placed inside a separating
funnel and washed three times in dichloromethart, %0 mL of dichloromethane each time.
Since the dichloromethane is a non-polar solutiweh@ore dense (1.325 g/mL at 25 °C) than
the water, and the tannins being polar moleculestdnnins are kept in the water phase, and
lipids and chlorophyll (non-polar molecules) aresadirded with the dichloromethane
(SIGMA-ALDRICH, 2012; FAO, 2009). After this waslgrphase, the extracts were placed in
bottles, frozen and then Iyophilized in a LabconeoFreeze Dryer 5 Ilyophilizer
(LABCONCO CORPORATION, Kansas City CAT. N. 75050)he A. mearnsiiextract was
bought from SETA S/A EXTRATIVA TANINO DE ACACIA. Thse lyophilized and

commercial plant extracts were evaluated in EHA iandcEIA.

Figure 2 - Beaker covered with tinfoil on the matgmstirrer
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Figure 3 - BUCHI HB 140 rotary-evaporator

The M. urundeuvaextract were brittle after lyophilization, and dbgh time became
and remained a powder. Tk bracteosaandL. leucocephalavere also brittle at first, but
within few days,C. bracteos& became a syrup ard leucocephala’soecame sticky. They
appeared to be highly hygroscopic.

After lyophilization, total phenols (TP), totalntains (TT), and condensed tannins
(CT) were determined according to Makkar et alO®0Two hundred mg fror@. bracteosa
andL. leucocephalaand 100 mg fromA. mearnsiiandM. urundeuvawere taken and placed
inside a glass flask. Ten mL of agueous acetoné&o)]Alere added to each flask and a 20
minutes ultrasonic bath were held at room tempezaithe contents were transferred to assay
tubes and centrifuged at 3,000 RMP at 4 °C for 1futes. The supernatant was collected.
From this supernatant all analyses were done.

For TP measurements, suitable aliquots from tipermatant were taken and placed
inside assay tubes. The volume was made up to Q.5vith distilled water; 0.25 mL of
Follin-Ciocalteu 1N, and 1.25 mL of 20% sodium carate solution were added. The tubes
were agitated and keep in dark for 40 minutes. rAtat, the absorbance were recorded at
725 nm in a spectrophotometer (DU-64 Beckman). amounts were expressed in gram

equivalent of tannic acid per kilogram of dry matte
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Total tannins measurement was achieved by theingndf polyvinyl pyrrolidone
(PVPP) (Sigma P-6755) to the tannin molecules. Rmered mg were weighted and placed
in assay tubes, and 1.00 mL of distilled water & mL of the supernatant were added and
the tubes were agitated. The assay tubes werdfagett (at 4 °C 3,000 RPM for 10 minutes)
and the supernatant from this last solution wagnalknd it contained only simple phenols
(SP), since the tannins precipitated with the PVFPRe SP solution was read in the
spectrophotometer with the same conditions as dse dne. The SP measurement were
subtracted from the TP, and the result was theTbial tannins are also expressed in gram
equivalent of tannic acid per kilogram of dry matte

For the measurement of CT, 0.50 mL of the dilutetgtaet solution were taken and
placed inside assay tubes and 3.00 mL of the blita@b reagent (95:5 n-butanol:HCI 37%)
and 0.10 mL of ferric reagent (2.00 g of ferric aomum sulfate diluted in 100 mL of HCI
2N) were added. Tubes were agitated and coverddghass marbles. After, they were placed
inside a boiling water bath for 60 minutes. Theetlwere cooled after this period and
readings were performed in the spectrophotometith, igadings at 550 nm of absorbance.

Condensed tannins are expressed in in gram eqoivaiéeucocyanidin/kg dry matter.

4.4. Egg Hatch Assay

The EHA was done following the methodology fromk¥am and Hoste (2010).

4.4.1. Egg recovery

For the recovery of eggs, two animals were keptloams following the
recommendations from “Animal Welfare Approved Stams for Sheep” (MELLOR;
HEMSWORTH, 2005) and were mono-infected withemonchus contortus.

About 15 g of feces were taken directly from thetwen of these sheep, according to
Bizimenyera et al. (2006). These feces were mixedistilled water at 40 °C and a Fecal
Aqueous Solution (FAS) was obtained. The FAS sofutvas passed through a 1.0 mm sieve,
separating the solid portion — which was discarddtbm the liquid portion (FAS) — which
was kept in a bucket. After that, the FAS were pdghirough a 106 pm sieve, discarding
again the solid portion. The remaining FAS werespdsthrough a 53 pm sieve similarly to
the previous times and then through a 25 pum siadetze eggs were kept in this last sieve’s

mesh.
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The FAS was placed in assay tubes, and then feygd for three minutes at
3,000 RPM. After the centrifugation, the upper gghavas discarded and it was added
saturated saline solution to the assay tubes anteva centrifugation under the same
conditions was done. The upper phase was collaotede 25 pum sieve and abundantly
rinsed with distilled water. Two new centrifugat®oprocess were carried out under the same
conditions: after the first, the upper phase wasatded and saturated saline solution was
added; after the second, the upper phase was rkeépe i25 pm sieve and rinsed thoroughly
distilled with water. This last solution will belsd Egg Solution (ES).

The ES was placed in a beaker. The concentratioeggé/mL was calculated by
reading of five fractions of 20 pL each in an ogkimicroscope, at a magnification of 10x

(Figure 4). After that, the mean of number of eggs calculated as eggs/mL.

Figure 4- Haemonchus contortieggs

4.4.2. Preparation of concentrations of bioactivexracts for EHA

The concentrations used in the test were obtatmedigh a pre-test, intending that the
higher dose was the Lethal Dose 99% ¢)and the lower dose was the Lethal Dose 0%
(LDo). So, the concentrations used farmearnsiiwere 50, 25, 12.5, 6.25, 3.12, 1.56, 0.78,
and 0.39 mg/mL; foM. urundeuval.56, 0.78, 0.39, 0.19, 0.09, and 0.04 mg/mL; fancC.
bracteosa 6.25, 3.12, 1.56, 0.78, 0.39, and 0.19 mg/mlvds not possible to find the 4
and Dlgg for L. leucocephaldhrough the pre-test, because the chosen conttensavere not

even reaching the R; if higher concentrations were chosen, the readimghe microscope
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were not viable, since it was extremely dark téedéntiate the eggs or larvae from the extract
solution. So, for this extract, three concentraiarere chosen, namely 6.25, 3.12, and 1.56
mg/mL. Thirty repetitions were done for each conion, for each extract.

4.4.3. Preparation of the 24-well plates

Twenty-four-well plates were prepared for eachraotf with six wells for each
concentration at each reading round (Figure 5). BA’s stock solution (S&ia) of
concentration two times higher the maximum conegimin wanted for each extract was
prepared, in other words, 3.12 mg/mL, 12.5 mg/mQ0 Ing/mL, and 12.5 mg/mL for
M. urundeuval. leucocephalaA. mearnsii andC. bracteosarespectively. Methanol was
used to help on the dilution of extracts, on thepprtion methanol: Spa of 1:50. Dilutions
of this SSna were done to obtain all other wanted concentratimnseach extract. Two
hundred fifty microliters of solution with equal twice higher the real concentration required
for that well. Then, 250 uL of an ES with 400 eggis/concentration was added to each plate
well. By doing that, each well reached the desitedcentration. In each well there was
around 100 eggs and 500 pL of total solution. Aatieg and a positive control groups were
also prepared. The negative control consistedgfuatding 250 pL of distilled water instead
of SSna. For the positive control a 0.78 mg/mL Thiabendezlution were used. After
that, the well-plates were placed inside an incubait 27 °C for 24 hours.

Figure 5 - Twenty-four-well plates
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4.4.4. Microscope readings for EHA

The readings were performed with the aid of arefited microscope, at magnitude
10x. The eggs were counted apart from the larvaé,this data was tabulated in files for

further statistical analysis.

4.5. Larval Exsheathment Inhibition Assay

The LEIA was done following the methodology frontkson and Hoste (2010).

4.5.1. Obtainment of larvae

The infective larvae (d) of H. contortuswere obtained through coproculture process,
from feces of mono-infected sheep donors, accordndroberts and O’Sullivan (1950).
Between ten to 15 grams of feces were collectestthyr from the rectum of the donors. These
feces were moistened with distilled water and hoemaged with vermiculite in a 50:50
proportion, in way it became a firm pasty materfdlis material was then placed inside glass
bottles and covered with a plastic film. The battheere kept away from sunlight and stood at
room temperature (20 °C) for one week of incubation

After seven days, each bottle was fulfilled witistiled water up to the rim, and a
Petri dish was placed on the bottle, to seal its Bt was turned upside down, allowing no or
just a little air inside it. The empty space of Betri dish was filled with distilled water. After
six hours the distilled water from the Petri dishswcollected inside assay tubes, called the
Larvae Solution (LS). The concentration in larvaleAwvas calculated by reading five fractions

of 20 puL each with the aid of an optical microscoggemagnitude 10x.

4.5.2. Preparation of concentrations of bioactivextracts for LEIA

The concentrations for the LEIA test were chosesmsed on the standard
concentrations used in assays from papers on the §ald of research. The concentration
used for all four plant extracts was 1.200, 6000,38nd 150 pg/mL and also a negative
control, that was prepared just with distilled wafEhirty repetitions for each concentration
were carried out (ALONSO-DIAZ et al., 2008a; 2008bANOLARAKI et al., 2010).
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4.5.3. Preparation of the assay tubes

In order to initiate the assay, plant extract wasghted in a precision balance in the
proportion of 2,400 pg/mL. Then, in order to hedpdilute the plant extract, methanol was
added in the proportion of methanol:stock solutbri:50. The volume of distilled water was
re-calculated and this new volume was added ta#isay tube. This solution is now called
LEIA’s stock solution (S&a) and it had 2,400 pg/mL.

Five assay tubes were taken and identified (Figufg. It was added 1 mL of $Sa
in the first two tubes (Figure 6-B). Then, in orfetleem, 1 mL of distilled water was added,
dropping the initial concentration in half (FiguseC). One mL from this last tube was taken
and added in a third tube (Figure 6-D). One mLisfiked water was added to this third tube,
reducing the concentration, from 1,200 mg/mL to @0§mL (Figure 6-E). This same
procedure was done as many times necessary tora@uneeded concentrations, as can be
seen in Figure 6-F to 6-H. One mL of distilled watas added to the tube destined to be the
negative control group (Figure 5-1). One millilitef 1,000 l/mL LS was added to each tube,
making the concentrations drop in half again, reagthe final desired concentrations (Figure
6-J). It is important to notice that each tube tnas mL of solution. After this, the assay tubes

were placed inside an incubator at 23°C for 3 hoemsh shaken every hour.
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Figure 6 - Scheme for the dilution of the §%. (A) Five empty tubes. (B) Adding one mL of
SSea in each first two tubes. (C) Adding one mL of diistl water in the second tube. (D)
Taking one mL of solution from the second tube adding it to the third tube. (E) Adding
one mL of distilled water to the third tube. (F)Kiry one mL of solution from the third tube
and adding it to the fourth tube. (G) Adding one ofldistilled water in the fourth tube. (H)
Discarding one mL of solution from the fourth tulfp.Adding one mL of distilled water in

the last tube. (J) Adding one mL of LS in each tube
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After the three hours incubation, centrifugatiom avashing of the solution from each
tube was done (Figure 7). The settings of eachribggation were 3.000 RPM during three
minutes at room temperature. Each washing procedere done by taking one mL of
solution from each tube after the centrifugatiod adding one mL of distilled water in each
tube, except after the last centrifugation, becaitdais time no distilled water was added to
the tubes. There was a total of four centrifugationercalated with washings. The remaining

volume of each tube was one mL after all centrifioges.

L)
i’
FpanppuUEBE

el suuwy
First First Second centrifugation

centrifugation washing J L

\ | 7 f} § ' ’ . \ .f~|'[ “
muinn’ 4 T
BRUOunEEEY
R ERREY ‘-- “__‘““

Third Washiﬁg Third
L Ir

—
4

Second washing

Fourth centrifugation One mL from each
tube is discarded

Figure 7 - Scheme of centrifugation and washinghef samples after incubation. The
settings of all centrifugations were 3.000 RPM ttaree minutes at room temperature.
The washings consisted of discarding one mL oftiietion from each tube and adding
one mL of distilled water in each tube, excepttf@ fourth washing that consisted only
in discarding one mL of solution from each tube
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Four aliquots of 200 puL were taken from each tahd placed inside pre-identified
microtubes. There was four microtubes for each eotmation of the assay and for the

negative control group. Each microtube consisteairepetition of the assay.

4.5.4. Microscope readings for LEIA

In order to start the assay, 12 glass slides weyanized on a plastic tray. These glass
slides were separated in four different time-groupmmely Starting Time, 20 Minutes, 40
Minutes and 60 Minutes, and each group had thidessl An aliquot of 30 pL were taken
from each microtube and placed on the glass shded, so the remaining volume of the
microtubes was 170 pL. Each slide from the ST gnap taken, and the larvae on it were
killed by heat stress, with the aid of a candleg(if¢ 8). The ashes from the bottom of the
slide that appeared after the heat stress weraedeaith toilet-paper. One hundred seventy
puL of Exsheathment Solution (ES) were added in @aichotube. This ES consisted in 2.0%
sodium hypochlorite solution and distilled watertire proportion 1:74 (pH 11.02) and its
purpose was to emulate the physiological conditmfrthe gastric apparatus of the ruminants,
to stimulate the larvae to exsheath. The one hetiog for the assay started at the time the
ES solution was added. The readings on the miopeswhere done at the Starting Time, 20

minutes, 40 minutes, and 60 minutes.

Figure 8 — Killing the larvae by heat stress with &id of a candle
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The readings for the other time-groups were ddmee dame way of the first one:
30 pL of each microtube where taken followed bytlsti@ss to kill the larvae. The material
from the slides was read in the optical microscaielOx magnitude. Thezllarvae were
differentiated in ensheathed and in exsheathed tlamdlata was tabulated in files for later

statistical analysis.

4.6. Statistical analysis

The SAS Probit procedure was used to determine the doseteifd to calculate the
lethal dose (LD) of each plant extract in bathvitro tests. It was performed by fitting
regression using normal and logistic distributiothe parameters estimative of these
equations were obtained by the maximum likelihocethod. Contrasts between doses and

negative control were carried out within the GLMbg@edure.
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5. RESULTS

Concerning the yield of the plant extradi, urundeuvahad 15.36%C. bracteosa
had 5.79%, andl.. leucocephalehad 7.58% of yield (Table 2). The calculation alg¢ was
not done forA. mearnsiibecause it was obtained commercially. Regardimgcttndensed
tannins (CT),A. mearnsiihad approximately 32.25%\l. urundeuvahad approximately
7.27%, C. bracteosahad approximately 1.27%, and leucocephalahad approximately

16.74%. These results are found in Table 3.

Table 2 - Yield of the plant extracts

Dry Plant Material (g) Bioactive Extract (g) Yie(%)

M. urundeuva 300.00 46.10 15.36
C. bracteosa 591.00 34.24 5.79
L. leucocephala 360.00 27.31 7.58

Table 3 — Tannin analysis of the extracts

Plant extract Total phenols* Total tannins* Cona=htannins**
A. mearnsii 751.73 700.49 322.5

M. urundeuva 766.61 618.5 712.72

C. bracteosa 434.34 407.68 12.71

L. leucocephala 238.01 177.69 167.49

*Amounts expressed in gram equivalent of tannid/&g dry matter.

*Amounts expressed in gram equivalent of leucodgiawikg dry matter.

The results for EHA are found in Table 4, Tablaad Figure 9. Between 90 and 95%
of the eggs from the negative controls were hatchiéel the 24 hours incubation period.
From the positive controls, approximately less tB& of the eggs have hatched in all EHAs
after the incubation period. The lowest dglvas found for thevl. urundeuvaextract (0.18
mg/mL) and the highest fok. mearnsii(7.20 mg/mL). The same pattern was found for the
LDgg, the lowest one fok. urundeuvaextract (4.31 mg/mL) and the highest farmearnsii
extract (187.26 mg/mL). It was not possible to ohte the LI, or LDgyg value for

L. leucocephala@xtracts within the chosen doses.
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Table 4 - LBy (mg/mL) and fiducial limits ofA. mearnsii, M. urundeuvaxtract, C.
bracteosaandL. leucocephalaxtracts in Egg Hatch Assay (EHA)

EHA (mg/mL)

A. mearnsii M. urundeuva C. bracteosa L. leucocépha
DLsg 7.20 (6.96 - 7.44) 0.18 (0.17 - 0.18) 0.32 (0.8133) *
DLgg 187.26 (141.70 - 258.20) 4.31(3.90-4.78) 5.4984 5.93) *

* |t was not possible to calculate this value vitie chosen concentrations

Table 5 — Mean egg eclosion (%) Baemonchus contortusggs. Eggs were previously
exposed during 24 hours to different concentrat{omg/mL) of tanniniferous plants extracts

Concentrations Plant extract

(mg/mL)
A. mearnsii M. urundeuva C. bracteosh. leucocephala
Negative control 90.53 95.84 93.31 93.05

0.04 - 96.93 - -

0.09 - 63.21** - -

0.19 - 28.44** 87.18* -

Mean 0.39 91.91 14.40** 23.26** -

egg 0.78 90.40 15.07** 10.69** -
eclosion 1.56 89.73 11.69** 6.21** 97.14
(%) 3.12 81.68** - 6.15* 94.20
6.25 66.70** - 4.48** 96.69

12.50 34.17** - - -

25.00 5.28** - - -

50.00 1.46** - - -

- Dosage not calculated for this extract

* Significantly different compared to the respeetivegative control (P<0.01)
** Significantly different compared to the respeetinegative control (P<0.0001)
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Figure 9 — Effects of 24 hours contact ldf contortuseggs with extracts oA. mearnsii(A), M. urundeuva(B), C. bracteosa(C), and
L. leucocephalaD), on the process of hatching. The g0Qvas 7.20, 0.18, and 0.32, respectively Aiormearnsii M. urundeuva and C.
bracteosalt was not possible to calculate this valuelfoleucocephalavith the chosen concentrations
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The results for LEIA are found in Table 6, Tableand Figure 10. Between 95 and
99% of the I larvae from the negative controls exsheathed #feecontact with the ES. The
lowest LDy value found for LEIA was fronM. urundeuvg0.40 mg/mL) and the highest for
C. bracteosg2.24 mg/mL). A slightly different pattern was falifor the LDy A. mearnsii
had the lowest value (2.28 mg/mL) a@dbracteosahe highest (2,538.27 mg/mL).

Table 6 - LRy (mg/mL) and fiducial limits of A. mearnsii, M. urundeuvaxtract,
C. bracteosaandL. leucocephalaxtracts in Larval Exsheathment Inhibition AsshEIQ)
againstH. contortus

LEIA (mg/mL)

A. mearnsii M. urundeuva C. bracteosa L. leucocépha

DLso 0.52(0.49 - 0.54) 0.40 (0.38 - 0.42) 2.24 (1.8343) 1.24 (1.14 - 1.38)
DLgg 2.28(2.01-2.64) 2.37(2.03-2.86) 2.53X(81x16-2.39x106) 19.99 (14.08 - 31.05)

Table 7 — Mean larval exsheathment (% Hafemonchus contortusfective L3 larvae after
one hour incubation with Exsheathment Solution.vharwere previously exposed during 3
hours to different concentrations (ug/mL) of tanig@rous plants extracts

Plant extract Mean larval exsheathment (%)
Negative control 150 300 600 1,200
A. mearnsii 99.52 97.11  84.56** 46.02*** 3.91%**
M. urundeuva 99.84 88.61  76.74*** 29.85%** 1.78%+*
C. bracteosa 95.96 86.16 79.85* 74.21** 64.71***
L. leucocephala 97.78 94.95 90.64 85.65* 54 59***

* Significantly different compared to the respeetivegative control (P<0.05)
** Significantly different compared to the respeetinegative control (P<0.01)
*** Significantly different compared to the respe@ negative control (P<0.0001)
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(b) M. urundeuva

100

80 e

% 60 =
exsheathment 40
20

0

=
0 20 40 60

Minutes

—&— 1200 pg/mL  —— 600 pg/mL —— 300 pg/mL

—>— 150 pg/mL

(d) L. leucocephala

------ Negative control

100
80

% exsheathment

20
0

0 20 40 60
Minutes

—— 600 ug/mL —&— 300 pg/mL

------ Negative control

—&— 1200 pg/mL
—>— 150 pg/mL

Figure 10 - Effects of three hours contactbfcontortusL; larvae with extracts oA. mearnsii(A), M. urundeuvaB), C. bracteosgC), and
L. leucocephaldD), on the process of artificial exsheathmengradtddition of Exsheathment Solution. ThespWas 0.52, 0.40, 2.24, and 1.24

mg/mL respectively foA. mearnsii M. urundeuvaC. bracteosaandL. leucocephala.
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6. DISCUSSION

The extract’s bioactivity may rely on the CT coritguality or quantity from each
plant extract. The extract with the highest peragatof CT wa®\. mearnsii (approximately
32.25%), followed by L. leucocephala (approximately 16.74%), M. urundeuva
(approximately 7.27%), andC. bracteosa (approximately 1.27%). A dose-dependent
inhibition of hatching was found for all extracesceptL. leucocephalawithin the chosen
doses. A dose-dependent effect for the LEIA was fdand, either by completely inhibiting
the exsheathment or delaying it, these results wewsee perceptible foA. mearnsii M.
urundeuva and L. leucocephala and less for
C. bracteosa

No mortality was found in the negative control gwe with the use of methanol as a
solvent. At first, we have tried to dilute the exdts with distilled water, but this was not
satisfactory. Later, we tried with Tween 80, bu# #olution became a foam, preventing the
differentiation of the eggs from the larvae. Sotvied with a methanol:stock solution (1:50)
and it diluted the extracts without killing the egy the larvae from both assays.

Most reports use the R4.and Dlyy to interpret the results from assays (ALONSO-
DIAZ et al., 2011; KATIKI, 2011; ADAMU; NAIDOO; EL®F, 2013; DOMINGUES et al.,
2013). The same pattern from the dptoncentrations has been found for thegfih the
EHA. Myracrodruon urundeuvéad the lowest concentration for both gland Dlgg (0.18
and 4.31 mg/mL, respectively), followed b§. bracteosa(0.32 and 5.41 mg/mL,
respectively), and\. mearnsii(7.20 and 187.26 mg/mL, respectively). The extraath the
lowest content of CTs were those with the lowestdahd DLlygg concentrations, and that may
lead to two different assumptions: or the CTs fithiam have an elevated bioactivity, or the
CTs are not the molecules involved in these resiilthe CT molecules oM. urundeuva
have a better bioactivity than the others, this mely on the kind of monomers from that
tannins. According to Brunet and Hoste (2006), dheount of free hydroxyl groups in the
monomers of CTs is a key factor, i.e., monomer$ wibre free hydroxyls were more potent
inhibitors of the exsheathment of;Lunfortunately, no test to characterize these nmmare
was held. Silva et al. (2012) points another chtaratic of M. urundeuvait has also a rich
fraction content of chalcones, and these molecales have presented bioactivity, such as
molluscicidal and antimicrobial, in the assays perfed. Unfortunately, we cannot confirm
the role of tannins in present studies, since 136 $aowed the presence of tannin binding

compounds, such as PVPP, in the experimental designso-Diaz et al. (2011) points that it
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would be essential to detect if it is the actiortavfnins or other plant’s secondary metabolites.
Yet, De Oliveira et al. (2011) used PVPP to chdukrble of tannins in an experiment with
M. urundeuvaextracts and they found that the bioactivity of #xtract was lost after the
addition of PVPP. All five highest concentratiomerh A. mearnsii M. urundeuva and

C. bracteosa had significantly differed from the negative cahtr(P<0.0001). For

L. leucocephalano tested concentration had a significant diffeee from the negative
control.

In the LEIA, a different pattern has been foundtfe DLso and DLy, with the change
being between the orders . urundeuvaandA. mearnsii For the Dlsp, M. urundeuvahad
the lowest concentrations (0.40 mg/mL), followed By mearnsii (0.52 mg/mL),

L. leucephalg1.24 mg/mL), ancC. bratecteos#2.24 mg/mL). For the Ddg, A. mearnsiihad
the lowest concentration (2.28 mg/mL), followed . urundeuva (2.37 mg/mL),
L. leucocephala19.99 mg/mL), andC. bracteosa(2,530 mg/mL). The CT content from
A. mearnsiiandC. bracteosawvere the highest ones and theirspand Dlggmay be linked to
this content.

Basically, three different categories of resultsevM®und for LEIA after 60 minutes: a
significant delay in exsheathment may be also #&resting result (BAHUAUD et al., 2006).
In the first category, nearly total significant (?€001) inhibition was achieved for the 1,200
png/mL concentration; in the second, an evidentydalas found (P<0.0001); in the third,
there was nearly no significant inhibition of exatienent if compared to the negative control.
Only A. mearnsiiand M. urundeuvaachieved nearly total inhibition at 1,200 pg/mL
(P<0.0001). A delay was found fér. mearnsii(600 pug/mL),M. urundeuva600 pg/mL),
C. bracteosa1,200 pg/mL) and.. leucocephalg1,200 pg/mL) at 60 minutes (P<0.0001);
Caesalpinea bracteos600 pg/mL (P<0.01) and 300 pg/mL (P<0.05) coneioins also had
a delay if compared to the negative control (P<D.0he other concentrations did not
inhibited the exsheathment of the larvae. Bahuaudl.e(2006) point that a delay in the
process may be also an important result. They foiunad E. eurigenaand P. sylvestres
significantly delayed the exsheathmenttbfcontortusafter 60 minutes of LEIA. According
to Lee (1965), if the process of exsheathment laydd, the taxes of infection will be
dropped, sincedd. contortushas a specific time-frame (around three hourgxsheath and
achieve infection of the host.

Another way of classifying the results from théssts is using the guideline adopted
by the WAAVP (POWERS et al., 1982; NERY; DUARTE; BAINS, 2009; FERREIRA et

al., 2013). It has been postulated that a highlgcéf’e response from thia vitro tests are
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those in which are found more than 90% inhibitibthe results ranged between 80 and 90%,
the concentration of the extract has moderate tefesess; from 60 to 80%, low
effectiveness. If the results are less than 60%t, diose is ineffective. So, in the EHA, the
highly effective concentrations were 50.00 and @5ty/mL @A. mearnsii and 6.25, 3.12,
and 1.56 mg/mL(. bracteosa The moderately effective concentrations wer®10678, and
0.39 mg/mL M. urundeuva and 0.78 mg/mL. bracteosa Those with low effectiveness
were 12.50 mg/mL A. mearnsi, 0.19 mg/mL K. urundeuvy and 0.39 mg/mL Q.
bracteosa. All the other concentrations were ineffectiveading to W.A.A.V.P. guideline
(POWERS et al.,, 1984). About the LEIA, only the AQ2ug/mL concentration from.
mearnsiiand M. urundeuvawas highly effective, no concentration was moadsyagffective,
the 600 pg/mL concentration froml. urundeuvahad low effectiveness and all other
concentrations from all plant extracts were indffeby the standards of the above cited
guideline.

The doses in whiciM. urundeuvaand C. bracteosaextracts showed effectiveness
against the hatching were lesser if compared tceffextive doses from the extracts others
reports. For example, Pessoa et al. (2002) fouf&ali@hibition of hatching with 5 mg/mL of
Ocimum gratissimunDe Oliveira et al. (2011) found 97.73% of inhidt for M. urundeuva
with the dose of 1.25 mg/mL, a dose slightly slowarompared to the one found by us, so
we confirm the findings from this author; also, yhesed PVPP in the assay, in order to
confirm the role of CT for this plant. It was fouridat with the addition of PVPP, the
anthelmintic efficacy was lost. Adamu, Naidoo ardfi2013) found 100% inhibition with
12.50 mg/mL forBrachylaena discolgrMelia azedarachCyathea dregeiMilletia grandis
and Indigofera frutescens100% with 6.25 mg/mL ofApodytes dimidiate 100% with
3.13 mg/mL forHeteromorpha trifoliata Maesa lanceolataand Leucosidae sericea5%
with 12.50 mg/mL ofZanthoxylum capensand 90% with 12.50 mg/mL dElerodendrum
glabrum and Strychnos mitisFerreira et al. (2013) found thAnnona muricatainhibited
84.91% of hatching at 0.5 g/mL. The effective dasgefound forA. mearnsiiwas higher if
compared to most of the cited reports. That canhasipe that the quality of the biological
molecule may be different between extracts, at liead. urundeuvaCaesalpinea bracteosa
extract showed low effectiveness in the LEIA andhheffectiveness in the EHA; it may
imply that the bioactive molecules from it are i@ts, or at least not them alone. Other
molecules classes may have a role in this case.

Other reports showed similar or better results wither plants, using lower doses,

after 60 minutes of LEIA test, agairtdt contortus Alonso-Diaz et al. (2011), testidgacia
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gaumerj Brosimum alicastrumHavadia albicans and L. leucocephalaat 600 pg/mL
concentration, found, respectively, 93.50%, 86.0@%,10%, and 78.90% of inhibition of
exsheathment. Bahuaud et al. (2006) found apprdgignd00.00%, 70.00%, 42.00%, and
18.00% inhibition, respectively witastanea sativaErica Erigena Pinus sylvestresand
Sarothammus scopariwextracts at 600 pg/mL concentration. Brunet e(2007) found for
Onobrychis viciifoliaextract, 50.00% and 90.00% inhibition, respecyivel the doses of 600
and 1,200 pg/mL. Alonso-Diaz et al. (2008a) fourtdbitions of 51.00%, 53.60%, 49.10%
and 63.80% respectively fgkcacia pennatula, L. leucocephallaysiloma latisiliquumand
Piscidia piscipulaat 1,200 pg/mL. Oliveira et al. (2011), testing thaf’'s and stem’s extract
of Anadenanthera colubrind.. leucocephalaand Mimosa tenuiflorafound that all of them
inhibited completely the exsheathment-bfcontortusat the dose of 300 pug/mL. De Oliveira
et al. (2011) found a 100.00% inhibition of exsheatnt with 300 pug;mL of. urundeuva
this dose was lesser if compared with ours. Thalteshat we found fot.. leucocephala
were not those found in the literature. This mdy om the quality of the fresh leaves, or the
period of the year it was harvested.

Differences between the results from the two as8are expected to happen. The egg
shell makes the eggs less sensible to the biogct¥ithe extracts than the L3 larvae. This
may rely on its structure, because it has a havdarer if compared with the double sheath
from the L3 larvae. It is important to notice tltae doses fromA. mearnsiithat showed
effective bioactivity in the EHA were around 20@né&s higher than those chosen used in
LEIA. For M. urundeuvano dose reached the highly effective class froenguideline, but
three of them were moderately effective, i.e., hadkfficacy between 80 and 90%, being the
lowest one the 0.39 mg/mL; for LEIA, the highessed1,200 pg/mL) was classified with
highest effectiveness (> 90%). Two things can Heriad from this: again, the eggshell
makes the eggs less sensible to the biomoleculeshwvould make necessary the use of
higher doses, and that the quality of CT foundlinurundeuvamay be more bioactive than
the ones from others extracts, or maybe it is dube presence of chalcones.

The variability in the results, for example for tHeEIA’'s DLgg dose from
C. bracteosamay have happened because of the number of trtepsti Usually, for EHA
only six repetitions are done; for LEIA, only foe have done 30 repetitions for each assay
for each extract. The Bk may have varied day to day. Amarante et al. (198R)arez-
Sanchez et al. (2005), and Katiki (2011) also fosindgilar day to day variation in the Bdin

in vitro assays, including EHA and LEIA among them.
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Some authors showed the efficacyfofmearnsiiextract inin vivo trials. Cenci et al.
(2007), giving 18 g ofA. mearnsiiextract per week for the treated group, founceraegal
reduction for both FEC and worm burden (WD) aftewughter in lambs naturally infected
with H. contortus Trichostrongylus colubriformjs Oesophagostomum columbianum
Cooperia sp Strongyloides papillosugrichuris globulosaandMoniezia expansaMinho et
al. (2008) gave 1.6 g/kg of live weight Af mearnsiiextract to the treated group of lambs in
lambs naturally infected witH. contortusandT. colubriformis and also found a reduction in
FEC and WD. These are examples of what type ofyassay be performed in order to test
the plant extracts im vivo experiments; also, they show that tanninferouatplanay play a

role against parasitic infections.
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7. CONCLUSIONS

Anthelmintic activity was found for the extrackging theM. urundeuvahe one that
showed bioactivity at small doses for both EHA dflA. The extract fromA. mearnsii
showed activity at lower doses for LEIA, but for EHust in higher dosesCaesalpinea
bracteosashowed better activity for the EHA arld leucocephalafor the LEIA. More
research is needed to test the toxicity from tlaatsl and then aim vivotrial, to see how the
polymers from the plants will work when interactwgh the animals.

The use ofin vitro assays may be a good alternative before testingvo, because
through that it is possible to screen potentiahalmintics plants rapidly and economically if
compared to tha vivo assays.

However, it is hard to produce the purified plaxtract, because it demands time,
labor, dangerousness (for the working with dichhoethane), and the yield is too low. Also,
to obtain the fresh eggs and larvae is too labsridlese are maybe the hardest parts about
usingin vitro assays.

An interesting anthelmintic effect was found fdr extracts for at least one of the
assays, highlighting thiél. urundeuvaandA. mearnsiiextracts for both assays. An advantage
of using these plants are that they have a potamdia as forage, mostly at the North and
Northeast regions of Brazil, and also among smaltlpcers. Nevertheless, for nutraceuticals
use of the plants, toxicity and bioactivity vivo assays must be done. Another option is the

use of the extracts as phytotherapy; for thatstiestcalculation of dosages must be realized.
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8. CONCLUSOES

Foi encontrada atividade anti-helmintica para dsatos, de forma quil. urundeuva
foi a que apresentou biotividade com menores diasgs para o TIEO quanto para o TIDL.
O extrato deA. mearnsiimostrou atividade em menores doses para o TIDIs, ena doses
mais altas para o TIEGQCaesalpinea bracteosmostrou melhor atividade para o TIEO e
L. leucocephalgara o TIDL. E necessario a realizacdo de maisuiss) visando testar a
toxicidade das plantas e posteriormente testeso, visando-se conhecer como o0s polimeros
das plantas irdo interagir com 0s animais.

O uso de testas vitro, em um primeiro momento, € uma boa alternativassmode
testesin vivo, no sentido da selecdo de plantas com potendigh@mintico mais rapida e
economicamente do que a opcdo de um testizvo inicialmente.

Entretanto, uma grande dificuldade é a producdo eldgatos purificados, pois
demanda tempo, labor, possui periculosidade (potraglhar com diclorometano) e o
rendimento dos extratos é muito baixo. Aléem daguldades em relacdo a preparacdo dos
extratos, a obtencéo de ovos e larvas € bastabi@lpsa. Esses sdo provavelmente os pontos
mais dificeis em se usar testewitro.

Foi encontrado efeito anti-helmintico interessgmdea todos os extratos utilizados
pelo menos em um dos testes, destacando-se otosxdeM. urundeuvae deA. mearnsii
para ambos os testes. Uma vantagem em relacdoaa plssitas € o seu potencial uso
forrageiro, principalmente nas regides Norte e HWsiel do Brasil, e também entre pequenos
produtores. Entretanto, para o uso nutracéutico plastas, testes de toxicidade e de
bioatividade das plantas vivo devem ser realizados. Uma possivel op¢do é o aso d
extratos purificados como fitoterapicos; para isestes devem ser realizados para o céalculo

das dosagens devem ser realizados.
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