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RESUMO

Carrapatos sdo ectoparasitas obrigatoriamente hematéfagos que podem transmitir diversas
doencas aos hospedeiros durante o seu processo de alimentacdo. Ao lesionar mecanicamente o
tecido acabam induzindo respostas inflamatorias na pele, local onde se fixam. Na tentativa de
minimizar a acdo destes sobre os hospedeiros tem-se recorrido ao controle quimico por meio
da utilizacdo de diversos produtos, dentre estes a selamectina, principio ativo de muitos
acaricidas, inclusive do Revolution® (Pfizer), uma lactona macrociclica capaz de causar danos
neurotoxicos no carrapato. Foi objetivo deste trabalho analisar, por meio de técnicas
histoldgica, histoquimica, deteccdo da atividade da fosfatase &cida (enzimas hidroliticas
responsaveis pela deteccao de morte celular autofagica) e microscopia confocal de varredura a
laser, a ocorréncia de alteragdes morfofisioldgicas na pele de coelhos hospedeiros expostos a
selamectina e infestados por Rhipicephalus sanguineus adultos. Os coelhos (n=12) foram
expostos ao produto nas concentragdes de 100% (grupo de tratamento I — GTI) e de 80%
(grupo de tratamento Il — GTII) e posteriormente infestados apresentaram no exame
histolégico diminuicdo da espessura da camada cornea do epitélio, o qual sofreu diminuicao
da quantidade de camadas celulares (adelgacamento), processo este acompanhado pela
formacdo acentuada de edemas subepidérmicos (com aumento de exudato), 0 que provocou a
desorganizacdo das fibras colagenas do tecido conjuntivo da camada dérmica. Os testes
histoquimicos revelaram forte marcacdo PAS positiva nos foliculos pilosos e em algumas
regibes da derme e ressintese de fibras colagenas demonstrada por meio da técnica do
tricomico de Mallory. Os resultados obtidos para a deteccdo da atividade da fosfatase &cida
nos individuos expostos as concentracdes de 100% e 80% de selamectina mostraram forte
marcacdo da fosfatase acida no epitélio, nas células do tecido conjuntivo da derme e nos
foliculos pilosos. As imagens confocais corroboraram os resultados das analises histologicas,
evidenciando o adelgacamento do epitélio da epiderme dos individuos dos grupos de
tratamento | e Il (GTI e GTII), sendo possivel visualizar monoestratificacdo desta camada
em algumas regides nos individuos do grupo de tratamento I (GTI). Os individuos expostos a
concentracdo de 50% (grupo de tratamento Il — GTII) apresentaram, em todas as analises
aqui realizadas, respostas morfofisiol6gicas semelhantes aquelas encontradas nos do grupo
controle. Todos os resultados aqui obtidos mostraram que a selamectina agiu como agente
toxico quando em contato com a pele dos coelhos infestados por carrapatos, alterando
morfofisiologicamente o processo de inflamacdo aguda no tegumento destes animais. A
selamectina é uma substancia quimica com acdo dose-dependente, e quanto maior foi a
concentracdo, maiores foram os danos morfofisioldgicos provocados na pele dos coelhos
leporideos. Quando utilizada em pequenas doses (menores do que as indicadas pelo
fabricante), esse composto ainda é capaz de eliminar os carrapatos porém sem causar grandes
danos no tegumento dos hospedeiros (organismos ndo-alvo).

Palavras-chave: pele, resposta imuno-inflamatoéria, infestacdo, fosfatase acida, toxicologia.

Vlamir Bozzatto de Oliveira
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ABSTRACT

Ticks are ectoparasites obligatorily hematophagous that can transmit various diseases to their
hosts during the feeding process. By mechanically injured in the tissue eventually inducing
inflammatory responses in the skin where they attach. In an attempt to minimize their action
on the host has recourse to chemical control through the use of various acaricides, among
these selamectin, the active principle of many acaricides, including the Revolution ® (Pfizer),
a macrocyclic lactone capable of causing neurotoxic damage. This study aimed to analyze,
using histological techniques, histochemical, detection of acid phosphatase activity
(hydrolytic enzymes responsible for the detection of autophagic cell death) and confocal laser
scanning, the occurrence of morphophysiological changes in the skin of hosts rabbits exposed
to the selamectin and infested by adults of Rhipicephalus sanguineus. The rabbits (n=12)
exposed to the product at concentration of 100% (treatment group | - TGI) and 80%
(treatment group Il - TGII) and infested showed, in histologic examination, a partial and/or
complete decrease in the stratum corneum of epithelium, which suffered a decrease in the
amount of cell layers with consequent reduction of stratification (thinning) of the epithelium
and marked subepidermal edema formation (with increase of exudates) which caused the
disorganization of the collagen fibers of the connective tissue of the dermal layer.
Histochemical tests showed strong staining PAS positive in hair follicles and in some regions
of the dermis, and the resynthesis of collagen fibers has been demonstrated by Mallory
trichrome technique. The confocal images corroborate the results of the histological analysis,
showing the thinning of the epithelium of the individuals’ skin of the treatment groups I and 11
(TGI and TGII), where this layer can view monostratification in some regions in individuals
in the treatment group | (TGI). Individuals exposed to a concentration of 50% (treatment
group Il - TGII) showed, in all analyzes performed here, morphophysiological responses
similar to those found in the control group. All obtained results showed that selamectin acted
as a toxic agent when in contact with the skin of rabbits infested by ticks, changing
morphophysiologically the process of acute inflammation in the tegument of these animals.
Selamectin is a chemical substance which has a dose-dependent action, since higher the
concentration, greater is the morphophysiological damage found in the skin of rabbits. When
used in small doses (less than are indicated by the manufacturer), this compound is also able
to eliminate the ticks without causing major damage to the tegument of the host (non-target
organisms).

Key words: skin, immune-inflammatory response, infestation, acid phosphatase, toxicology.

Vlamir Bozzatto de Oliveira
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Introducéo Geral

1. INTRODUCAO GERAL

Os carrapatos, animais considerados de grande importancia médico-veterinaria, sdo
artropodos pertencentes a classe Arachnida, ordem Acari, tendo como principais familias a
Ixodidae e a Argasidae (MASSARD; FONSECA, 2004). Distinguem-se facilmente dos
insetos por apresentarem, de maneira geral, quatro pares de patas nos estagios de ninfa e
adulto (RUPPERT et al., 2005).

O corpo dos acaros ndo apresenta segmentacdo, sendo, portanto, constituido de apenas
uma peca que na regido anterior é denominada gnatossoma ou capitulo e estd dotada de
estruturas cortantes denominadas queliceras, além de apresentar o hipostdmio e os palpos.
Posteriormente ao gnatossoma, existe o idiossoma onde alojam-se 0s quatro pares de pernas
(FLECHTMANN, 1985).

Todas as espécies de carrapatos sd@o obrigatoriamente hematdfagas, alimentando-se
do sangue de outros animais. Possuem significativo grau de especificidade, podendo se fixar
em diferentes hospedeiros: roedores, lagomorfos, marsupiais, carnivoros, cervideos, répteis,
aves e potencialmente no homem (MASSARD; FONSECA, 2004). Acaros hemat6fagos do
tipo mesostigmata (que inclui parasitos de vertebrados e vetores de potenciais agentes
patogénicos) sdo oviparos e com distribuicdo cosmopolita (FLECHTMANN, 1985).

Os mamiferos cenozdicos formam um grupo altamente diversificado de organismos,
adaptados a uma ampla variedade de estilos de vida e apresentando grande diversidade
ecomorfoldogica (POUGH et al., 2003). A classe Mammalia, cosmopolita, apresenta cerca de
5.400 espécies distribuidas em aproximadamente 46 ordens (WILSON; REEDER, 2005).

Os coelhos do género Oryctolagus sdo mamiferos pertencentes a ordem
Lagomorpha, familia dos Leporideos, espécie Oryctolagus cuniculos (PINHEIRO JUNIOR,
1973). Os coelhos utilizados em trabalhos cientificos sdo tipicamente coelhos New Zeland
White, os quais apresentam pelos brancos e padréo de coloragdo avermelhada dos olhos.

O revestimento externo do corpo destes mamiferos é composto pela pele e suas
especializacbes, a qual tem como funcdo proteger o corpo da exposicdo e das continuas
mudangas que ocorrem no meio externo, enquanto, concomitantemente, promove a interagao
com o meio interno do corpo e suas flutuagdes fisiologicas. Além disso, a pele contribui com
a percepcdo sensorial externa, termorregulacdo e defesa imunoldgica do individuo
(SAMUELSON, 2007).

A pele é composta de duas regies distintas: a epiderme e a derme. A epiderme
possui externamente um epitélio estratificado pavimentoso, geralmente queratinizado. Logo

abaixo da epiderme, existe a derme, composta por tecido conjuntivo denso ndo modelado que
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abriga vasos sanguineos, nervos, glandulas, entre outras estruturas (JUNQUEIRA;
CARNEIRO, 2009). O desenvolvimento de ambas as regides varia consideravelmente de
espécie para espécie, dependendo da necessidade de protecdo do animal contra dessecacao e
abrasdo (SAMUELSON, 2007).

Além da epiderme e da derme, encontra-se uma outra estrutura associada a pele — a
hipoderme, situada abaixo da derme. A hipoderme, também chamada de tecido subcutéaneo, é
rica em tecidos adiposo e conjuntivo e serve para ancorar a pele aos musculos (JUNQUEIRA,;
CARNEIRO, 2009).

Durante o processo de alimentacéo, o aparelho bucal dos carrapatos penetra na pele do
hospedeiro, 0 que possibilita sua fixagdo por meio do hipostdmio (na regido central da
cabeca), processo auxiliado pela solidificagdo da secrecdo salivar (cone de cemento) destes
ectoparasitas. Ao provocar laceracdo dos tecidos e dos vasos sanguineos, 0s carrapatos
conseguem ingerir o sangue e outros liquidos tissulares dos hospedeiros sendo que regurgitam
grandes volumes de saliva, a qual contém anticoagulantes e é concomitantemente a principal
via de inoculagdo de diversos patdgenos (MASSARD; FONSECA, 2004).

No ambiente rural brasileiro e na periferia das areas urbanas € comum a presenca de
caes parasitados pelo carrapato Rhipicephalus sanguineus (LATREILLE, 1806) (Acari:
Ixodidae). Popularmente conhecido como carrapato vermelho, se caracteriza pela hematofagia
em animais de sangue quente, tendo como hospedeiro preferencial o cdo, mas podendo
parasitar cavalos e bovinos e até mesmo o homem. Seu ciclo biologico envolve hospedeiros e
suas fémeas colocam aproximadamente 4.000 ovos (LABRUNA; PEREIRA, 2001). Estes
animais passam por quatro estagios de vida, a saber: ovo, larva, ninfa e adulto. Assim que a
larva eclode do ovo, esta fixa-se no primeiro hospedeiro e se alimenta por aproximadamente
quatro dias, quando entdo se destaca e sofre ecdise para 0 proximo estagio, a ninfa. Esta, por
sua vez, repete o ciclo de quatro dias fixada ao segundo hospedeiro, sofre nova ecdise no solo
e transforma-se em adulto (machos e fémeas) que se alimentam no terceiro hospedeiro por
aproximadamente sete dias, copulam e, ap6s terminado o periodo de alimentacdo, as fémeas
caem no solo, ovipdem e morrem em seguida (LABRUNA; PEREIRA, 2001).

O carrapato R. sanguineus tem tido cada vez mais um papel relevante entre as
espécies de carrapatos de importancia mundial. Nos cées, além dos danos diretos, ele causa a
anemia por infestacdo (JERNIGAN et al., 2000), e € também responsavel pela transmissao de
Ehrlichia canis, Babesia canis, Haemobartonella canis e Hepatozoon canis (DANTAS-
TORRES, 2010). Nos humanos, esta espéecie ainda é vetora da bactéria Rickettsia conorii na

Vlamir Bozzatto de Oliveira




Introducéo Geral

Europa e da R. rickettsii no Arizona — EUA (BORGES et al., 2007). No Brasil existem relatos
de parasitismo humano por este carrapato (DANTAS-TORRES et al., 2006).

Por sua importancia epidemioldgica e econémica, o controle de carrapatos tém sido
objeto de estudos, mas apesar do avango da ciéncia, até o presente momento as infestacfes de
carrapatos tem sido controladas por acaricidas quimicos, que embora eliminem o0s
ectoparasitas, trazem prejuizos aos organismos ndo alvos, bem como ao ambiente (KIM;
FEAGLEY, 1998; POPPENGA; OEHME, 2010).

ExposicOes agudas a pesticidas podem ser suficientes para produzir sinais clinicos e
resultados indesejados como envenenamento agudo, indicando toxicidade e até mesmo a
liberacdo de residuos que afetam diretamente a seguranca publica por meio da contaminagéo
da cadeia alimentar. O uso de pesticidas pode afetar indiretamente a vida selvagem tendo
como resultado a eliminacdo de algumas espécies que desempenham importante papel na
cadeia alimentar (POPPENGA; OEHME, 2010).

Carrapaticidas como as avermectinas sdo importantes anti-parasitarios, devido ao seu
amplo espectro de acdo, a alta eficiéncia, a margem de seguranca favoravel e por possuir
apenas um mecanismo de acéo, ou seja, aquele que provoca a paralisia do ectoparasita através
da abertura dos canais de ions cloro da membrana das células do sistema nervoso periférico,
ocasionando a desestruturacéo no potencial de acdo de toda membrana celular (NOVOTNY et
al., 2000). A tolerancia a esta classe de drogas é diferente entre as espécies de mamiferos.
Assim, é extremamente importante demonstrar a seguranca de uma avermectina especifica
nas espécies em geral antes de utilizar a sua atividade reforcada como antiparasitario
(KRAUTMANN et al., 2000).

A selamectina, uma subclasse das avermectinas, € uma lactona macrociclica muito
utilizada no controle de ectoparasitas de cées e gatos domésticos, e que mostra-se eficiente na
sua eliminacdo (KRAUTMANN et al., 2000; NOVOTNY et al., 2000). Embora as lactonas
macrociclicas possuam ampla margem de seguranca, intoxicacdes ja foram constatadas em
diversos estudos com cdes (HOPKINS et al., 1990; HADRICK et al., 1995; BEAL et al.,
1999; HOPPER et al., 2002; SNOWDEN et al., 2006; KENNY et al., 2008). Collies e ragas
semelhantes podem desenvolver intoxicacdo devido a expressao limitada da atividade da p-
glicoproteina na barreira hematoencefalica (HOOPER et al., 2002). Existem diversos casos de
intoxicacdo em caes atribuidos a ingestdo de doses administradas em cavalos (HOPKINS et
al., 1990; BEAL et al., 1999; SNOWDEN et al., 2008).

A selamectina € distribuida via corrente sanguinea, acumulando-se principalmente nas

glandulas sebaceas da pele, onde forma reservatérios contra pulgas, carrapatos e acaros do
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pavilhdo auricular (HOVDA; HOOSER, 2002). Dentre os principais acaricidas que possuem
como principal composto a selamectina, destaca-se o Revolution®, fabricado pelo laboratério
Pfizer.

Estudos sobre dosagens do produto quimico realizadas em gatos (via oral) resultaram
em salivacdo anormal e emese intermitente, indicando potencial toxicidade da selamectina
(PFIZER, 1999; KRAUTMANN et al., 2000). Dentre os efeitos clinicos encontrados, pode-
se citar: irritacdo da pele, alopécia transitoria, aglutinacdo e descoloracdo de pélos e até
mesmo a persisténcia de residuos (em forma de p6 branco) do produto quimico no local do
tratamento (NOVOTNY et al.,, 2000; HOVDA; HOOSER, 2002). De acordo com Hovda;
Hooser (2002), vomitos, diarréia, anorexia, inércia, taquipnéia e tremores musculares também
foram observados em alguns casos apds exposicao a selamectina.

Apesar de se conhecer a acao acaricida (neurotdxica) da selamectina no organismo do
carrapato e de haver trabalhos relacionados a efetividade deste produto quanto a morte do
ectoparasita, justifica-se a realizacdo do presente estudo: a) pela ampla utilizacdo da
selamectina como acaricida em cdes e gatos domésticos, portanto, atingindo ndo sO 0s
organismos alvo, mas também os ndo alvos, bem como o ambiente; b) a necessidade de
controle e eliminacdo dos ectoparasitas por meio de drogas e suas concentragdes que nao
sejam perigosas nem agressivas aos hospedeiros e ao ambiente, e no caso da selamectina, por
esta provocar reacOes adversas no local de tratamento, tais como: irritacdo, perda e
descoloracdo de pélos e persisténcia de residuos em po (KRAUTMANN et al.,, 2000;
NOVOTNY et al., 2000; HOVDA; HOOSER, 2002). A bula do produto recomenda que 0s
usuarios devem evitar o contato com o produto, via protecdo dos dedos durante a sua
aplicacéo (PFIZER SAUDE ANIMAL, 2012).
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2. OBJETIVOS

A partir do exposto, buscando agregar informacdes que possibilitem o aumento da
eficiéncia do controle de carrapatos Rhipicephalus sanguineus com 0 minimo de impacto para
0s hospedeiros, o presente trabalho teve como objetivo avaliar, por meio de analises
histoldgicas, histoquimicas, técnica para a deteccdo da atividade da fosfatase acida (enzimas
hidroliticas responsaveis pela deteccdo de morte celular autofagica) e analise morfoldgica por
meio de microscopia confocal de varredura a laser quais séo e de que tipo s@o as alteracdes
que ocorrem no tegumento dos coelhos pré-infestados com R. sanguineus apés a aplicacéo
das diferentes concentragdes de selamectina.

Com isso, pretendeu-se demonstrar também se a lesdo que normalmente é formada no
tegumento dos hospedeiros pela picada do carrapato esta sendo alterada ou ndo com a
presenca da selamectina, modificando, consequentemente, a morfologia e/ou fisiologia do

tegumento no local da picada.
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3. MATERIAL E METODOS
3.1 Material
3.1.1 Local do Estudo

Para a realizacdo do presente estudo foram utilizados equipamentos disponiveis nas
dependéncias dos laboratdrios de Histologia e Microscopia Eletrdnica do Departamento de
Biologia do 1.B.- UNESP- Campus de Rio Claro, SP. Nesta Instituicdo ja esta implantada e
encontra-se em pleno funcionamento a Brazilian Central of Studies on Ticks Morphology
(BCSTM), onde colbnias de carrapatos Rhipicephalus sanguineus séo mantidas em leporideos
e sdo assistidas e utilizadas por um grupo de 20 pesquisadores, sob a coordenacdo da Profa.
Dra. Maria Izabel Camargo Mathias.

Este projeto foi submetido para analise pelo Comité de Etica em Pesquisa no Uso
Animal da UNESP — Rio Claro, SP (CEUA — IB — UNESP — CRC) e obteve aprovacdo com o
protocolo n°® 9058.

3.1.2 Substancia Quimica: Selamectina (Revolution™ 12%).

A selamectina foi obtida a partir do acaricida Revolution™ 12%, Pfizer Satde Animal,
em tubos de 0,25 mL, concentracdo de 30mg/mL, para animais de 2,6 a 5,0 Kg. O grupo de
hospedeiros que receberam o tratamento foi submetido a diferentes concentragdes de
selamectina, sendo estas a prdpria dose de 100% obtida no produto e as diluicbes do produto
em agua destilada a 80% e 50%.

3.1.3 Carrapatos

Para o presente estudo foram utilizados casais de carrapatos adultos semi-ingurgitados
de R. sanguineus, coletados a partir de colénia mantida em condic¢des controladas (28° C, 85%
de umidade e fotoperiodo de 12 h) em estufa BOD, em sala de Biotério do Departamento de
Biologia (IB) — UNESP, campus de Rio Claro/SP, Brasil.

3.1.4 Hospedeiros

Para a realizagdo deste trabalho foram utilizados 12 coelhas fémeas (New Zealand
White) saudaveis, com peso semelhante (£ 3,5 Kg) e provenientes do Biotério Central da
UNESP, campus de Botucatu, SP, que foram mantidas em gaiolas de contencéo e alimentadas
com racdo apropriada e agua ad libitum no Biotério da UNESP — Campus de Rio Claro/SP —
Brasil.

A infestacdo artificial desses animais, a confeccdo e fixagdo das camaras de
alimentacdo, bem como a liberacdo dos carrapatos dentro destas seguiu 0s procedimentos
descritos por Bechara et al. (1995).

3.1.5 Modelo Experimental
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Para o desenvolvimento deste projeto foram estabelecidos quatro grupos de estudo:

Grupo | Grupo Il Grupo 111 Grupo IV
(GC) (GTI) (GTH) (GTIH)
3 coelhas 3 coelhas 3 coelhas 3 coelhas
livres da expostas a expostas a expostas a
exposicdo a0 selamectina  selamectina  selamectina
produto 100% 80% 50%

Revolution®

—Grupo Controle (GC)

Os hospedeiros deste grupo ndo foram expostos ao produto. Nestes foram depositados
25 casais de carrapatos adultos em jejum, segundo método descrito por Bechara et al. (1995).
Apos trés dias de ingurgitamento as fémeas foram removidas. A regido do tegumento das
coelhas onde os carrapatos ficaram fixados juntamente com o hipostdmio dos mesmos foi

retirada (via biopsia) e colocada em fixador adequado para processamento.

—Bidpsia da Pele dos Hospedeiros

Foram coletadas amostras de pele dos hospedeiros (nos locais das picadas dos
carrapatos) por meio de “punch” (saca-bocados) com 3,0 mm de diametro, local que foi
previamente anestesiado com xilocaina 2% sem vaso-constritor, procedimento realizado pela
veterinaria Leticia Maria Graballos Ferraz Hebling. O procedimento consistiu em estirar a
pele das coelhas e introduzir o punch (manobra de Whyte e Perry) por meio de movimentos
de rotacdo e pressdo vertical, fazendo com que o instrumento atingisse a profundidade

desejada (camada dérmica da pele).

—Grupos Tratamento (GTI, GTll e GTIII)

As coelhas dos grupos de tratamento (trés coelhos/grupo) foram expostas ao produto,
recebendo as doses de selamectina propostas anteriormente.

Os hospedeiros dos Grupos de Tratamento foram infestados artificialmente com 25
casais de carrapatos adultos em jejum, segundo Bechara et al. (1995). No primeiro dia ap6s a
infestacdo, receberam as doses de selamectina sob a forma “pour on” (aplica¢do sobre a linha
dorsal do corpo). Apos trés dias de alimentacdo, todos os carrapatos foram encontrados
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mortos (ARAUJO, comunicacdo pessoal), sendo as fémeas removidas e a regido dos
hospedeiros onde os carrapatos ficaram fixados juntamente com o hipostomio dos mesmos
retirada por meio de bidpsia e todo o material obtido foi encaminhado para o laboratério para

processamento.

3.2 Métodos
3.2.1 Histologia do tegumento das coelhas (Historesina)

Apos a remocdo dos carrapatos, os fragmentos de tegumento foram fixados por 24
horas em solucdo de paraformaldeido a 4% e NaCl a 0,9% em tampé&o fosfato 10% (0.1M -
pH 7,5). A seguir, todo o material foi desidratado em solucdes crescentes de etanol a 70, 80,
90 e 95% durante 15 minutos cada. Logo apds, foram transferidos para solucdo de Resina (JB-
4 Polaron Instruments/Bio Rad) na auséncia de catalisador, durante 24 horas. Posteriormente,
as amostras foram transferidas para moldes plasticos previamente preenchidos com resina
contendo catalisador. Os moldes foram selados com suportes de madeira para microtomia.
Depois de polimerizados os blocos foram seccionados com auxilio de Micrétomo Sorvall JB-
4/Bio Rad. As seccdes de 3 um de espessura foram hidratadas e recolhidas em laminas de
vidro. Depois de secas, as laminas foram submetidas a coloracdo pela hematoxilina de Harris
e eosina aquosa (HE) durante 10 e 5 minutos, respectivamente. Em seguida foram secas,

diafanizadas em xilol e montadas em balsamo do Canada.

3.2.2 Técnica do Azul de Bromofenol para deteccdo de proteinas (Segundo Pearse, 1985)
no tegumento das coelhas

Os fragmentos do tegumento dos hospedeiros foram fixados por 48 horas em
paraformaldeido 4%. As secgbes foram coradas com Azul de Bromofenol por 2 horas em
temperatura ambiente. Apdés, foram lavadas com &cido acético 0,5% por 5 minutos e com
agua corrente por 15 minutos e as mesmas passaram rapidamente por solucdo de alcool
butilico terciario.

A seguir, foram secas ao ar livre, diafanizadas e montadas em balsamo do Canada.

3.2.3 Técnica simulténea de PAS e Alcian Blue para deteccao de polissacarideos neutros
e acidos (Segundo JUNQUEIRA; JUNQUEIRA, 1983) no tegumento das coelhas

Os fragmentos do tegumento de todos os hospedeiros foram fixados em Bouin aquoso
por 48 horas. Depois de seccionados e colocados em laminas, os mesmos foram lavados com
agua destilada, coradas com Alcian Blue (pH=2,5) por 30 minutos. Em seguida, foram
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lavados rapidamente em agua destilada e expostos ao acido periodico 1% por 10 minutos.
Novamente foi realizada lavagem em agua destilada. A seguir as seccGes foram expostas ao
reativo de Schiff durante 30 minutos, no escuro. Posteriormente, procedeu-se trés lavagens em
agua sulfurosa (3 minutos cada) e, em seguida, as laminas foram lavadas em agua corrente por
30 minutos. Apds secagem, as laminas contendo as sec¢des foram colocadas em xilol para

diafanizacdo e montadas com Bélsamo do Canada.

3.24 Tricomico de Mallory para deteccdo de fibras colagenas (JUNQUEIRA;
JUNQUEIRA, 1983) no tegumento dos coelhos

As laminas contendo as seccdes histologicas foram colocadas em placas de Petri, onde
se depositou lugol por 3 a 5 minutos e, entéo, solucéo de hipossulfito aquoso a 5% por mais 3
minutos. As laminas foram entdo lavadas em agua corrente por 20 minutos. Receberam
hematoxilina por 10 minutos (reagindo com agua), logo apds coradas com o corante
tricomico de Mallory por 15 minutos em estufa a 37°C, lavadas, desidratadas e montadas para

exame microscopico.

3.2.5 Detecgdo da Atividade da Fosfatase Acida (HUSSEIN et al., 1990) no tegumento
das coelhas

Fragmentos do tegumento resultantes da biopsia nos hospedeiros foram fixados em
formalina neutra tamponada 10% (pH 7,4) e acetona, na proporcéao de 9:1, durante 1 hora e 30
minutos, a 4°C. Na seqliéncia foram lavados em tampdo acetato de sodio (0,05M, pH 4,8) e
incubados por 45 minutos a 37°C no meio: naftol AS-TR fosfato, DMSO (dimetil sulfoxido),
tampé@o acetato de sodio (0,05M, pH 4,8), MnCI2.4H20 10% e o sal fast red violet.

Para o preparo do meio de incubacdo foram dissolvidos 3 mg do substrato naftol AS-
TR fosfato em duas gotas de DMSO e, em seguida, adicionados 10 mL de tampé&o acetato de
sodio. Entdo foi acrescentado 0,2 mL de cloreto de manganés 10% mais 6 mg do sal fast red
violet e, para finalizar, a solucdo final foi vigorosamente misturada. O controle foi realizado
excluindo-se o substrato (3 mg de naphtol AS-TR fosfato) do meio de incubacéo.

O material foi desidratado em concentracdes crescentes de alcool (70%, 80%, 90% e
95%), banhos de 15 minutos cada, incluido em parafina e seccionado. As sec¢Bes de 7 um
foram recolhidas em ldminas de vidro e reidratadas por 1 minuto em agua destilada,
contracoradas por 1 minuto com hematoxilina de Harris, secas e montadas em Balsamo do

Canada para observacao ao microscopio de luz.

Vlamir Bozzatto de Oliveira




17
Material e Métodos

3.1.6. Microscopia confocal de varredura a laser da epiderme das coelhas hospedeiras

O tegumento das hospedeiras expostas a selamectina foi retirado e fixado em
folmaldeido 3,4%. A seguir, o material foi permeado com 0,1% Triton X-100 por 20 minutos
e por RNAase (10 mg/mL). Logo ap6s, foi incubado “overnight” com mistura de anticorpos
monoclonais anti-tubulina alfa e beta-tubulina (Sigma Aldrich) (1:100) no interior de camara
umida. Apos 3 lavagens com tampdo fosfato-salino (PBS), as preparacdes foram incubadas
por 1h com anticorpo secundario Cy5 anti-mouse (Molecular Probes) (1:100).

O material foi corado com faloidina-FITC (Sigma Aldrich) por 40 minutos e as
preparacOes foram lavadas em PBS em cada etapa de cada reagdo. O material foi montado
entre lamina e laminula com solucdo anti-fading (Vectashield, Vector) e contracorado
utilizando 5 pL de iodeto de propideo (PI) (10p/mL).

As imagens foram obtidas com microscopio de varredura confocal a laser Leica TCS
SP5-11 e analisadas com Leica TCS SP5-11 e software com Imaris (Bitplane).
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4. RESULTADOS
Os resultados obtidos no presente trabalho estdo apresentados sob a forma de artigos

cientificos submetidos e/ou em analise em revistas internacionais.

Capitulo 1:

Situagéo: Submissdo em Dezembro/2012 (Publicado online em Abril/2013).

Autores: BOZZATTO, V.? Oliveira, P.R.%; Camargo-Mathias, M.1.*"

Titulo: Histopathology of the tegument of rabbits infested by Rhipicephalus sanguineus
(Acari: Ixodidae) ticks and exposed to selamectin (active principle of acaricide Revolution®,
Pfizer).

Periodico: Parasitology Research.

Capitulo 2:

Situagdo: Submissdo em Fevereiro/2013 (Pré-aceito em Margo/2013).

Autores: BOZZATTO, V.2 Oliveira, P.R.%; Furquim, K.C.? Camargo-Mathias, M.1.*"
Titulo: The occurrence of autophagic cell death in the tegument of rabbits pre-infested with
Rhipicephalus sanguineus and exposed to selamectin (Active principle of acaricide
Revolution®, Pfizer)

Periodico: Microscopy Research and Technique.

Capitulo 3:

Situagéo: Submissdo em Margo/2013.

Autores: BOZZATTO, V.2 Oliveira, P.R.%; Camargo-Mathias, M.1.*"

Titulo: Morphological alterations on rabbits epidermis infested by Rhipicephalus sanguineus
ticks and exposed to selamectina (Active principle of acaricide Revolution®, Pfizer): Confocal
microscopy

Periddico: Micron (Oxford).
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RESUMO

Os carrapatos sdo ectoparasitas hematdfagos que podem transmitir diversas doencas aos
hospedeiros durante o processo de alimentacdo. Quando o0s carrapatos danificam
mecanicamente os tecidos, podem eventualmente induzir respostas inflamatérias no local da
pele onde estdo fixados. Uma das alternativas para controlar estes ectoparasitas é o uso de
substancias quimicas, como a selamectina — principio ativo do acaricida Revolution®, Pfizer
— uma lactona macrociclica capaz de causar danos neurot0xicos no carrapato e eventualmente
eliminar a infestacdo em cées e gatos. O objetivo deste estudo foi avaliar, por meio de
técnicas histologicas e histoquimicas, a ocorréncia de alteracbes morfofisiologicas na pele de
coelhos hospedeiros expostos a selamectina e infestados com Rhipicephalus sanguineus
(Acari: Ixodidae). Histologicamente, os coelhos expostos e infestados apresentaram
diminuicdo parcial e/ou total da camada cdrnea, diminuicdo do nimero de camadas das
células do epitélio, reduzindo consequentemente a estratificacdo (adelgacamento) e formacdes
evidentes de edemas subepidérmicos (com aumento de exudato) e consequente
desorganizacdo das fibras colagenas do tecido conjuntivo da camada dérmica. Os testes
histoquimicos mostraram forte reagdo PAS positiva nos foliculos pilosos e em algumas
regides da derme, além da ressintese de fibras colagenas detectada pela técnica do tricromico
de Mallory. Os resultados obtidos mostraram que a selamectina age como um agente
toxicante quando em contato com a pele dos coelhos infestados por carrapatos, induzindo
alteracdes morfofisioldgicas no processo inflamatorio agudo no tegumento dos animais. A
selamectina é uma substancia quimica que tem acdo dose dependente, uma vez que quanto
maior a concentracdo, maiores sdo os danos morfofisiolégicos encontrados na pele dos
coelhos.

Palavras-chave: pele, toxicologia, morfofisiologia, inflamacao.

ABSTRACT

Ticks are hematophagous ectoparasites which can transmit several diseases to the host during
their feeding process. When ticks mechanically damage the tissue, they eventually induce
inflammatory responses on the skin spot where they are fixed. One of the alternatives to
control these ectoparasites is the use of chemical substances like selamectin — the active
principle of Pfizer’s antiparasitic Revolution® —, a macrocyclic lactone capable of doing
neurotoxic damage to the tick and eventually eliminating infestation in dogs and cats. The
purpose of this study was to analyze, by histological and histochemical techniques, the
occurrence of morphophysiological alterations in the skin of the host rabbits exposed to
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selamectin and infested with Rhipicephalus sanguineus (Acari: Ixodidae). Histologically, the
exposed and infested rabbits showed a partial and/or total decrease in the stratum corneum,
the epithelium decreased in the number of cell layers, consequently reducing the stratification
(thinning) and quite pronounced formations of subepidermal edemas (with exudates) and
consequent disorganization of collagen fibers in the dermal layer’s connective tissue. The
histochemical tests showed strong PAS positive reaction in the hair follicle and some regions
of the dermis, besides the resynthesis of collagen fibers detected by the Mallory's trichrome
technique. The obtained results showed that selamectin acts like a toxicant agent when in
contact with the skin of the rabbit infested with ticks, inducing morphophysiological
alterations in the acute inflammatory process in the animal’s tegument. Selamectin is a
chemical substance which has a dose-dependent action, since higher concentrations, cause
greater morphophysiological damage in the skin of rabbits.

Key words: skin, toxicology, morphophysiology, inflammation.

1. INTRODUCTION

Ticks are inevitably bloodsucking ectoparasites that have a cosmopolitan distribution
(Ribeiro et al. 1996) and are organisms advantageously resistant to environmental adversities
(Walker 2000). Because of their feeding habits, ticks can transmit bacteria, protozoa, viruses
and helminthes to domestic animals and humans, are considerate individuals of great
importance to veterinary (Dantas-Torres 2010).

During the feeding process, the ticks” mouthparts penetrate deep into the host’s skin,
allowing their fixation through the hypostome (located in the central region of their head)
aided by solidification of a salivary secretion (cement cone) (Balashov 1972). The laceration
of tissues and blood vessels allows the ticks to take in blood with regurgitation of large
amounts of saliva, which becomes the major way of inoculating pathogens (Massard and
Fonseca 2004), besides being bioactive compounds capable of suppressing the hosts’ immune
responses, thereby facilitating the fixation process (Sauer et al. 1995; Meire et al. 2002;
Bowman and Sauer 2004; De la Fuente et al. 2006). When ticks contact the hosts’ skin, they
mechanically damage their fixation spot (Massard and Fonseca 2004). According to Siqueira
Junior and Dantas (2000), when aggression persists, tissues are damaged and it consequently
leads to the development of an acute inflammatory response.

The inflammation is a process which may be defined as a reaction in the

microcirculation induced in the tissue caused by injury, with the consequent movement of
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intravascular elements such as fluids, cells and molecules into the extravascular space
(Wilkinson et al. 1990; Siqueira Junior and Dantas 2000; Dos Santos et al. 2004).

For being epidemiological and economically importance, tick control has been the
subject of many studies. However, despite the advancement of science, tick infestations on
pets have so far only been controlled by chemical-based acaricides that kill ectoparasites and
can be harmful to non-target organisms (hosts) and the environment (Kim and Feagley 1998;
Blagburn and Dryden 2009; Rosado-Aguilar et al. 2010).

Acute exposures to pesticides may be large enough to produce clinical signs and
undesirable outcomes such as acute poisoning (toxicity indicator), and even generate products
that directly affect public health through contamination of the food chain. It can indirectly
affect wildlife, resulting in the elimination of some species that play an important role in the
food chain (Poppenga and Oehme 2010).

Selamectin, a subclass of avermectins, is a macrocyclic lactone widely used in
ectoparasites control in domestic dogs and cats, which has been proven effective in
eliminating these ectoparasites (Krautmann et al. 2000; Novotny et al. 2000). Although
macrocyclic lactones have a wide safety margin for use in domestic animals, indicating that
there have been no reports of human toxicity (according to the drug label), nevertheless,
poisoning have been diagnosed in different studies with dogs (Hopkins et al. 1990; Hadrick et
al. 1995; Beal et al. 1999; Hopper et al. 2002; Snowden et al. 2006; Kenny et al. 2008) and
cats (Krautmann et al. 2000).

Despite knowing selamectin action (neurotoxic) in the organism of the ticks (Novotny
et al. 2000), and that there are many studies related to the effectiveness of this product to Kill
ectoparasites (Krautmann et al. 2000), there are no studies on selamectin reporting the
dynamic aspects of its implementation in hosts which are suffering acute inflammation
processes induced by tick infestation. In this case, not only would the interaction of the
acaricide with the inflammatory process in the host’s skin be better understood, but it would
also help to detect histopathological changes that selamectin might induce in these tissues,
since this acaricide is generally administered to the pets when they already have many ticks
attached to their bodies. Thus, the present study provides, through histological and
histochemical techniques, information about tegument histophysiological changes in rabbits

infested with Rhipicephalus sanguineus ticks, exposed to the selamectin action.

2. MATERIAL AND METHODS
2.1. Local Study
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Equipment available in the facilities of the Laboratorio de Histologia do Departamento
de Biologia — IB — UNESP - Campus Rio Claro, SP, Brazil was used.
This project was submitted to and reviewed by the Ethics Comission for Animal Use in
Research at UNESP - Rio Claro, SP (CEUA - IB - UNESP - CRC) and forwarded to protocol
No. 9058.

2.2. Chemical Substance: Selamectin (Revolution®12%)

Selamectin was obtained from Revolution® 12% (Pfizer Animal Health), 30mg/mL
concentration, for animals between 2.6 and 5.0 kg (5.7 and 11 pounds). The host groups
receiving treatment were exposed to different concentrations of selamectin, here considerate
100% dose (the actual commercial product) and the product dilutions in distilled water at 80%
and 50%.

2.3. Ticks

Rhipicephalus sanguineus semi-engorged adult couples were used. The couples were
collected from a colony kept under controlled conditions (28 °C, 85% humidity and 12 h
photoperiod) in BOD incubator, in a room of the Biotério do Departamento de Biologia (IB) -
UNESP, Rio Claro campus, SP, Brazil.

2.4 Hosts

Twelve healthy rabbits (New Zealand White) of a similar weight (x 3.5 kg), from the
Biotério Central da UNESP, Botucatu campus, SP, Brazil were used. They were kept in
cages, as well as appropriately fed and given ad libitum water, in a room of the Biotério da
UNESP - Rio Claro, SP, Brazil.

Artificial infestation of the animals, construction and fixing of the feeding chamber, as
well as putting the ticks into the animals inside the chamber, followed the procedures
previously described by Bechara et al. (1995).

2.5. Experimental Model
- Control Group (CG)

The three hosts of this group were not exposed to the product. Twenty-five unfed adult
tick couples were put on them, according to the method described by Bechara et al. (1995).
After three days of engorgement, the females were removed. The region of the rabbit
tegument, where ticks were fixed with the hypostome, was removed (by biopsy) and placed in
a suitable fixer for subsequent histological and histochemical processing.

- Treatment Groups (TGI, TGII, TGIII)

The rabbits in the treatment groups were artificially infested with 25 fasting adult tick

couples/rabbit, according to Bechara et al. (1995), and, after one day, exposed to the product.
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The selamectin doses were applied based on the "pour on" form (application on the body
topline), as indicated on Revolution label. (Pfizer Animal Health 2012). After three days of
feeding the ticks are found dead (Araujo personal communication), the females were removed
and the area where ticks were fixed on the hosts, together with their hypostome, was removed
and biopsy material was taken for processing in the histology lab.
- Biopsy Specimen Collection of Hosts’ Tissues

Skin samples were collected from the hosts (on the bite site) through punch with 3.0
mm diameter on the spot previously anesthetized with xylocaine 2% without vasoconstrictor,
a procedure performed by veterinarian Leticia Maria Ferraz Graballos Hebling. This
technique is used to stretch the rabbit skin and insert the punch (Whyte and Perry maneuver)

through rotation and vertical pressure, so that the instrument reaches the desired depth.

2.6. Methods
2.6.1. Histology and histochemistry of the tegument of rabbits

The tegument fragments were fixed for 24 hours in 4% paraformaldehyde, dehydrated
in ethanol, embedded in Leica resin for 24 hours and transferred to plastic moulds previously
filled with polymerized Leica resin. After resin polymerization, all the blocks were sectioned
into 3 pum-thick slices on microtome Leica RM2245. Slides containing the sections were
either stained with hematoxylin and eosin or forwarded for histochemical tests.

Histochemical tests were applied according to the bromophenol blue techniques to
detect total proteins (Pearse 1985), in which the tegument fragments were fixed in 4%
paraformoldehyde; the PAS simultaneous staining method (periodic acid-Schiff) and Alcian
blue were applied to detect neutral and acidic polysaccharides (Junqueira and Junqueira
1983), in which the tegument fragments were fixed in aqueous Bouin; and the Mallory's
trichrome technique was applied to detect collagen fibers (Junqueira and Junqueira 1983), in
which the tegument fragments were fixed in 4% paraformoldehyde.

3. RESULTS
3.1. Histopathology of tegument
3.1.1 Control Group (CG)

Control group individuals had minor modifications resulting from penetration of
hypostome for ticks to attach to the rabbit tegument, and among them are: a) hyperkeratosis
(thickening of the stratum corneum) (Figs. 1A — 1C); b) epithelial hyperplasia (thickened
epidermis) (dotted in Fig. 1A); c) subepidermal edema formation filled with leukocytes (Figs.
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1A — 1C); d) leucocytes in the connective tissue of the dermal layer (Figs. 1A — 1C).
Sebaceous glands (Fig. 1F) and sweat glands (Fig. 1G) were observed among the cells of the

dermal connective tissue.

3.1.2. Treatment Group I (TGI)

Individuals exposed to selamectin 100% and infested with R. sanguineus ticks (Fig.
2C) showed the following histopathological changes: a) partial and/or total decrease in the
stratum corneum (Fig. 2A — B); b) thinned epithelium with unistratification in some regions
(dotted in Fig. 2A); ¢) a quite pronounced formation of subepidermal edemas (asterisks in
Figs. 2A - C) with consequent disorganization of collagen fibers in the dermal layer
connective tissue (Figs. 2A — B); d) migration of large amounts of leucocytes into the

inflammatory infiltrate (Fig. 2A).

3.1.2. Treatment Group Il (TGII)

Individuals exposed to selamectin 100% and infested with ticks (Fig. 3C) showed: a) a
partial and/or total decrease in the stratum corneum (Figs. 3A — B); b) thinned epithelium
(dotted in Figs. 3A — B); ¢) a minor subepidermal edema formation (asterisks in Figs. 3A - C)
compared to the control group (CG), the presence of large amounts of leukocytes (red and

white) in edemas (Fig. 3B).

3.1.3. Treatment Group 111 (TGIII)

Individuals exposed to selamectin 100% and infested with ticks (Fig. 4C) showed: a) a
partial decrease in the stratum corneum; b) the formation of few edemas in the dermal
connective tissue (asterisks in Figs. 4A - C) compared to the control group (CG); c) the
presence of moderate amounts of leukocytes. The epithelium appeared to be regularly
stratified, similar to that observed in the control group (GC) (dotted in Fig. 4A).

3.2. Histochemistry of tegument
3.2.1. Control Group (CG)

The stratum corneum is a layer that gets strongly stained by the bromophenol blue
technique, indicating the presence of large amounts of total protein (Fig. 1D). However, it
shows a moderate reaction for acidic polysaccharides and does not react with neutral
polysaccharides (Fig. 1B). The cells of the epithelial layer are moderately stained by
bromophenol blue (Fig. 1D), but the nuclei and cell boundaries are clearly evident. For
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neutral polysaccharides, the reaction is weak and acidic polysaccharides are not detected in
their constitution (Fig. 1B). The basal membrane is strongly PAS positive (Fig. 1B). The
dermal connective tissue is strongly stained by the bromophenol blue technique (Fig. 1D); but
for the polysaccharides, there are different reaction intensities (Fig. 1B). The presence of
blood cells strongly stained by bromophenol blue is evident (Fig. 1D). Collagen fibers are
seen in blue, whereas elastin fibers are seen in yellow in Mallory’s trichrome.

Histochemical test results in the control group (CG) are summarized in Table 1.

3.2.2. Treatment Group I (TGI)

Individuals exposed to 100% selamectin of the dose recommended on Revolution®
and previously infested with R. sanguineus ticks showed a similar histochemical tissue to that
observed in the control group (CG), i.e., the epithelial layer moderately stained by
bromophenol blue (Fig. 2D). The dermis is weakly stained by the bromophenol blue
technique (dotted in Fig. 2D); for the polysaccharides, there are different reaction intensities,
both for the acidic and for the neutral ones (Figs. 2E and 2F).

The cells of hair follicles strongly reacted with PAS (Figs. 2E and 2F). Increased
detection of collagen fibers in the subepidermal region was observed (Fig. 2G).

Histochemical test results in treatment group | (TGI) are summarized in Table 2.

3.2.3. Treatment Group Il (TGII)

Individuals exposed to 80% selamectin and previously infested with ticks showed an
epithelial layer similar to that observed in the control group (CG), i.e., the cells were
moderately stained with bromophenol blue (Fig. 3D), weakly stained by PAS, and acidic
polysaccharides were not detected (Fig. 3E).

The dermis showed some areas of the connective tissue with strong PAS positive
reaction (Fig. 3E), indicating the presence of neutral and acidic polysaccharides (circled in
Fig. 3E). The hair follicles also strongly reacted with polysaccharides (Fig. 3F). Collagen
fibers were observed (Fig. 3G).

Histochemical test results in treatment group 1l (TGI1) are summarized in Table 3.

3.2.4. Treatment Group Il (TGII)

Individuals exposed to 50% selamectin and previously infested with ticks showed an
epithelial layer similar to that observed in the control group (CG), i.e., cells moderately
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stained by bromophenol blue (Fig. 4B), weakly stained by PAS positive, and absence of
acidic polysaccharides.

The dermis in some regions of the tissue strongly reacts with PAS (neutral
polysaccharide) (Fig. 4E). Collagen fibers were observed (Fig. 4D).

Histochemical test results in treatment group 111 (TGIII) are summarized in Table 4.

4. DISCUSSION

The pronounced inflammation is a process that frequently arises after minutes or hours
following mechanical injury (tick attachment) to the skin of rabbits and rapidly goes through a
regression causing the skin to either return to its natural state or turn into a state of chronic
inflammation (Jones et al. 2000). Accordingly, in the present study the pronounced
inflammation observed in the skin of rabbits was characterized by the presence of protein-rich
fluids (exudates) formed outside the blood vessel in the dermis and which contain various
blood cells, a set called inflammatory edema (Wilkinson et al. 1990; Jones et al. 2000;
Siqueira Junior and Dantas 2000; Dos Santos et al. 2004).

In this study, skin biopsies from rabbits previously infested with Rhipicephalus
sanguineus ticks, and subsequently exposed to different concentrations of Revolution®, were
analyzed. Seventy-two hours after the procedure for attaching the ticks, the animals in the
control group (CG) showed typical histopathological changes, which are often described in
the literature (Siqueira Junior and Dantas 2000; Carvalho et al. 2010; Hebling et al., 2013),
thus showing the pronounced inflammation. The hyperkeratosis found in the stratum corneum
of the skin of rabbits might be due to the process of a cement cone formation while ticks are
being attached to the rabbits. According to Balashov (1972), during engorgement, ixodid ticks
would release compounds of polysaccharide and proteinaceous nature through their salivary
glands. Such data were corroborated by the histochemical analyzes carried out here in. These
compounds would then account for the cement cone formation in the region of the skin
stratum corneum, leading to its hyperplasia.

Even in the control group (CG), the presence of epithelial hyperplasia was observed.
The mammalian epidermis is regarded as a dynamic layer, since continuous movements of
cell differentiation from the basal (stem cells) to the stratum corneum (external layer) take
place there. In the basal layer that there is proliferation of keratinocytes, their differentiation
when moving to the skin surface and, similarly, the corneocytes suffer peeling on the skin
surface. Therefore, epidermal thickness is determined by the relative speed of these

synchronous processes (Samuelson 2007; Junqueira and Carneiro 2009). If the speed of
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keratinocyte mitosis is increased (hyperplasia) without any increase whatsoever in the
differentiation and peeling process, then there is the formation of epithelial thickness. The
thickening of the epidermis is a phenomenon known as acanthosis, a common type of change
in skin diseases caused by inflammatory processes, especially by epidermal cell damage
and/or a proliferative signal of the dermis in response to a pronounced inflammation (Jones et
al. 2000).

In this study, after three days of infestation with R. sanguineus in all host groups
exposed to selamectin (TGI, TGII and TGIII) all the couples of R. sanguineus ticks were
found dead, but still attached to the skin. The skin of the TGI hosts (exposed to 100%
concentration) showed the largest morphophysiological changes, whereas TGIII subjects
(exposed to 50% concentration) showed similar changes to those in the control group (CG),
i.e., the same changes in the epidermis.

The hosts in all treatment groups (TGI, TGII and TGIII) showed total or partial
reduction of the stratum corneum thickness (which might promote dehydration of the skin due
to exposure of the epithelium to the environment, as well as a decrease in the skin’s protective
barrier). According to the Secretaria de Salde do Estado da Bahia, Brazil (2001), workers
exposed to unhealthy and systemic chemicals for a certain period of time have irritant contact
dermatitis (depending on the nature of the chemical, as well as the exposure time). This
continuous contact with the irritant agent promotes rupture or disappearance of the skin’s
stratum corneum, leaving the dermis fully exposed. When this phenomenon occurs, there is
the presence of large amounts of blood on the site. In the case of the hosts in the control group
(CG), there was a thickening of the stratum corneum when they were infested with R.
sanguineus, once the attachment of ectoparasites to the host's skin occurs by the secretion and
formation of the cement cone, a process that induces skin thickness. The inflammatory
process in rabbits, induced by the presence of ticks on the skin, would not cause the loss of
the stratum corneum integrity, unlike what happened in the hosts’ epidermis in the treatment
groups (TGI, TGII and TGIII). This is most likely due to selamectin exposure, showing that
higher concentration of the product, greater the morphological damage caused in the stratum
corneum will be.

It has been reported in the literature that a wide variety of chemical compounds can
potentially induce injury to several epithelial layers of many mammalian organs (Matulionis
1975; Aplemann et al. 1982; Bucley et al. 1985; Min et al. 1994; Mendes et al. 2005; Barros
et al. 2006). According to Min et al. (1994), early degenerative changes induced by acute
exposure to a chemical agent are easily detectable by thinning and consequent peeling of the
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epithelium. In this study the thinning of the epithelium was detected, and it was also observed
that such process gradually becomes stronger as the concentration of selamectin increases.
Therefore, the treatment group I11 (TGIII) exposed to 50% selamectin concentration showed
quite a similar epithelium to the one in the control group (CG); the treatment group Il (TGII)
exposed to 80% showed a slightly thickened epithelium and the lowest thickness was detected
in the treatment group | (TGI), exposed to 100%.

Defense agents such as cathelicidin-like antimicrobial peptides of mammals constitute
a component of the innate immune system. Those peptides are produced in leukocytes and
have their formation generally induced in organs serving as protective barrier to the action of
infectious agents, such as skin (Bals et al. 1998; Heilborn et al. 2003). Previous studies have
indicated that one of the most important functions of such peptides would be to induce the
process of re-epithelialization of the skin after the occurrence of lesions caused by
inflammatory and infectious processes (Heilborn et al. 2003). The presence of chemicals such
as selamectin might have altered the metabolism of these peptides in the skin of rabbits, so
that there was no re-epithelization on the inflammation site, which led to the epithelial
thinning detected in hosts exposed to different selamectin concentrations.

The pronounced formation of subepidermal edemas detected in the rabbits of the
treatment groups could be related to different selamectin concentrations to which the hosts
had been exposed. In an acute inflammatory process, the formation of exudate with migration
of amorphous substances and a high volume of blood (such as plasma and their protein
constituents) into the skin structure have been reported (Wilkinson et al. 1990; Jones et al.
2000; Siqueira Junior and Dantas 2000; Dos Santos et al. 2004). Since selamectin has a
systemic action (Pfizer Central Research 2010), it is widely distributed throughout the body
by the circulatory system (Krautmann et al. 2000; Novotny et al. 2000). It concentrates
mainly in the regions of the glands (Hovda and Hooser 2002), which, according to Jones et al.
(2000), would enable the formation of edemas. High selamectin concentrations in TGI and
TGII might have induced the formation of these subepidermal edemas on the hosts’ skin,
which in turn induced greater migration of blood cells on the site, a fact evidenced in this
study using the bromophenol blue test.

The body reaction to mechanical damage are usually acute inflammatory responses
which, in the skin, make both the epidermis and the dermis start to synthesize pro-
inflammatory compounds (such as TNF-a, IL-8, IL-1, LAF-1 and ICAM-1), acting in the
defense process and the recovery of injured tissue (Jones et al. 2000). Although these
mechanisms of cutaneous inflammation have been poorly elucidated (Nickoloff and Griffths
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1990; Baker et al. 1991), it has already become clear that cells residing in the epidermis and
dermis (such as epithelial cells and fibroblasts) interact, leading to the manifestation of
pathological changes. Therefore, the observed disruption of collagen fibers in the dermis of
the skin in all treatment groups (TGI, TGII and TGI11) could be a result of either the process
of abundant exudate migration in the edema formation (accumulation of interstitial fluid
generated by the difference in concentration gradient causing the gap between the collagen
fibers) or the signaling pathways of epidermal damage. This could be explained by the fact
that the thinned epidermis projection would warn leukocytes of the damage on its structure,
resulting in the maintenance of edema formation in order to prevent any kind of damage to the
skin structure and/or physiology.

As for strong detection of PAS-positive granulation in some regions of the dermis, as
well as in the region of hair follicles in all treatment groups (TGI, TGII and TGIII),
selamectin seems to have acted as a toxic agent. According to Hovda and Hooser (2002), the
chemical agent would focus mainly on the glands present in the skin of animals. Furthermore,
data available in the literature, especially toxicological tests, show that when either vertebrate
and invertebrates organisms (Nath et al. 1997; Nath 2000; Albinati et al. 2009; Biagini et al.
2009) are often exposed to agents that induce toxicity in their physiology, their cells tend to
store PAS-positive granules in various tissues. Generally, in case of toxicity, the processes of
synthesis and storage of polysaccharides in tissues or organs are changed, since these
compounds are often expected to supply and/or reduce the damage toxic agents can cause to
the morphophysiology of exposed individuals (Biagini et al. 2009).

The presence of collagen fibers demonstrated by the Mallory’s trichrome technique
indicated the recovery process of the skin in the three treatment groups (TGI, TGII and
TGIII) after the process of acute inflammation. After a few hours of mechanical injury
suffered while R. sangunieus were being attached to the region of the epidermis, biochemical
dermal signals to the fibroblasts were activated. It consequently activated the healing of
damage through resynthesis of collagen fibers in the connective tissue that fills the dermal
layer of the skin (Jones et al. 2000; Siqueira Junior and Dantas 2000), a process that might

have occurred in the animals observed here.

5. CONCLUSION
The obtained results showed that selamectin acts like a toxic agent when in contact
with the skin of the rabbit infested with ticks, inducing morphophysiological alterations in the

acute inflammatory process in the animal’s tegument. Selamectin is a chemical substance
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which has a dose-dependent action, since higher the concentration, greater is the
morphophysiological damage found in the skin of rabbits. When used in small doses, it can
eliminate the ticks without causing considerable morphological and physiological alterations.
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Table 1. Results of histochemical tests in the tegument of rabbits infested by Rhipicephalus

sanguineus in the control group (CG)

Bromophenol Blue PAS Blue Alcian Mallory’s
Trichrome
Stratum Corneum +++ - ++ -
Epithelium ++ + - -
Dermis ++ ++ ++ +++
Hair Follicles ++ + +++ +
Blood Cells +++ + - -

(+++) strongly positive, (++) moderately positive, (+) slightly positive, (-) negative
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Table 2. Results of histochemical tests in the tegument of rabbits infested by Rhipicephalus
sanguineus (Acari: Ixodidae) subjected to the action of selamectin (active principle of
acaricide Revolution®, Pfizer) in the treatment group | (TGI - Group exposed to 100% of the
concentration of selamectin)

Bromophenol Blue PAS Blue Alcian Mallory’s
Trichrome
Stratum Corneum +++ - ++ -
Epithelium ++ + - -
Dermis ++ ++ ++ +++
Hair Follicles ++ +++ +++ +
Blood Cells +++ + - -

(+++) strongly positive, (++) moderately positive, (+) slightly positive, (-) negative
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Table 3. Results of histochemical tests in the tegument of rabbits infested by Rhipicephalus
sanguineus (Acari: Ixodidae) subjected to the action of selamectin (active principle of
acaricide Revolution®, Pfizer) in the treatment group 11 (TGII - Group exposed to 80% of the
concentration of selamectin)

Bromophenol Blue PAS Blue Alcian Mallory’s
Trichrome
Stratum Corneum +++ - ++ -
Epithelium ++ + - -
Dermis ++ ++ ++ +++
Hair Follicles ++ +++ +++ +
Blood Cells +++ + - -

(+++) strongly positive, (++) moderately positive, (+) slightly positive, (-) negative
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Table 4. Results of histochemical tests in the tegument of rabbits infested by Rhipicephalus
sanguineus (Acari: Ixodidae) subjected to the action of selamectin (active principle of
acaricide Revolution®, Pfizer) in the treatment group Il (TGIII - Group exposed to 50% of
the concentration of selamectin)

Bromophenol Blue PAS Blue Alcian Mallory’s
Trichrome
Stratum Corneum +++ - ++ -
Epithelium ++ + - -
Dermis ++ +++ ++ +++
Hair Follicles ++ ++ +++ +
Blood Cells +++ + - -

(+++) strongly positive, (++) moderately positive, (+) slightly positive, (-) negative
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Figure 1. Histological sections of the skin of rabbits infested by Rhipicephalus sanguineus.
Control Group (CG). A. Stained by hematoxylin and eosin. B. Stained by PAS test and
counterstained by blue alcian. C. General scheme. D. Stained by bromophenol blue test. E.
Detail of hair follicule. F. Detail of sebaceous gland stained by hematoxylin and eosin. G.
Detail of sweat gland.

bc = leukocytes; bm = basal membrane; cf = collagen fiber; de = dermis; ep = epithelium; hf

= hair follicle; hy = tick hypostome; pe = pelage; sc = stratum corneum; sg = sebaceous

gland; sw = sweat gland; dotted lines in A, B and D = epithelium. Scale bars = 20pum.
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Figure 2. Histological sections of the skin of rabbits infested by Rhipicephalus sanguineus
subjected to the action of selamectin in concentration of 100%. Treatment Group | (TGI). A,
B. Stained by hematoxylin and eosin. C. General scheme. D. Stained by bromophenol blue
test. E, F. Stained by PAS test and counterstained by blue alcian. G. Stained by Mallory’s

trichrome technique.

bc = leukocytes; cf = collagen fiber; de = dermis; ep = epithelium; f = fibroblast; hf = hair
follicle; pe = pelage; sc = stratum corneum; sw = sweat gland; asterisks in A, B, Cand D =
subepidermic edema; dotted lines in A, B and D = epithelium; dotted circle in F = acidic

polysaccharides. Scale bars = 20um.
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Figure 3. Histological sections of the skin of rabbits infested by Rhipicephalus sanguineus
subjected to the action of selamectin in concentration of 80%. Treatment Group I (TGII). A,
B. Stained by hematoxylin and eosin. C. General scheme. D. Stained by bromophenol blue
test. E. Stained by PAS test and counterstained by blue alcian. F. Detail of hair follicle
submitted to PAS test and counterstained by blue alcian. G. Stained by Mallory’s trichrome

technique.

bc = leukocytes; cf = collagen fiber; de = dermis; ep = epithelium; hf = hair follicle; hy = tick
hypostome; pe = pelage; sc = stratum corneum; sw = sweat gland; asterisks in A, C and D =
subepidermic edema; dotted lines in A, B and D = epithelium; dotted circle in E and F =

acidic polysaccharides. Scale bars = 20um.
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Figure 4. Histological sections of the skin of rabbits infested by Rhipicephalus sanguineus
subjected to the action of selamectin in concentration of 50%. Treatment Group Il (TGIII).
A. Stained by hematoxylin and eosin. B. Stained by bromophenol blue test. C. General
scheme. D. Stained by PAS test and counterstained by blue alcian. E. Stained by Mallory’s

trichrome technique.
bc = leukocytes; cf = collagen fiber; de = dermis; ep = epithelium; hf = hair follicle; pe =

pelage; sc = stratum corneum; sw = sweat gland; asterisks in A and C = subepidermic edema;

dotted lines in A and B = epithelium. Scale bars = 20pm.
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Resumo

Carrapatos da espécie Rhipicephalus sanguineus possuem grande importancia médico-
veterinaria por serem vetores de diversas doencas. No intuito de minimizar a sua acdo nos
hospedeiros, tem-se utilizado o controle quimico por meio do uso de diversos acaricidas,
como a selamectina. Embora estudos prévios tenham demonstrado a sua agdo toxica em
animais domésticos, nenhum estudo foi realizado na deteccdo de morte celular quando
hospedeiros sdo expostos a selamectina. Por esta razao, a técnica de deteccdo de morte celular
autofagica foi utilizada com o intuito de se demonstrar quais seriam as respostas dos tecidos
da pele de coelhos pré-infestados por R. sanguineus e expostos a diferentes concentracfes de
selamectina. Os resultados obtidos mostraram que individuos expostos as concentracdes de
100% e 80% de selamectina apresentam forte marcacao a fosfatase acida nas células do tecido
conjuntivo da camada dérmica e nos foliculos pilosos, enquanto que individuos expostos a
concentracdo de 50% apresentam fraca marcacao das células do tecido conjuntivo da derme e
moderada marcacdo nos foliculos pilosos. Ficou claro que, quando utilizada em altas
concentracdes (100% e 80%), a selamectina é capaz de induzir a ocorréncia de processos de
morte celular autofagica em larga escala. Por outro lado, a concentragdo de 50% provoca
menores alteragdes morfofisioldgicas na pele dos coelhos hospedeiros quando o processo de
morte celular autofagico é analisado. Portanto, os dados confirmam que selamectina é um
agente toxico dose-dependente que provoca o aumento da atividade da enzima fosfatase acida.
Palavras-chave: fosfatase acida, hidrolase acida, autofagia, infestagéo, toxicologia.

Abstract

Ticks of Rhipicephalus sanguineus species have great medical and veterinary importance for
being a vector of various diseases. In an attempt to minimize their action on the host, people
have resorted to chemical control by using various acaricides, such as selamectin. Although
previous studies have demonstrated its toxic action in domestic animals, no studies focused on
the detection of cell death when exposed to selamectin. For this reason, the technique for
detecting autophagic cell death was used in order to demonstrate the responses of rabbits’ skin
tissues pre-infested with R. sanguineus and exposed to different concentrations of selamectin.
The obtained results when exposed to 100% and 80% concentrations of selamectin showed a
strong mark of acid phosphatase on the cells of the connective tissue of the dermis and hair
follicles, whereas the ones exposed to the 50% concentration had a weak mark on the cells of
the connective tissue of the dermis and moderate staining in hair follicles. It became clear
that, when used at high concentrations (100% and 80%), selamectin is capable to induce a
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large scale occurrence of the autophagic cell death process. On the other hand, the
concentration of 50% causes minor morphophysiological changes in the skin of rabbit hosts
when evaluated the cell death process. Therefore, the data confirms that selamectin is a
powerful dose-dependent toxic agent causes increased activity of the enzyme acid
phosphatase.

Key words: acid phosphatase, acid hydrolases, autophagy, infestation, toxicology.

1. INTRODUCTION

Rhipicephalus sanguineus is a cosmopolitan tick (Flechtmann, 1973) of major medical
and veterinary importance, as well as one that makes the animals in which it is fixed lose
large amounts of blood. It also acts as a vector of several pathogens such as protozoa,
bacteria, rickettsia and viruses, bringing diseases to wild and domestic animals, even to men
(Harwood and James, 1979; Dantas-Torres, 2010).

The fixation of the tick on hosts occurs when the hypostomium penetrates into their

skin aided by the combined action of: a) the chelicerae that tear the tegument and b) the saliva
that form the cement cone. In hosts, the tissue digestion around the hypostomium penetration
canal causes the rupture of capillaries and lymphatic vessels. The tick’s feeding process
occurs by suction of (the host’s) blood simultaneously with the inoculation of saliva produced
by the salivary glands. A large amount of saliva is removed during the rapid engorgement
(Balashov, 1972), which increases the host's vascular permeability, resulting in the increase of
blood flow into the tick (Ribeiro, 1987).
In an attempt to minimize the action of ticks on their hosts, people have resorted to the use of
chemical control (Oliveira et al., 2008; Oliveira et al., 2009; Roma et al., 2010a; Roma et al.,
2010b ; Nodari et al., 2011; Pereira et al., 2011; Nodari et al., 2012; Oliveira et al., 2012;
Roma et al., 2012), and several compounds such as permethrin (Roma et al. 2009), fipronil
(Oliveira et al., 2011) and selamectin (Aradjo et al., 2012), which have already proven their
action to be effective.

Selamectin, a macrocyclic lactone of the avermectin subclass, is often used to control
and efficiently remove ectoparasites of cats and dogs (Krautmann et al., 2000; Novotny et al.,
2000). Although the macrocyclic lactones have a wide margin of safety, poisonings in dogs
have been observed in several studies (Hopkins et al. 1990; Hadrick et al. 1995; Beal et al.
1999; Hopper et al. 2002; Snowden et al. 2006; Kenny et al. 2008). Among the main
acaricides that have selamectin as their main compound is Revolution®, a product
manufactured by Pfizer.
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Several methodologies have been applied to detect and characterize cell death
processes (Mac Gahon et al., 1995; Zakeri et al., 1995). Among the methodologies used for
detection, the acid phosphatase activity --an important enzyme involved in autophagic cell
death process-- stands out (Furquim et al., 2008). The acid phosphatase are acid hydrolases
involved in different processes such as in bone resorption, in cell cycle control and
intracellular digestion, being especially detected as part of lysosomes (Zambuzzi et al. 2005).

Despite the effectiveness and neurotoxic action of selamectin on ectoparasites
(Krautmann et al., 2000; Novotny et al., 2000; Araujo et al., 2012), studies that demonstrate
the occurrence of morphophysiological changes in cells and tissues of the skin of hosts
exposed to this toxic (Bozzatto et al., 2013) are still scarce. The same is true about studies on
the action of selamectin as the triggering agent of autophagic cell death, which is an
interesting aspect to be elucidated, since selamectin is usually employed when hosts (cats and
dogs) are already significantly infested, particularly with Rhipicephalus sanguineus.
Therefore, this study uses the technique for detecting the acid phosphatase activity to provide
information on the occurrence of autophagic cell death processes on the tissues of rabbits
infested with Rhipicephalus sanguineus ticks and exposed to the action of different selamectin
concentrations (Pfizer Revolution ®).

2. MATERIAL AND METHODS
2.1. Local Study

Equipment available in the facilities of the Laboratory of Histology of Biology
Department - IB - UNESP - Rio Claro campus, SP, Brazil, was used.
This project was submitted to and reviewed by the Ethics Commission for Animal Use in
Research at UNESP - Rio Claro, SP (CEUA - IB - UNESP - CRC) and forwarded to protocol
No. 9058.

2.2. Chemical Substance: Selamectin (Revolution® 12%)

Selamectin was obtained from diluting a 30mg/mL concentration of Revolution® 12%
(Pfizer Animal Health), a recommended dose for animals between 2.6 and 5.0 kg (5.7 and 11
pounds). The host groups receiving treatment were exposed to different selamectin
concentrations, here considered a 100% dose (the actual commercial product) and the product
dilutions in distilled water at 80% and 50%.

2.3. Ticks

Rhipicephalus sanguineus semi-engorged adult couples were used. The couples were

collected from a colony kept under controlled conditions (28 °© C, 85% humidity and a 12-h
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photoperiod) in BOD incubator, in a room of the Biotherium of Biology Department — IB —
UNESP, Rio Claro campus, SP, Brazil.
2.4 Hosts

Twelve healthy rabbits (New Zealand White) of similar weight (x 3.5 kg), from the
Biotério Central da UNESP, Botucatu campus, SP, Brazil, were used. They were kept in
cages, appropriately fed and given ad libitum water, in a room of the Biotério do
Departamento de Biologia — IB — UNESP - Rio Claro, SP, Brazil.

Artificial infestation of the animals, construction and fixation of the feeding chamber,
as well as placement of the ticks into the chamber, followed the procedures previously
described by Bechara et al. (1995).

2.5. Experimental Model
Four study groups were established according to Table 1:

Table 1. Groups of pre-infested female rabbits per Rhipicephalus sanguineus couples exposed

to selamectin action under different concentrations

Group | Group 11 Group 111 Group IV
(CG) (TGI) (TGII) (TGII)
3 rabbits not 3 rabbits exposed to 3 rabbits exposed to 3 rabbits exposed to
exposed selamectin 100% selamectin 80% selamectin 50%

to Revolution®

- Control Group (CG)

The three hosts of this group were not exposed to the product. Twenty-five unfed adult
tick couples were put on them, according to the method described by Bechara et al. (1995).
After three days of engorgement, the females were removed. The region of the rabbit
tegument, where ticks were fixed with the hypostome, was removed (by biopsy) and placed in
a suitable fixative for subsequent processing.
- Biopsy Specimen Collection of Hosts’ Tissues

Skin samples were collected from the hosts (on the bite site) through punch with a 3.0
mm diameter on the spot previously anesthetized with xylocaine 2% without vasoconstrictor,

a procedure performed by the veterinarian Leticia Maria Graballos Ferraz Hebling. This
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technique is used to stretch the rabbit skin and insert the punch (Whyte and Perry maneuver)
through rotation and vertical pressure, so that the instrument reach the desired depth (dermal
skin tissue).

- Treatment Groups (TGI, TGII, TGIII)

The rabbits in the treatment groups were artificially infested with 25 fasting adult tick
couples/rabbit, according to Bechara et al. (1995), and, after one day, they were exposed to
the product, getting the selamectin doses proposed in Table 1. The selamectin doses were
applied based on the "pour on" form (application on the body topline), as recommended on
Revolution label (Pfizer Animal Health, 2012). After three days of feeding, the ticks were
found dead (Araujo, personal communication). The female ticks were removed and the area
where they were fixed on the hosts, together with their hypostome, was removed and biopsy
material was taken for processing in the lab.

2.6. Methods
2.6.1. Detection of Acid Phosphatase Activity (Hussein et al., 1990) in the rabbits’
tegument

To perform this technique, fragments of tegument resulting from the hosts’ biopsy
were fixed in 10% neutral buffered formalin (pH 7.4) and acetone in the proportion of 9:1 for
1 hour and 30 minutes at 4 ° C. They were subsequently washed in sodium acetate buffer
(0.05 M, pH 4.8) and incubated for 45 minutes at 37°C in the medium: phosphate Naphthol
AS-TR, DMSO (dimethyl sulfoxide), sodium acetate buffer (0.05M, pH 4.8), 10%
MnCI2.4H20 salt and fast red violet.

For the incubation medium preparation, 3 mg of substrate naphthol AS-TR phosphate
was dissolved in two drops of DMSO. Then, 10 ml of sodium acetate buffer was added. Next,
0.2 mL of 10% manganese chloride plus 6 mg fast red violet salt was added. Lastly, the final
solution was vigorously mixed. The control was performed excluding the substrate (3 mg
naphtol AS-TR phosphate) in the incubation medium.

The material was dehydrated in increasing concentrations of ethanol (70%, 80%, 90%
and 95%), in 15 minute baths each, embedded in paraffin and sectioned. 7um cuts were
collected on glass slides and rehydrated for 1 minute in distilled water counterstained for 1
minute with Harris’s hematoxylin, dried and mounted in Canada balsam for observation under

a light microscope.

3. RESULTS
3.1. Control Group (CG)
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The tegument of the hosts in the control group, which were only exposed to infestation
by R. sanguineus ticks presented: a) strongly marked epithelium (Fig. 1A), b) dermal
connective tissue with some weakly marked regions (Figs. 1A and 1B) and c) hair follicles
moderately marked by acid phosphatase (Figs. 1A and 1B); however, the center of this
follicles (medulla and hair papilla) were absent for labelling (Figs. 1A and 1B).

3.2. Treatment Group I (TGI)

The hosts’ tegument exposed to selamectin 100% and infested with R. sanguineus
ticks, presented strongly marked epithelium, connective tissue of the dermis and hair follicles
(Figs. 1C and 1D).

3.3. Treatment Group 11 (TGII)

The hosts’ tegument exposed to to selamectin 80% and infested with R. sanguineus
ticks, showed the same labelling for the detection of the acid phosphatase activity found in
treatment group | (TGI) (Figs. 2A and 2B).

3.4. Treatment Group 1 (TGIII)

The hosts’ tegument exposed to to selamectin 50% and infested with R. sanguineus
ticks, presented: a) moderately marked epithelium (Fig. 2C); b) dermal connective tissue with
some weakly marked regions (Figs. 2C and 2D); and c) hair follicles moderately marked by
acid phosphatase (Figs. 2C and 2D).

All results involving the detection of acid phosphatase activity are summarized in
Table 2.

4. DISCUSSION

Autophagic cell death (ACD), also called type Il cell death, is characterized by
extensive enzymatic degradation of portions of the cytoplasm that act in acid pH, called acid
hydrolases, where the acid phosphatases can be cited (Furquim et al., 2008; Kroemer and
Levine, 2008). It is a mechanism that can cripple cell survival when most of the cellular
structures are damaged, or when they are present in large amounts in the cytoplasm,
representing a response to adverse conditions faced by the animal, such as fasting (food
deprivation and consequently, nutrients), and the presence of toxins and/or pathogens
(Deretic, 2006; Gozuacik and Kimchi, 2007). In the present study were observed the
formation of an acute inflammatory process (data not showed) in the tegument of rabbit hosts
after a 72-h fixation of Rhipicephalus sanguineus ticks. Accordingly, autophagic cell death
was observed in all groups of the experimental model (TGI, TGII and TGIII), including the
control group (CG). According to Graca et al. (2008), acid phosphatase would be a group of
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enzymes that have increased activity in degenerative processes, particularly those observed
during inflammation. Furthermore, these enzymes would also frequently be observed within
keratinosome structures involved in skin epidermis regeneration (Matoltsy, 1966; Olson et al.
1981; Kumar et al. 2004).

Skin biopsies taken from rabbits previously infested with R. sanguineus ticks,
subsequently exposed to different selamectin concentrations, were analyzed here. Individuals
in the control group (CG) not exposed to the product, but infested with R. sanguineus ticks,
showed typical acute inflammatory responses resulting from the ectoparasite attachment
(thickening of the stratum corneum and epithelial layer of the skin, and edema formation in
subepidermal layers in the dermal connective tissue) caused by mechanical damage imposed
on its structure (Carvalho et al., 2010; Hebling et al., 2013), as well as a reaction of the host
organism itself in an attempt to expel the foreign body (tick).

According to literature data, the cells present in the uppermost layers of the epidermal
epithelial tissue, more specifically the called spiny, possess numerous electron-spherical
granules measuring 50 to 100 nm in diameter (Matoltsy, 1966; Olson et al. 1981) and which,
according to Kumar et al. (2004), are named keratinosomes since they contain acid
phosphatase. In addition, keratinosomes are secreted into the intercellular space, spilling its
contents on the plasma membrane, making this surface thicker. They are also involved in the
process of desquamation of the stratum corneum of the skin, which occurs during the
epithelial renewal (Kumar et al. 2004). In this study, it can be seen that both the individuals in
the control group (CG) and the ones in the treatment groups | and Il (TGI and TGII) showed
strong marking for acid phosphatase in the epithelium, suggesting that this autophagic cell
death process is already engaged in cell renewal in the epithelium of the skin. Or even that
this increase in the markup can be related to the presence of greater numbers of
keratinosomes, acid phosphatase positive structures involved in the process of skin
regeneration, a feature commonly observed herein. In the case of the treatment group IlI
(TGIII), there was weak marking for acid phosphatase, probably due to the formation of new
epithelial cells during the epithelial regeneration after peeling. It was a response to an acute
inflammation (Bozzatto et al. 2013) imposed in the area by laceration of the tissue, which was
moderately marked by the technique in the subjects in treatment group 11 (TGII1).

The hosts in treatment groups | and 1l (TGI and TGII) showed strong marking for
acid phosphatase in the cells of the connective tissue of the dermis, whereas the hosts in the
control group (CG) showed weak marking in the same tissue. According to Bozzatto et al.
(2013), the hosts in treatment groups | and Il (TGI and TGII) showed histopathological
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changes in the epidermis further intensified during the acute inflammatory response induced
by the presence of high selamectin concentrations in the skin. The presence of collagen fibers,
probably resynthesized after the process of acute inflammation (Bozzatto et al., 2013), could
be directly influencing the occurrence of strong marking of phosphatase activity. This is due
to the fact that the literature has reinforced the idea that collagen definitely influences the
activity of lysosomal acid phosphatase (Oliveira et al., 2008), since higher the amount of these
fibers, higher the acid phosphatase expression will be (Sicca et al. 2000; Oliveira et al. 2003;
Oliveira et al., 2008). The presence of high concentrations of selamectin (100% and 80%) in
TGI and TGII was added to the effect of collagen resynthesis. According to Melo et al.
(2007) and Nodari et al. (2011), high concentrations of toxins such as permethrin, also used in
tick control (Nodari et al., 2011) and the tityus toxin used in rat prostate cancer control (Melo
et al. 2007) would greatly enhance the formation of cell death processes such as apoptosis and
autophagy, thus increasing the concentrations of hydrolytic enzymes (acid phosphatase) in
tissues exposed to such substances. Therefore, it can be inferred that the presence of large
selamectin concentrations could be directly influencing the increase in acid phosphatase
marking as observed here, since the higher the concentration of selamectin, the higher will the
occurrence of autophagic cell death processes be.

Strong marking for acid phosphatase in the region of the hair follicles of rabbits was
observed in subjects of treatment groups | and Il (TGI and TGII). According to Cotsarelis
and Pauls (1999), the hairs could suffer transient alopecia, and its follicle could have an
accelerated induction of the death process during the catagenic phase (involution and fall
through programmed cell death) when exposed to toxic substances and subjected to hormonal
disturbances. According to some authors, in domestic animals such as cats and dogs, when
exposed to different selamectin concentrations, also showed the same clinical picture
(Novotny et al. 2000; Hovda and Hooser, 2002). In the present study, it was observed that
high selamectin concentrations induced and accelerated the degeneration of hair follicles, thus
proving intense marking for acid phosphatase in this region.

This study has shown that the hosts in treatment group 111 (TGIII) (exposed to 50% of
the initial selamectin concentration) produced less intense inflammatory responses (Bozzatto
et al., 2013) (resulting from the toxic effect of the product) --a fact confirmed by marking the
lowest acid phosphatase--, when compared to those in treatment groups | and Il (TGI and
TGII). This has been calling attention to the fact that lower selamectin concentrations would
already promote an effective control of R. sanguineus ticks, minimizing, therefore, their toxic
effects on non-target host organisms.
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5. CONCLUSION

When selamectin is used at 100% and 80% concentrations, it Killed ectoparasites but
induced the occurrence of large-scale autophagic cell death processes both in cells of the
connective tissue of the dermis and in the host’s hair follicles. On the other hand, at lower
concentrations, it kept removing ectoparasites. Therefore, the data confirmed that selamectin
is a powerful dose-dependent toxic agent, and showed that the higher the concentration used,

the higher the acid phosphatase activity in the rabbit host’s tegument will be.
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Table 2. Results of testing for acid phosphatase activity applied in the tegument of rabbits
infested by Rhipicephalus sanguineus and exposed to the action of selamectin (active
principle of acaricide Revolution®, Pfizer) in different concentrations.

Control Treatment Treatment Treatment
Group Group | Group 11 Group I
(CG) (TGI) (TGII) (TGIII)
Epithelium ++4 4 +++ ++
Dermis + 4+ +++ +
Hair Follicles ++ +4++ +++ ++

(+++) strongly positive, (++) moderately positive, (+) slightly positive, (-) negative
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Figure 1. Histological sections of the tegument of rabbits infested by Rhipicephalus
sanguineus and subjected to the action of selamectin stained by Hussein technique for
detection of acid phosphatase activity. A. Control Group (CG). B. Detail of hair follicles of
control group (CG). C. Group exposed to selamectin at 100% - Treatment Group | (TGI). D.
Detail of hair follicles of treatment group | (TGI).

de = dermis; ep = epithelium; hf = hair follicle; sc = stratum corneum; dotted circles = acidic
phosphatase marking. Scale bars = 10um.
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Figure 2. Histological sections of the tegument of rabbits infested by Rhipicephalus
sanguineus and subjected to the action of selamectin stained by Hussein technique for
detection of acid phosphatase activity. A. Group exposed to selamectin at 80% - Treatment
Group Il (TGII). B. Detail of hair follicles of treatment group 11 (TGII). C. Group exposed to
selamectin at 50% - Treatment Group Il (TGIII). D. Detail of hair follicles of treatment

group 111 (TGI1).

de = dermis; ep = epithelium; hf = hair follicle; sc = stratum corneum; dotted circles = acidic
phosphatase marking. Scale bars = 10um.
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MORPHOLOGICAL ALTERATIONS ON RABBITS EPIDERMIS INFESTED BY R.
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Resumo

A especie de carrapato Rhipicephalus sanguineus tem, cada vez mais, sido
considerada de grande importancia médico-veterinaria devido ao seu potencial em transmitir
doencas tanto para animais domésticos quanto para os seres humanos durante o periodo de
fixacdo na pele do hospedeiro. O método mais eficaz de controle destes ectoparasitas € 0 uso
de acaricidas quimicos, dentre os quais destaca-se a selamectina. Foi objetivo deste estudo
analisar, por meio de microscopia confocal de varredura a laser, a epiderme de coelhos
infestados por R. sanguineus e expostos as concentracdes de 100%, 80% e 50% de
selamectina. Os resultados mostraram que coelhas expostas as concentracfes de 80% e 100%
(a partir do produto Revolution cuja constituicdo apresenta 16% de selamectina) apresentaram
adelgacamento do tecido epitelial da epiderme com consequente desorganizacdo celular
evidenciada pela forte marcacdo de nicleos com formas irregulares, e ainda na concentracao
de 100% observou-se em algumas regides monoestratificacdo desta camada. Os individuos
expostos a concentracdo de 50% apresentaram a epiderme com menor desorganizacdo
tecidual quando comparados aos individuos expostos a 80% e 100%. A selamectina, quando
utilizada nas concentracbes mais altas (80% e 100%) é capaz de alterar a morfologia da
epiderme e em concentragfes menores (50%) embora ainda capaz de eliminar os ectoparasitas
ocasiona nos hospedeiros menores danos toxicologicos. A selamectina pode ser considerada
um agente toxico dose-dependente, pois quanto maior foi a sua concentracdo, maiores foram
as alteracdes morfoldgicas na epiderme dos coelhos.
Palavras-chave: epitélio, epiderme, selamectina, acantose, toxicologia.

Abstract

The tick species Rhipicephalus sanguineus has had its medical-veterinary importance
considered to be very increased due to its potential to transmit diseases to domestic animals
and humans during attachment to the host’s skin. The most effective method to control such
ectoparasites is the use of chemical acaricides, among which stands out the selamectin. This
study’s objective was to analyze, by means of confocal laser scanning microscopy, the
epidermis of rabbits infested by R. sanguineus and exposed to concentrations of 50%, 80%
and 100% of a selamectin-based commercial acaricide (Pfizer’s Revolution). The results
pointed that rabbits exposed to concentrations of 80% and 100% of the product Revolution
(which has 16% of selamectin in its constitution) showed epithelial tissue thinning on the

epidermis with consequent cellular disorganization, evidenced by strong stainning of nuclei
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with irregular shapes. At a concentration of 100%, monostratification in some regions of this
layer could be observed. Individuals exposed to a 50% concentration showed lower epidermis
tissue disorganization when compared to subjects exposed to selamectin 80% and 100%. The
selamectin, when used in higher concentrations (80% and 100%) can alter the epidermis
morphology while, in lower concentrations (50%), even though it is still able to eliminate
ectoparasites, causes less toxicity damage to host. Selamectin can be considered a dose-
dependent toxic agent, since higher concentrations cause more morphological changes in the
epidermis of rabbits.

Key words: epithelium, epidermis, selamectin, acanthosis, toxicology.

1. Introduction

The brown dog tick belonging to the Rhipicephalus sanguineus has assumed an
increasingly important role among tick species of medical-veterinary importance due to its
great ability to transmit pathogens to host animals (DANTAS-TORRES, 2010), namely
Hapatozoon canis, Haemobartonella canis, Ehrlichia canis and Babesia canis. In humans,
this tick species is the vector for Rickettsia conorii and R. rickettsii (Dantas-Torres et al.,
2006; Borges et al., 2007).

Balashov described in 1972 that the tick, by fixing on the host’s tegument, causes
various consequences such as theft by hematophagism, toxicity by inoculation of saliva
comprising bioactive which would act to form the cone of cement, host immunosuppression,
mechanical action by cell and tissue disruption and leather depreciation. Furthermore, the
wound formed could allow the entry of microorganisms, which would cause secondary
infections, such as abscesses, with consequent formation of purulent secretion (Wall and
Shearer, 1997).

Several methods have been researched to achieve an effective tick control. However,
the most effective is still the use of synthetic acaricides (Freitas et al., 2005). The avermectins
are important anti-parasitics due to their broad-spectrum activity and efficient neurotoxic
mechanism of action, which causes the paralysis of the ectoparasite by opening the chloride
ion channels in the peripheral nervous system cell membranes (Novotny et al. 2000).

Selamectins, a subclass of avermectins, are macrocyclic lactones, widely used in the
control of ectoparasites (Krautmann et al. 2000; Novotny et al. 2000; Araujo et al. 2012).
Although the macrocyclic lactones have a wide margin of safety, poisoning in dogs and cats
have been reported in some studies (Krautmann et al., 2000; Hopper et al., 2002; Snowden et
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al., 2006; Kenny et al., 2008). Among the main acaricides that have selamectin as their main
compound, Pfizer’s Revolution® can be highlighted.

Despite the effectiveness of selamectin and its neurotoxic action on ectoparasites
(Krautmann et al., 2000; Novotny et al., 2000; Araujo et al., 2012), researches that
demonstrate the occurrence of morphophysiological changes in skin cells and tissues of hosts
exposed to this toxic are still scarce, as well as studies dealing with the effects of selamectin
on the epidermis morphology, which is an interesting aspect to be known since the epithelial
layer is the first tissue contacting the stressors and/or skin pathogens. Moreover, selamectin is
usually used when the hosts (dogs and cats) are already significantly infested. Thus, the
present study reveals, by analyzing with confocal laser scanning microscopy, results
demonstrating the occurrence of morphostructural changes in the tegument rabbit hosts

infested by R. sanguineus ticks and exposed to different concentrations of selamectin.

2. Material and Methods
2.1. Local Study

Equipment available in the facilities of the Laboratorio de Histologia do Departamento
de Biologia - IB - UNESP - Rio Claro campus, SP, Brazil, was used.
This project was submitted to and reviewed by the Ethics Commission for Animal Use in
Research at UNESP - Rio Claro, SP (CEUA - IB - UNESP - CRC) and forwarded to protocol
No. 9058.

2.2. Chemical Substance: Selamectin (Revolution® 12%)

Selamectin was obtained from diluting a 30mg/mL concentration of Revolution® 12%
(Pfizer Animal Health), a recommended dose for animals between 2.6 and 5.0 kg (5.7 and 11
pounds). The host groups receiving treatment were exposed to different selamectin
concentrations, here considered a 100% dose (the actual commercial product) and the product
dilutions in distilled water at 80% and 50%.

2.3. Ticks

Rhipicephalus sanguineus semi-engorged adult couples were used. The couples were
collected from a colony kept under controlled conditions (28 ° C, 85% humidity and a 12-h
photoperiod) in BOD incubator, in a room of the Biotério do Departamento de Biologia — 1B
— UNESP, Rio Claro campus, SP, Brazil.

2.4 Hosts
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Twelve healthy rabbits (New Zealand White) of similar weight (x 3.5 kg), from the
Biotério Central da UNESP, Botucatu campus, SP, Brazil, were used. They were kept in
cages, appropriately fed and given ad libitum water, in a room of the Biotério do
Departamento de Biologia — IB — UNESP - Rio Claro, SP, Brazil.

Artificial infestation of the animals, construction and fixation of the feeding chamber,
as well as release of the ticks into the chamber, followed the procedures previously described
by Bechara et al. (1995).

2.5. Experimental Model
Four study groups were established according to Table 1:

Table 1. Groups of pre-infested female rabbits per Rhipicephalus sanguineus couples exposed

to selamectin action under different concentrations

Group | Group 11 Group 111 Group IV
(CG) (TGI) (TGII) (TGII)
3 rabbits not 3 rabbits exposed to 3 rabbits exposed to 3 rabbits exposed to
exposed selamectin 100% selamectin 80% selamectin 50%

to Revolution®

- Control Group (CG)

The three hosts of this group were not exposed to the product. Twenty-five unfed adult
tick couples were put on them, according to the method described by Bechara et al. (1995).
After three days of engorgement, the females were removed. The region of the rabbit
tegument, where ticks were fixed with the hypostome, was removed (by biopsy) and placed in
a suitable fixer for subsequent processing.
- Biopsy Specimen Collection of Hosts’ Tissues

Skin samples were collected from the hosts (on the bite site) through punch with a 3.0
mm diameter on the spot previously anesthetized with xylocaine 2% without vasoconstrictor,
a procedure performed by the veterinarian Leticia Maria Ferraz Graballos Hebling. This
technique is used to stretch the rabbit skin and insert the punch (Whyte and Perry maneuver)
through rotation and vertical pressure, so that the instrument reach the desired depth (dermal
skin tissue).
- Treatment Groups (TGI, TGII, TGIII)
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The rabbits in the treatment groups were artificially infested with 25 fasting adult tick
couples/rabbit, according to Bechara et al. (1995), and, after one day, they were exposed to
the product, getting the selamectin doses proposed in Table 1. The selamectin doses were
applied based on the "pour on™" form (application on the body topline), as recommended on
Revolution label. (Pfizer Animal Health, 2012). After three days of feeding, the ticks were
found dead (Araujo, personal communication). The female ticks were removed and the area
where they were fixed on the hosts, together with their hypostome, was removed and biopsy

material was taken for processing in the lab.

2.6. Methods
2.6.1. Confocal Laser Scanning Microscopy Of Tegument Of The Hosts

The tegument of hosts exposed to selamectin was removed and fixed in 3.4%
formaldehyde. Then the material was permeated with 0.1% Triton X-100 for 20 minutes and
RNAase (10 mg/ml). Thereupon, it was incubated overnight with a mixture of monoclonal
anti-alpha tubulin and beta-tubulin (Sigma Aldrich) (1:100) within a moist chamber. After
three washes with phosphate buffered saline (PBS), the preparations were incubated for 1h
with the secondary antibody Cy5 anti-mouse (Molecular Probes) (1:100).

The material was stained with phalloidin-FITC (Sigma Aldrich) for 40 minutes and the
preparations were washed in PBS in each step of each reaction. The material was mounted
between slide and coverslip with anti-fading solution (Vectashield, Vector) and
counterstained using 5 pL of propidium iodide (PI) (10u/mL).

The images were obtained with a Leica TCS SP5-11 Confocal Laser Scanning

Microscope and analyzed with Leica TCS SP5-11 and Imari software (bitplane).

3. Results
3.1. Control Group (CG)

The images obtained from the control group (CG) showed epidermal changes resulting
from acute inflammatory process due to the fixation of R. sanguineus in the tegument, where
it could be observed the occurrence of hyperplasia (thickening), confirmed by the presence of
several cell layers with strong staining of nuclei of the epithelial cells (Fig. 1A).

3.2. Treatment Group I (TGI)
Individuals of the treatment group | (TGI), which were exposed to selamectin 100%

and infested by R. sanguineus ticks, presented thinned epithelium with monostratification in
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some regions. The layers were evidenced by strong staining of nuclei of the epithelial cells
(Fig. 1B). Total tissue disorganization, paired with presence of nuclei with irregular aspect —

signaling some damage — could be observed.

3.3. Treatment Group 11 (TGII)

Results obtained from the individuals of the treatment group Il (TGII), exposed to to
selamectin 80% and infested with R. sanguineus ticks, confirmed the skin thinning ,
phenomenon which was accompanied by total disruption of the tissue (which occurred to a
lesser extent when compared to the treatment group 1), including the presence of nuclei with

irregular aspect, signaling damage (Fig. 1C).

3.4. Treatment Group 11 (TGIII)

The skin of individuals on treatment group 111 (TGIII), exposed to to selamectin 100%
and infested with R. sanguineus ticks, also showed, by means of microscopy technique,
cellular disorganization and changes in the shape of the nuclei of the epithelial layer (to a
lesser extent when compared to the treatment groups | and I1).

In all situations of this study the skin’s autofluorescence signal was minimal.

4. Discussion

The barrier formed by the skin serves to minimize water loss from the body to the
environment, reducing the absorption of chemicals, and to prevent infection from pathogens.
These protective functions are mainly concentrated in the stratum corneum, by means of a
lipid barrier and the epidermal homeostasis itself (Wickett and Visscher, 2006).

Skin biopsies taken from rabbits infested with R. sanguineus ticks and subsequently
exposed to different concentrations of selamectin were analyzed. Individuals of the control
group (CG) — not exposed to the product, but infested with R. sanguineus ticks — showed
typical acute inflammatory response caused by the tick attachment to the skin (with
thickening of the stratum corneum and the epithelial layer, paired with formation of
subepidermal edemas in the dermal connective tissue) (Bozzatto et al. 2013) against the
imposed mechanical injury therein (Carvalho et al., 2010; Hebling et al., 2013), as well as the
reaction of the host organism itself in an attempt to remove the foreign body (tick).

The confocal laser scanning microscopy of the tegument region in the control group
(CG), which suffered damage by ticks, confirmed the presence of acanthosis (thickening of
the epithelium layer of the epidermis). The acanthosis is characterized by proliferation of the
spinous cells layer and is presented evidenced by the presence of round, hypertrophied
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generative cells, with dense, eosinophilic cytoplasm and persistent nuclei (Kumar et al.,
2004). The latter were well evidenced by the confocal images obtained. The acanthosis is
usually associated with inflammatory processes imposed on the skin, especially when there is
occurrence of epidermal injury, which may occur due to mechanical shocks (here, by tissue
tearing promoted by the chelicerae of ticks and subsequent fixation of the hypostome) or to
biochemical signaling in dermal response to tissue regeneration (Jones et al. 2000; Kumar et
al. 2004).

In the present work, the epithelial thinning phenomenon could be observed in the
tegument of individuals from treatment groups | (TGI) and Il (TGII). Besides presenting
epithelial thinning, individuals who were exposed to 100% of the selamectin commercial
dosage (TGI), also showed monostratification in regions of the epithelial layer. The epithelial
thinning is probably a result of a cell atrophy process, which involves both decrease of the
cytoplasmic and nuclear extension by loss of water from the intra to extracellular medium
(Min et al. 1994; Kumar et al. 2004). This phenomenon is closely related to the process of
inducing lesions to the epithelial layers by means of exposing the epithelium to xenobiotics,
especially chemicals that act as toxic agents (Mendes et al. 2005; Barros et al., 2006; Trost et
al., 2009). This study has shown that the highest concentration of selamectin (100% of the
commercial dosage) has induced in individuals of TGI a sharper thinning of the epidermis,
with consequent monostratification in some areas of the epithelium, responsible for the
morphostructural changes herein detected. The selamectin in concentration of 80% was also
able to alter the morphology of the epidermis, thus generating an epithelial thinning.
However, cells appeared to be integral and the damage by the toxic action of the product
seems to have a lesser extent when compared to the damage observed in the tegument of
individuals in the treatment group | (TGI).

By analyzing images of confocal microscopy of the epidermis of individuals
belonging to the treatment group Il (TGIII), some severe changes could be observed. The
results herein show that selamectin, even when used at 50% of the commercial concentration,
i.e., even when used in small concentrations, is capable of controlling infestations by the R.
sanguineustick in the host. Morphological damage were still produced.

The present work demonstrated that the use of more advanced analysis techniques can
help elucidate questions and add information about host cell and tissue damage through the
action of toxic agents.

5. Conclusion
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The selamectin, when used in high concentrations (80% and 100%) can alter the
epidermis morphology. In lower concentrations (50%) it is still capable of eliminating
ectoparasites, while causing morphological damage to hosts in a lower extent. Selamectin can
be considered a dose-dependent toxic agent, since higher concentrations promoted higher
morphological changes to the tegument of rabbit hosts carrying R. sanguineus and exposed to

selamectin.
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Figure 1. Images obtained by confocal laser scanning microscopy of the skin of rabbits
infested with ticks Rhipicephalus sanguineus. A. Control Group (CG). B. Treatment Group |
(TGI), subjected to selamectin at 100%. C. Treatment Group Il (TGII), subjected to
selamectin at 80%. D. Treatment Group I11 (TGII1), subjected to selamectin at 50%.

cf = collagen fiber; de = dermis; ep = epithelium of epidermis; sc = stratum corneum. Dotted

circle in B = monostratification of epithelium. Continuos circles = nuclei with irregular

morphology.
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5. DISCUSSAO GERAL

A pele dos mamiferos é um érgdo composto de duas regibes distintas: a epiderme e a
derme (SAMUELSON, 2007; JUNQUEIRA; CARNEIRO, 2009). A epiderme ¢ dividida nas
camadas: a) cornea, mais externa e em contato com o ambiente, constituida por cornedcitos
ricos em lipidios, b) granular, constituida principalmente por queratindcitos em processo de
apoptose, ¢) espinhosas, com queratindcitos metabolicamente ativos sintetizando melanina e
d) basal, com células-tronco essenciais a renovacdo do epitélio (THAKUR et al., 2008).
Histologicamente, a epiderme possui externamente um epitélio estratificado pavimentoso,
normalmente corneificado ou queratinizado (SAMUELSON, 2007; JUNQUEIRA;
CARNEIRO, 2009). Logo abaixo a epiderme encontra-se a derme, composta por tecido
conjuntivo denso ndo modelado que abriga vasos sanguineos, nervos e glandulas
(SAMUELSON, 2007; JUNQUEIRA; CARNEIRO, 2009). Alem da epiderme e da derme,
encontra-se a hipoderme, também chamada de tecido subcutaneo, rico em tecido adiposo e
conjuntivo frouxo que serve para ancorar a pele aos musculos (JUNQUEIRA; CARNEIRO,
2009).

Atualmente os métodos de controle de carrapatos tém sido utilizados em larga escala
principalmente em animais domésticos e de corte sdo via carrapaticidas quimicos sintéticos,
como por exemplo a selamectina. Estes produtos apresentam boa eficacia na eliminacéo dos
ectoparasitas, entretanto podem ser desfavoraveis quanto ao seu uso, pois além de apresentar
efeitos toxicologicos indesejaveis nos organismos ndo-alvo (hospedeiros), também podem
gerar residuos quimicos no meio ambiente (POPPENGA; OEHME, 2010; OLIVEIRA et al.,
2012). ExposicGes minimas a substancias quimicas que tem por objetivo o controle efetivo de
espécies-praga ou parasitarias podem ja ser suficientes para provocar envenenamento agudo
(KRAUTMANN et al., 2000; NOVOTNY et al., 2000; KENNY et al., 2008) e até gerar
residuos que afetardo diretamente a seguranca publica por meio da contaminacdo da cadeia
alimentar. O uso de carrapaticidas sintéticos pode afetar indiretamente a vida selvagem tendo
como resultado a eliminacdo de algumas espécies que desempenham importante papel na
cadeia alimentar (POPPENGA; OEHME, 2010).

A selamectina é uma substancia quimica muito eficiente no controle de carrapatos,
sendo comercializada ha anos pelo laboratério Pfizer por meio do farmaco Revolution®
(PFIZER SAUDE ANIMAL, 2012), utilizada principalmente em cies e gatos. Entretanto até
agora ndo existiam dados especificos na literatura mostrando se esta substancia quimica seria
capaz de provocar ou ndo alteracbes morfofisioldgicas na reacdo inflamatdria aguda que os

carrapatos induzem na pele de seus hospedeiros, uma vez que geralmente o Revolution® é
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aplicado quando caes e gatos ja estdo com infestagdes significativas. Assim sendo, 0 presente
trabalho trouxe novos dados sobre a acdo da selamectina, principio ativo do acaricida
Revolution®, uma vez que por meio de testes com diversas concentracdes desta substancia
quimica na pele de coelhos infestados por carrapatos R. sanguineus foi possivel mostrar as
alteracbes morfologicas que as diferentes concentragdes causam na pele de coelhos
hospedeiros.

As alteracOes resultantes da acdo da selamectina sobre o tegumento dos hospedeiros
indicam que esta substancia, quando utilizada em altas concentragées como em 100% (Grupo
de Tratamento | - GTI) e diluida em agua destilada a 80% (Grupo de Tratamento Il - GTII), é
capaz de alterar o processo inflamatério agudo da seguinte maneira: a) diminuindo
parcialmente e/ou totalmente a camada cornea, b) adelgacando o epitélio, com consequente
diminuicdo das suas camadas celulares, c¢) formando edemas subepidéermicos acentuados, d)
desorganizando as fibras colagenas do tecido conjuntivo da camada dérmica e €) promovendo
a migracdo de grande quantidade de células sanguineas para o infiltrado inflamatério, aléem de
ter sido observado aumento da producdo de polissacarideos neutros e acidos na regido dos
foliculos pilosos. A microscopia confocal de varredura a laser confirmou alguns dados obtidos
por meio das analises histopatolégicas, mostrando o adelgacamento no epitélio da pele dos
individuos pertencentes a todos os grupos de tratamento. No entanto, no que diz respeito ao
padrdao morfolégico do nucleo, ficou evidente que mesmo na concentragdo mais baixa (50%)
a selamectina ja causa mudancgas morfologicas nestas estruturas.

No que diz respeito & deteccdo da atividade da fosfatase acida (principal enzima
envolvida no processo de morte celular autofagica), o tegumento dos individuos pertencentes
aos grupos de tratamento I e I (GT1 e GTII) apresentou epitélio, tecido conjuntivo dérmico e
foliculos pilosos fortemente marcados, evidenciando alta taxa de morte celular autofagica
nestes tecidos, indicando que a selamectina também seria capaz de induzir a morte celular
nestas estruturas.

O sistema imune inato dos mamiferos possui mecanismos de defesa ndo-especificos
cujas respostas sao indiferentes em relacdo ao agente estressante (JONES et al., 2010). A pele
é a principal barreira deste sistema imune e constitui a primeira linha de defesa contra agentes
estressantes (como por exemplo, substancias quimicas nocivas a pele) e patogénicos, sendo,
portanto, o primeiro 6rgdo a entrar em contato com estes agentes (JUNQUEIRA,;
CARNEIRO, 2009), e, consequentemente, 0 primeiro a apresentar alteracdes
morfofisiolégicas. No presente trabalho observou-se que a selamectina foi capaz de alterar o
processo de resposta inflamatéria aguda quando utilizada em altas concentracdes (100% e
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80%), reforcando a ideia de que esta substancia seria um potencial agente toxico quando em
contato com a pele de coelhas hospedeiras, atuando como um agente estressante ao sistema
imune inato das mesmas.

Os resultados aqui obtidos mostraram que quando a selamectina foi utilizada na
concentracdo de 50% (Grupo de Tratamento Il - GTIII), ocorreram respostas
morfofisiolégicas como: a) diminuicdo parcial da espessura da camada cornea, b) epitélio
regularmente estratificado (muito embora com nicleos alterados, mostrados na microscopia
confocal de varredura a laser) e ¢) formacdo de poucos edemas no tecido conjuntivo da
camada dérmica, alteracbes estas que sdo respostas apenas a infestacdo por R. sanguineus,
assemelhando-se as respostas morfisiolégicas encontradas no grupo controle (GC). A
atividade da fosfatase acida foi semelhante aquela encontrada no tegumento dos individuos
pertencentes ao grupo controle (GC), ou seja, epitélio moderadamente marcado, tecido
conjuntivo dérmico com algumas regiGes fracamente marcadas e foliculos pilosos
moderadamente marcados.

A exposicdo a selamectina, em altas concentracdes (100% e 80%) como observado
nos grupos tratamento | e Il (GTI e GTII), deve ter modificado o metabolismo da pele
alterando possivelmente a sintese de compostos proinflamatoérios gerados tanto na epiderme
quanto na derme da pele dos hospedeiros na vigéncia de reacdes inflamatérias (JONES et al.,
2000; BALS et al., 1998; HEILBORN, 2003), resultando nas respostas morfofisioldgicas
aqui observadas. Quando utilizada em baixa concentracdo (50%), a selamectina também foi
capaz de promover um controle efetivo dos carrapatos porém causando alteracdes
morfofisiolégicas menos intensas no tegumentos dos hospedeiros (organismos ndo-alvo).

Em detrimento as respostas tissulares obtidas na pele de coelhas expostas a acdo da
selamectina (principio ativo do acaricida Revolution®, Pfizer) infestadas por carrapatos R.
sanguineus, pode-se inferir que esta substancia quimica possui acdo dose-dependente, uma
vez que quanto maior a concentragdo empregada, maiores parecem ser 0s danos
morfofisiolégicos encontrados na pele das coelhas. Quando utilizada em pequenas
concentracdes ela ainda é capaz de eliminar os carrapatos causando alteracGes morfolégicas e

fisiologicas menos intensas nos hospedeiros expostos.
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6. CONCLUSOES

Os resultados obtidos no presente estudo permitiram concluir que:

v As alteragdes morfofisioldgicas resultantes da acdo da selamectina sobre o
tegumento de coelhas hospedeiras foram: a) diminuicdo parcial e/ou total da
camada cOrnea, b) adelgacamento do epitelio, ¢) formagcdo de edemas
subepidérmicos, d) aumento da migracdo de leucdcitos para o infiltrado
inflamatdrio, e) forte marcacdo da fosfatase acida no epitélio, nas células da
derme e nos foliculos pilosos, indicando assim o seu potencial como agente

toxico para 0s organismos néo alvo.

v/ Quando a selamectina é utilizada na concentracdo de 50% sdo observadas
alteracdes morfofisioldgicas menos intensas, mostrando todavia que esta dose

ainda é capaz de eliminar os carrapatos com menores danos aos hospedeiros.

v A selamectina que comp@e o acaricida Revolution®, Pfizer é uma substancia
quimica que possui acdo dose-dependente, pois quanto maior a concentracao
empregada, mais intensos sdo os danos morfofisioldgicos encontrados na pele

das coelhas.

Vlamir Bozzatto de Oliveira




91
Referéncias

Referéncias



92

7. REFERENCIAS

BALS, R.; WANG, X.; ZASLO, M.; WILSON, J.M. The peptide antibiotic LL-37/hCAP-18
is expressed in epithelia of the human lung where it has broad anti-microbial activity at the
airway surface. Proc. Natl. Acad. Sci. v. 95, p. 9541-9546, 1998.

BEAL, M. W.; POPPENGA, R. H.; BIRDSALL, W. J.; HUGHES, D. Respiratory failure
attributable to moxidectin intoxication in a dog. J. Am. Vet. Med. Assoc., v. 215, p. 1813-
1817, 1999.

BECHARA, G. H.; SZABO, M. P. J.; FERREIRA, B. R.; GARCIA, M. V. Rhipicephalus
sanguineus tick in Brazil: feeding and reproductive aspects under laboratorial conditions.
Brazilian Journal of Veterinary Parasitology, S&o Paulo, v.4, n.2, p.61-66, 1995.

BORGES, L. M. F.; SOARES, S. F.; FONSECA, I. N.; CHAVES, V. V.; LOULY, C. C. B.
Resisténcia acaricida em larvas de Rhipicephalus sanguineus (Acari: Ixodidae) de Goiania-
GO, Brasil. Revista de Patologia Tropical, Goiania, v. 36, n. 1, p. 87-95, 2007.

DANTAS-TORRES, F. Biology and ecology of the brown dog tick Rhipicephalus
sanguineus. Parasites & Vectors. v. 26, n. 3, p. 1-11, 2010.

DANTAS-TORRES, F.; FIGUEREDO, L. A.; BRANDAO-FILHO, S. P. Rhipicephalus
sanguineus (Acari: Ixodidae), the brown dog tick, parasitizing humans in Brazil. Revista da
Sociedade Brasileira de Medicina Tropical, Rio de Janeiro, v. 39, p. 64-67, 2006.

FLECHTMANN, C. H. W. Acaros de importancia médico-veterinaria, 32 Ed., Nobel, Sdo
Paulo, 1985, 193p.

HADRICK, M. K.; BRUNCH, S. E.; KORNEGAY, J. N. lvermectin toxicosis in two
Australian shepherds. J. Am. Vet. Med. Assoc., v. 206, p. 1147-1149, 1995.

HEILBORN, J. D.; NILSSON, M. F.; KRATZ, G. The cathelicidin anti-microbial peptide
LL-37 is involved in re-epithelialization of human skin wounds and is lacking in chronic ulcer
epithelium. The Journal of Investigative Dermatology. v. 120, p. 379-389, 2003.

HOPKINS, K. D.; MARCELLA, K. L.; STRECKER, A. E. Ivermectin toxicosis in a dog. J.
Am. Vet. Med. Assoc., v. 197, p. 93-94, 1990.

Vlamir Bozzatto de Oliveira




93

HOPPER, K.; ALDRICH, J.; HASKINS, S. C. Invermectin toxicity in 17 collies. J. Vet.
Intern. Med., v. 16, p. 89-94, 2002.

HOVDA, L. R.; HOOSER, S. B. Toxicology of newer pesticides for use in dogs and cats.
Vet. Clin. Small Anim., v. 32, p. 455-467, 2002.

HUSSEIN, M. A.; BOWEN, I. D.; LEWIS, G. H. The histochemical localization of ATPase,
cholinesterase and acid phosphatase activity in Culex pipiens (Diptera, Culicidae) larvae using
a methacrylate embedding technique. Cell Biol. Int. Rep. v. 14, n. 9, p. 775-781, 1990.

JERNIGAN, A. D.; MCTIER, T. L.; CHIEFFO, C.; THOMAS, C. A.; KRAUTMANN, M. J;
HAIR, J. A.; YOUNG, D. R. Efficacy of selamectin against experimentally induced tick
(Rhipicephalus sanguineus and Dermacentor variabilis) infestations on dogs. Veterinary
Parasitology, v.91, p.359-375, 2000.

JUNQUEIRA, L. C. U.; CARNEIRO, J. Histologia Basica. 112 Edicao, Editora Guanabara
Koogan, Rio de Janeiro, 20009.

JUNQUEIRA, L. C. U.; JUNQUEIRA, L. M. M. S. Técnicas basicas de citologia e
histologia. S&o Paulo: Santos, 1983. 123p

KENNY, P. J.; VERNAU, K. M.; PUSHCNER, B.; MAGGS, D. J. Retinopathy associated
with invermectin toxicosis in two dogs. J. Am. Vet. Med. Assoc., v. 233, p. 279-284, 2008.

KIM, J. H.; FEAGLEY, S. E. Adsorption and leaching of trifluralin, metachlor, and
metribuzin in a commerce oil. Journal of Environmental Science and Health-B: Pesticides
and Food Contaminants, New York, v. 33, p. 529-546, 1998.

KRAUTMANN, M. J.; NOVOTNY, M. J.; DE KEULENAER, K.; GODIN, C. S.; EVANS,
E. I.; MCCALL, J. W.; WANG, C.; ROWAN, T. G.; JERNIGAN, A. D. Safety of selamectin
in cats. Veterinary Parasitology, v.91, p.393-403, 2000.

LABRUNA, M. B.; PEREIRA, M. C. Carrapato em cdes no Brasil. Clinica Veterinaria,
Milano, n.30, p.24-32, 2001.

Vlamir Bozzatto de Oliveira




94

MASSARD, C. L.; FONSECA, A. H. Carrapatos e doencas transmitidas comuns ao homem e
aos animais. A Hora Veterinaria, v.135, n.1, p.15-23, 2004.

NOVOTNY, M. J.; KRAUTMANN, M. J.; EHRHART, J. C.; GODIN, C. S.; EVANS, E. I,
MCCALL, J. W.; SUN, F.; ROWAN, T. G.; JERNIGAN, A. D. Safety of selamectin in dogs.
Veterinary Parasitology, v.91, p.377-391, 2000.

OLIVEIRA, P. R.; BECHARA, G. H; DENARDI, S. E.; OLIVEIRA, R. J.; CAMARGO-
MATHIAS, M. I. Genotoxic and mutagenic effects of fipronil on mice. Experimental and
Toxicologic Pathology, v. 64, n.6, p. 569-573, 2012.

PFIZER Central Research. Selamectin: na endectocide for companion animal use. Compend
Contin Educ Pract Vet., v. 21 (Suppl 91), p. 32-35, 1999.

PFEIZER SAUDE ANIMAL. Bula do medicamento Revolution™ 12%. Disponivel em:
<www.pfizersaudeanimal.com.br>. Acesso em Dezembro de 2012.

PINHEIRO JUNIOR, G. C. Coelhos. Colecdo Agropecuéria Especializada Brasileira,
Volume 2, Editora Itatiaia LTDA, Belo Horizonte, 1973, 137p.

POPPENGA, R. H.; OEHME, F. W. Pesticide use and associated morbidity and mortality in
veterinary medicine, Capitulo 7, p. 285-301. In: KREIGER, R. Hayes’ Handbook of
Pesticide Toxicology, v. 1, 3rd edition, University of California, Riverside, U.S.A., 2010.

POUGH, F. H.; JANIS, C. M.; HEISER, J. B. A Vida dos Vertebrados. 3% Edicdo, Atheneu
Editora LTDA, 2003, 754p.

RUPPERT, E. E.; BARNES, R. D.; FOX, R. S. Zoologia dos Invertebrados: Uma
Abordagem Funcional-evolutiva. 72 ed, Editora Roca LTDA, Séo Paulo (SP), 2005, 1146p.

SAMUELSON, D. A. Tratado de Histologia Veterinaria. Editora Elsevier LTDA, 2007,
527p.

SNOWDEN, N. J.; HEYLAR, C. V.; PLATT, S. R.; PENDERIS, J. Clinical presentation and
management of moxidectin toxicity in two dogs. J. Small Anim. Pract., v. 47, p. 620-624,
2006.

Vlamir Bozzatto de Oliveira




95

TAKHUR, R.; BATHEJA, P.; KAUSHIK, D.; MICHNIAK, B. Structural and biochemical
changes in aging skin and their impact on skin permeability barrier. In: DAYAN, N. Skin
Aging Handbook: An Integrated Approach to Biochemistry and Product Development.
William Andrew Inc., p. 55-90, 2008.

WILSON, D. E.; REEDER, D. M. Mammal Species of the World: A Taxonomic and
Geographic Reference, 3% Edicdo, John Hopkins University Press, Baltimore, Maryland,
2005, 2142p, 2 volumes.

Vlamir Bozzatto de Oliveira




	CAPA
	FOLHA DE ROSTO
	FICHA CATALOGRÁFICA
	COMISSÃO EXAMINADORA
	AGRADECIMENTOS
	EPÍGRAFE
	SUMÁRIO
	RESUMO
	ABSTRACT
	1. INTRODUÇÃO
	2. OBJETIVOS
	3. MATERIAL E MÉTODOS
	4. RESULTADOS
	Artigo I
	Artigo II
	Artigo III

	5. DISCUSSÃO
	CONCLUSÕES
	REFERÊNCIAS

