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RESUMO

Os ovarios € o corpo gorduroso estdo envolvidos na reprodugdo dos
Arthropoda. A vitelogénese, que ocorre nos ovocitos dos Arthropoda em geral,
incluindo os carrapatos, envolve a sintese endogena e a incorporacdo exodgena de
elementos que nutrirdo o embrido. No presente estudo por meio da aplicagcdo de
técnicas de morfologia, morfometria, histoquimica, ultra-estrutura, citoquimica ultra-
estrutural e eletroforese analisou-se o ovario € o corpo gorduroso de fémeas semi-
ingurgitadas de carrapatos Amblyomma cajennense. O ovario é do tipo panoistico
(sem a presenca de células nutridoras) com desenvolvimento assincronico dos
ovocitos, os quais foram classificados em 5 estdgios. Os ovdcitos estdo presos a
parede do ovario por meio do pedicelo celular que participa também do fornecimento
de substancias do vitelo para o interior do ovocito. O vitelo dos ovdcitos de A.
cajennense ¢ de natureza glicolipoprotéica, onde o lipidio ¢ depositado
primeiramente, seguido das proteinas e finalmente dos carboidratos. Os lipidios
nestes ovécitos teriam origem nas mitocondrias (producdo enddgena) e nas células
do pedicelo. As proteinas do vitelo estdo presentes ja nos ovodcitos em estagios
iniciais de desenvolvimento, onde se observa grande quantidade de reticulo
endoplasmatico granular, confirmando um processo de auto sintese protéica. Outro
sitio de produgdo de proteinas do vitelo em A. cajennense estd nas células do

pedicelo, permitindo inferir que o corpo gorduroso nesta espécie participa pouco ou
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mesmo nao participa do fornecimento de proteinas para os ovocitos. O carboidrato
do vitelo é pouco encontrado nos ovdcitos em estagios de menor desenvolvimento,
sendo incorporado por aqueles em estagios finais de maturagdo, com origem ainda
discutida. Neste estudo a terminologia do corpo gorduroso de carrapatos: central
(localizado ao redor dos 6rgdos) e periférico (préximo a parede do corpo do animal)
foi substituida por perivisceral e parietal, designando assim a real localizagdo deste
tecido nestes individuos. No corpo gorduroso de A. cajennense nao foram observados
nefrocitos e nenhum outro tipo celular associado e sim apenas dois tipos de

trofocitos, os cubicos (trC) e os arredondados (trR).
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ABSTRACT

The ovaries and the fat body are involved in the reproduction of Arthropoda.
The vitellogenesis, which occurs in oocytes of Arthropoda in general, including
ticks, involves the endogenous synthesis and exogenous uptake of compounds that
will nourish the embryo. In the present study, the ovaries and fat bodies of partially
engorged female ticks Amblyomma cajennense were examined using methods of
morphology,  morphometry,  histochemistry, ultrastructure, ultrastructural
cytochemistry, and electrophoresis. The ovary is panoistic (devoid of nurse cells) and
oocytes develop asynchronously, which were classified in 5 stages. Oocytes are
attached to the ovary wall by pedicel cells that also provide yolk constituents to the
oocyte. The yolk of oocytes of A. cajennense consists of glycolipoproteins, in which
lipids are deposited first, followed by proteins, and finally carbohydrates. Lipids in
these oocytes probably originate in mitochondria (endogenous production) and
pedicel cells. Yolk proteins are already present in oocytes in early developmental
stages, in which large quantities of granular endoplasmic reticulum are observed,
confirming a process of protein autosynthesis. Another site of yolk protein
production in A. cajennense is the pedicel cells, indicating that the fat body in this
species contributes little or even does not contribute with proteins for oocytes. Small
quantities of yolk carbohydrates are found in less developed oocytes, in which uptake
occurs in late maturation stages, and its origin is still debatable. In this study, the
terminology of the fat body of ticks: central (located around organs) and peripheral

(near the animal’s body wall) was exchanged by perivisceral and parietal, thus
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reflecting the actual location of this tissue in these animals. In the fat body of A.
cajennense, nephrocytes or other associated cell types were not observed, rather only

two types of trophocytes, cubic (trC) and round-shaped trophocytes (trR).
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1. INTRODUCAO

Os carrapatos sdo ectoparasitas de vertebrados e ndo apresentam
divisdes corporais, possuindo, portanto cabeca, térax e abdomen fundidos (STORER;
USINGER, 2000). Muitas espécies podem viver por longos periodos sem se
alimentar e outras ainda podem ser resistentes a desseca¢do devido a presenca de
tegumento recoberto por cera (WALKER, 1994; RUPPERT ¢ BARNES, 1996).

Durante seu ciclo bioldgico, os carrapatos podem passar longos periodos
fora de seus hospedeiros, portanto, sem se alimentar, abrigados entre a vegetacao e
fendas no solo (WALKER, 1994). O fator principal que explica a habilidade dos
carrapatos em sobreviver por longos periodos em jejum € a capacidade de absorver
agua do ar insaturado do meio ambiente e manté-la em seu corpo (RUDOLPH e
KNULLE, 1974; McMULLEN et al., 1976; NEEDHAM et al., 1990, NEEDHAM e
TEEL, 1991; SIGAL et al., 1999).

Os carrapatos sdo artropodos de pequeno ou médio porte (cerca de 3 cm de
comprimento) cujo corpo ¢ ovalado e achatado, geralmente apresentando rigido
tegumento e podendo ter suas dimensdes aumentadas durante o repasto sangiiineo no
hospedeiro. Na regido anterior do corpo, ndo se distingue a cabeca e sim, um
conjunto de pegas bucais quitinizadas, o qual ¢ denominado de gnatossoma (REY,

1973).
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Desta forma, apesar de ndo serem artropodos com estruturas adaptadas para
o v0o, os carrapatos concorrem com os insetos em diversidade de espécies e
adaptacdes ambientais (SONENSHINE, 1991).

Os carrapatos estdo distribuidos em trés familias: Ixodidae, Argasidae e
Nuttalliellidae. Nos Ixodidae o corpo das espécies € recoberto por uma grande placa
dorsal e quitinosa, também denominada de escudo, que pode ter a superficie
ornamentada por manchas, depressdes e esculturagdes (REY, 1973). Nos Argasidae
essa placa rigida estd ausente e as partes bucais encontram-se localizadas
ventralmente (WALKER, 1994; WALL e SHEARER, 1997). J4 a familia
Nuttalliellidae, menor do que as outras duas, abriga apenas uma espécie, com
individuos que se alimentam rapidamente de seus hospedeiros, aumentando de
tamanho em poucos minutos ou horas (SAUER et al., 2000).

Nos Ixodidae, a alimentagdo dura um tempo maior, variando de poucos dias
a diversas semanas, periodo este em que eles concentram o sangue que consomem de
seu hospedeiro e dele eliminam o excesso de agua por transpira¢do corporal e/ou
pelos restos fecais, podendo ainda elimina-lo por meio de suas glandulas salivares. A
voracidade dos carrapatos no consumo de sangue pode resultar em sérios danos para
o seu hospedeiro, principalmente quando muitos individuos infestam um s6 animal
(SONENSHINE, 1991).

Os carrapatos como sdo parasitas de vertebrados podem ter varios
hospedeiros nos quais irdo se alimentar. A localizagdo de um hospedeiro por estes
individuos ¢ facilitada pela elevada eficiéncia de seu sistema sensorial que detecta
odor, vibracdo, mudancas de temperatura, entre outros parametros (SONENSHINE,
1991).

Do ponto de vista médico e veterinario, os carrapatos além de provocarem
lesdes no hospedeiro, durante o processo de repasto sanguineo também transmitem a
eles agentes patogénicos. S@o, portanto, hematofagos e vetores de arboviroses,
ricketsioses, espiroquetoses € de protozoarios tanto para os animais domésticos e
silvestres quanto para o homem (KAUFMAN, 1989). Essa relagdo de parasitismo,
compromete o hospedeiro pela espoliagdo direta causada pelo hematofagismo, que
além de tudo, promove a entrada destes microrganismos que poderdo causar também

infecgdes secundarias, como miiases cutdneas ou paralisia, conseqiiéncia da agdo
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toxica da saliva do parasita e desta forma, influenciando negativamente na
produtividade, afetando a comercializagdo de produtos tais como a carne, o couro € o
leite (WALL e SHEARER, 1997).

Depois de terem encontrado o hospedeiro e antes de iniciarem a
alimentacdo, os carrapatos primeiramente caminham sobre a pele deste, tocando-a
com a extremidade dos palpos maxilares, onde localizam-se estruturas sensoriais.
Assim que ¢ encontrado o ponto adequado, prendem-se firmemente e forcam o
hipostomio contra a pele do mesmo. Esta estrutura possui fileiras de dentes
quitinosos dirigidos para trds, que vai atuar como orgdo de fixa¢do ao animal durante
todo o repasto sanguineo. As mandibulas também penetram na pele € com
movimentos cortantes dilaceram-na (REY, 1991).

A digestdo dos tecidos ao redor do canal de penetragdo, resultado da
inser¢do do hipostdomio causa ruptura dos capilares e vasos linfaticos do hospedeiro.
Os carrapatos produzem saliva (glandulas salivares) e ao mesmo tempo sugam o
sangue. A primeira ¢ eliminada em grande volume no final do processo de
ingurgitamento, causando o aumento da permeabilidade dos capilares do hospedeiro
e, conseqiientemente, aumentando o fluxo de sangue para o carrapato (RIBEIRO,
1987; BALASHOV, 1972).

Segundo Harwood e James (1979), este extraordindrio sucesso dos
carrapatos dever-se-ia a certas caracteristicas bioldgicas, dentre as quais destacar-se-
iam: o hematofagismo em todas as fases do desenvolvimento; a fixa¢do profunda do
hipostdmio nos hospedeiros, o que dificultaria sua remocdo e facilitaria a sua
dispersdo, principalmente por aves e mamiferos; o ingurgitamento lento, com tempo
para inoculacdo de patogenos; a adaptagdo a diferentes espécies de hospedeiros; a
resisténcia a adversidade climatica devido a grande esclerotinizacido do seu corpo e a
longevidade nos mais diversos ambientes, propiciando tempo para multiplicagdo dos
patdgenos; a existéncia de poucos inimigos naturais.

Diversos métodos para um efetivo controle dos carrapatos tém sido
estudados, porém, o mais eficaz ainda € o uso de acaricidas, método que ainda pode
apresentar inconvenientes, primeiro, por ser dispendioso, devido ao custo elevado
dos produtos quimicos, instalagdes e mao-de-obra para a aplicacdo dos mesmos e

depois, pelo acaimulo de residuos na carne e no leite, contamina¢do ambiental, além
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do desenvolvimento de resisténcia pelos carrapatos aos produtos utilizados
(FREITAS et al., 2005).

Por outro lado e devido a estes problemas citados, os métodos ndo-quimicos
também tém sido investigados como formas de controle, incluindo o bioldgico onde
se faz o rodizio de pastagens, no caso dos hospedeiros serem bovinos, dificultando
assim a sobrevivéncia das fases de vida livre do parasita (FARIAS et al., 1986);
selecdo de ragas de animais menos sensiveis ao carrapato, ou seja, cruzamento de
racas susceptiveis (taurinos) com ragas resistentes (zebuinos); utilizacdo de
predadores naturais como a garg¢a vaqueira ou boiadeira, (GONZALES, 1975;
ALVES-BRANCO et al., 1983), ou ainda utilizacdo de outras espécies de parasitas,
como bactérias Escherichia colli, Cedecea lapagei e Enterobacter agglomerans
(BRUM, 1988) e fungos Metarhizium anisopliae as quais teriam o proprio carrapato
como hospedeiro (ZHIOUA et al., 1997).

Além disso, o emprego de vacinas para controle de carrapatos tem chamado
a aten¢do para a utilizacdo de novas metodologias, incluindo as de biologia
molecular e de imunologia que tém auxiliado na identificagdo de novos antigenos
que poderiam gerar uma resposta imune no hospedeiro que o protegeria contra os
parasitas (KELLY e COLLEY, 1988).

Os estudos mais recentes tém aberto perspectivas para o controle
imunoldgico, por meio da identificacdo, isolamento e sintese de proteinas
imunogénicas, a partir de tecidos e orgdos de carrapatos (ovarios e intestino) e seu
emprego em vacinas (TELLAM et al., 1992; WILLADSEN, 1997). Para tanto, torna-
se fundamental conhecer os aspectos morfofisiologicos destes ectoparasitas, bem

como aqueles que cercam a interagdo carrapato/hospedeiro.

1.1. Amblyomma cajennense

Dentro da familia Ixodidae encontra-se o género Amblyomma, com
individuos distribuidos por todo mundo, principalmente em regides tropicais e
subtropicais. No Brasil sdo encontradas cerca de 30 espécies, entre elas, A.

cajennense (REY, 2001).
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Segundo Flechtmann (1990), sobretudo nas zonas mais quentes, A.
cajennense pode ser também encontrado em todos os seus estagios, parasitando aves
domésticas (galinhas, perus) e silvestres (seriemas e outras), numerosos mamiferos
(cavalo, boi, carneiro, cabra, cdo, porco, porco-do-mato, veado, capivara, coelho,
cotia, coati, tatu e tamandud) e ainda segundo Bechara et al. (2000) e Campos Pereira
et al. (2000), ndo sendo raro ser encontrado em animais de sangue frio (ofidios).

De acordo com trabalho realizado em animais silvestres, A. cajennense foi a
espécie de carrapato mais encontrada parasitando o veado campeiro (Blastocerus
dichotomus), cervo-do-Pantanal (Mazama gouazoubira), coati (Nasua nasua),
tamandua-bandeira  (Myrmecophaga  tridactyla), capivara  (Hydrochaeris
hydrochaeris) e tatu-galinha (Dasypus novemcinctus). Bechara et al. (2002)
estudando tamanduds-bandeira e tatus-galinha da regido do Parque Nacional de
Emas-GO, Brasil, encontraram A. cajennense e A. nodosum parasitando-os.

Adultos de A. cajennense sdo popularmente conhecidos por carrapato-
estrela, carrapato de cavalo ou rodoleiro; suas ninfas por vermelhinhos e suas larvas
por carrapatinhos ou micuins. Sdo hematofagos obrigatorios necessitando de repastos
em trés hospedeiros sendo, portanto, trioxenos (FLECHTMANN, 1990).

As fémeas dessa espécie, depois de fecundadas e ingurgitadas, portanto
maduras, desprendem-se do hospedeiro e caem ao solo para ovipositar (em torno de
6 a 8 mil ovos) e depois morrem. Apods o periodo de incubagido dos ovos (30 dias a
temperatura de 25°C), ocorre a eclosdo das larvas, que sobem pelas gramineas e
arbustos e ai esperam a passagem dos hospedeiros. Depois de nele se fixarem e apds
sugarem o seu sangue por um periodo aproximado de 3 a 6 dias, desprendem-se e
sofrem ecdise no solo (18 a 26 dias), transformando-se em ninfa, as quais fixar-se-ao
em um novo hospedeiro e em 6 dias estardo ingurgitadas de sangue, onde no solo
sofrerdo nova ecdise (23 a 25 dias) e transformar-se-d30 no individuo adulto
(FLECHTMANN, 1990).

Muitas investigacdes vém sendo realizadas com carrapatos, principalmente
enfocando aspectos bioecondmicos, ecoldgicos, além de anatomicos, este tltimo com
vistas a taxonomia (HOOGSTRAAL, 1956; TILL, 1961). No que diz respeito a
morfologia interna, os estudos s@o escassos limitando-se a espécies de ocorréncia na

Africa, Europa e Australia (ROBINSON ¢ DAVIDSON, 1913; DOUGLAS, 1943;
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BALASHOV, 1972; SONENSHIE, 1991; NUNES et al., 2006a; OLIVEIRA et al.,
2007a; RICARDO et al., 2007). Espécies de ocorréncia no Brasil, como o carrapato-
estrela A. cajennense, tém ainda sido pouco estudadas neste aspecto (DENARDI et
al., 2004; 2006; SAITO et al., 2005; NUNES et al., 2005; 2006a; 2006b; OLIVEIRA
et al., 2005a; 2005b; 2006; 2007a; 2007b; RICARDO et al., 2007).

Dentre os trabalhos disponiveis na literatura, destacam-se aqueles que
demonstram que o sistema reprodutivo dos carrapatos, muito embora desempenhe
funcdo importante para estes animais, ¢ ainda pouco conhecido sob o ponto de vista
morfologico e histoldgico, quando se compara o nimero de espécies de carrapatos
existente. Este sistema ja foi descrito como sendo constituido por um ovario tubular
do tipo panoistico, onde um grande ntimero de ovdcitos se desenvolveria e na
maioria das espécies, assincronicamente (DENARDI et al., 2004; 2006; SAITO et
al., 2005; NUNES et al., 2005; 2006a; 2006b; OLIVEIRA et al., 2005a; 2005b; 2006;
2007a; 2007b; RICARDO et al., 2007).

Histologicamente, o ovario de carrapatos possui a parede constituida de
pequenas células cubicas com nucleos arredondados ou achatados que delimitam um
lumem estreito. Externamente a esta parede encontram-se presos, por meio de um
pedicelo também celular, ovocitos em diferentes estagios de desenvolvimento
(RICARDO et al., 2007; OLIVEIRA et al., 2005; SAITO et al., 2005; DENARDI et
al., 2004; TILL, 1961).

Estudos com fémeas de A. triste realizados por Ricardo et al. (2007),
mostraram que as células do pedicelo além de prenderem os ovdcitos a parede do
ovario, também participariam do fornecimento de elementos que formariam o vitelo,
provocando desta forma, o crescimento do ovécito. Nos ovarios do tipo panoistico
ndo existe a presenca de células nutridoras, portanto, as células do pedicelo as
substituiriam nesta func¢do especifica.

A vitelogénese, processo que ocorre nos ovocitos dos carrapatos, bem como
nos dos Arthropoda em geral, envolve a sintese (enddgena) e incorporacdo (exogena)
de lipidios, carboidratos e proteinas, elementos que nutrirdo o futuro embrido. O
processo de sintese destes elementos, ao contrdrio do processo de incorporacdo
exdgena, ocorre no interior do proprio ovocito através de organelas especializadas

como reticulo endoplasmatico, complexo de Golgi e mitocondrias. A incorporagio
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destes elementos oriundos de fonte exdgena envolve a producdo dos mesmos por
células outras que nio aquelas que compdem o ovario, como por exemplo, as células
do corpo gorduroso e do intestino, as quais secretam diretamente na hemolinfa que as
transporta até o ovocito (ROSELL e COONS, 1992).

Dentre as proteinas que fazem parte do vitelo esta a vitelogenina, composto
glicolipofosfoprotéico que, ao passar por modificagdes como glicosilagdo (adig@o de
sacarideos), sulfatacdo (adi¢do de grupos sulfato) e fosforilagdo (adi¢do de grupos
fosfato) passa a ser denominada de vitelina (ENGELMANN, 1990; WYATT, 1991).
Segundo dados da literatura, nos carrapatos a vitelogenina também ¢ sintetizada
extra-ovarianamente: ou pelas células do corpo gorduroso ou ainda pelas células
vitelogénicas descritas no intestino de alguns Ixodidae (COONS et al., 1982;
ENGELMANN, 1990; WYATT, 1991).

No processo de reprodugdo dos Arthropoda em geral, a participagdo do corpo
gorduroso tem sido relatada como de extrema importancia. Ele é considerado
também, um tecido de preenchimento, estando distribuido por todo o corpo do
animal, apresentando-se, geralmente, sob duas formas: a camada parietal, adjacente
ao integumento e a perivisceral, localizada ao redor dos 6rgdos. O corpo gorduroso
nos Arthropoda em geral além de ser responsdvel pela sintese de vitelogenina,
também armazena e metaboliza produtos téxicos (CHAPMAN, 1998).

Segundo Coons et al. (1990), o corpo gorduroso nos carrapatos ao contrario
daquele dos insetos, seria formado apenas por um tipo celular, os trofécitos.
Eventualmente seria descrita a presenga de uma outra célula, o nefrdcito, encontrada
junto aos corddes de trofdcitos. Enocitos, células comuns no corpo gorduroso de
insetos, ndo foram registrados em carrapatos.

Diante do exposto, fica claro que, embora o processo de reproducdo seja um
tema muito investigado nos invertebrados em geral, uma vez que visa a produgdo de
novos individuos da espécie, faltam dados para as espécies de carrapatos, os quais
trariam importantes informacdes para a compreensdo da biologia destes animais.
Assim, estudos morfofisiologicos, com Ixodidae, principalmente do sistema

reprodutivo, se fazem necessarios e poderiam inclusive auxiliar no desenvolvimento

de medidas de controle destes parasitas, bem como das patologias por eles causadas.
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2. OBJETIVOS

Devido a escassez de dados correlacionando a morfofisiologia do sistema
reprodutivo e do corpo gorduroso de carrapatos em geral, o presente trabalho teve
como objetivo estudar, por meio de técnicas de histologia, morfometria,
histoquimica, microscopia eletronica de varredura (MEV), microscopia eletronica de
transmissdo (MET), citoquimica ultra-estrutural e eletroforese, os ovarios e o corpo
gorduroso de fémeas de carrapatos Amblyomma cajennense:

- descrevendo a morfologia dos ovarios, bem como estabelecendo a dindmica da
vitelogénese nestas fémeas;

- a morfohistologia do corpo gorduroso destes individuos, estabelecendo os tipos
celulares presentes no tecido, readequando e propondo nova terminologia para
localizar este 6rgdo no interior dos carrapatos e;

- investigar se o corpo gorduroso nos carrapatos, assim como ocorre nos insetos,

atuaria no fornecimento de proteinas para compor o vitelo dos ovocitos.
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3. MATERIAL E METODOS

3.1. Material

Para a realizacdo do presente estudo foram utilizadas 80 fémeas semi-
ingurgitadas da espécie Amblyomma cajennense, oriundas da Usina Porto Primavera
no municipio de Rosana/SP, que depois foram mantidas em colonias no
Departamento de Patologia Veterindria, da FCAV — UNESP, campus de Jaboticabal
em condi¢des controladas em estufa B.O.D. (temperatura de 28°C, umidade de 80%
e fotoperiodo de 12 horas) e, gentilmente cedidas pelo Prof. Dr. Gervasio Henrique

Bechara.

3.2. Métodos

Para a aplicacdo das técnicas de histologia, morfometria, histoquimica,
eletroforese, microscopia eletronica de varredura (MEV) e de transmissdo (MET)
foram utilizados equipamentos disponiveis nas dependéncias dos Laboratérios de
Histologia, de Biologia Molecular e de Microscopia Eletronica do Departamento de

Biologia, IB - UNESP - Rio Claro, SP.

Sandra Eloisi Denardi



Material e métodos 19

3.2.1. Morfologia

Para a observacdo da morfologia os individuos foram anestesiados e
dissecados em placas de Petri contendo solugdo fisioldgica para insetos (7.5g de
NaCl + 2.38g de Na,HPO4 + 2.72g de KH,PO4 + 1000 mL de 4gua destilada). Apos a
remocdo do ovario e do corpo gorduroso e apods a realizagdo da histologia, foram
confeccionados esquemas dos mesmos, com auxilio de camara clara acoplada a

microscopio ZEISS.

3.2.2. Microscopia Eletronica de Varredura (MEV)

Oito fémeas foram dissecadas e os ovarios e o corpo gorduroso foram
retirados e fixados em mistura de Karnovsky, desidratados em série alcoolica de 70 a
100%, além de dois banhos de acetona PA durante 15 minutos cada. Apds a
dessecacdo em ponto critico, o material foi colado com fita adesiva dupla face em
suportes de aluminio.

Procedeu-se a metalizagdo com ouro em “Sputtering” e na seqiiéncia o
material foi examinado e fotografado em microscopio eletronico de varredura

PHILLIPS SEM 505.

3.2.3. Morfometria das Células do Corpo Gorduroso

Para a analise morfométrica foram utilizadas 20 laminas contendo secgoes
histoldgicas medianas do corpo gorduroso, coradas com hematoxilina e eosina (HE)
e obtidas a partir de 20 fémeas semi-ingurgitadas. Foram tomadas medidas das areas
celulares e nucleares dos trofécitos em microscopio LMDB Leica.

Foram medidas 10 células em cada lamina, totalizando 200 trofocitos, sendo
eles 100 cubicos (trC) e 100 arredondados (trR).

Os dados obtidos foram plotados no programa Statistica, sendo que para a
avalia¢do da ocorréncia, ou ndo, de diferencas significativas entre os valores obtidos
para as areas celulares e nucleares foi utilizado o teste Anova Tukey com grau de

significancia (p< 0,05) (SIEGEL e CASTELLAN, 1988).
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3.2.4. Histologia (JUNQUEIRA e JUNQUEIRA, 1983)

3.2.4.1. Inclusdo em resina (Historesina)

Os ovarios € o corpo gorduroso foram retirados em solucdo fisiologica para
insetos e fixados em solugdo contendo paraformaldeido 4% em tampao fosfato de Na
(0.1 M pH 7.4) durante duas horas. A seguir, o material foi desidratado em solucdes
crescentes de etanol a 70, 80, 90 e 95% durante 10 minutos cada banho. Logo apds, o
material foi transferido para resina durante 24 horas, em geladeira. Finalmente, foi
transferido para moldes plasticos, previamente preenchidos com resina mais
catalisador. Depois de polimerizados, os blocos foram seccionados com auxilio de
microtomo Leica RM 2145, hidratados e as sec¢des recolhidas em laminas de vidro.

Depois de secas, as laminas foram coradas com HE, cobertas com balsamo do
Canadd e laminula conforme rotina histologica, para posterior observacdo e

documentacdo fotografica em fotomicroscopio ZEISS.

3.2.5. Histoquimica

Para a aplicacdo das técnicas histoquimicas, 20 fémeas foram dissecadas em
placas de Petri contendo solucdo fisiologica (7.5g de NaCl + 2.38g de Na,HPO4 +
2.72g de KH,PO4 + 1000 mL de dgua destilada) com auxilio de estereomicroscopio
ZEISS. Os ovarios ¢ o corpo gorduroso foram colocados nos respectivos fixadores

indicados para a aplicagdo de cada técnica especifica.

3.2.5.1. Técnica do azul de bromofenol para deteccdo de proteinas totais,

segundo Pearse (1985)

Os ovarios € o corpo gorduroso de 20 fémeas foram fixados em
paraformaldeido 4% e NaCl 0.9% em tampao fosfato 10% (0.1M — pH 7.4) por 24
horas. Depois de seccionado com 4um de espessura, o material foi recolhido em

laminas de vidro e corado com solucdo de azul de bromofenol durante 2 horas a
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temperatura ambiente. Em seguida, as ldminas foram banhadas em solu¢do aquosa de
acido acético 0.5%, durante 5 minutos. Logo apods foram passadas no alcool butilico
terciario por 5 minutos. Em seguida secas, diafanizadas em xilol e montadas em
Balsamo do Canadd para posterior observacdo e documentacdo fotografica em

fotomicroscopio ZEISS.

3.2.5.2. Técnica do PAS/ alcian blue para deteccdo de polissacarideos
com grupamentos 1-2 glicol e polissacarideos acidos, segundo Junqueira e
Junqueira (1983)

Os ovarios e o corpo gorduroso de 20 fémeas foram fixados em mistura
aquosa de Bouin por 6 horas. As secgdes obtidas com 4um de espessura foram
coradas com alcian blue, pH 2.5 durante 30 minutos, e em seguida, lavadas em agua
destilada e passadas em acido periodico 1% durante 5 minutos. Posteriormente, as
secg¢oes foram submetidas ao reativo de Schiff por 30 minutos e lavadas em agua
corrente durante 10 minutos.

A seguir, foram contracoradas com hematoxilina durante 2 minutos para
evidencia¢do do nucleo e em seguida lavadas em agua corrente. Posteriormente,
foram secas, diafanizadas em xilol e montadas em Balsamo do Canada para posterior

observagao e documentagao fotografica em fotomicroscopio ZEISS.

3.2.5.3. Técnica de von Kossa para deteccéo de calcio, segundo Junqueira

e Junqueira (1983)

Os ovarios de 20 fémeas foram fixados em paraformaldeido 4% por
aproximadamente 24 horas. As laminas contendo as sec¢des obtidas com 4um de
espessura foram imersas em nitrato de prata por 20 minutos e em seguida lavadas em
agua. Logo apods, as laminas contendo as sec¢des foram transferidas para cubeta

contendo revelador D-72. Posteriormente, foram imersas em tiossulfato de sédio a
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2.5% por 5 minutos. Em seguida, foram diafanizadas em xilol e montadas em
Bélsamo do Canad4 para posterior observacdo e documentacdo fotografica em

fotomicroscopio ZEISS.

3.2.5.4. Técnica do azul de Nilo para detec¢do de lipidios acidos, segundo
Lison (1960)

Os ovarios de 20 fémeas foram fixados em formol célcio por 24 horas. As
laminas contendo as sec¢des obtidas com 4um de espessura foram coradas com azul
de Nilo durante 5 minutos. Em seguida, foram lavadas em &gua corrente.
Posteriormente foram passadas em solu¢do de 4cido acético 1% por 1 minuto.
Realizou-se a contracoloragdo com hematoxilina por 2 minutos com a finalidade de
evidenciar os nucleos. Depois de secas, as ldminas foram montadas com glicerina
gélica e recobertas com laminula para posterior observacdo e documentagdo

fotografica em fotomicroscopio ZEISS.

3.2.6. Microscopia Eletronica de Transmissdo (MET)

Os ovarios ¢ o corpo gorduroso de 10 fémeas foram retirados em
glutaraldeido 0.5% e fixados em glutaraldeido a 3%, em tampdo cacodilato de sodio
0.IM por 2 horas. Apds a fixagdo o material foi lavado duas vezes em tamp@o
cacodilato 0.1M por 15 minutos. Em seguida foi pds-fixado em tetroxido de 6smio a
1% em tampa@o cacodilato (0.1M, pH 7.2) por duas horas. O material entdo foi lavado
por duas vezes em tampao cacodilato 0.1M por 15 minutos ¢ passado em solugdo de
alcool 10 % por 15 minutos.

A contrastagdo foi realizada com acetato de uranila a 2% em etanol a 10%
durante 12 horas. O material foi desidratado em série crescente de acetona (50%,
60%, 70%, 80%, 90%, 95%), 5 minutos em cada uma e finalmente em acetona

100%, duas vezes por 5 minutos cada.
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Depois de desidratado, o material foi incluido em resina Epon Araldite e
colocado em estufa a 60°C por 24 horas. Depois de polimerizados, os blocos foram
seccionados em ultramicrotomo Sorvall-Porter Blum MT2-B. Os cortes semifinos
foram corados com Azur II (1%) e Azul de Metileno (1%). As secg¢des ultrafinas
foram obtidas e coletadas em grades de cobre, contrastadas com acetato de uranila e
citrato de chumbo, durante 45 e 10 minutos, respectivamente. O material foi
analisado e fotografado ao microscopio eletronico de transmissdo PHILLIPS CM

100.

3.2.7. Citoquimica ultra-estrutural

3.2.7.1. Técnica da prata amoniacal para deteccdo de proteinas basicas,
segundo MacRae e Meetz (1970)

Dez fémeas foram dissecadas e o corpo gorduroso das mesmas foi retirado e
fixado em glutaraldeido 3% em tampao cacodilato de s6dio 0.1M (pH 7.2) durante 2
horas e lavado durante 10 minutos em tampdo cacodilato de sédio 0.1M (pH 7.2). A
seguir, o material foi lavado em &agua destilada por 20 minutos e incubado em
solucdo de prata amoniacal, durante 5 minutos a temperatura ambiente e sem
agitacdo. O material foi lavado novamente em agua destilada durante 20 minutos e
incubado a temperatura ambiente em solu¢do de formaldeido 3% durante 5 minutos,
posteriormente, foi lavado em agua destilada por 20 minutos e em tampao cacodilato
de sodio 0.1M (pH 7.2) durante 10 minutos.

A pos-fixacdo foi realizada em tetroxido de dsmio a 1% em tampao
cacodilato de sédio 0.IM (pH 7.2) a temperatura ambiente durante 2 horas, no
escuro. Finalmente, o material foi lavado no mesmo tampdo durante 10 minutos,
desidratado em séries crescentes de acetona 50, 70, 90 € 95% e 100% duas vezes,
com duragdo de 5 minutos cada. Logo apos, o material foi colocado em mistura de
acetona e resina na propor¢do de 1:1 durante 12 horas. Apds, procedeu-se a inclusdo

em resina pura com catalisador para polimerizagdo em estufa a 60°C por 24 horas.
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Posteriormente, os blocos foram seccionados em ultramicrotomo Sorvall—
Porter Blum MT2-B. Os cortes semifinos foram corados com Azur II (1%) e Azul de
Metileno (1%), os ultrafinos foram coletados em grades de cobre e ndo passaram por
contrastacdo, sendo diretamente observados e fotografados em microscopio

eletronico de transmissdao PHILLIPS CM 100.

3.2.7.2. Deteccao de carboidratos pelo método de Thiery (1967)

O corpo gorduroso foi preparado seguindo-se parcialmente a rotina para
microscopia eletronica de transmissdo. Apds a ultramicrotomia, as secgdes foram
recolhidas em grades de ouro, que flutuaram em 4cido perioédico a 1%, durante 15
minutos. A incuba¢do foi realizada em tiosemicarbazida 1%, em dacido acético a
10%, durante 24 horas. Lavagens sucessivas em acido acético 10%, 5% e 2% foram
realizadas, durante 10 minutos cada. Apds 3 lavagens de 10 minutos cada, em agua
destilada, as grades contendo o material foram transferidas para solucdo de
proteinato de prata 1% por 30 minutos, no escuro, a temperatura ambiente. Por fim, o
material sem contrastagdo passou por lavagem em agua destilada, foi observado e

fotografado em microscopio eletronico de transmissao PHILLIPS CM 100.

3.2.7.3. Técnica do 6smio imidazol para deteccdo de lipidios insaturados,

segundo Argermduller e Fahimi (1982)

Dez fémeas foram dissecadas e o corpo gorduroso das mesmas foi fixado em
glutaraldeido 3% em tampao cacodilato de sddio 0.1M (pH 7.2) durante 2 horas. O
material foi lavado duas vezes no mesmo tampao por 15 minutos cada. A pds-fixagdo
foi realizada em tetroxido de 6smio 2% em tampao imidazol 0.1M (pH 7.5), durante
30 minutos a temperatura ambiente e no escuro. Ao término desse periodo de
incubagido, o material foi lavado em tampdo imidazol 0.1M (pH 7.5) por 15 minutos,
seguido de duas lavagens em PBS durante 15 minutos cada. A desidratagdo foi

realizada em séries crescentes de acetona 50, 70, 90 € 95% e 100% duas vezes, com
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duracgdo de 5 minutos cada. Logo apds, o material permaneceu em mistura de acetona
e resina na propor¢do de 1:1 por 12 horas. O material foi incluido em resina pura
com catalisador para polimerizagdo em estufa a 60°C por 24 horas.

Posteriormente, os blocos foram seccionados em ultramicrétomo Sorvall—
Porter Blum MT2-B, as sec¢des semifinas foram coradas com Azur II (1%) e Azul
de Metileno (1%) e as ultrafinas, coletadas em grades de cobre, ndo foram
contrastadas, sendo, a seguir, observadas e fotografadas em microscopio eletronico

de transmissdo PHILLIPS CM 100.

3.2.8. Dosagem do teor protéico e eletroforese

Para a dosagem do teor protéico total, 10 fémeas foram dissecadas em
solugdo fisiolégica e o corpo gorduroso foi processado segundo o método de
Bradford modificado (SEDMAK; GROSSBERG, 1977). O corpo gorduroso foi
transferido para diferentes ependorffs, onde foi macerado com auxilio de bastdo de
vidro em 4gua destilada e, centrifugado sob refrigeracdo, em centrifuga para
ependorff, modelo 5415C, por 5 minutos em 9.880 rcf.

Do material sobrenadante transferido para os ependorffs, foi retirada uma
amostra de SuL de cada, a qual foi misturado 1.5 mL do reagente Coomassie Blue.
Apds a homogeneizacdo do material, foi efetuada a leitura em espectofotometro
INCIBRAS, modelo MF 200UV-VIS, no comprimento de onda de 595 nm, cujo
resultado de absorbancia foi transferido para a férmula abaixo, para determinagdo da

concentragdo da amostra.

C=Axf/v

onde:

C = concentragdo (png/ pL)
A = absorbancia (resultado da leitura)
f = fator de correcéo

v = volume da amostra (uL)
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3.2.8.1. Eletroforese em gel de poliacrilamida (SDS-PAGE), segundo
Hames e Rickwood (1981)

O extrato obtido a partir do corpo gorduroso foi analisado por eletroforese em
gel de gradiente (5 a 20%) em poliacrilamida em presenca de duodecil sulfato de
sodio (SDS). O gel de tamanho 15.5 cm x 1.5 cm x 1.5 mm foi preparado utilizando-
se como catalisador o persulfato de amoénia a 0,035%. A quantidade de proteina total
aplicada nos canais do gel foi aproximadamente 35 pg, sendo utilizados como padrio
a MBP-B-galactosidase (PM = 175000), MPB-paramiosina (PM = 83000),
desidrogenase glutdmica (PM = 62000), aldolase (PM = 47500), triosefosfato
isomerase (PM = 32500), B-lactoglobulina A (PM = 25000), lisozima (PM = 16500)
e aprotinina (PM = 6500).

O gel foi submetido a uma corrente de SOmA e voltagem de 150V durante a
corrida. A seguir, as proteinas foram coradas com Coomassie Briliant Blue R-250
1% em mistura de metanol, acido acético e agua na propor¢do de 10:2:10 e

descoradas com a mesma solucdo sem a presenga do corante.
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4. RESULTADOS

Os resultados estdo sendo apresentados como artigos (publicados, no prelo ou
submetidos), contemplando cada um deles diferentes aspectos focalizados no
presente estudo, com a finalidade de atingir os objetivos propostos.

Cada artigo foi denominado de capitulo, ficando a tese constituida de um
corpo unico que mostrou de maneira abrangente as caracteristicas morfofisiologicas
dos ovarios e do corpo gorduroso de fémeas semi-ingurgitadas de carrapatos

Amblyomma cajennense.

Capitulo 1: DENARDI, S. E; Bechara, G. H.; Oliveira, P. R.; Nunes, E. T.;
Saito, K. C.; Camargo Mathias, M. 1.; Morphological characterization of the ovary
and vitellogenesis dynamics in the tick Amblyomma cajennense (Acari: Ixodidae).
Veterinary Parasitology, v. 125, p. 379-395. 2004.

Capitulo 2: DENARDI, S. E; Bechara, G. H.; Camargo Mathias, M. I. New
morphological data on fat bodies of semi-engorged females of Amblyomma
cajennense  (Acari:  Ixodidae). Micron, New  York, 2008. Doi:
10.1016/j.micron.2007.12.002. no prelo.
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Capitulo 3: DENARDI, S. E; Bechara, G. H.; Camargo Mathias, M. I. Fat
body cells of Amblyomma cajennense partially engorged females (Acari: Ixodidae)

and their role on vitellogenesis process. Artigo submetido.
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Resumo

O presente estudo traz a morfologia interna do sistema reprodutor feminino
do carrapato-estrela Amblyomma cajennense, representado pelo ovario panoistico
que ndo apresenta células nutridoras e, constituido por um tubo unico onde um
grande nimero de ovocitos se desenvolve assincronicamente, bem como o0s
processos de deposicdo do vitelo nos ovocitos. Os ovécitos foram classificados em
cinco estagios, (I a V), de acordo com: aparéncia citoplasmatica, visualiza¢do da
vesicula germinal, presenga de granulos de vitelo e presenca do cério. O estudo da
dindmica da vitelogénese sugere que os elementos vitelinicos sdo depositados no
ovocito segundo uma seqiiéncia preferencial, na qual os lipidios sdo os primeiros a
aparecer, seguido das proteinas e finalmente dos carboidratos. Desta forma, estes trés
elementos constituintes do vitelo de carrapatos A. cajennense podem ser encontrados
na forma livre no citoplasma ou ligados quimicamente a outros elementos formando

complexos.

Palavras-chave: Amblyomma cajennense, ovocitos, carrapatos, histologia,

histoquimica, ultra-estrutura e vitelogénese.
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Abstract

In this work we describe the internal morphology of the female reproductive system of the
cayenne tick Amblyomma cajennense. This system is represented by a panoistic ovary, which lacks
nurse cells in the germarium. This ovary consists of a single tube, in which a large number of oocytes
develop asynchronously, thus accompanying the processes of yolk deposition in the oocytes. The
oocytes were classified into stages that varied from I to V, according to: cytoplasm appearance,
presence of the germ vesicle, presence of yolk granules, and presence of chorion. The study of
vitellogenesis dynamics suggest that the yolk elements are deposited in the oocyte following a
preferencial sequence, in which the lipids are the first to appear, followed by proteins an finally by the
carbohydrates. In this way the yolk of A. cajennense ticks have these three elements that may be free
in the cytoplasm or chemically bounded forming glycoprotein or lipoprotein complexes.
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1. Introduction

There are numerous studies concerning several aspects of ticks, such as bioeconomy,
ecology, and external anatomy, aimed at obtaining a better taxonomy of this
complex group (Hoogstraal, 1956; Till, 1961). Nevertheless, works regarding internal
morphology and anatomy of tick are limited (Robinson and Davidson, 1913;
Sonenshine, 1991). According to Fletcthmann (1990), the tick Amblyomma cajennense
is found in all its developmental stages on wild and domesticated birds, as well as on
numerous mammals and reptiles. In Brazil A. cajennense and other ixodid tick
species have been collected and identified from wild animals of the Pantanal
region (Bechara et al., 2000; Campos Pereira et al., 2000) and Ema’s National Park
(Bechara et al., 2002), as part of a comprehensive study to determine established and
emerging tick-host relationships and related pathological aspects. The major damage
caused by this species relates to its feeding habits, since they are hematophagous and
their attack causes direct economic losses in the production of meat, dairy products, and
leather (Arthur, 1960; Furlong et al., 1996). In addition, it is a vector of important
pathogens for public and animal health (Guimardes et al., 1998). For instance, A.
cajennense is considered the main vector of the pathogen responsible for the Rocky
Mountain spotted fever, Rickettsia ricketsii, in South America (Lemos et al., 1997).
Studies conducted on the internal morphology of ticks are limited to species that occur
in Africa, Europe, or Australia. Species that occur mainly in Brazil, such as A.
cajennense, have been poorly studied in relation to the morphology of the female
reproductive tract.

Therefore, this study presents information on the internal morphology of the ovaries of
A. cajennense, as well as the classification of the oocytes at different developmental stages,
while establishing a direct relationship between these stages and the dynamics of yolk
deposition in female ticks.

2. Materials and methods

Mated and engorged female ticks of A. cajennense were collected from tick colonies
maintained in controlled conditions — 28 °C, 80% RH and 12:12 (L:D) photoperiod — at the
Department of Animal Pathology, Veterinary College, UNESP, Jaboticabal, SP, Brazil.
Equipment utilized in this study was obtained from the Histology and Electron Microscopy
Laboratories of the Biology Department at the Bioscience Institute, UNESP, Rio Claro,
SP, Brazil.

Individuals were maintained in the refrigerator during 10 min for thermal shock
anesthesia and then dissected in saline solution.

Ten ticks were anesthetized; the ovaries were removed and schematically drawn with
the aid of a camera lucida coupled to a Zeiss stereomicroscope.

For the SEM observation, the ovaries of 20 females were removed, fixed in Karnovsky
for 24 h, and dehydrated in a graded 70-100% ethanol and acetone series. The material was
processed by critical point drying, sputtered with gold, and examined and photographed
under a SEM Phillips 505.
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For the histological and histochemical observations, 20 ovaries were fixed in 4%
paraformaldehyde. The material was then dehydrated in ethanol, embedded in JB4 resin
during 24 h at 4 °C, and then transferred to plastic moulds previously filled with resin
containing a catalyzer. After resin polymerization, the material was sectioned using a
Sorvall JB4 microtome (Bio Rad) and stained with hematoxiline and eosin, following
routine histological procedures.

Histochemical tests were applied in ovaries to detect the presence of the following
compounds: proteins (using Bromophenol Blue as proposed by Pearse (1985));
lipids (using Nile Blue as proposed by Lison (1960)); polysaccharides (simultaneous
staining with PAS/Alcian Blue, according to Junqueira and Junqueira (1983)); and
calcium (following the Von Kossa technique as proposed by Junqueira and Junqueira
(1983)).

For the TEM observation, twelve ticks were fixed in 3% glutaraldehyde, postfixed in 1%
0s0O,, and embedded in Epon Araldite. Ultrathin sections were contrasted with uranyl
acetate and lead citrate. The material was then included in pure Epon resin and
polymerized at 60 °C for 72 h. Afterwards, screens containing ultrathin sections of the
material were observed and photographed in a TEM Phillips MC 100.

3. Results
3.1. Ultramorphology

The SEM revealed that the ovary of A. cajennense consists of a single laterodorsal tube,
in which a large number of oocytes develop simultaneously, but asynchronously. The
oocytes were distributed in the ovary such that the oocytes on the initial stages of
development (stages I, II) were found at the distal region (Fig. 1A). Oocytes having late
developmental characteristics, such as an increase in size, and oocytes in the last stages of
yolk deposition, were found at the median and proximal regions of the ovary (Fig. 1A, C).
The more mature oocytes were of brownish coloration when compared to the whitish
oocytes of the first developmental stages, meaning that the process of chorion deposition
was completed in the more mature oocytes. The external surface of the more developed
oocytes was completely covered by micropores, which have the function of oxygenating
the internal structures of the future egg (Fig. 1B).

3.2. Histology

Histologically, the ovary of A. cajennense was classified as panoistic, since it lacked
nurse cells in the germarium; thus, all the cells present in the cyst originated oocytes. A wall
of epithelial cells, which show varying morphologies from cubic to scaly, formed the ovary.
These cells are small with rounded nuclei in which two nucleoli are frequently observed
(Fig. 1C). The oocytes at the initial developmental stages were fixed to the ovarian wall by
a pedicel of cells originated from the same ovarian wall (Fig. 1C). The lumen ran
longitudinally through the entire ovary (Fig. 1C). The ampoule is defined as the proximal
region of the ovary in which the oviducts open; the oviducts are prolongations of the ovary.
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Fig. 1. (A, B) Scanning electron microscopy (SEM) of A. cajennense ovary showing imature (ioo) and mature
(moo) oocytes: d = distal portion; p = proximal portion. Bar A = 0.1 mm. (B) SEM of external surface of mature
oocyte (moo) showing the pore structure (arrow). Bar = 0.01 mm. (C) Longitudinal section of ovary (ov) stained by
Bromophenol Blue: 0o = oocyte; pe = pedicel, 1 = lumen. Magnification = 130x. (D, E) Histological section of
proximal portion of ovarys: spz = spermatozoa; n = nuclei of ovary epithelium (om); arrow = brush border; ch =
chorion of oocyte. Magnification D = 200x. Magnification E = 500x.

This region consisted of a simple epithelium of cylindrical cells with oval nuclei, which
were positioned at the basal region. This epithelium appeared supported by a cubic
epithelium (Fig. 1D, E). A large amount of elongated spermatozoids was observed inside
the ampoule; the spermatozoids presented a slight dilatation at the region of the nucleus
(head), similar to most animals (Fig. 1D).
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4. Classification of the oocytes

Based on the large degree of morphological variation observed in the oocytes of A.
cajennense, a classification system was designed according to Balashov (1983) and
modified by us in order to describe the developmental sequence that the oocytes undergo
during the process of vitellogenesis (Fig. 2).

The oocytes were classified into stages that varied from I to V, according to:

(a) cytoplasm appearance;

(b) presence of the germ vesicle;
(c) presence of yolk granules;
(d) presence of chorion.

Stage I or initial oocyte: Oocytes with small size and morphology varying from rounded
to elliptical; cytoplasm with germ vesicle representing the nucleus of the oocyte and in
which one or two nucleoli can be observed. The cytoplasm appears completely homo-
geneous and, under the light microscope, there is no evidence of large yolk granules. The
plasma membrane appears thin (Fig. 2). The oocytes in stage I are fixed to the ovary by a
pedicel (Fig. 1C).

Stage II: The oocytes are still fixed to the ovary by the pedicel, however, the plasma
membrane is thicker than in the previous stage. The germ vesicle is still observed. The

Fig. 2. Development of oocytes in A. cajennense tick ovaries.
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Fig. 3. Histological sections of A. cajennense ovary stained by Bromophenol Blue (A) for protein detection. PAS/
Alcian Blue (B-D) for polysaccharid detection; Nile Blue (E-H) for lipid detection and Von Kossa (I, J) for
calcium detection. (A) Oocyte V inside the ovary (om); n = nuclei of ovary cell, arrow = small proteic granule.
Magnification = 500x. (B) Imature oocytes (I, II): gv = germinal vesicle with nucleoli (nu). Magnification = 500 x.
(C) Oocyte V inside the ovary (mo): arrow = vitelogenic granule; ch = chorion. Magnification = 85 . (D) Proximal
portion of ovary and an oocyte (00) with thick chorion (arrow), spz = spermatozoa. Magnification = 500 x. (E-H)
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oocytes in stage II are twice as large as in stage I and their morphology is rounded. The
cytoplasm appears with a fine granulation (Fig. 2), which signifies the beginning of the
production or incorporation of yolk (Fig. 2).

Stage III: In this stage the germ vesicle is not easily discerned. Under the light
microscope, a fine yolk granulation is observed dispersed throughout the cytoplasm. The
plasma membrane appears thick, showing the characteristics of a chorion. The oocytes in
stage III are larger when compared to the previous stages and were denominated as
intermediate oocytes (Fig. 2).

Stage IV: Oocytes with the cytoplasm completely with yolk granules of various sizes, in
which the largest granules appear preferentially located at the periphery, while the central
region is filled with smaller granules. The chorion is almost completely deposited and the
germ vesicle is no longer visible (Fig. 2).

Stage V: Oocyte at the maximum developmental stage, showing large and dense yolk
granules that fill the whole cytoplasm. The periphery shows a fine yolk granulation, which
probably resulted from the exogenous incorporation of yolk. The germ vesicle is no longer
visible. The chorion is very thick; under the transmission electron microscope it is possible
to evidence two distinct layers: an external layer in contact with the epithelial cells of
the ovarian wall (exochorion), and an internal layer in contact with the vitelline layer of
the oocyte (endochorion) (Figs. 2 and 6C). These oocytes were denominated mature
or vitellogenic oocytes and they lack a pedicel because it was pushed into the ovarian
lumen (Fig. 2).

5. Histochemistry
5.1. Bromophenol Blue technique — detection of proteins

All the oocytes in the ovary, including those inside the ovarian lumen (IV and V), reacted
positively to this test (Figs. 1C and 3A).

The oocytes in the stages I-III reacted strongly positive (Fig. 1C), showing a strongly
stained cytoplasm, thus indicating the presence of protein elements at the early stages.

The germ vesicle appeared clearer than the cytoplasm, although the nuclear envelope
appeared strongly stained.

The oocytes located at the median region of the ovary and those in the more advanced
developmental stages, located next to the region of the ampoule (Fig. 3A), showed a
strongly stained yolk granulation indicative of a high protein content. The chorion reacted
strongly positive to this test, thus confirming its proteic nature. The ovarian cells that
envelop the oocytes in this region presented a weakly positive cytoplasm with an evident
nucleus (Fig. 3A).

The region of the ampoule reacted weakly positive to this test.

Oocytes I-V: ch = chorion; vg = vitelogenic granules; arrow = vitelogenic granules. Nile Blue negative.
Magnification E = 200x. Magnification F = 200x. Magnification G, H = 500x. (I, J) Oocytes I-1V, with
calcium spheres (arrow). Magnification I = 200x. Magnification J = 500x.
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5.2. PAS/Alcian Blue — detection of polysaccharides

The cytoplasm of the less developed oocytes reacted weakly positive to this test;
however, an accumulation of polysaccharides was observed as a fine granulation
surrounding the germ vesicle. This accumulation of polysaccharides is known as “nuage”.
The plasma membrane also appeared strongly stained (Fig. 3B).

The oocytes in the stages IV and V presented strongly stained yolk granules. These
granules displayed varying sizes and were distributed thus: the larger granules occupied the
central region of the oocyte (Fig. 3C) while the smaller granules were located at the
periphery (Fig. 3C).

At the region next to the ampoule, in which a large amount of spermatozoids were obser-
ved, the cells appeared scaly and weakly positive, showing a flattened nucleus (Fig. 3C, D).

The chorion reacted positively to this test (Fig. 3C).

The spermatozoids also exhibited a positive reaction to this test (Fig. 3D).

5.3. Nile blue — detection of acid lipids

The amount of lipids detected in the cytoplasm of the oocytes varied according to the
developmental stage. Oocytes in the stage I exhibited a cytoplasm that reacted strongly
positive to this test with the germ vesicle appearing clearer than the rest of the cytoplasm;
however, the nuclear envelope was strongly stained, thus indicating the presence of acids
lipids, which is a common constituent of biological membranes (Fig. 3F).

Oocytes in stage II also reacted positively and a fine yolk granulation dispersed
throughout the cytoplasm was observed. The germ vesicle was observed with the
application of this test (Fig. 3F).

Stage III oocytes exhibited few and small yolk granules dispersed in the cytoplasm.
These granules did not react to this test and numerous small positive granules were
observed at the periphery (Fig. 3E). The enveloping membrane, which already showed
characteristics of a chorion, reacted positively to this test.

The oocytes in stage IV contained a large amount of yolk granules that reacted
negatively to the test, with the largest granules appearing at the periphery of the oocyte,
while the smaller granules concentrated at the central region. Large granules were rarely
observed occupying the central region of the oocyte (Fig. 3G, H). The chorion showed a
positive reaction to the test (Fig. 3H).

Oocytes in stage V showed their cytoplasm completely filled by dense yolk granules that
exhibited a positive reaction to the test (Fig. 3H). We observed stage V oocytes inside the
ampoule. The ampoule generally reacted weakly positive to this test, except at the region of
the epithelium, which demonstrated a great affinity to the dye.

The spermatozoids and cell nuclei appeared stained due to the use of a counter stain with
hematoxilin.

5.4. The Von Kossa stain — calcium detection

This test revealed that the mineral calcium was present in the oocytes at all
developmental stages, especially at stages IV and V, in which the cytoplasm showed a large
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amount of calcium spheres, in addition to the yolk granules, and the chorion was already
deposited (Fig. 31, J).

6. Ultrastructure

Ultrastructural analysis showed that oocytes in developmental stages I and II actually
possessed a more homogeneous cytoplasm, i.e. with the presence of few organelles and in
which the vitellogenesis has not yet started (Fig. 4A). In these oocytes, the germ vesicle
occupied more than half of the cytoplasm, with its contents being of low electron-density,
homogeneous, and enveloped by a membrane (Fig. 4A). We frequently observed
prominent and electron-dense nucleoli. A fine and electron-dense granulation was
observed surrounding the germ vesicle in stage Il oocytes. This granulation became coarser
and with larger granules as the oocyte matured (Fig. 4B).

The most frequently observed cytoplasmic organelles were the mitochondria, which
showed varying morphologies and a relatively small size in the less developed oocytes in
stage I (Fig. 4C). The oocytes in the initial developmental stages (stages I, II and III) were
fixed to the ovary by a pedicel formed by cells with shapes varying from rounded to oval
and with their nuclei occupying most of the cell, leaving only a thin layer of cytoplasm
around the nucleus (Fig. 4A). We also observed the presence of a few mitochondria and
small vacuoles. These cells were also laying on a basal lamina (similar to the one that
envelops the oocyte), which at some regions showed a considerable increase in thickness
(Fig. 6A). The contact between the oocyte and the pedicel cell was accomplished through
infoldings of both plasma membranes (Fig. 6B). The presence of Golgi complexes
liberating secretion vesicles was frequently observed (Fig. 4C) in the oocytes of all stages.
A large amount of ribosomes and polysomes filled the cytoplasm of the oocytes, as well as
lamellar rough endoplasmic reticulum.

The occurrence of mitochondria was considerably increased in oocytes at the more
advanced developmental stages; some of these organelles had a thinner central region when
compared to the extremities, thus rendering a halters shape to their structure during the
stage III (Figs. 4D, 5A, 5D and 6E).

The plasma membrane that surrounded all the oocytes was observed laying on a thick
basal lamina, which could be differentiated into two regions: (a) a thicker region in direct
contact with the plasma membrane of the oocyte; (b) a thinner, more external region (Fig.
4D). The strong positive reaction that the plasma membrane exhibited to the PAS
histochemical test, which indicated a large amount of polysaccharides, was in fact
indicating the constitution of the basal lamina and not of the plasma membrane. The
plasma membrane of the oocyte, independently of its developmental stage, frequently
showed several infoldings extending towards the basal lamina. As the oocyte developed,
these infoldings increased in number and size. These infoldings corresponded to the
beginning of vitellogenesis, indicating the need for a higher uptake of elements from the
haemolymph. At the end of vitellogenesis (stage V), these infoldings were apparently
involved in the deposition of the chorion (Figs. 4D and 5B).

The oocytes in stage III, also known as intermediary oocytes, possessed a cytoplasm
filled with secretion granules; however, at this stage these granules were still small and
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Fig. 4. Transmission electron microscopy (TEM) of A. cajennense oocytes in several phases of development. (A)
General view of oocyte I: nu = nucleoli; gv = germinal vesicle; pm = plasmic membrane; pe = pedicel. Bar =
10 pm. (B) Oocyte II: detail of germinal vesicle (gv): ne = nuclear envelope; arrow = nuage. Bar = 1 pm. (C, D)
Detail of cytoplasm in oocytes I (C) and III (D): Ge = Golgi complex; m = mitochondria; bl = basal lamina; arrow =
plasmic membrane invagination. Bar = 1 pm.

possessed varying morphologies (Figs. 4D and 5B). At the peripheral region of these
oocytes we observed small secretion vesicles, which were probably incorporated from the
haemolymph, since this would be the most important exogenous source of vitellogenic
proteins (Fig. SA, B). A few larger granules were also observed (Fig. 5B).
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Fig. 5. TEM of A. cajennense oocytes in several phases of development. (A) Oocyte III. Periferic region: pm =
plasmic membrane; ve = exocitic vesicle; m = mitochondria. Bar =2 pm. (B) Detail of chorion deposition process
in oocyte III: ci = endochorion; arrow = secretion vesicle produced by oocyte to be incorporated by the chorion.
Bar =1 pm. (C) Detail of oocyte V: central region; A = alfa vitelogenic spheres; B = beta vitelogenic spheres. Bar
= 1 wm. (D) Details of calcium sphere (ca) associated with mitochondria (m). Bar = 1 pm. (E) Membrane
invagination (ipm) evolving calcium spheres formation. (F) Microfilaments (fil) near the calcium spheres.
Bar = 3 pm.

The most frequent organelles were the mitochondria, which showed varying sizes and
morphologies. The number of crests and the density of the matrix were also variable. We
observed rounded mitochondria, some more elongated, and some showed a thinner middle
region, thus presenting a halters shape and located very close to the secretion granules or to
the autophagosomes in the stage III (Fig. 6E).

Another frequently found organelle was the round-shaped peroxisome, enveloped by a
membrane. Inside the peroxisomes, a fine granulation of medium electron-dispersion
was observed. A nucleoid was observed at the center of this organelle in the stage III
(Fig. 6F).
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Fig. 6. TEM of several regions of ovary and oocytes of A. cajennense. (A) Detail of pedicel cells: n = nuclei; bl =
basal lamina. Bar = 2 wm. (B) Detail of contact between oocyte (0o0) and pedicel cell (pe) arrow = membrane
invagination making the contact. Bar =2 pm. (C) Oocyte V showing the chorion sheaths: enc = endochorion; exc
=exochorion; po = pores in exochorion sheath. Bar = 1 pm. (D) Oocyte in reabsorption process (oosorption): rer =
rough endoplasmic reticulum inside the autofagic vacuole (va). Bar = 3 wm. (E, F) Detail of central region of
oocyte III showing the mitochondria (m), vitelogenic granule (vg) and peroxissome (pe) presence. Bar E =2 pum.
Bar F =1 um.

The oocytes in the stages IV and V contained a large amount of protein granules of
varied sizes and electron-densities at their central region (Fig. 5C). The smaller protein
spheres probably undergo a fusion process, thus resulting in larger spheres at various
locations inside the cytoplasm (Fig. 5B). The central region of the cytoplasm possessed a
large amount of Golgi complexes that liberated secretion vesicles, showing an active
participation in cellular metabolism. We also observed lamellar rough endoplasmic
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reticulum, which indicated that during stages IV and V the oocyte itself was still involved in
protein synthesis. A large amount of mitochondria of varying morphologies were also
observed during these stages, concentrated mainly at the central region of the oocyte. The
ultrastructural details revealed that the proteic yolk spheres possessed different
arrangements of material inside them (stage V). The protein spheres of the oocytes in
stage V were denominated Alfa and Beta. The Alfa spheres appeared extremely
homogeneous and electron-dense, although they varied greatly in size (Fig. 5C). The Beta
spheres displayed a sponge appearance, were less electron-dense and larger than the Alfa
spheres (Fig. 5C). Almost no free lipids were observed in the cytoplasm, thus confirming
the results obtained by the histochemical analysis.

Calcium spheres were also observed frequently in the cytoplasm of the oocytes, mainly in
the oocytes of the stage V. These spheres were contained inside a vacuole, surrounded by a
membrane, and in which concentric layers of inorganic matter were disposed in a lamellar
arrangement, interlaying more and less electron-dense layers (Fig. 5D). Numerous
mitochondria of varying shapes and sizes were observed intimately associated with these
structures. At the region of the cytoplasm in which the calcium structures appeared to be
forming, we observed that the vacuole membrane that would eventually envelope these
structures possessed numerous infoldings and liberated an electron-dense material inside the
organelle (Fig. 5SE). In the cytoplasm of the oocytes in stage V we observed a large quantity of
microfilaments that were more frequently present at the central region near the calcium
structures (Fig. 5F). The ultrastructural data allowed us to note that two distinct layers
constituted the chorion of oocytes in stage V: an external layer (exochorion) and an internal
layer (endochorion) that were in direct contact with the oocyte (Fig. 6C). The membrane of
the oocyte liberated materials that were incorporated into the chorion, via exocytosis vesicles
of electron-dense appearance. The external layer of the chorion (exochorion) appeared
intersected by a large quantity of micropores (Fig. 6C). We observed a few oocytes of
irregular shape that showed strong indications of structures in the process of degeneration or
reabsorption within the cytoplasm, such as the presence of autophagosomes and myelinic
bodies. Inside these oocytes we found pieces of degenerating endoplasmic reticulum within
the vacuoles (Fig. 6D). These vacuoles would be responsible for the breakdown of
cytoplasmic elements to be reabsorbed by the tick.

7. Discussion

The first morphological studies of the female reproductive organ of the tick A.
cajennense were performed by Said El (1992), who reported that this organ consisted of a
tubular ovary that ended in two oviducts and which contained oocytes from the initial to the
more advanced developmental stages, ready to be oviposited. Furthermore, the diameter of
the ovary suffered a progressive increase in size from the distal to the proximal region,
forming in the latter a structure with the shape of an ampoule, which is corroborated by the
data obtained in our study.

The results obtained in this study allowed us to compare some characteristics of the
oogenesis in this tick to that of other animals, mainly of insects and diplopods. The latter
present an oogenesis having characteristics that are very similar to those of A. cajennense.
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Functional units known as ovarioles frequently constitute the ovaries. In these
structures, it is possible to distinguish typical regions such as the vitellarium, located at the
proximal region, and the germarium, located more distally. At the vitellarium, the yolk is
deposited in the oocytes.

Results revealed that the ovary of the tick A. cajennense is of the panoistic type, which also
occurs in some insects and in diplopods. This type of ovary is characterized by the presence of
oocytes throughout the ovary and by the absence of nurse cells (Chapman, 1998). In this type
of ovary, all cells present at the cyst will originate oocytes. To our knowledge, this is the first
report of this type of ovary in ticks as part of an expanded literature review. According to
Chapman (1998), in panoistic ovaries the difference between the germarium and the
vitellarium is only established at the beginning of oocyte maturation (vitellogenesis).
Generally, panoistic ovaries consist of numerous and short ovarioles, perpendicularly
throughout two lateral oviducts, which fuse above the alimentary duct to form a continuous
and folded ovary with the shape of a horseshoe. In A. cajennense we found a single ovary with
the shape of an elongated structure that coils inside the body.

We observed that the oocytes present in the ovary of A. cajennense are positioned such
that the less developed ones are located at the distal region, while the ones in more
advanced developmental stages are found at the proximal region. The presence of oocytes
of different maturation stages characterizes an asynchrony in their development, indicating
that the process of yolk deposition (vitellogenesis) occurs at different times in the oocytes,
thus rendering them capable of being fecundated at different times.

At the proximal portion of the ovary we observed a more dilated region, which is
denominated as the ampoule. We verified that this region consisted of a cylindrical
epithelium with typical secretory characteristics and with a probable specialization of the
free surface of the apical membrane in the shape of microvilli. The spermatozoids
remained stored from the time of copulation until the moment of egg fecundation. The eggs
need ideal conditions (oxygenation, pH) to be viable for the process of fecundation.

The asynchronous development of the oocytes resulted in a difference in their size. We
suggested a developmental sequence, suggested by Balashov (1983) and modified in the
present work, which we believe that the oocytes undergo in A. cajennense. We have thus
classified the oocyte development of this tick into five stages based mainly on the
observation of histological sections:

e The oocytes in stage I were characterized by being smaller and because the germ vesicle
and a homogeneous cytoplasm could be observed.

e A broadening of the citoplasmic envelope and the presence of a fine cytoplasmic
granulation characterized the oocytes in stage II. The germ vesicle could still be
observed at this stage.

e The oocytes in stage III could be distinguished by the thick plasma membrane,
displaying chorion characteristics, and the presence of a fine cytoplasmic granulation.

e The oocytes in stage IV were differentiated by the deposition of the chorion and the
appearance of yolk granules of varying sizes in the cytoplasm. The germ vesicle was no
longer visible.

e The oocytes in stage V were characterized by the presence of large and dense yolk
granules. Two layers could be distinguished in the chorion: the exo and endochorion. It
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was no longer possible to observe the germ vesicle due to the large amount of
cytoplasmic granules.

In A. cajennense we observed that the oocytes in the initial developmental stages
were fixed to the ovarian wall through a small pedicel consisting of oval cells with
rounded nuclei. Nevertheless, the cells of the pedicel in direct contact with the oocyte
showed a specialization of the plasma membrane in the shape of infoldings that interd-
igitate with the plasma membrane of the oocyte at that point. This observation might
suggest that these cells, in addition to fixing the oocyte to the ovarian wall, might also be
providing some sort of material that would contribute to the development of the oocytes.
This hypothesis was supported by the fact that no nurse cells were found in this type
of ovary.

In A. cajennense it appeared that the synthesis and/or incorporation of the
proteins that constituted the yolk probably commenced in the oocytes at the initial
developmental stages, since they reacted strongly positive to the Bromophenol Blue
histochemical test.

Ramamurty (1968) noted that proteins and carbohydrates generally composed the yolk
in the oocytes of insects and may have appeared in free form or chemically bonded to other
elements. The author suggested that these components were deposited in the oocyte
following a preferential sequence, in which the lipids were the first to appear, followed by
proteins, and, finally, by the carbohydrates. The results obtained in the present study
confirmed these observations in relation to the deposition of lipids, since this element was
found in large quantities in oocytes in the stages I and II of A. cajennense.

Camargo-Mathias (1993) who studied vitellogenesis in the ant Neoponera villosa,
discussed the origin of the lipids in the oocytes of this insect. However, other studies
reported that mitochondria could be a probable site of origin for these compounds (Bonhag,
1968; Ranade, 1933; Wigglesworth, 1971). These authors, studying different insects,
confirmed that a majority of the lipids present in oocytes is obtained through processes that
occurred in this organelle. Ranade (1933) suggested that mitochondria might be
transformed into lipid bodies of the yolk. Boissan (1970) concluded that at least part of the
lipid material originated from the breakage and destruction of mitochondrial crests. In
oocytes of A. cajennense, the synthesis and/or specific incorporation of yolk lipids
probably commenced in the oocytes at the initial developmental stages (I-III), based on
results of our study which showed that these oocytes possessed a cytoplasm filled with
mitochondria and reacted strongly positive to the Nile Blue stain, thus confirming the
presence of lipids.

Results of this study indicated that the less developed oocytes of A. cajennense
possessed a moderate amount of polysaccharides, with the higher concentration of this
element located around the germ vesicle in the shape of a fine granulation that was easily
observed by electron microscopy. In general, this type of granulation is frequently
described as ‘“‘nuage” in the oocytes of insects. However, these findings do not agree with
the results reported by Balashov (1983), who stated that the oocytes of ticks in general
would have a yolk composed only by lipids and proteins.

Generally, the literature reports the acquisition of histochemical data from oocytes of
different developmental stages of ixodids in general. These data indicate that lipids,
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proteins and polysaccharides, which may appear free or chemically bound to other
elements, generally compose the yolk. In A. cajennense, the final yolk that constitutes the
oocytes also possessed these three components (Balashov, 1983; Sonenshine, 1991).

The presence of a large quantity of rough endoplasmic reticulum (as well as
mitochondria) in the cytoplasm of oocytes in initial developmental stages might suggest
that an intense protein synthesis is already underway at these stages, probably providing
protein elements and lipids to the oocyte at the beginning of development. Therefore, there
would be a process of protein auto-synthesis in the oocytes of stages I and II, which would
characterize an endogenous production of yolk. This first yolk would have a lipoproteic
origin, since these oocytes reacted positively to the histochemical tests for the detection of
lipids and proteins. This type of process occurs frequently in insects and has been reported
in ants (Camargo-Mathias, 1993).

The exogenous production of the yolk proteins would occur at a different moment
during oocyte development at extra-ovarian sites that would use the haemolymph as means
of transportation. For insects in general, as well as other arthropods, the main production
center of exogenous proteins that would be incorporated into the yolk is the fat body.
Nevertheless, for ticks this has not yet been confirmed and, according to Sonenshine
(1991), the primary site of vitellogenin synthesis would be the fat body, a finding supported
by observing the intense immunofluorescense of the insect fat body when this organ is
incubated with anti-vitellogenin antibody. Our results suggest that in addition to an
endogenous production of proteins, the cells of the pedicel of A. cajennense ovaries are also
involved in providing proteins for the development of the oocyte. Thus, the cells of the
pedicel appeared to play a role similar to that of the nurse cells in meroistic ovaries.
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Resumo

O estudo ultramorfologico, histologico e ultra-estrutural do corpo gorduroso
de fémeas semi-ingurgitadas de Amblyomma cajennense revelou que este tecido ¢
difuso e consiste de corddes celulares que envolvem os troncos traqueais. O estudo
morfométrico mostrou que as areas celulares e nucleares dos trofocitos arredondados
sdo superiores quando comparadas as dos trofocitos cubicos, mostrando que os
trofocitos arredondados, apoiados nos corddes celulares, possuem maior area de
contato com a hemolinfa. Nas fémeas desta espécie o corpo gorduroso ¢ encontrado
logo abaixo do integumento e também ao redor dos orgdos e é composto por dois
tipos de células que embora tenham forma e localizag¢do diferentes dentro do tecido,
possuem a mesma histologia e aqui foram denominadas de trofdcitos ctibicos quando
dispostos sob a forma de corddes celulares, ocorrendo em maior nimero e trofécitos
arredondados, quando apoiados nestes corddes, ocorrendo em menor numero. A
histologia demonstrou que ambos os tipos de trofocitos tem um nucleo e, além disso,
exibem numerosos vactolos de diferentes tamanhos e  conteudos.
Ultraestruturalmente, as organelas encontradas com maior freqiiéncia foram o
reticulo endoplasmatico rugoso dos tipos vesicular e lamelar e mitocondrias com
cristas tubulares, indicando que as mesmas estariam envolvidas com a sintese de
lipidio. Nao foi observado reticulo endoplasmatico liso. Os trofocitos cubicos,
dispostos em corddes, apesar de intimamente associados entre si ndo possuem
membranas plasmaticas fundidas e sim, observa-se eventualmente a fusdo das
laminas basais de duas células contiguas, a qual atuaria como barreira de

permeabilidade seletiva. O presente trabalho vem também propor nova terminologia

Sandra Eloisi Denardi



Capitulo 2 36

para o corpo gorduroso de carrapatos, segundo sua localizagdo: parietal, quando
localizado logo abaixo do integumento e ndo periférico; e perivisceral quando
localizado ao redor dos 6rgdos e ndo central como proposto por Obenchain e Oliver
(1971), bem como para as células que o compdem, ou seja, trofocitos ciibicos quando
dispostos sob a forma de corddes celulares e trofdcitos arredondados quando
apoiados nestes corddes, além de demonstrar que ndo foram observados nefrdcitos

em fémeas semi-ingurgitadas de A. cajennense.

Palavras-chave: Amblyomma cajennense, corpo gorduroso, carrapatos, trofocitos

cubicos e arredondados.
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Abstract

The present ultramorphological, histological and ultrastructural study on the fat body of semi-engorged females of Amblyomma cajennense
revealed that this tissue is diffuse and consists of strands of cells surrounding the tracheal trunks. Morphometric analysis showed that the
cellular and nuclear areas of round-shaped trophocytes are larger than those of cuboidal trophocytes, indicating that the arrangement of the
former provides more contact area with the haemolymph. In this species, the fat body is found right underneath the integument and around
organs. It consists of two cell types that despite distinct morphological characteristics and locations in the tissue, present the same histological
features. In this study, these cells were termed cuboidal trophocytes when arranged as strands of cells and present in larger numbers, and round-
shaped trophocytes when lying on these strands and observed in fewer numbers. Histological observations revealed that both types of
trophocytes have one nucleus in their cytoplasm and also exhibit numerous vacuoles of different sizes and contents. Ultrastructural
examination revealed that the organelles more frequently observed were the vesicular and lamellar rough endoplasmic reticulum, and
mitochondria with tubular crests, indicating that they might be involved in lipid synthesis. Smooth endoplasmic reticulum was not observed.
Cuboidal trophocytes arranged in strands, despite being closely associated, do not exhibit fused plasma membranes. Rather, the fusion of basal
lamina of two neighboring cells is occasionally observed, acting as a selective permeability barrier. Here, a new terminology for tick fat body is
proposed. It is based on fat body location (parietal, when located right underneath the integument instead of peripheral; and perivisceral, when
located around organs instead of central) terminologies previously suggest by Obenchain and Oliver and for the cells constituting them,
cuboidal trophocytes when arranged as strands, and round-shaped trophocytes when lying on these strands. Nephrocytes were not observed in
semi-engorged females of A. cajennense.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Amblyomma cajennense; Fat body; Ticks; Cuboidal and round-shaped trophocyte; Ixodidae

1. Introduction

Ticks have been widely acknowledged as of economic and
sanitary importance, given the numerous species that have been
described causing severe damages to their hosts, such as cattle,
horses, and dogs. Among these species, the Cayenne tick
Amblyomma cajennense is of particular relevance. According
to Arthur (1960) and Furlong et al. (1996), the great damage
caused by ticks is due to their haematophagus habits, especially
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females, resulting in production losses for several elements, and
thus reflecting in economic shortfalls.

Studies on the internal morphology of ticks are scarce and
limited to some species. Species commonly found in Brazil,
such as the Cayenne tick A. cajennense, still remain relatively
little studied (Denardi et al., 2004, 2006; Saito et al., 2005;
Nunes et al., 2005, 2006a,b; Oliveira et al., 2005a,b, 2006,
2007a,b; Ricardo et al., 2007).

The fat body in ticks is the organ that stores food reserves,
metabolizes hormones and other essential messenger molecules,
and detoxifies wastes or harmful compounds. It plays a vital role
in reproduction, synthesizing and secreting vitellogenin during
the reproductive phase of the animal’s life (Sonenshine, 1991).

During the reproduction of most arthropods, the participa-
tion of the fat body has been reported as of extreme importance.
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In insects, the main cells constituting these tissues are
trophocytes or adipocytes, of mesodermal origin; oenocytes,
of ectodermal origin, as well as mycetocytes and urocytes. The
terms nephrocytes in ticks cell that acts like intermediating in
metabolism and protein manufacturing (Croosley, 1985) and
trophocyte (adipocyte) are used for fat body in ticks and found
in literature for the main fat body cells. The name adipocyte is
improper since this cell is not a simple deposit of fat but have a
much more complex metabolism and storage also protein and
sugars (Kilby, 1963; Isac and Bownes, 1982). The oenocytes
synthesizes hydrocarbon in earlier phases of the insect’s
development, delivered to the haemolymph and transported to
the cells of the fat body (Young et al., 1999), the mycetocytes
are cells which posses symbionts non-pathogenic microorgan-
isms in the cytoplasm, the urocytes are cells specialized in
urates accumulation (Paes de Oliveira and Cruz-Landim, 2003).

Fat body cells of ticks are especially abundant around large
tracheal trunks in the so-called tracheal complex.

Trophocytes are cells that in addition to synthesizing lipids
also store proteins and carbohydrates, mainly as glycogen.
They also produce most of the proteins present in the
haemolymph, including vitellogenin, a yolk protein precursor.
Currently, the terms used to define these cells do not express
their several roles, often compared to those of hepatocytes of
vertebrates, which are very versatile cells that play endocrine
and exocrine roles (Junqueira and Junqueira, 1983; Kilby,
1963).

In ticks in general, the fat body is classified in peripheral and
central one, according to the regions in which they are located
(Obenchain and Oliver, 1971).

In the tick Dermacentor variabilis, the fat body consists just
of one basic cell type, the trophocyte. However, according to
other authors, a distinct cell type, the nephrocyte, is often found
attached to the fat body strands (Coons et al., 1990).

The trophocytes of ticks appear as cells, often clustered in
two or three-cell thick chords. The nephrocytes when present
typically appears oval or circular, and may be adjacent to
trophocytes, attached at one edge (Sonenshine, 1991).

Unlike what was reported on insect studies, in ticks very few
studies describe the fat body or its morphological and
ultrastructural aspects. Thus, this study aimed at describing
the fat body tissue of female ticks of A. cajennense, including
the cell types that constitute them by using histological
techniques, scanning electron microscopy (SEM) and transmis-
sion electron microscopy (TEM). Also, it proposes a new
terminology to designate this tissue based on the different
locations where it is found in ticks.

2. Materials and methods
2.1. Materials

Twenty semi-engorged females of the tick A. cajennense
were obtained from colonies maintained under controlled
conditions (28 °C, 80% humidity, and 12-h photoperiod) at the
Veterinary Pathology Department of the FCAV-UNESP,
Jaboticabal campus, SP, Brazil.

2.2. Methods

2.2.1. Morphology

Ticks were dissected in saline solution (NaCl 7.5 g/L,
Na,HPO, 2.38 g/L. and KH,PO, 2.72 g/L) and the fat body was
removed.

2.2.2. Scanning Electron Microscopy (SEM)

For the SEM techniques, the fat body was fixed in
Karnovsky solution, for 24 h and dehydrated in a graded 70-
100% acetone series. The material was processed by critical
point drying, sputtered with gold, and examined with a
PHILLIPS 505 SEM.

3. Histology

For the histological techniques, the fat body was removed
and fixed in 4% paraformaldehyde. The material was
dehydrated in ethanol, embedded in JB4 resin during 24 h at
4 °C, and then transferred to plastic molds previously filled with
resin containing a catalyzer. After resin polymerization, the
material was sectioned using a Leica RM 2145 microtome and
stained with hematoxilyn and eosin, according to routine
histological procedures.

3.1. Morphometry

For the morphometric analysis glass, slides with sections of
the fat body of 20 semi-engorged females of A. cajennense were
used and the cellular and nuclear areas of both trophocytes
types were measured using a LMDB LEICA microscope. We
utilized 20 slides with median histological sections stained with
HE, and observed 200 trophocytes (100 cuboidal and 100
round-shaped trophocytes), 10 cells per slide.

The data obtained was plotted using the software
STATISTICA and an ANOVA Tukey test, significance level
0.05, was performed to analyze if there were significant
differences between cell types.

3.2. Transmission Electron Microscopy (TEM)

The material was fixed in 3% glutaraldehyde, postfixed in
1% 0Os0,, and embedded in Epon Araldite. Ultrathin sections
were contrasted with uranyl acetate and lead citrate.

The material was then included in pure resin Epon and
polymerized by maintaining in a stove for 72 h at 60 °C.

The material were then observed and photographed in a
PHILLIPS MC 100 TEM.

4. Results
4.1. Scanning Electron Microscopy (SEM)

The results obtained with SEM techniques revealed that the
fat body of females of A. cajennense is a diffuse tissue located

right underneath the cuticle, which in this study was termed
parietal fat body, and when located around organs and mainly
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Fig. 1. Schematic representation of the fat body cells from semi-engorged females of the tick Amblyomma cajennense.

around tracheal trunks, referred here as perivisceral fat body.
This tissue consists of strands of cuboidal cells, similar to a
simple epithelium, as well as few round-shaped cells, which
usually lie on these strands. In this study, these first cells
were called cuboidal trophocytes (trC) and the second
ones, as round-shaped trophocytes (trR), respectively
(Figs. 1 and 2A-G).

Both types of trophocytes exhibit an irregular surface and
are attached to one another by connective tissue (Fig. 2A, B, D,
and F). Round-shaped trophocytes are found lying on strands of
cuboidal trophocytes and are attached to them by projections
(Fig. 2D, E, F, and G).

Cuboidal trophocytes are present in larger numbers and
smaller in size than round-shaped ones.

4.2. Histology

Histological observations showed that fat body of females of
A. cajennense possess trophocytes closely associated when
membrane fusions were not observed between cuboidal
trophocytes, or between cuboidal trophocytes and round-
shaped ones, which lie on the strands (Fig. 3A-C).

In the cytoplasm of cuboidal trophocytes, numerous
vacuoles of various sizes occupying most of the cell are
present, exhibiting a lighter content than the cytoplasm. This
suggests that the nature of the vacuole content is different from
that of the remaining cytoplasm (Fig. 3B and C). The nuclei of
these cells are round in shape and are often located in the central
region of the cytoplasm with chromatin forming clumps
(Fig. 3B). The nucleus of cuboidal trophocytes exhibits one or
two nucleolus (Fig. 3B).

The cytoplasm of round-shaped trophocytes also presents
vacuoles, however, these are larger than those of cuboidal
trophocytes (Fig. 3D). Similarly to those observed in cuboidal
cells, the nature of the content of these vacuoles is different
from that of the cytoplasm. These cells exhibit only one round-
shaped nucleus (Fig. 3B and C).

4.3. Morphometry

Morphometric analysis of fat body cells of A. cajennense
revealed that the area of round-shaped trophocytes is larger than
that of cuboidal ones. The data obtained show that cuboidal
trophocytes present an average area between 74.77 and
206.85 wm?. For nuclei, the average varies between 32.8 and
79.54 wm?, clearly showing that round-shaped trophocytes are
in fact larger than cuboidal ones, with average areas varying
between 102.02 and 209.07 Mmz, and their nuclei, 72.72
between 88.5 wm? (Tables 1 and 2).

4.4. Transmission Electron Microscopy (TEM)

Ultrastructural results obtained for the fat body of A.
cajennense females corroborate those obtained using histolo-
gical techniques, confirming that this tissue consists of only one
cell type, the trophocytes, which exhibit heterogeneous
cytoplasm, large numbers of several organelles, as well as
granules of different contents. A large primarily round-shaped
nucleus is observed, as well as one or two very electrondense
nucleoli. In cuboidal trophocytes, chromatin is more con-
densed, while in round-shaped trophocytes, it is uncondensed
(Fig. 4A and B).
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Fig. 2. (A-G) Scanning electron microscopy (SEM) of the fat body cells from semi-engorged females of the tick Amblyomma cajennense showing the cuboidal
trophocyte (trC) and rounded trophocyte (trR); t = trachea. Bars A, C, D, and E =2 pm; bars B, F, and G =10 pm.

Cuboidal trophocytes are structurally distinct from round
ones due to the presence of more abundant rough endoplasmic
reticulum, mainly the vesicular form, containing secretion
(Fig. 4C, E, and F). Ribosomes attached to the membrane of the

reticulum, as well as large quantities of free polysomes, are
observed in both cell types, characterizing the fine electro-
ndense granules present throughout the cytoplasm (Fig. 4C, D,
and F).

Table 1

Average cellular area (um) of cuboidal and round-shaped trophocytes of the fat body of Amblyomma cajennense females

Cellular area Number of cells Measurements between Measurements between Measurements between Measurements
analyzed 70,000 and 100,00 pm 100,000 and 150,00 pm 150,000 and 200,00 pm above 200,00 pm

Cuboidal trophocyte 100 16 56 18 10

Round-shaped trophocyte 100 0 42 32 26
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Fig. 3. (A-D) Histological sections of the fat body cells from semi-engorged females of the tick Amblyomma cajennense stained by hematoxilyn and eosin;
trC = cuboidal trophocyte; trR = rounded trophocyte; n = nuclei; arrow = vacuole; tr = tracheal trunks. Bars A, B, C, and D =20 pm.

Another cytoplasmic organelle often observed are the
mitochondria, which vary in shape and size, depending on their
location in the cytoplasm. Some of them present a constriction
in the central region and enlarged extremities resembling

halters (Fig. 4B). Others, however, exhibit shapes ranging from
round to elongated (Fig. 4C and D). In general, mitochondrial
crests exhibit two distinct shapes, sometimes resembling
shelves, or tubules (Fig. 4C and D). Inside mitochondria,

Table 2

Average nuclear area (wm) of cuboidal and round-shaped trophocytes of fat body of Amblyomma cajennense females

Nuclear area cuboidal Number of cells Measurements between Measurements between Measurements between Measurements above
analyzed 30,000 and 50,00 pm 50,000 and 70,00 pm 70,000 and 80,00 pm 80,00 pm

Trophocyte 100 79 13 8 0

Round-shaped trophocyte 100 0 0 60 40
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Fig.4. (A-H) Transmission electron microscopy (TEM) of the fat body cells from semi-engorged females of the tick Amblyomma cajennense showing the cuboidal
trophocyte (trC) and rounded trophocyte (trR); v = secretion vesicle; m = mitochondria; Irer = lamellar rough endoplasmic reticulum; 1=1lipid droplets;
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electronlucent material, probably of lipidic nature, is observed
(Fig. 4D).

In the central region of the cytoplasm of cuboidal
trophocytes, some granules of various shapes, electron-
densities and contents are observed (Fig. 4E and G).

Larger and more electronlucent spheres probably consist of
lipids and result from the fusion of smaller ones (Fig. 4F and G).
Smaller and very electrondense spheres are probably proteic in
nature.

Although trophocytes are closely associated with one
another, their ultrastructure revealed that the plasma mem-
branes are not fused, only occasionally their basal laminae
(Fig. 4A and H).

5. Discussion

The fat body of most arthropods is the organ that synthesizes
and stores energy reserves, in addition to toxic residues harmful
to the metabolism of the tick, to reproduction, specifically to the
synthesis of vitellogenin.

Previous studies focusing on the fat body of ticks conducted
by Obenchain and Oliver (1971) have shown that in adults, this
tissue is located in the same regions in insects, being named
peripheral and central fat body, when located near the body wall
and around organs, respectively.

According to Gillot (1995) and Chapman (1998), in insects
the fat body located right underneath the integument is referred
as parietal fat body. When surrounding organs, such as ovaries
and intestines, it is referred as perivisceral fat body. This is the
terminology that we also propose for the fat body of ticks, since
the terms peripheral and central do not represent the real
location of this tissue in these animals.

In this study, were also observed the presence of two types of
trophocytes in semi-engorged females of A. cajennense, which
were designated cuboidal and round-shaped trophocytes, due to
their morphohistological characteristics. Nephrocytes were not
observed in A. cajennense ticks, as reported by other authors for
other species (Tsvileneva, 1961; Crossley, 1972). Tsvileneva
(1961, 1963) observed two cell types in ticks, distinguishable
by the basophilia of their cytoplasm. Acidophilic cells are
considered equivalent to trophocytes, while basophilic ones, to
the nephrocytes of insects. Also, according to Tsvileneva (1961,
1965) and Balashov (1963), the cells termed nephrocytes might
be analogue to oenocytes of insects. In this study, it was clear
that only trophocytes were present, which were classified in two
types based on morphology and arrangement.

The morphometric data obtained for the cells of the fat body
of A. cajennense indicate that cuboidal trophocytes exhibit a
cytoplasmic area significantly smaller than that of round-
shaped ones. A possible explanation is that cuboidal
trophocytes might be subjected to the pressure of adjacent
cells, as a result of the strand arrangement. On the other hand,
round-shaped trophocytes, which are isolated and lie on the

strands of cuboidal trophocytes, are probably not subjected to
this type of pressure and consequently may have a larger
contact area with the haemolymph, making greater material
changing areas in both ways possible (cell/haemolymph/cell).

In the case of A. cajennense, the large quantities of
cytoplasmic vacuoles resulted in a hypertrophy of cuboidal and
round-shaped trophocytes. Consequently, cuboidal cells com-
pressed neighboring ones, altering their morphology. Since
semi-engorged female ticks are also in an active reproductive
period, the material observed in these cells might be produced
for storage and later used in the process of vitellogenesis,
during oocyte development.

The fat body has been extensively studied in insects in
general and the deformation of cells as well as their nuclei has
been described. Due to the large quantities of vacuoles stored in
the cytoplasm, the shape of these cells might undergo changes,
becoming star-shaped, half-moon-shaped, elongated or even
filamentous (Cruz-Goiten, 1989; Gillot, 1995). In semi-
engorged females of A. cajennense, however, we did not
observe irregular-shaped nuclei, as cuboidal and round-shaped
trophocytes exhibited one nucleus located in the central area.

The ultrastructural data revealed that the vesicular rough
endoplasmic reticulum was observed in both cell types in larger
quantities than lamellar rough endoplasmic reticulum. Accord-
ing to Han and Bordereau (1982), the presence of these two
forms of rough endoplasmic reticulum in the same cells might
indicate distinct functions, in which the vesicular form would
be more active and the lamellar one, the less active one.
However, it is known that ribosomes only attach to endoplasmic
reticulum membranes when the latter is active during the
process of protein synthesis.

These results suggests that the fat body cells of A.
cajennense females might actively synthesize proteins that
would be stored inside these cells and/or released directly in the
haemolymph. These data contradict those obtained by Coons
and Alberti (1999) that reported that proteins were not stored in
cytoplasmic granules of trophocytes of other tick species.

In addition to proteins, the ultrastructural analysis revealed
the presence of lipids in the cytoplasm of both types of
trophocytes and the absence of smooth endoplasmic reticulum.
On the other hand, mitochondria with tubular crests were
observed, indicating that these cells might be actively involved
in lipid synthesis, as already reported in salivary gland cells of
this same tick species by Denardi et al. (2006).

According to Camargo-Mathias (1993), mitochondria are
one of the sources for lipids in the oocytes of the ant Neoponera
villosa, confirming earlier observations (Bonhag, 1958).
Ranade (1933) suggested that mitochondria may be trans-
formed into lipid yolk bodies and that the lipid material may
come from the destruction of the mitochondrial crests.

Regarding the arrangement of trophocytes, despite being
closely associated, their ultrastructure revealed that there is no
fusion of plasma membranes, only occasional fusion of basal

vrer = vesicular rough endoplasmic reticulum; arrow = protein granules; dashed arrow = basal lamina; star = lipids inside mitochondria; (*) = halters mitochon-

dria. Bars A=2 pm; B=6 um; C, E, G, and H=1 pm; D and F=0.5 pm.
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laminae of neighboring cuboidal trophocytes in some cell/cell
contact areas. These fused laminae might act as a selective
permeability barrier, controlling the transport of material in
both directions (intra and extracellular). The plasma mem-
branes and cytoplasms of these cells, however, remained
individualized.

In the regions where fusion of basal laminae was not
observed, the transport of material from the haemolymph into
these cells may be facilitated compared to regions where basal
laminae are fused.

Thus, the results obtained in this study revealed that semi-
engorged females of the tick A. cajennense exhibit two types of
trophocytes here, termed cuboidal and round-shaped, located
near the intestines and ovaries, as well as the integument; from
which we propose the terms parietal and perivisceral that better
represent their location in this tissue inside the tick’s body. This
indicates that these cells in fact participate in the process of
vitellogenesis, providing lipids and proteins for the oocyte.
Nephrocytes associated to the fat body were not observed in this
species.
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Resumo

No processo de reproducdo dos Arthropoda, a sintese e incorporagdo de
lipidios, proteinas e carboidratos pelos ovécitos € denominada de vitelogénese. Esses
elementos que irdo compor o vitelo podem ser sintetizados enddgenamente pelo
proprio ovario e/ou exdgenamente pelas células do corpo gorduroso do pedicelo e do
intestino. Sendo assim, este trabalho analisou em nivel citoquimico ultra-estrutural os
dois tipos de trofécitos que constituem o corpo gorduroso de fémeas de carrapatos
Amblyomma cajennense, mostrando neles a presenga de lipidios, proteinas e
carboidratos. Lipidios foram detectados em maiores quantidades que as proteinas e
carboidratos, os quais sdo pouco produzidos pelas células do corpo gorduroso,
sugerindo que o papel do corpo gorduroso em carrapatos esteja relacionado ao
estoque de lipidios e carboidratos afim de converter em energia ou ainda serem
usados na estrutura celular. A técnica de eletroforese aplicada no corpo gorduroso
mostrou marca¢do de massa molecular protéica correspondente a 98 kDa. Entretanto,
proteinas vitelogénicas de espécies carrapatos em geral, possuem massa entre 300 e
600 kDa, sugerindo que em carrapatos A. cajennense, o corpo gorduroso nio ¢ o
orgdo responsavel pela sintese de proteinas do vitelo, papel este, provavelmente,

desempenhado pelas células do pedicelo.

Palavras-chave: Amblyomma cajennense, corpo gorduroso, ovario, carrapatos.

Sandra Eloisi Denardi
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Abstract

During the process of Arthropoda reproduction, the synthesis and uptake of
proteins, carbohydrates, and lipids by oocytes is termed vitellogenesis. These
compounds that will make up the yolk may be in ticks endogenously synthesized by
the oocytes and/or exogenously produced by the fat body and pedicel cells. This
study examined the fat body of Amblyomma cajennense ticks at the cytochemical
ultrastructural level to demonstrate the presence of lipids, proteins and carbohydrates
in trophocytes. The lipids were detected in higher quantity than proteins and
carbohydrates in the fat body cells, suggesting that the role of the fat body in tick is
stored lipids and carbohydrates to convert them in energy, or still they could be used
with cell structural purpose. The electrophoresis technique applied at A. cajennense
fat body demonstrated specifically the molecular mass of proteins: about 98 KDa. By
the other hands, the fat body is not the organ responsible for the synthesis of the yolk

protein, role probably performed by the pedicel cells.

Keywords: Amblyomma cajennense, fat body, ovary, tick, vitellogenesis
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1. Introduction

Ticks have been widely acknowledged as of economic and sanitary
importance, given the numerous species that have been described causing severe
damages to their hosts, such as cattle, horses, and dogs. Among these species, the
cayenne tick Amblyomma cajennense is of particular relevance. Few studies have
examined the internal morphology of ticks and are generally limited to species found
in Africa, Europe, and Australia. Species occurring in Brazil, such as the cayenne
tick A. cajennense, still remain little studied regarding this aspect (DENARDI et al.,
2004; 2006; SAITO et al., 2005; NUNES et al., 2005; 2006a; 2006b; OLIVEIRA et
al., 2005a; 2005b; 2006; 2007a; 2007b; RICARDO et al., 2007).

Currently, the literature on the reproductive biology of ticks have been
greatly increased by the work of a group of Brazilian researchers (DENARDI et al.,
2004; 2006; 2008; SAITO et al.,, 2005; NUNES et al.,, 2005; 2006a; 2006b;
OLIVEIRA et al., 2005a; 2005b; 2006, 2007a; 2007b; RICARDO et al., 2007).
However, many other questions remain unanswered.

During the process of reproduction in Arthropoda, the synthesis and uptake
of proteins, carbohydrates, and lipids by oocytes is termed vitellogenesis. These
compounds that will later make up the yolk may be endogenously synthesized by
oocytes and/or exogenously produced by cells of the intestine, fat body or pedicel to
be then transported, sometimes via hemolymph into oocytes by endocytosis
(RICARDO et al., 2007).

Vitellogenin is one of the proteins that make up the yolk of oocytes of
Arthropoda, and is composed of glicophosphoproteins that after undergoing changes,

such as glycosylation (addition of saccharides), sulfating (addition of a sulphate
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group), and phosphorylation (addition of a phosphate group), is termed vitellin
(WYATT, 1980; ENGELMANN, 1990).

Regarding the origin of vitellogenin in ticks as well as in insects, studies
have pointed out to the fat body cells, which also play an important role in storing
reserve materials as well as are involved in the intermediary metabolism
(SONENSHINE, 1991). Recent studies have reported the participation of pedicel
cells, structures that attach the oocytes to the ovary wall, providing proteins to
oocytes of A. triste (RICARDO et al. 2007).

The fat body of ticks has been previously studied by Obenchain; Oliver
(1971) in several species of ticks where it was termed peripheral and central fat body,
based on its location: right underneath the integument (peripheral) or surrounding
organs (central). However, Denardi et al. in 2008 examined the fat bodies of A.
cajennense females and suggested another terminology to describe the location of
this tissue: parietal fat body replacing the term peripheral and perivisceral replacing
the term central, as these authors considered that these new terms would better
describe the location of the fat body inside the animal’s body. This terminology has
been also adopted for insects, other animals of the group Arthropoda.

In this same study, only trophocytes were observed in the fat body of A.
cajennense ticks, but in two types: cuboidal trophocytes (trC) when arranged as cell
cords and in large numbers, and round-shaped trophocytes (trR) when cells lay on
these cords and in small numbers (DENARDI et al., 2008).

Thus, this study aimed to analyze at a cytochemical and ultrastructural level,
the two types of trophocytes present in the fat body of female ticks of A. cajennense,

seeking to shed light to possibility of these cells to synthesize and store lipids,
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proteins, and carbohydrates as well as to verify if they produce vitellogenin and if
this protein originated from the fat body contributes to the development of oocytes.
These data would be a contribution for a better understanding of the process of
vitellogenesis in these animals and consequently clarify some aspects of their

reproductive biology.

2. Materials and Methods

Twenty partially engorged females of Amblyomma cajennense were
obtained from colonies maintained under controlled conditions (28°C, 80%
humidity, and 12-hour photoperiod) at the Veterinary Pathology Department of the

FCAV — UNESP, Jaboticabal campus, SP, Brazil.

2.1. Unsaturated Lipid Detection - (ARGERMULLER; DE FAHIMI, 1982,
apud HADDAD et al., 1998).

After the tick dissection in physiological solution (7.5g NaCl + 2.38¢g
Na,HPO4 + 2.72g KH,PO4 + 1000mL H,O) the fat body was fixed in 2.5%
glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2), for 2 hours. The material was
then washed once in the same buffer and in 0.1 M imidazole buffer (pH 7.5), for 15
minutes each. The material was post-fixed in 2% osmium tetroxide in 0.1 M
imidazole buffer (pH 7.5), for 30 minutes in the dark. Afterwards, the material was
washed once in buffer, followed by acetone dehydration and then include in Epon

resin.
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2.2. Basic Protein Detection (MACRAE; MEETZ, 1970, apud HADDAD et al.,
1998)

The fat body was fixed in 2.5% glutaraldehyde 0.1 M cacodylate buffer (pH
7.2), for 2 hours, washed in distilled water, incubated in ammonium silver solution
(10% silver nitrate added to a concentrated solution of ammonium hydroxide), for 5
minutes at room temperature. Next, the material was washed in distilled water and
incubated in 3% formaldehyde for 5 minutes, in which the material acquired a brown
staining. Afterwards, the material was washed in distilled water and incubated in 3%
formaldehyde for 5 minutes, washed again in distilled water and post-fixed according

to transmission electron microscopy (TEM) routine procedures.

2.3. Carbohydrate Detection (THIERY, 1967, apud HADDAD et al., 1998).

The material was prepared following the routine for TEM and the ultrathin
sections were placed on gold meshes, letting the sections float on 1% periodic acid
for 15 minutes. This treatment was followed by successive baths in acetic acid at
concentrations: 10%, 5% and 2%, for 10 minutes each. After three 10-minute washes
in distilled water, the meshes were transferred to a solution of 1% silver proteinate
for 30 minutes in the dark at room temperature. Finally, the material was washed

once in distilled water and observed through the transmission electron microscope

PHILLIPS CM 100, without contrasting the material.

2.4. Polyacrylamide gel electrophoresis (SDS-PAGE)
After removed the A. cajennense fat body cells were transferred to an

Eppendorf, macerated with distilled water and centrifuged under refrigeration with
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an Eppendorf 5415C Centrifuge for 5 min at 11.000rpm. The total protein of this
extract was determined according to the modified Bradford method (SEDMAK;
GROOSBERG, 1977) and analyzed by 5-20% SDS-PAGE (15.5 cm x 1.5 x 1.5 mm)
in Tris-HCI, pH: 6.8 (HAMES; RICKWOOD, 1981). After the electrophoretic run,
proteins were visualized with Coomasie Blue staining and then photographed with a

Cyber-shot DSC T 32 Sony Digital Camera.

3. Results
3.1. Unsaturated Lipids

The basal lamina of parietal and perivisceral trophocytes of A. cajennense
females is negative for unsaturated lipids (Figs. 1J, K, L). However, in the cytoplasm
of these trophocytes, lipids are present as electrondense granules of various sizes and
shapes (Figs. 1A-T). Some smaller granules seem to be forming complexes with
other elements (Figs. 1C, E).

Also, smaller lipid droplets are observed in the cytoplasm of these cells
undergoing fusion and forming larger droplets that can be spherical as well as other
shapes (Figs. 1E, F, T). Other droplets exhibit boundaries more electrondense than
their interior, suggesting the formation of other complexes with compounds of other
nature (Figs. 1J, K, M, N, O, S, T).

In the cytoplasm of parietal and perivisceral trophocytes, spherical
mitochondria are present containing lipid materials (Figs. 1G, H, I). Other organelles
frequently observed are Golgi complexes and cisternac of vesicular rough

endoplasmic reticulum (Figs. 1G, H, I, N, O).
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When two adjacent cuboidal trophocytes are observed, they are associated

only by the fusion of their basal lamina, but not by their plasma membranes (Fig. 1J).

3.2. Basic Protein

The basal lamina of parietal and perivisceral trophocytes is negative for
basic proteins (Figs. 2A, B). They are observed throughout the cytoplasm as strongly
electrondense and small granules with various shapes, smaller than lipid granules
(Figs. 2A, B). However, in some areas, mainly in peripheral regions of cells, granules

are more condensed and strongly electrondense (Figs. 2A, B).

3.3. Carbohydrates
The cytochemical test used here revealed that in these cells carbohydrates
are present as fine granules evenly distributed throughout the cytoplasm. In the

central portion of cells, however, regions devoid of carbohydrates are observed (Fig.

20).

3.4. Polyacrylamide gel electrophoresis (SDS-PAGE)
The electrophoretical protein quantification method carried out for fat body of

A. cajennense tick detected the presence of 98 kDa weight protein (Fig. 3).

4. Discussion
Regarding the origin of the yolk granule in Arthropoda vitellogenesis,
several studies have suggested that it might be produced and obtained by: a) transport

of material produced by cells of the nurse chamber to the oocyte (in meroistic
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ovaries); b) transport of material produced by cells of the follicular epithelium to the
oocyte (when present); c¢) synthesis of yolk by the oocyte (endogenous production);
and d) sources other than the ovary, mainly the fat body. In ticks, however, the first
two possibilities are excluded, since the ovaries are panoistic, devoid of nurse cells as
well as the follicular ones (DENARDI et al. 2004).

Studies performed by Balashov (1983) on ticks have reported that the
material from the hemolymph that is incorporated by the oocytes might originate in
intestinal cells and, according to Sonenshine (1991), in fat body cells. However,
more recent studies have demonstrated the participation of pedicel cells during the
vitellogenesis of ticks in the synthesis and transport of substances to the interior of
the oocyte, in addition to the endogenous production, that is performed by the oocyte
itself (DENARDI et al. 2004; RICARDO et al., 2007).

Ramamurty in 1968, studying the vitellogenesis of insects and Denardi et al.
(2004) studying ticks, showed that in both Arthropoda, yolk is composed basically of
glycolipoproteins being the macromolecules deposited in the following sequence:
first lipids, then proteins, and finally carbohydrates; all can be found as free form or
chemically linked to other compounds, contradicting Balashov (1983), who had
reported that the tick yolk would be composed probably of proteins and lipids. This
was refuted first by Denardi et al (2004) and later by Oliveira et al. (2005) that
demonstrated the presence of these three compounds in oocytes of A. cajennense and
Rhipicephalus sanguineus respectively.

The present cytochemical and ultrastructural study showed the large
presence of lipids in the fat body cells; mainly lipids in the mitochondria of parietal

as well as perivisceral trophocytes, indicating that these organelles might be involved
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in the production of this compound and/or might be using it as a source of energy as
well in oxidative processes, as already reported for the salivary gland cells of this
same species (DENARDI et al. 2006).

Ranade in 1933 observed that mitochondria became fat bodies of yolk and
later Boissin (1970) suggested that lipids of oocytes of Hysterochelifer meridianus
were the result from the breakdown of mitochondrial cristae. According to
Caperucci; Camargo-Mathias (2006), mitochondria really might be one of the
sources of lipids for oocytes of the ant Neoponera villosa, confirming observations
by Bonhag (1958). In the present study, our findings demonstrated that mitochondria
play an important role in the production of lipids of trophocytes of A. cajennense.
Also, the smooth endoplasmic reticulum, the main organelle responsible for the
synthesis of lipids in the cells, was not often observed.

Proteins were too detected in the fat body cells of A. cajennense ticks, but his
mark in trophocytes was smaller than that observed for the lipids. They might
actively be synthesized and stored when needed inside trophocytes and could have a
structural role inside the cell, maintaining the metabolism or by other hand being
exported and transported to the hemolymph to be later used in other sites.

Denardi et al. in 2004, examining the ultrastructure of the ovaries of A.
cajennense ticks, demonstrated the presence of an entire apparatus for protein
synthesis (rough endoplasmic reticulum, Golgi complex, and mitochondria) in
oocytes already in early developmental stages (I e II), indicating that majority of its
proteins would be continuously produced by these cells confirming the endogenous

production of yolk protein.
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Other studies, however, such as those performed by Coons et al. (1986a, b)
that examined the fat body of ticks Dermacentor variabilis, suggested that during the
period of feeding, a differentiation of another cell type containing all structures
needed for the synthesis of export proteins may occur. This cell was termed
“vitellogenic cell” and showed ultrastructural characteristics very similar of those of
trophocytes of the fat body, but present in the intestine, not only in D. variabilis as
well as in other ixodid ticks (AGBEDE; KEMP, 1987; COONS et al., 1982; 1986a,
b; 1989a, b; TARNOWSKI; COONS, 1989).

In the present study, the results obtained by the structural and molecular
technique of the fat body cells showed that this tissue: a) do not produce or b)
produce small quantities of the protein, which will constitutes the yolk of A.
cajennense oocytes. According our finding the protein present in the fat body cells
has molecular mass of 98 kDa and the protein vitellogenin present in yolk of ticks in
general weight about 300 to 600 kDa (SONENSHINE, 1991) suggesting that this
role in ticks might be played by pedicel cells, as already demonstrated by Ricardo et
al. (2007) in A. triste.

Another fact that clearly showed that the fat body does not provide proteins
for the yolk of oocytes of A. cajennense is that in ticks females whose oocytes are in
maturation process, this tissue is little developed, unlike.

According to the literature, polysaccharides are frequently found in the fat
body cells of some Arthropoda, such as in insects (CRUZ-LANDIM, 1985; CONTE,
1994), and as observed in trophocytes of partially engorged A. cajennense females.
However, the cytochemical test demonstrated that the concentration of this element

occurs only in some regions of the cell, suggesting that the material soon after being
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synthesized is released to the hemolymph and only small amounts remaining stored
in the cell.

According to Ricardo et al. (2007), polysaccharides in oocytes of A. triste
originate too in the pedicel cells that might produce carbohydrates and/or still act as a
path for the uptake of this compound circulating in the hemolymph, which would
then be transported to oocytes.

The results of the present study, however, are still not conclusive to
demonstrate the participation of the fat body cells in providing polysaccharides that

will make up the yolk of A. cajennense ticks.
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LEGENDS

Figure 1 A-T: Transmission electron microscopy of Amblyomma cajennense fat body
cells in partially engorged females submitted to the cytochemical ultrastructural test
for lipids detection.

g: granules fusion; m: mitochondria; *: contact between two cubical trophocyte at the
basal lamina level; gr: electrondense lipids granules; vrer: vesicular rough
endoplasmic reticulum; cp: cell periphery; cG: Golgi complex; n: nucleus.

Bars A-T: 0. 25 um

Figure 2 A-B: Transmission electron microscopy of Amblyomma cajennense fat body
cells in partially engorged females submitted to the cytochemical ultrastructural test
for proteins detection.

gr: protein granules in the peripheral region of the cell (pr)

Bar A: 0. 5 pm; Bar B: 0. 25 um

Figure 2C: Transmission electron microscopy of Amblyomma cajennense fat body
cells in partially engorged females submitted to the cytochemical ultrastructural test
for carboydrates detection.

arrow: fine granulation citoplasmic distributed homogeneously

Bar C: 0. 25 um

Figure 3: Electrophoretic pattern of total proteins obtained for Amblyomma
cajennense fat body (FB); and molecular weight standard (S) and SDS-PAGE

(gradient 5 a 20%)
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5. DISCUSSAO

Os estudos prévios que descreveram a morfologia do sistema reprodutor de
carrapatos foram desenvolvidos por Sonenshine (1991) e mostraram-no como
estrutura unica e alongada que se enrolaria no interior da cavidade corpdrea devido
ao seu extenso comprimento.

Os dados que aqui s@o apresentados vém pela primeira vez, no entanto,
baseados nas informagdes obtidas por meio de estudos morfohistoldgicos em fémeas
de Amblyomma cajennense, classificar os ovarios de carrapatos como sendo do tipo
panoistico, o qual também ocorre em alguns insetos, segundo Chapman (1998), bem
como nos dipléopodos (FONTANETTI e STAURENGO DA CUNHA, 1993) e que ¢
caracterizado principalmente pela presenca unica de células germinativas (as quais
dardo origem aos ovdcitos), estando as células nutridoras, bem como ainda, no caso
dos carrapatos, as células foliculares, totalmente ausentes.

Os ovarios sdo freqlientemente compostos por unidades funcionais
denominadas ovariolos, os quais consistem de 3 regides distintas: filamento terminal,
germario e vitelario, sendo que alguns autores consideram ainda o pedicelo como a
quarta regido (CHAPMAN, 1998). Em insetos, os ovarios sdo denominados de
panoistico e meroistico e este ultimo ¢é subdividido ainda em politréfico e telotrofico.
Além desta classificagdo, atualmente o tipo neopanoistico tem sido descrito na
literatura como contendo ovdcitos envolvidos pelas células foliculares e desprovidos
de células nutridoras. Bilinsky (1993) postulou que os ovarios neopanoisticos

provavelmente teriam evoluido a partir dos meroisticos por uma perda secundaria das
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células nutridoras. Remanescentes da sua condi¢do meroistica poderiam ser vistos no
germario dos neopanoisticos.

Os ovarios panoisticos sdo descritos como possuindo células germinativas
desenvolvendo-se, de modo que, cada foliculo ovariano consista de um ovdcito e
uma camada de células foliculares (estas ultimas ausentes nos carrapatos). Todos os
tipos de RNAs acumulados no citoplasma do ovécito do ovario panoistico serdo
conseqiientemente sintetizados pela atividade transcricional nuclear (vesicula
germinal) do préprio ovdcito.

Os ovarios meroisticos sdo caracterizados por possuirem as células
germinativas diferenciando-se em ovdcitos e em células nutridoras (BUNNING,
1993).

O crescimento e desenvolvimento do foliculo ovariano se d4a no vitelario.
Esse processo pode ser dividido em trés fases: pré-vitelogénica: onde
macromoléculas como rRNAs, mRNAs, proteinas e organelas sdo acumuladas no
ovoplasma (BUNNING, 1993, 1994; MATOVA e COOLEY, 2001); vitelogénica:
quando o ovoplasma encontra-se repleto de esferas de vitelo, na forma de gotas de
lipidio, granulos de proteinas e de particulas de glicogénio e a ultima fase
denominada de coriogénica: onde sdo formadas as membranas protetoras na
superficie dos ovécitos (TWORZYDLO e BILINSKI, 2008).

O ovario de A. cajennense apresentou ovocitos em varios estagios de
desenvolvimento, dispostos de forma que, os menos desenvolvidos encontraram-se
localizados na regido distal e os em estdgio mais avangados na proximal. A presenga
destes ovocitos em diferentes estagios de maturag@o caracterizou uma assincronia no
desenvolvimento dos mesmos, indicando que o processo de deposi¢do do vitelo
(vitelogénese) ocorreria em tempos diferentes nos diversos estdgios, o que
capacitaria os ovocitos para serem fecundados também em tempos diferentes. A
assincronia observada no desenvolvimento dos ovécitos em A. cajennense provocou
nestes, diferencas no seu tamanho.

No presente estudo, a partir de observagdes de secgdes histoldgicas sugeriu-se
ainda uma seqiiéncia de desenvolvimento, pela qual, passariam os ovdcitos desta
espécie de carrapatos, principalmente durante a vitelogénese, o que também permitiu

classifica-los em cinco estagios:
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- Ovdcito I: caracterizado por ser o menor ¢ onde a vesicula germinal e o citoplasma
homogéneo foram observados;

- Ovdcito II: caracterizado pelo espessamento da membrana plasmatica e pela
presenca de fina granulacdo citoplasmatica, além da vesicula germinal que ainda
pode ser observada;

- Ovacito 111: caracterizado pela presenga da membrana plasmatica espessada e pelo
inicio da deposi¢do do cdrio. O citoplasma ainda apresentou fina granulagéo;

- Ovdcito 1V: caracterizou-se pela continuagdo do processo de deposi¢do do corio e
pela presenca de granulos de vitelo com diversos tamanhos, o que dificultou a
observagao da vesicula germinal;

- Ovocito V: caracterizado pela presenca de grandes granulos de vitelo, presencga do
exo e do endocoério e onde a vesicula germinal também nio pode mais ser observada.

Na por¢do proximal dos ovarios de carrapatos existe uma regido mais
dilatada, a qual ¢ denominada na literatura de “ampola” (SONENSHINE, 1991).
Verificou-se que em A. cajennense essa regido ¢ histologicamente constituida por um
epitélio simples e colunar, caracteristicas de epitélio secretor, onde as células teriam
especializacdes no seu dominio apical, sob a forma de microvilosidades e, portanto,
secretando, bem como absorvendo substidncias que permitiriam a manutencdo € a
viabilidade dos espermatozdides, uma vez que nesta regido, os mesmos ficariam
armazenados desde a copula até o momento da fecundagdo, necessitando de
condi¢des ideais (oxigenagdo, pH e nutrientes) neste microambiente.

Na espécie A. cajennense, assim como em outras de carrapatos, os ovocitos
nos diferentes estdgios de desenvolvimento encontraram-se presos a parede do
ovario, por meio de um pedicelo constituido de varias células, preferencialmente com
a forma cubica. No entanto, as células do pedicelo que estariam em contato direto
com o0 ovocito, apresentaram especializagdo de membrana sob a forma de
invaginagdes que, neste ponto de contato se interdigitaram com aquelas da
membrana do proprio ovocito. Isso poderia demonstrar que, essas células além de
terem a funcdo de prender o ovocito a parede do ovario, também estariam
participando do fornecimento de elementos que contribuiriam para o crescimento do
mesmo, uma vez que, nos ovarios de carrapatos, tanto as células nutridoras quanto as

foliculares estariam ausentes. Neste sentido, outros autores estudando a vitelogénese
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de carrapatos demonstraram e confirmaram a participac¢do das células do pedicelo, na
sintese e transporte de substincias para o interior do ovocito (TILL, 1961;
OLIVEIRA et al., 2005; SAITO et al., 2005; RICARDO et al., 2007). Em A.
cajennense a troca de material entre estas células (ovocito/ células do pedicelo), seria
ainda facilitada, visto que, neste ponto de unido, a lamina basal dos dois tipos de
células se interromperia, deixando o contato entre elas ainda mais intimo.

Quando se enfocou o vitelo dos ovdcitos de carrapatos A. cajennense este
estudo mostrou que ele seria composto por lipidios, proteinas e carboidratos,
corroborando dados obtidos por Ramamurty (1968) em insetos e, contrariando, no
entanto, os de Balashov (1983) que em outras espécies de carrapatos verificou que
este seria composto apenas por lipidios e proteinas.

Quanto a deposi¢do dos elementos vitelogénicos, os resultados obtidos para
os ovocitos de A. cajennense mostraram que os lipidios foram encontrados em
grande quantidade ja nos ovocitos I e I, onde se observou o citoplasma dos mesmos,
fortemente positivos ao corante azul de nilo e, no nivel ultra-estrutural repleto de
mitocondrias. A forte positividade ao corante veio entdo comprovar dessa maneira a
presenca destes elementos nestas células.

Segundo Camargo-Mathias (1993), que estudou a vitelogénese em formigas
Neoponera villosa, o lipidio nos ovocitos desses insetos teria como fonte de origem
as mitocondrias. Alguns outros estudos anteriores abordando ainda a vitelogénese de
insetos, também mostraram que as mitocondrias deveriam ser um provavel sitio de
sintese (BONHAG, 1968; RANADE, 1933; WIGGLESWORTH, 1971). Ranade
(1933) sugeriu que estas organelas se transformariam em corpos lipidicos do vitelo e
Boissin (1970) estudando ovocitos de Hysterochelifer meridianus, concluiu ao
observar nestes, numerosas mitocondrias que, pelo menos em parte, o material
lipidico seria oriundo da quebra e destrui¢do de suas cristas. O lipidio do vitelo em A.
cajennense, teria, portanto, confirmada uma origem endogena (a partir de
mitocondrias) e este processo de produgdo lipidica continuaria ocorrendo nos
ovocitos em todos os estagios € ndo apenas naqueles em estdgios iniciais de
desenvolvimento.

Outros trabalhos abordando o sistema reprodutivo de carrapatos também se

referiram a presenca e a origem dos elementos vitelogénicos nos ovdcitos, como por
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exemplo, os realizados por Ricardo et al. (2007) em A. triste, que mostraram que o
lipidio, além da produgdo enddgena pelo prdéprio ovécito também poderia ser
incorporado ao vitelo e, nesta ultima situagdo seria proveniente das células do
pedicelo, como também observado no presente estudo em A. cajennense.

Outro tecido aqui analisado e que também tem por caracteristica ser um local
onde existe grande acimulo de lipidios nos Arthropoda em geral, foi o corpo
gorduroso, composto de células denominadas de trofécitos que em fémeas de A.
cajennense reagiram positivamente ao teste que detectou a presenca deste elemento,
por meio da aplicagdo de técnicas de citoquimica ultra-estrutural, as quais
demonstraram a sua presenca: a) proximos as mitocondrias sob a forma de gotas
lipidicas e/ou b) no interior delas, confirmando mais uma vez que estas organelas
nestas células estariam envolvidas na sua produgdo e/ou produgio e utilizagdo como
fonte de energia para seus proprios processos oxidativos. A presenga de mitocondrias
envolvidas com a produg¢do de lipidio ja foi anteriormente relatada em carrapatos A.
cajennense por Denardi et al. (2006) ao estudarem as diferentes células das glandulas
salivares de fémeas semi-ingurgitadas.

Sendo assim, além deste trabalho vir mais uma vez demonstrar a grande
participacdo das mitocondrias na producdo do lipidio nos carrapatos, este agora
encontrado nos trofocitos do corpo gorduroso de A. cajennense, demonstrou ainda a
existéncia de pouca quantidade de reticulo endoplasmatico liso tanto nos trofdcitos
quanto nos ovdcitos, importante organela responsavel pela sintese de lipidios nas
células de maneira geral. Desta forma, fica demonstrado que a obten¢do dos lipidios
necessarios para a composi¢do do vitelo nos carrapatos A. cajennense dar-se-ia
principalmente pela producdo endogena (via mitocondrias do proprio ovécito) e se
houvesse incorporagdo exodgena, neste caso, 0s mesmos provavelmente seriam
fornecidos pelas células do pedicelo, corroborando dados de Ricardo et al. (2007)
para A. triste e, contrariando Coons et al. (1990) que descreveram a sua produg@o nas
células do corpo gorduroso em D. variabilis. A existéncia de outros provaveis sitios
de produgdo de lipidio que contribuiriam para o desenvolvimento dos ovocitos nos
individuos desta espécie, ndo foi ainda investigada.

Quanto a presenca e a origem das proteinas do vitelo nos ovocitos de

carrapatos A. cajennense, o presente trabalho mostrou que a sintese e/ou
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incorporagdo das mesmas, também ja teria inicio nos ovocitos em estagios iniciais de
desenvolvimento. Aqui ficou demonstrada a forte positividade dos ovocitos ao
corante azul de bromofenol, o qual ¢ especifico para a detec¢do de proteinas. Além
disso, a microscopia eletronica de transmissdo mostrou grande quantidade de reticulo
endoplasmatico granular e a presenca de Golgi responsaveis pela glicoproteina ja no
citoplasma de ovocitos I e II, confirmando ai a ocorréncia de intensa sintese de
proteinas. Ter-se-ia entdo, em ovocitos nos estagios I e Il de A. cajennense, um
processo de auto-sintese protéica, caracterizando neste primeiro momento a produgdo
de proteinas provavelmente para uso estrutural, visto que, nos ovdcitos neste estagio
de desenvolvimento ainda nao tinham sido observados granulos de vitelo protéico no
seu citoplasma. Os mesmos comecariam a surgir em ovocitos no final do estagio Il e
inicio do III.

Exceto a produgio pelo proprio ovdcito, alguns locais extra-ovarianos tém
sido apontados na literatura como sitios de origem das proteinas vitelogénicas nos
Arthropoda.

No caso dos insetos, por exemplo, ter-se-ia as células do corpo gorduroso
(trofécitos) como o principal centro produtor de proteinas que comporiam o vitelo,
principalmente das proteinas denominadas vitelogeninas. No caso especifico de
carrapatos A. cajennense, os dados obtidos mostraram que as proteinas exdgenas do
vitelo do ovocito seriam oriundas principalmente das células do pedicelo, as quais
desempenhariam desta forma papel semelhante aquele das células foliculares
presentes principalmente nos ovarios meroisticos. Estes dados aqui apresentados, no
entanto, discordam daqueles obtidos por outros autores, em estudos anteriores com o
corpo gorduroso de carrapatos de outras espécies, os quais demonstraram que as
proteinas do vitelo viriam ou exclusivamente do corpo gorduroso em Ornithodorus
moubata (CHINZEI e YANO, 1985) e/ou do intestino médio em Dermacentor
variabilis (COONS et al., 1986a, b) e, ainda em algumas espécies teria sido sugerido
que, por ocasido do final do periodo de alimentacio das fémeas, ocorreria
concomitantemente a este processo, a diferenciacdo de um outro tipo de célula que
possuiria as organelas necessarias para sintese de proteinas de exportagdo. Esta
célula foi entdo denominada de “célula vitelogénica” e teria caracteristicas ultra-

estruturais muito semelhantes as dos trofécitos do corpo gorduroso, porém, estariam

Sandra Eloisi Denardi



Discussao 47

localizadas no intestino (AGBEDE ¢ KEMP, 1987; COONS et al., 1982; 1986a, b;
1989; TARNOWSKI e COONS, 1989). Este tipo de célula vitelogénica, ndo foi
encontrado em machos da mesma espécie (COONS et al., 1982; 1986b) e em A.
cajennense sua presenca nio foi investigada.

A vitelogenina, presente nos ovocitos dos Arthropoda ¢ uma proteina de
constituicdo glicolipofosfoprotéica que, ao passar por modificagdes como:
glicosilagdo (adicdo de sacarideos), sulfatagdo (adicdo de grupo sulfato) e
fosforilagdo (adicdo de grupo fosfato) passa a ser chamada de vitelina (WYATT,
1980; ENGELMANN, 1990).

A sintese de vitelogenina ja foi anteriormente estudada em algumas espécies
de carrapatos incluindo R. sanguineus (ARAMAN, 1979; COONS et al., 1982), O.
moubata (CHINZEI; YANO, 1985), D. variabilis (ROSELL e COONS, 1992), H.
dromedarii (SCHRIEFER, 1991) ¢ O. parkeri (TAYLOR et al., 1991).

No presente estudo, além dos dados morfohistologicos apresentados, foram
aplicadas técnicas de dosagem de proteinas no corpo gorduroso de fémeas de A.
cajennense afim de se estabelecer o perfil protéico deste 6rgdo e assim, poder inferir
se 0 mesmo estaria envolvido com o fornecimento de proteinas que iriam compor o
vitelo dos ovécitos desta espécie de carrapatos.

Os dados aqui apresentados, no entanto, demonstraram que as proteinas
presentes no corpo gorduroso tem massa molecular de aproximadamente 98 kDa,
valor este muito inferior aquele encontrado para as vitelogeninas de carrapatos, as
quais tem massa molecular variando entre 300 a 600 kDa (CHINZEI et al., 1983;
SULLIVAN et al., 1999; TAYLOR E CHINZEI, 2001).

No caso das fémeas de A. cajennense a forte marca¢do no corpo gorduroso
para proteinas com massa de 98 kDa, estaria mostrando que este tecido ou nao
participaria, ou participaria pouco no fornecimento de proteinas para os ovocitos,
ficando portanto, a fun¢do de producgio de proteinas do vitelo atribuidas as células do
pedicelo, como também demonstrado por Ricardo et al. (2007) em A. triste.

Outro fato que deixou claro que o corpo gorduroso provavelmente nao
contribuiria com o fornecimento de proteinas para o vitelo de ovdcitos de A.
cajennense foi que este tecido, nas fémeas semi-ingurgitadas e, portanto, em periodo

de amadurecimento de seus ovdcitos, estava pouco desenvolvido, ao contrario do que
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acontece nos insetos e diplopodos, por exemplo, onde em fémeas que estio em
periodo de reprodug¢do, a maior parte da cavidade do corpo, principalmente ao redor
dos ovarios, fica tomada por células do corpo gorduroso e estas por sua vez tem seu
tamanho aumentado.

Quanto ao carboidrato, terceiro elemento encontrado na composi¢ao do vitelo
de A. cajennense, estes foram pouco observados nos ovocitos pouco desenvolvidos
(I, II e III), porém, quando presentes foram encontrados em maior concentragdo ao
redor da vesicula germinal, sob a forma de fina granulacdo bem evidenciada pela
microscopia eletronica. Esse tipo de granulacdo foi freqlientemente descrita na
literatura como “nuage” nos ovocitos dos insetos, tendo sido também observada em
ovocitos de formigas Neoponera villosa (CAMARGO-MATHIAS, 1993).

Estudos com carrapatos A. triste realizados por Ricardo et al. (2007),
abordando os carboidratos presentes nos ovocitos, demonstraram que estes teriam
origem nas células do pedicelo que: a) ou poderiam estar produzindo-os e/ou b)
poderiam estar servindo de receptor desse elemento que estaria circulante na
hemolinfa e que, posteriormente seria transferido para o interior dos ovocitos, via
membrana plasmatica.

A literatura relata com freqiiéncia que os carboidratos seriam também
encontrados nas células do corpo gorduroso de alguns insetos (CRUZ-LANDIM,
1985; CONTE, 1994) o que foi também observado nas fémeas de A. cajennense por
meio da aplicagdo de teste citoquimico ultra-estrutural especifico, muito embora, a
concentragdo deste elemento e, portanto, a maior positividade tivesse ocorrido
somente em algumas pequenas regides dos trofocitos, sugerindo que os carboidratos,
assim que sintetizados seriam na seqiiéncia utilizados e, apenas poucas quantidades
ficariam armazenadas na célula.

Os carboidratos tém sua origem muito discutida nos ovocitos de insetos.
Anderson (1964) sugeriu que parte poderia ser derivada de um sitio extra-ovariano e
que, poderiam formar complexos com as proteinas da hemolinfa antes destas serem
incorporadas pelo ovocito. Por outro lado, Cone e Eschenberg (1966) consideraram
também a possibilidade de que os carboidratos pudessem ser sintetizados dentro do
préprio ovocito, formando um complexo com as proteinas incorporadas no seu

cortex, sugerindo assim, um sitio ovariano.
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Segundo Van Handel (1992) a incorporagdo do glicogénio teria inicio durante
a coriogénese (deposicdo do cdrio) em ovarios de mosquito Culex quinquefasciatus.
No presente estudo ficou claro que a maior positividade para os carboidratos basicos
¢ observada nos ovocitos em estagios mais avangados de desenvolvimento e grande
parte deles deva ter origem exogena (provavelmente das células do pedicelo), uma
vez que os testes histoquimicos demonstraram sua presenga, primeiro no cortex dos
ovocitos e depois formando complexos com os granulos maiores no centro dos
ovocitos. Em A. cajennense, por ocasido da finalizagdo da deposicdo do cdrio, ndo se
observa mais a presenca de vesiculas positivas ao PAS na regido do cdrtex dos
ovacitos, sinalizando que nesta fase o processo de incorporagdo de carboidratos ja
tenha terminado.

Desta forma, o presente estudo demonstrou que o vitelo que comporia os
ovocitos de carrapatos A. cajennense seria constituido por trés elementos (lipidios,
proteinas e carboidratos) e, estes por sua vez se originariam das seguintes fontes: a)
endogena, ou seja, produzido pelo proprio ovocito; b) das células do pedicelo que
posteriormente os transfeririam para o ovocito e c) de fonte externa ao ovario
(exogena), como o corpo gorduroso ou o intestino, os quais seriam transportados pela
hemolinfa e depois capturados ou pelo proprio ovdcito ou pelas células do pedicelo e
delas seriam transferidos para o interior do ovodcito.

Estes elementos, ainda seriam depositados segundo uma seqiiéncia: 1) os
lipidios, que além de serem o primeiro elemento produzido, sua sintese e/ou
incorporagdo ocorreria nos ovocitos em todos os estagios de desenvolvimento; 2) as
proteinas, as quais seriam detectadas em pouca quantidade em relacdo aos lipidios
nos ovocitos I e Il e a partir do III até o V seriam os elementos predominantes do
vitelo; 3) os carboidratos basicos os quais foram detectados principalmente nos
ovocitos IV e V. Embora estes elementos tenham sido detectados por testes
especificos, ndo descarta-se que além da forma livre, os mesmos possam ser
encontrados no citoplasma dos ovocitos também quimicamente ligados a outros
elementos, formando complexos, tais como os glicolipidios e as glicoproteinas.

O corpo gorduroso como ja anteriormente citado, foi outro tecido analisado
no presente estudo, visto que a literatura tem registrado e confirmado sua

participag@o nos processos vitelogénicos dos Arthropoda em geral. Alguns autores,
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incluindo Obenchain e Oliver (1971), em estudos com o corpo gorduroso em
diversas espécies de carrapatos, demonstraram que este tecido estaria localizado
préximo a parede do corpo e/ou circundando alguns o6rgdos e o denominaram,
respectivamente, em carrapatos, de corpo gorduroso periférico e de corpo gorduroso
central.

Outros estudos, no entanto, desenvolvidos por Gillott (1995) e Chapman
(1998) em corpo gorduroso de insetos, demonstraram a mesma localizacdo no
interior do corpo dos insetos, porém, estabeleceram que o corpo gorduroso localizado
logo abaixo do integumento deveria ser chamado de corpo gorduroso parietal e
aquele localizado ao redor dos 6rgdos como ovarios e intestinos, por exemplo, de
corpo gorduroso perivisceral.

Segundo observagdes realizadas no presente estudo, concorda-se que a
terminologia utilizada para localizar o corpo gorduroso nos insetos seria a mais
adequada também para designar a localizagdo do corpo gorduroso de carrapatos.
Assim, fica estabelecido, no presente estudo, que para carrapatos sejam utilizadas as
mesmas denominagdes para a localizagdo do corpo gorduroso que ¢ utilizada para os
insetos, isto é, parietal e perivisceral, substituindo as denominag¢des periférico e
central, visto que estes Gltimos termos ndo representariam de fato a real localizagio
deste tecido nestes individuos (DENARDI et al., 2008).

O presente estudo mostrou, além disso, que o corpo gorduroso de A.
cajennense é constituido por dois tipos de trofocitos. Estas células aqui foram
denominadas de trofécito cubico (trC) e trofécito arredondado (trR) devido as suas
formas e histologia, sendo ambos os tipos encontrados tanto no corpo gorduroso
parietal quanto no perivisceral.

As analises morfométricas destas células de A. cajennense mostraram que os
trofocitos clibicos possuem area citoplasmatica significativamente inferior aquela dos
arredondados. Uma provavel explicagdo para este fato seria de que os trofocitos
cubicos estariam sofrendo pressdo das células adjacentes (outros trofdcitos), uma vez
que, estariam arranjados na forma de corddes. Ja os arredondados, os quais
encontrar-se-iam isolados e localizados em cima dos corddes de trofocitos cubicos,
ndo estariam sujeitos a este tipo de pressdo e, além disso, teriam conseqiientemente

uma maior area de contato com a hemolinfa.
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O estudo ultra-estrutural do corpo gorduroso mostrou que embora os
trofocitos estejam intimamente associados entre si, ndo existe fusdo de membrana
plasmatica, apenas, eventualmente a fusdo das laminas basais de trofdcitos
adjacentes em regides onde existe o contato célula/célula. Essas laminas basais
fundidas poderiam estar atuando como uma barreira seletiva, mediando o trafego de
material em ambas as dire¢des (intra e extracelular); as membranas plasmaticas e os
citoplasmas dessas células permaneceram, contudo, individualizados.

Tsvileneva (1961; 1963), estudando o corpo gorduroso em outras espécies de
carrapatos observou dois tipos de células, diferenciadas umas das outras pela
basofilia de seu citoplasma. As acidofilas foram consideradas equivalentes aos
trofdcitos e as basdfilas aos nefrocitos dos insetos. Ainda segundo Tsvileneva (1961;
1965) e Balashov (1963) as células denominadas de nefrécitos nos carrapatos,
provavelmente seriam analogas aos endcitos dos insetos. Entretanto, os dados aqui
obtidos para o corpo gorduroso de carrapatos A. cajennense permitiram estabelecer
que ndo existem nefrocitos, nem células semelhantes aos endcitos dos insetos, a ele

associadas e sim, apenas trofocitos.
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Dados de Denardi et al.

-Ovario classificado como panoistico

-Vitelo de ovos de carrapatos glicolipoprotéico

-Lipidios do vitelo oriundos das mitocondrias dos ovoécitos
e das células do pedicelo

-Proteinas do vitelo oriundas do prdprio ovdcito (reticulo
endoplasmatico granular) e das células do pedicelo

-Carboidratos do vitelo oriundos das células do pedicelo e
assim que produzidos ou captados (da hemolinfa) seriam
liberados pelas células do pedicelo para o interior do
ovocito

-Células do pedicelo com papel comprovado no
fornecimento de elementos lipidicos, protéicos e
polissacaridicos para o vitelo

-Seqiiéncia de deposi¢ao dos elementos do vitelo: lipidio,
proteina e carboidratos

-Mudanga da denominagdo de periférico para parietal e
de central para perivisceral

-Auséncia de nefrocitos
-Presenca de trofécitos cubicos (trC) e de trofocitos
arredondados (trR)
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Dados da literatura

-Vitelo de ovos de carrapatos
lipoprotéico (1)

-Lipidios do vitelo oriundos do corpo
gorduroso (2)

-Proteinas do vitelo oriundas do
intestino ou do corpo gorduroso (5)

-Células do pedicelo apenas com
fun¢do de prender os ovdcitos ao
ovario (3)

-Corpo gorduroso denominado de
periférico e¢ central, segundo sua
localizagdo no corpo do animal (4)

-Presenca de nefrocitos, além dos
trofécitos no corpo gorduroso de
carrapatos (7)

1 (BALASHOV, 1983)
2 (COONS et al., 1990)

3 (DIEHL, 1970)

4 (OBENCHAIN; OLIVER, 1971)

5 (ROSELL; COONS, 1992)

6 (SONENSHINE, 1991)

7 (TSVILENEVA, 1961, 1963; BALASHOV, 1963)
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6. CONCLUSOES

- A morfohistologia dos ovarios das fémeas de carrapatos Amblyomma
cajennense permitiu classifica-los como panoistico, onde sdo encontrados

ovocitos em 5 estagios de desenvolvimento;

- O vitelo dos ovdcitos desta espécie de carrapatos € composto por lipidios,
proteinas e carboidratos, ou seja, tem constituicdo glicolipoprotéica, discordando
do que foi descrito anteriormente na literatura, que o caracterizou como

lipoprotéico;

- O lipidio que faz parte do vitelo dos ovoécitos de A. cajennense tem como

origem as mitocondrias e as células do pedicelo;

- A proteina encontrada no vitelo dos ovdcitos de A. cajennense tem duas
origens: endogena (sintetizada pelo proprio ovocito) e exogena, oriunda

principalmente das células do pedicelo;

- A massa molecular das proteinas do corpo gorduroso de A. cajennense ¢ de
aproximadamente 98 kDa e a das vitelogeninas de diferentes espécies de
carrapatos varia entre 300 e 600 kDa, mostrando que o corpo gorduroso de A.
cajennense ndo contribui com o fornecimento de proteinas para o vitelo dos

ovacitos, fun¢do esta desempenhada provavelmente pelas células do pedicelo;
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- A hipdtese anterior € corroborada com a pouca quantidade de corpo gorduroso
presente nas fémeas de A. cajennense em estagio de reproducdo, ao contrario do

observado em outros Arthropoda, como insetos, por exemplo;

- O carboidrato, elemento pouco encontrado no vitelo de A. cajennense, sé foi
detectado em ovocitos nos estagios finais de maturagdo, com provavel origem
exdgena, com sintese nas células do pedicelo, ou sendo por elas transportados

depois de captados da hemolinfa;

- Os elementos constituintes do vitelo de carrapatos (lipidios, proteinas e
carboidratos) sdo nesta seqiiéncia depositados: primeiramente os lipidios, seguido

das proteinas e finalmente os carboidratos;

- Nova terminologia foi estabelecida para o corpo gorduroso de carrapatos, ou
seja, parietal substituindo periférico e perivisceral substituindo central, para

designar a real localizagdo deste tecido nestes individuos;

- Fica estabelecido, que o corpo gorduroso de A. cajennense é constituido por
trofécitos cubicos (trC) e trofdcitos arredondados (trR), e nele ndo existe

nefrocitos e nenhum outro tipo celular associado.
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