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Cada dia em nossas vidas nos ensina li¢oes que muitas vezes nem percebemos.
Desde o nosso primeiro piscar de olhos, desde cada momento em que a fome bate,
desde cada palavra que falamos.
Passamos por invimeras situagdes, na maioria delas somos protegidos,
até que um dia a gente cresce e comega a enfrentar o mundo sozinho.
Escolher a profissdo, ingressar numa faculdade, consequir um emprego...
Essas sdo tarefas que nem todos suportam com um Sorriso no rosto ou
nem todos fazem por vontade propria.

Cada um tem suas condigoes de vida e cada qual serd recompensado pelo esforco, que ndo é em vdo.
As vezes acontecem coisas que a gente nem acredita. As vezes, dd tudo, tudo errado!
Vocé pensa que escolheu a profissdo errada, que vocé ndo conseque sair do lugar, as vezes vocé
sente que o mundo todo virou as costas ...

Parece que vocé caiu e ndo consegue levantar... Estd a ponto de perder o ar...

Talvez vocé descubra que quem dizia ser seu amigo, nunca foi seu amigo de verdade e talvez vocé
passe a vida inteira tentando descobrir quem sdo seus inimigos e nunca chegue a uma conclusdo.
Mas nem tudo pode dar errado ao mesmo tempo, desde que vocé ndo queira.

E at... Vocé pode mudar a sua vida!

Se tiver vontade de jogar tudo pro alto, pense bem nas conseqiiéncias,
mas pense no bem que isso poderd proporcionar.

Ndo procute a pessoa certa, porque 1o momento certo aparecerd.

Vocé nao pode procurar um amigo de verdade ou um amor como procura roupas de marca no
shopping e nem mesmo encontrar as qualidades que deseja como encontra nas cores e tecidos ou
nas capas dos livros.

Olhe menos para as vitrines, mas tente conhecer de perto o que estd sendo exibido.

Eu poderia estar falando de moda, de surf, de tecnologia ou cultura,
mas hoje, escolhi falar sobre a vida!

Encontre um sentido para a sua vida, desde que vocé saiba guid-la com sabedoria.

Ndo deixe tudo nas mdos do destino, vocé nem sabe se o destino realmente existe...

Faga acontecer e ndo espere que alguém resolva os seus problemas, nem fuja deles.
Encare-os de frente. Aceite ajuda apenas de quem quer o seu bem, pois embora ndo possam resolver
os seus problemas, quem quer o seu bem te dard toda a for¢a necessdria pra que vocé possa
suportar e...

Confie! Entenda que a vida é bela, mas nem tanto ...

Mas vocé deve estar bem consigo mesmo pra que possa estar bem com a vida.
Costumam dizer por ai que quem espera sempre alcanga,
mas percebi que quem alcanga é quem corre atrds...

Ndo importa a tua idade, nem o tamanho de seu sonho...

A sua vida estd em suas proprias mdos e s6 vocé sabe o que fazer com ela...

(Lilian Roque de Oliveira)
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RESUMO

As glandulas salivares dos carrapatos sdo 6rgaos importantes na transmissdo
de patogenos a seus hospedeiros, entretanto, o conhecimento das mudangas morfo-
fisioldgicas que nelas ocorrem durante o periodo de alimentacdo séo limitados. Neste
trabalho estudou-se as glandulas salivares de fémeas de carrapatos Rhipicephalus
(Boophilus) microplus por meio de técnicas de morfologia, histoquimica e
citoquimica de luz e ultra-estrutural em fémeas em dois diferentes estagios de
alimentacdo (inicial: 24 a 48 horas de infestacdo, peso inferior a 0,03g e semi-
ingurgitado: 4 a 5 dias de infestacdo, peso entre 0,13g e 0,25g), de modo a verificar
as mudancas que ocorreriam no tecido glandular neste periodo e identificar quando
teria inicio o processo de degeneracdo, além de estabelecer que tipo de morte celular
estaria envolvida. As glandulas salivares das fémeas em inicio de alimentacdo
mostraram suas células fortemente positivas para ATPase e eficientes na exclusao de
corante vital, estando portanto, ativas ou apenas em inicio de degeneracdo. Os
nacleos, de maneira geral, apresentaram-se preservados, sendo assim, descartada a
ocorréncia de morte celular neste estdgio. A localizacdo da fosfatase é&cida
demonstrou a participacdo desta enzima na atividade metabolica destes Orgaos,
regulando o processo secretor e degradando proteinas. Fémeas no estagio semi-
ingurgitado apresentaram glandulas com caracteristicas de degeneracdo, como perda
das especializacbes de membrana, presenca de figuras mielinicas, vacuolos
autofagicos, lisossomos, além de alteraces nucleares como condensacdo e
marginalizacdo cromatinica, formacdo de blebs e chegando a fragmentacdo nuclear.
A medida que o processo de alimentagdo avangou, houve aumento da enzima
fosfatase acida, entretanto, os acinos mantiveram-se fortemente ATPase positivos.
Os resultados aqui obtidos demonstraram que as glandulas salivares das fémeas de R.
(B.) microplus, ja no estagio semi-ingurgitado comecam a degenerar e sofrem morte
celular por apoptose, contrariando o que € descrito para as demais espécies de
ixodideos, quando a degeneracdo ocorre ap0s 0 ingurgitamento e o0s ductos

excretores morrem por necrose.

Erika Takagi Nunes
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ABSTRACT

The ticks” salivary glands are important organs to the pathogens
transmission to their hosts, however, the knowledge regarding the morpho-
physiological changes which occur in these structures during the feeding period are
limited. In this work, the salivary glands of the Rhipicephalus (Boophilus) microplus
female ticks were studied, using morphological, histochemical and ultrastructural
citochemistry techniques in individuals at two different feeding stages (initial: 24-48
hours of attachment; weigh lower than 0.03g, and semi-engorged: 4-5 days of
attachment; weigh around 0.13 and 0.25g ), in attempt to verifying the changes that
would occur in the glandular tissue at this feeding period and identifying when the
degeneration process would start, besides establishing which cell death type would
be involved. The salivary glands from females at beginning of feeding showed their
cells strongly positive to ATPase and efficient for the vital stain exclusion, being
thus, active or at initial stages of degeneration. The nuclei, in a general way, present
themselves preserved, being thus discarded the signs of the apoptosis occurrence in
this stage. The acid phosphatase localization demonstrated this enzyme participation
in the metabolic activity of these organs, regulating the secretory process and
degrading proteins. Females at semi-engorged stage showed glands with
degenerative characteristics, as loss of membrane especialization, presence of
mielinic figures, autophagic vacuoles, lysosomes, besides nuclear alterations as
chromatin condensation and marginalization, blebs formation and nuclear
fragmentation. As the feeding process progressed, there was a acid phosphatase
enzyme increase, however, the acini maintained strongly ATPase-positive. The
results here obtained showed that the R. (B.) microplus salivary glands in females at
the semi-engorged stage start to degenerate and suffer cell death by apoptosis, unlike
the descriptions to the others ixodids species, when the degeneration occurs after the

engorgement and the excretory ducts die by necrosis.

Erika Takagi Nunes
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I. INTRODUCAO

Os carrapatos sdo artrépodes ectoparasitas de vertebrados representantes da
ordem Acarina e, portanto, ndo apresentam divisdes corporais, sendo a cabeca, torax
e abdomen fundidos e ndo segmentados (STORER; USINGER, 1977).

O grupo é constituido de animais pequenos ou medios cujo corpo € achatado
e ovalado, com algumas espécies atingindo cerca de 3 cm de comprimento. Apesar
de apresentarem um forte tegumento podem ter suas dimensdes aumentadas durante
0 repasto sangliineo no hospedeiro. Na regido anterior do corpo, ndo se distingue a
cabeca e sim, um conjunto de pecas bucais quitinizadas denominado gnatossoma
(REY, 1973).

Muitas espécies podem viver por longos periodos sem alimento (até mais de
um ano) entre as vegetacdes (RUPERT; BARNES, 1996) e sdo resistentes a
dessecacdo por possuirem o integumento recoberto por cera (WALKER, 1994).
Além disto, porcdes do corpo nao sdo totalmente esclerotizadas, sendo capaz de uma
grande expansao quando ingurgitado com sangue.

Os carrapatos sdo classificados em trés familias: Ixodidae, Argasidae e
Nutalliellidae. O corpo das espécies Ixodidae € recoberto por uma grande placa

dorsal quitinosa, o escudo, que pode ter a superficie ornamentada por manchas,
depressdes e desenhos (REY, 1973) e é onde encontram-se as partes bucais na regido

frontal do corpo. Ja os Argasidae ndo apresentam essa placa dura e as partes bucais

Erika Takagi Nunes
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encontram-se localizadas ventralmente (WALKER, 1994; WALL; SHEARER,
1997). A familia Nutalliellidae é menor do que as outras duas e consiste apenas de
uma espécie (SAUER et al., 2000).

Dentre os artropodes, os carrapatos constituem, provavelmente, um dos
mais importantes grupos do ponto de vista medico e veterinario, uma vez que
provocam lesdes no hospedeiro, seja no processo de repasto sanguineo ou pela
transmissdo de agentes patogénicos. S8o animais hematofagos e vetores de
arboviroses, ricketsioses, espiroquetoses e protozoarios tanto para 0 homem quanto
para animais domésticos (KAUFMAN, 1989). Esse parasitismo compromete todo o
desenvolvimento do hospedeiro pela espoliacdo direta causada pelo hematofagismo,
0 que permite a entrada de organismos responsaveis pelas infeccGes secundarias
como miiases cutaneas, ou paralisia provocada pela agdo toxica da saliva do parasita
(WALL; SHEARER, 1997), tudo isso influenciando negativamente em sua
produtividade cujos reflexos atingem até mesmo a comercializacdo de produtos
como a carne, couro e o leite. Estima-se, no Brasil, que 0s prejuizos causados pelos
carrapatos chegam a alcancar quase um bilhdo de délares (HORN, 1983 apud
ANDREOTTI, 2002).

Segundo Harwood e James (1979), este extraordinario sucesso dos
carrapatos como vetores de microrganismos se deve as caracteristicas bioldgicas que
apresentam, dentre as quais destacam-se: hematofagismo em todas as fases do
desenvolvimento; fixacdo profunda nos hospedeiros, o que dificulta sua remocéo;
ingurgitamento lento, havendo tempo para inocular patdgenos; adaptacdo a diferentes
espécies de hospedeiros; resisténcia a adversidade climatica devido a grande
esclerotizacdo; longevidade nos ambientes, propiciando tempo para multiplicacdo
dos patdgenos.

O carrapato da espécie Boophilus microplus é um ectoparasita de bovinos
distribuido geograficamente nas regides tropicais e subtropicais do mundo
(WILLADSEN; JONGEJAN, 1999). Pertence a familia dos carrapatos duros
(Ixodidae) e é a Unica, das cinco espécies conhecidas, presente no Brasil (PEREIRA,
1982), destacando-se por ser vetor principalmente da rickettsia Anaplasma sp e do
protozoario Babesia spp, responsaveis pela “Tristeza Parasitaria Bovina”, causadora

de grandes prejuizos ao sistema de producdo. Por exemplo, s6 com a exportacdo de

Erika Takagi Nunes
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couro e produtos manufaturados, o Brasil deixou de exportar em 1997, cerca de US$
500 milhdes, decorrentes da ma qualidade do produto, devido aos danos produzidos
principalmente por ectoparasitas, incluindo o carrapato. Recentemente, Nunes et al.
(2005) encontraram, em nivel ultra-estrutural, a presenca de microrganismos nas
glandulas salivares de alguns espécimens desta espécie, 0 que evidencia a
potencialidade destes carrapatos na transmissdo de patdgenos.

Muitos estudos morfologicos e moleculares com carrapatos Rhipicephalus
(Koch, 1844) e Boophilus (Curtice, 1891) mostraram similaridades entre estes
géneros e revelaram que o primeiro ndo é uma linhagem monofilética, tendo algumas
especies mais proximas aquelas do género Boophilus que as outras de mesmo género
(NEUMANN, 1904, CAMICAS; MOREL, 1977; MURREL et al., 2001,
KLOMPEN et al., 1996). Assim, Murrel e Barker (2003), revisando a filogenia,
redefiniram a nomenclatura, o que tornou Boophilus um subgénero de Rhipicephalus,
sendo todas as cinco espécies deste género membros de Rhiphicepalus (Boophilus).

O ciclo de vida dos carrapatos ixodideos consiste em: ovo, larva, ninfa e
adulto, sendo que dispendem parte do periodo no seu hospedeiro e parte no ambiente.
O carrapato-do-boi € um parasito monoxeno, isto €, depende de apenas um
hospedeiro em seu ciclo de vida, preferencialmente o bovino. No entanto, Arthur
(1960) cita outras espécies que podem comportar-se como hospedeiros tais como
bafalos, ovinos, caprinos, coelhos, animais domésticos e silvestres, além de ser
fregiiente o ataque ao homem (REY, 1973).

No caso deste carrapato, o ciclo de vida apresenta duas fases: a de vida livre
gue se inicia com o desprendimento do hospedeiro e caida no solo, periodo com
duracdo de 32 dias (GONZALES, 1995) durante os quais 0 carrapato ndo se
alimenta, sobrevivendo apenas de suas reservas (FARIAS, 1995); e a fase parasitaria
que se inicia quando a larva fixa suas pecas bucais no tecido do hospedeiro, iniciando
0 processo de alimentacdo. Segundo Oliver Jr. (1974), no inicio da fase parasitaria, a
alimentacdo e descontinua ou a taxas muito baixas até que ocorra o acasalamento,
processo esse sucedido com a rapida fase alimentar que culmina com o
ingurgitamento.

No processo de fixacdo do carrapato no hospedeiro, o hipostémio penetra

lentamente na pele, como consequiéncia da agdo combinada entre as queliceras e a

Erika Takagi Nunes
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saliva. A digestdo dos tecidos ao redor do canal de penetracdo causa ruptura dos
capilares e vasos linfaticos, permitindo a suc¢do do sangue alternada com a
eliminacdo da saliva produzida nas glandulas salivares.

As larvas da espécie Boophilus microplus alimentam-se preferencialmente
do plasma sangiineo, sendo o sangue o principal constituinte alimentar nos
momentos que precedem o rapido ingurgitamento das ninfas e fémeas (BENNETT,
1974). A fémea de Boophilus microplus, durante os seis primeiros dias de fixagéo,
ingere apenas 3,8 L de sangue, porém, nos momentos que precedem sua queda (12-
24 horas), a ingestdo atinge valores em torno de 300 a 500 pL (TATCHELL et al.,
1972), podendo aumentar seu peso em até 200 vezes (KEMP et al., 1982). Apds
desprender-se do bovino, a fémea ingurgitada procura um local protegido da luz solar
direta para realizar a postura, que pode durar de uma semana a varios meses,
dependendo das condi¢des ambientais como temperatura e umidade. A fémea morre
apos haver completado a postura (FREITAS, 1982).

O aparelho bucal dos carrapatos inclui um par de glandulas salivares
localizadas dentro do idiossoma (WALKER et al., 1985). Morfologicamente, estas
sdo estruturas alongadas, com subunidades em forma de &cinos secretores e ductos
excretores localizados nas porgOes antero-laterais do corpo do animal (TILL, 1961,
BALASHOV, 1983; WALKER et al., 1985; SAUER ; HAIR, 1986). Schumaker e
Serra-Freire (1991) observaram em Argas miniatus que esses 6rgaos apresentam cor
branco-leitosa e possuem tamanhos aproximadamente iguais dos dois lados do corpo.
Segundo Megaw e Beadle (1979), cada glandula salivar é formada por
aproximadamente 400 &cinos, classificados de acordo com a presenca ou auséncia de
granulag&o no citoplasma das células.

As glandulas salivares dos carrapatos podem ser consideradas um dos mais
importantes 6rgdos desses individuos, uma vez que desempenham funcdes essenciais
para a sobrevivéncia e por serem a principal via de transmissao de patdgenos a seus
hospedeiros. Estas estruturas sdo responsaveis pela elaboracdo de uma substancia
que, ao tomar contato com o aparato bucal, permite a captacdo da umidade do meio
pelo parasita, facilitando desse modo o processo da alimentacdo (RUDOLPH;
KUNLLE, 1974). Segundo Moorhouse e Tatchell (1966) a saliva secretada é o
componente responsavel pela fixacdo dos carrapatos que possuem aparelho bucal
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curto como as espécies do género Rhipicephalus. Dados de analises biogquimicas
mostraram que a saliva de fémeas de Boophilus microplus em alimentacdo contém
proteinas, carboidratos e lipidios, além de ions cloro e sddio concentrados
(BALASHOV, 1983). Em carrapatos ixodideos, as glandulas salivares também
servem como 6rgdos osmoregulatdrios, uma vez que regulam os ions, principalmente
cloro e sddio presentes na hemolinfa do hospedeiro (MEGAW, 1976). Gregson
(1967) observou que um volume significante de 4gua é excretado para o interior do
hospedeiro via glandula salivar, destacando assim, a fungdo excretora dessas
estruturas. Como demonstrado por Ribeiro et al. (1985), os acinos também produzem
substancias que causam a debilitacdo do sistema de defesa do hospedeiro, além de
excretarem toxinas paralisantes (CRAUSE et al., 1993). Neste sentido, as glandulas
desempenham papel fundamental no mecanismo de alimentacdo, como também em
outras funcdes especificas como € o caso da producdo de secrecGes cementantes
(COWDRY ; DANKS, 1933), anticoagulantes (NUTTAL; STRICKLAND, 1908),
enzimas hidroliticas (TATCHELL, 1969) e proteoliticas (HOWELL et al., 1975).

H& algumas descri¢cdes histoldgicas de glandulas salivares em diferentes
especies de carrapatos ixodideos. Até o presente, foi descrita a presenca de trés tipos
de acinos nas fémeas e quatro nos machos (WALKER et al., 1985; FAWCET et al.,
1986; COONS; ALBERTI, 1999). Os é&cinos do tipo I, situados ao longo do ducto
excretor principal de ambos o0s sexos, sdo agranulares, possuem funcéo
osmoregulatoria e sugere-se que atraves destes, o carrapato secrete sal proveniente da
hemolinfa na regido oral para captacdo de agua do ar insaturado. Os demais &cinos
(11, 11 e 1V) séo formados por células granulares distribuidas ao longo de um sistema
ramificado de ductos e sdo responsaveis pela secre¢cdo de produtos relacionados com
a fixacdo do carrapato no hospedeiro, digestdo de tecidos (LAVOIPIERRE; RIEK,
1955; WALKER et al., 1985), inibi¢do da coagulacdo sangiiinea e reacdo primaria do
hospedeiro através de reacdo inflamatéria (NUTTALL; STRICKLAND, 1908;
KUNSBERG, 1911; WALKER et al., 1985; RIBEIRO; MATHER, 1998; PAESEN
et al., 1999), além da secrecdo de quinases que catalisam a bradicinina, o que explica,
em parte, a auséncia de dor no hospedeiro (RIBEIRO, 1987). Acredita-se que o
fluido excretado pelo carrapato é exportado, na sua maior parte, pelo acino tipo Ill
durante o processo de alimentacdo (COONS; L’AMOREAUX, 1986). Os acinos 1V,
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restritos aos machos, provavelmente estejam relacionados com o papel reprodutivo
(SAUER et al., 1995).

Binnington (1978), em estudo histologico e histoquimico com glandulas
salivares de Boophilus microplus durante o periodo de alimentacdo, descreveu no
acino tipo | a existéncia de uma célula central maior rodeada por células periféricas
agranulares, bem como uma grande diversidade de tipos celulares nos &cinos
granulares tipo 1l (a, b, ci-c4) e 111 (d, e e ). Este autor encontrou as células a, d e e
repletas de granulos de secrecdo antes da infestacdo, ou seja, no periodo em que o
carrapato encontrar-se-ia fora do seu hospedeiro e sugeriu que estas seriam
responsaveis pela secrecdo de precursores de cemento, sendo encontradas
aparentemente funcionais até aproximadamente 72 horas de alimentacdo. As células
c, e f tornar-se-iam ativas na alimentacao e secretariam seus granulos glicoproteicos
entre 24-72 horas depois da infestacdo, enquanto as b e c3 também com
glicoproteinas e ricas em enzimas, seriam ativas durante toda a fase parasitaria. Ja a
célula c;, como todas as demais, apresentaria atividade esterase, enquanto as do tipo
f, ocupando todo o fundo do &cino, tornar-se-iam ativas aproximadamente 12-24
horas ap0s a infestacdo, tendo perdido a maioria de seus granulos apos 72 horas.
Ainda, foram observadas por Binnington (1978), células epiteliais em B. microplus
equivalentes as “water-cells” observadas por Meredith e Kaufman (1973) em
Dermacentor andersoni apresentando uma grande area de superficie devido a
presenca de microvilos e sendo responsaveis pela excrecdo de agua durante o
processo de ingurgitamento.

Ao se alimentar, os carrapatos em geral ativam a expressdo de novos genes
(OAKS et al., 1991) e ha evidéncias de que o crescimento e desenvolvimento das
glandulas salivares pode ser controlado por fatores liberados para a hemolinfa
durante a alimentacdo do animal (COONS; KAUFMAN, 1988). Kaufman e Phillips
(1973b) encontraram que a adrenalina, noradrenalina e dopamina sao estimuladores
da secrecdo de fluido em glandulas salivares isoladas de fémeas de D. andersoni e
Needham e Sauer (1975) observaram o mesmo em fémeas de Amblyomma
americanum em processo de ingurgitamento. Em B. microplus, foi identificada a
presenca de catecolamina nas glandulas e nervos salivares (BINNINGTON; STONE,
1977).
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Registros da literatura mostram que as glandulas salivares dos carrapatos
sofrem transformacdes estruturais e funcionais que sdo determinadas pelo estagio
fisiologico do parasito: possuem, durante a pré-fixacdo, &cinos volumosos com
células secretoras apresentando granulos de secrecdo citoplasmaticos e nucleos
grandes (SCHUMAKER; SERRA FREIRE, 1991); que sofrem gradativa regressao,
demonstrando mudancas morfoldgicas, inclusive autdlise induzida por enzimas
lisossdmicas (FAWCETT et al., 1986). Needham et al. (1983) e Barker et al. (1984),
em estudos realizados com glandulas salivares de Amblyomma americanum, também
observaram mudancas significativas no diametro dos acinos tipo | durante o processo
de alimentacao.

Observagdes feitas, por Robinson e Davidson (1913b) e True (1932) em
argasideos, demonstraram que somente ocorreria reducdo das glandulas salivares
apos o ingurgitamento, sem que tivesse sido mostrada extrema degeneracdo. Ao
contrario, Vitzhum (1943) trabalhando com ixodideos, verificou que na fémea adulta
ocorreria atrofia da glandula seguida de degeneragdo depois de completo o processo
de ingurgitamento. Posteriormente, Till (1961), confirmou que durante a alimentacéo
dos carrapatos, as glandulas salivares passariam por modificagcbes morfologicas e
fisioldgicas, ocorrendo, primeiramente, um aumento no tamanho das mesmas que
seria seguido de reducdo (em argasideos) ou degeneracdo (em ixodideos), assim que
fosse completada a fase de ingurgitamento, porém, pouco é conhecido sobre as
mudangas que estes 6rgdos sofrem durante e ao longo de seu ciclo de vida. Segundo
Sauer et al. (2000) ndo existem informacdes sobre o controle da degeneracdo das
glandulas salivares de carrapatos durante as mudas larva-ninfa ou ninfa-adulto.

Sonenshine (1991), estudando a biologia dos carrapatos em geral, observou
que, caso haja uma interrupcdo na alimentacdo dos animais, as glandulas das fémeas
podem perder parcialmente sua competéncia, a qual pode ser rapidamente
restabelecida apds a realimentacdo do individuo. Entretanto, ap6s o periodo de
ingurgitamento, as fémeas fertilizadas perdem quase que totalmente sua capacidade
de produzir e secretar saliva.

Weiss e Kaufman (2001) afirmam que o comportamento de fémeas
removidas prematuramente do hospedeiro é influenciado pela quantidade de sangue

ingerido e pelo acasalamento. Caso a fémea virgem ou a fecundada seja removida
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antes de ter atingido aproximadamente 10 vezes 0 peso da em jejum (peso critico),
ela é capaz de reiniciar o processo de alimentacdo em outro hospedeiro. No entanto,
fémeas virgens acima deste peso ou acasaladas que estejam na fase rapida de
ingurgitamento, ndo voltam a se alimentar em outro hospedeiro e suas glandulas
salivares degeneram dentro de aproximadamente oito dias, no caso das virgens, ou
quatro dias no das acasaladas. Lomas et al. (1998) afirmaram que fémeas de A.
hebraeum parcialmente alimentadas que tenham atingido este “peso critico”,
aproximadamente, 300mg para esta espécie (HARRIS; KAUFMAN, 1984), a
degeneracdo da glandula ocorre entre 24 - 48 horas depois de sua remogédo do
hospedeiro. Apesar disto, a degeneracdo do tecido comeca dentro de 24 horas depois
do ingurgitamento e consequente desprendimento do carrapato (KAUFMAN;
LOMAS, 1996).

Segundo Harris e Kaufman (1985) a degeneracdo das glandulas salivares
estd sob controle hormonal, uma vez que tanto a ecdisona como 20-hidroxiecdisona
levam ao processo degenerativo quando injetadas na hemocele do carrapato ou
quando estes Orgdos estdo expostos a certas quantidades fisioldgicas destes
ecdisteroides in vitro. Assim, pode-se sugerir que 0S mecanismos que envolvem a
degeneracdo em ixodideos sdo programados em resposta a estimulacdo hormonal de
um receptor de ecdisterdide. A secrecdo do ecdisterdide in vivo € acelerada por uma
proteina presente no espermatéforo o qual é transferido durante a cOpula,
desencadeando assim, 0 processo degenerativo da glandula salivar (LOMAS;
KAUFMAN, 19923, b). Tal fato explica a diferenca de tempo de degeneracdo
observada entre fémeas virgens e fecundadas, uma vez que nas primeiras a secre¢ao
do ecdisterdide é mais demorada (LOMAS; KAUFMAN, 1992a).

Recentemente, Denardi (2002) e Oliveira (2003) estudando fémeas semi-
ingurgitadas de A. cajennense e R. sanguineus, respectivamente, encontraram as
glandulas salivares em atividade, ao contrario do encontrado por Nunes et al. (2005)
para a espécie R. (B.) microplus, que ja verificaram caracteristicas morfoldgicas e
ultra-estruturais indicativas de processo degenerativo em fémeas no mesmo estagio
de alimentacao.

L’Amoreaux et al. (2003) encontraram evidéncias morfologicas de

degeneracédo envolvendo, pelo menos em parte, morte celular programada tipo 1 em
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carrapatos D. variabilis. Estes autores demonstraram que no 5° dia ap6s o
desprendimento do carrapato, ja sdo observadas células apoptoticas nos acinos tipo 1l
e Ill, sendo este Gltimo, o mais atingido. Do 8° ao 11° dia é observada maior
quantidade de acinos do tipo Il em processo de morte celular, sendo os do tipo |
ainda preservados, o que demonstra uma organizagdo temporal entre os trés tipos de
acinos. Ainda segundo estes autores, por volta do 33° dia apds o desprendimento, a
glandula encontra-se totalmente degenerada, sendo observados apenas nucleos de
celulas do ducto.

Este assincronismo na degradacdo glandular também ocorre nos insetos,
como observado em Apis (SILVA; SILVA DE MORAES, 1999), Bombyx mori
(SEHNAL; AKAI, 1990) e Manduca sexta (LOCKSHIN; ZAKERI, 1994), onde o
processo degenerativo tem inicio na por¢do secretora distal e avanga para a regiao
proximal.

A morte celular pode ser acidental ou programada. O primeiro tipo,
conhecido como necrose, é resultado de um trauma ou patologia, onde células
morrem devido a exposi¢cdo a condi¢des ambientais ndo fisioldgicas (BOWEN;
BOWEN, 1990) e, em esséncia, € uma morte sem controle (ZAKERI; LOCKSHIN,
2002). O desenvolvimento da necrose é precedido pelo surgimento de anormalidades
morfolégicas que indicam o distdrbio da homeostase celular, como por exemplo,
inchamento da célula, “blebbing” de superficie, dilatacdo das cisternas do reticulo
endoplasmatico, encolhimento seguido de inchamento do compartimento interno das
mitocondrias, dispersdo e desaparecimento de ribossomos e pequeno acumulo de
cromatina condensada (TRUMP et al., 1981) sem, contudo, haver observagéo de
fragmentos de nucleos envoltos por membrana. Nos estagios finais da necrose,
depois da desintegracdo das membranas celulares, ocorre a degradacdo do DNA via
nucleases e proteases lisossomais (BERGES; ISAACS, 1993), havendo o
desaparecimento da cromatina. A ruptura da membrana plasmatica resulta na
diminuicédo da definicdo dos limites celulares, no entanto, células necroticas tendem a
reter sua forma até serem removidas por fagocitos (SCHWARTZ; OSBORNE,
1995).

Ao contrario, a morte celular programada ocorre sob controle genético e

fisiolégico, sendo ativada durante periodos especificos do ciclo de vida dos
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organismos multicelulares, em resposta a estimulos hormonais ou ambientais ou de
acordo com sua utilidade morfogenética (BOWEN; BOWEN, 1990). Este tipo de
morte celular é dividido em duas categorias, baseadas nas mudangas bioquimicas e
morfolégicas (ZAKERI; LOCKSHIN, 2002). O tipo 1, conhecido como apoptose é
caracterizado pela condensacdo do citoplasma e perda do contato entre células ou
com a matriz extracelular, condensacdo da cromatina na superficie interna da
membrana nuclear e fragmentacdo do DNA devido a clivagem por endonucleases,
fagocitose e degradacdo de fragmentos celulares por lisossomos secundarios de
células vizinhas. As mitocondrias mantém-se intactas ou um pouco encolhidas,
despolarizadas e permitindo o escape do citocromo c. Na morte celular tipo 2 ou
lisossdmica a destruicdio do DNA é tardia e sua caracteristica principal é o
aparecimento de grandes vacuolos autofagicos derivados de lisossomos que
degradam o citoplasma enquanto a célula mantém-se funcional. Somente quando
aproximadamente 80% do citoplasma encontra-se destruido, a condensacdo e
marginalizagdo cromatinica torna-se aparente, a eletroforese revela os ladders de
DNA e restos da célula sdo fagocitados como na apoptose classica (ZAKERI et al.,
1993). Este tipo de morte celular programada € mais caracteristico de células com
citoplasma volumoso como as encontradas nos tecidos glandulares (glandulas de
insetos em metamorfose), masculo e neurdnios diferenciados. Halaby et al. (1994)
encontraram este tipo de morte nas células das glandulas labiais em degeneracdo de
Manduca.

Enquanto a necrose é um fenémeno freqlientemente descrito como
multicelular, a apoptose, ao contrario, envolve cada célula do tecido (KERR et al.,
1995).

Apesar desta classificacdo, segundo Zakeri et al. (1995), algumas células
podem ter caracteristicas comuns aos trés tipos de morte celular.

Analises morfoldgicas de nucleos tém sido amplamente utilizadas nos casos
de morte celular programada, uma vez que estes apresentam as primeiras evidéncias
de células em apoptose: a cromatina condensa-se e torna-se agregada em massas
uniformes na superficie interna do envelope nuclear, sendo as primeiras mudancas
frequentemente acompanhadas por invaginacdo da membrana nuclear e formacéo de

borbulhas (“blebs”) e, em casos mais extremos, fragmentos de diversos tamanhos séo
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produzidos (KERR et al., 1995). Esta picnose nuclear com posterior marginalizagédo
da cromatina condensada, no entanto, pode ou nao estar presente nos processos de
degeneracdo nos insetos. No caso das glandulas hipofaringeas de operarias campeiras
de abelhas, por exemplo, embora o entumescimento nuclear seja o fenébmeno mais
difundido durante a degeneracao, condensacgédo e marginalizagdo cromatinica também
sdo observadas em algumas células (SILVA DE MORAES; BOWEN, 2000).

O estudo de morte celular programada em invertebrados tem gerado muitas
controvérsias, uma vez que as caracteristicas tipicas de apoptose estabelecidas em
vertebrados nédo estdo incondicionalmente presentes nas células destes animais.

Um dos eventos bem definidos relacionado a apoptose envolve a
fragmentacdo do DNA devido a ativacdo de endonucleases que sdo responsaveis pela
sua clivagem em regides internucleossomicas, gerando fragmentos com 180-200
pares de bases (WYLLIE, 1980). Esta fragmentacdo é normalmente utilizada na
identificacdo de células apoptoticas por ser considerada caracteristica tipica de
apoptose (WYLLIE, 1981, WALKER et al., 1988; McCONKEY et al., 1990).
Assim, nem todos os tipos de morte celular programada sdo acompanhados pela
ativacdo de endonucleases (LOCKSHIN; ZAKERI, 1992; BOWEN et al., 1993;
ZAKERI et al., 1993).

Em alguns insetos ocorre sintese ao invés de fragmentacdo do DNA durante
a morte celular programada (BOWEN et al., 1993), sendo a participacdo das
endonucleases no processo confirmada somente por alguns autores (GREGORC;
BOWEN, 1997; JOCHOVA et al., 1997b; SILVA DE MORAES; BOWEN, 2000).

O nematodo Caenorhabditis elegans tem sido um modelo muito utilizado
no estabelecimento dos fundamentos da organizacdo genética para o controle da
morte celular, pois das 1090 células somaéticas formadas durante o desenvolvimento
destes vermes, 131 sofrem morte celular programada (ELLIS et al., 1991). Nos
eventos apoptoticos é reconhecida a participacdo dos genes egl-1, ced-4, ced-3 e ced-
9, sendo este Ultimo, o responsavel pela prevengdo da apoptose (HENGARTNER,
1999).

As caspases, proteases de cisteinas, funcionam como efetoras da morte
celular (KIDD, 1998). No caso dos vertebrados, as caspases podem ter como alvo as

laminas nucleares (COHEN et al., 2001), as proteinas integrais da membrana nuclear
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e algumas proteinas do poro nuclear (BUENDIA et al., 1999). Todas as laminas e as
proteinas a elas associadas sdo clivadas em residuos especificos por caspases
especificas (TZUR et al., 2002) e esta proteodlise € importante para a progressao da
apoptose, uma vez que facilita a ativacdo das nucleases responsaveis pela
fragmentacdo do DNA (RAO et al., 1996). Apesar disto, Tzur et al. (2002) sugeriram
que a clivagem de laminas ndo seja essencial para que a apoptose ocorra em C.
elegans.

Para a deteccdo de morte celular os corantes para microscopia de luz,
hematoxilina-eosina, tém sido amplamente utilizados, evidenciando citoplasma e
nucleos condensados mais fortemente corados quando as células encontram-se em
processo de morte. No entanto, a sensibilidade deste método € baixa (ZAKERI;
LOCKSHIN, 2002). Segundo estes mesmos autores, 0 uso de corantes vitais também
serve para identificar apoptose, sendo sua vantagem a rapidez de aplicacao da técnica
e a observacdo da morte celular em trés dimensdes. Alguns métodos citoquimicos
aplicados a microscopia de luz, como a reacdo de Feulgen (FEULGEN;
ROSSENBECK, 1924) e a coloragdo com azul de toluidina (MELLO; VIDAL,
1980), também tém sido amplamente utilizados para o estudo de morte celular, uma
vez que possibilitam a quantificacgio do DNA e exibem a morfologia das
compactagdes cromatinicas.

H& muito tempo foi verificada que a degeneragdo de tecidos coincide com
uma diminuicdo na atividade de enzimas que estdo relacionadas com o metabolismo
energético das células (WEBER, 1969), como por exemplo, a ATPase. Assim sendo,
Hammar e Mottet, em 1971, propuseram o emprego de estudos histoquimicos para
observar tecidos em processo de morte celular, uma vez que a apoptose é um
processo ATP-dependente (SILVA DE MORAES, 1998).

A fosfatase acida, termo genérico para uma serie de fosfatases ndo-
especificas que em pH &cido hidrolisam mono-ésteres ortofosfato (SILVA-
ZACARIN, 2003), também tem sido utilizada como marcador de atividade litica nas
células. Estas hidrolases podem ser encontradas no interior de lisossomos, bem como
livres no citoplasma das células, entre as cisternas do reticulo endoplasmatico, no
complexo de Golgi, associadas a granulos e em vacuolos. No entanto, Cruz-Landim

et al. (2002) também verificaram a atividade da fosfatase acida no interior de nucleos
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em celulas de ovario e de intestino de larvas e pupas de A. mellifera, sugerindo que
esta enzima participa do controle da expressdo génica ou hidrolisa proteinas da
matriz nuclear em células em inicio de morte celular.

A atividade da fosfatase &cida livre e lisossomal tem sido determinada
histoquimicamente em hemacitos e glandulas salivares de insetos (ARMBRUSTER
et al., 1986) e, especificamente, no corpo gorduroso (De PRIESTER et al., 1979) e
glandulas salivares (BOWEN, 1984) de Calliphora erythrocephala. Em larva de
Drosophila auraria e no ventriculo de A. mellifera também foram observados
resultados semelhantes por Dimitriadis e Kastristsis (1985) e Jimenez e Gilliam
(1990), respectivamente. Algumas andalises citoquimicas da fosfatase &cida
demonstrando a morte celular fisiolégica também foram realizadas no intestino
medio de larvas de Calliphora vomitoria (SKELTON; BOWEN, 1987) e A. mellifera
(GREGORC; BOWEN, 1997) e nas glandulas salivares de D. melanogaster (JONES;
BOWEN, 1993).

A fosfatase 4acida tem sido utilizada nos estudos de morte celular
programada em insetos através do emprego do substrato de um amplo espectro de
atividade, o p-paranitrofenilfosfato (JONES, 1990; JONES; BOWEN, 1993,
CAVALCANTE, 1998; CRUZ-LANDIM et al., 2002; SILVA-ZACARIN, 2003;
TOMAINO, 2003), nafthol AS-TR fosfato (WORRIL, 1991; JONES; BOWEN,
1993; GREGORC; BOWEN, 1997; SILVA DE MORAES, 1998) e o pB-
glicerofosfato (LANE, 1968; LAICINE et al., 1991; SILVA DE MORAES et al.,
1996b). No entanto, o p-paranitrofenilfosfato parece ser um indicador mais sensivel
para autolise celular particularmente nos estagios iniciais deste processo (RYDER;
BOWEN, 1975).

Alguns autores sugerem ainda que a atividade da fosfatase &cida esta
relacionada e pode ser induzida pelos niveis de horménio juvenil e de ecdisona na
hemolinfa (van PELT VERKUIL, 1980; SILVA DE MORAES, 1998).

Embora a morte celular programada seja um assunto polémico e bastante
investigado em vertebrados e alguns invertebrados, em carrapatos, os estudos dos
aspectos morfo-fisiologicos deste fendbmeno sdo escassos, ainda que sejam
extremamente importantes para a compreensdo da fisiologia destes animais. Assim,

investigacBes sobre a morfologia dos Ixodidae se fazem necessarias para auxiliarem
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no desenvolvimento de medidas de controle destes parasitas e das patologias por eles

causadas.
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11.OBJETIVOS

Tendo em vista que as glandulas salivares dos carrapatos sdo 6rgaos de
particular importancia na transmissdo de patdgenos a seus hospedeiros e que 0
conhecimento a respeito das mudancas morfo-fisioldgicas que nelas ocorrem durante
0 periodo de alimentacdo do carrapato séo limitados, estudos tornam-se necessarios
para a compreensdo da biologia e ecologia destes parasitas com o intuito de se
desenvolver estratégias integradas no manejo de suas infestacoes.

Sendo assim, o objetivo do presente trabalho foi realizar um estudo das
glandulas salivares de fémeas de carrapatos Rhipicephalus (Boophilus) microplus,
utilizando técnicas morfoldgicas, histoquimicas e citoquimicas ultra-estruturais em
individuos que se encontram em dois diferentes estagios de alimentacdo (em inicio —
24 a 48 horas de infestacdo e semi-ingurgitado — 4 a 5 dias de infestacdo), de modo a
verificar:

- avaliar as mudancas que ocorrem no tecido glandular do carrapato nos dois
estagios de alimentacgéo;

- quando se iniciam 0s processos de degeneracgdo nas células glandulares;

- quais os tipos de morte celular que podem estar envolvidos.
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I1l. MATERIAL E METODOS

11.1. MATERIAL

Para o desenvolvimento do presente estudo foram utilizadas fémeas de
carrapatos da espécie Rhipicephalus (Boophilus) microplus provenientes da criacao
de gado (Bos taurus) da Faculdade de Ciéncias Agrarias e Veterinarias da UNESP
Jaboticabal — SP/ Brasil, que foram coletadas em estagio inicial de alimentacéo e
semi-ingurgitadas. Foram consideradas fémeas em inicio de alimentacdo, aquelas
com peso inferior a 0,03g (24-48 horas de infestagcdo) e semi-alimentadas as que
possuiam peso médio entre 0,139 e 0,25¢g (4-5 dias de infestagéo).

Para a analise foram utilizados equipamentos disponiveis nos laboratdrios
de Histologia e Microscopia Eletronica do Departamento de Biologia da UNESP
Campus Rio Claro.

As fémeas, depois de anestesiadas a frio (4°C), tiveram suas glandulas
salivares retiradas em placa de Petri contendo solucdo fisioldgica para insetos (NaCl
7,5 g/L, Na;HPO, 2,38 g/L e KH,PO,4 2,72 g/L; pH 7.2), com o auxilio de pingas de

ponta fina e micro-tesouras cirdrgicas para serem submetidas as diferentes técnicas.
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111.2. METODOS

111.2.1. MICROSCOPIA DE LUZ

111.2.1.1. Anélise Morfoldgica:

111.2.1.1.1. Técnica da Hematoxilina de Harris - Eosina Aquosa
(Segundo JUNQUEIRA; JUNQUEIRA, 1983)

As glandulas salivares foram fixadas em formalina neutra tamponada (pH 7-
7.4) e acetona, na proporgdo 9:1, durante uma hora e trinta minutos, a 4°C, ou em
paraformaldeido 4% durante 24 horas. Posteriormente, o material foi desidratado em
banhos de 15 minutos cada nos alcoois 70-95% e transferido para a resina de
embebicdo onde permaneceu por 24 horas. A inclusédo foi realizada em resina Leica e
0s blocos, depois de polimerizados em estufa (37°C), foram seccionados em
microtomo Leica RM 2145.

As secgOes de 4-5um de espessura foram recolhidas em laminas de vidro,
colocadas em estufa a 37°C e coradas com Hematoxilina de Harris durante 10
minutos, lavadas em agua corrente por 5 minutos, para retirada do excesso e reagdo
do corante e, a seguir, coradas com Eosina durante 5 minutos. Apos nova lavagem
em 4agua corrente, as laminas foram secas a temperatura ambiente, montadas em

Bélsamo do Canadéa para a observacéo e documentacéo fotografica.

111.2.1.2. Andlise Histogquimica:

111.2.1.2.1. Azul de Nilo para deteccdo de lipidios (Segundo
JUNQUEIRA; JUNQUEIRA, 1983):
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As laminas permaneceram no corante a 37° por 5 minutos, foram lavadas
em agua corrente e, posteriormente, colocadas em acido acético 1% por 1 minuto.
Depois de secas, foram montadas em Balsamo do Canada para a observagdo e
documentacdo fotogréfica.

111.2.1.2.2. PAS / Azul de Alcian para deteccao de polissacarideos
acidos e basicos (Segundo JUNQUEIRA; JUNQUEIRA, 1983):

As laminas foram coradas com Alcian Blue pH 2,5, durante 30 minutos e,
posteriormente, lavadas com agua destilada. A seguir, foram colocadas em acido
periddico 1% durante 5 minutos e novamente lavadas em agua destilada. A seguir, as
laminas permaneceram no reagente de Schiff por 30 minutos, no escuro, e foram
submetidas a uma lavagem em &agua corrente por 5 a 10 minutos. Logo apds, foram
coradas por hematoxilina por 2 minutos e lavadas em seguida. Foram secas e

montadas em Balsamo do Canada para a observacdo e documentacgéo fotografica.

111.2.1.2.3. Azul de Bromofenol para deteccdo de proteinas totais
(Segundo JUNQUEIRA; JUNQUEIRA, 1983):

As laminas foram coradas pelo azul de bromofenol durante 2 horas, a
temperatura ambiente. Logo apds, lavadas com acido acético 0,5% por 5 minutos e
com &gua corrente por 15 minutos e, a seguir, foram passadas rapidamente por uma
solucdo de alcool butilico. Foram, entdo, diafanizadas em xilol e montadas em

Bélsamo do Canadéa para a observacéo e documentacéo fotografica.

111.2.1.2.4. Xylidine Ponceau para deteccdo de proteinas totais
(Segundo JUNQUEIRA; JUNQUEIRA, 1983):

As laminas permaneceram no corante por 5 minutos e, posteriormente,

foram lavadas em &gua corrente. Apds 1 minuto em &cido acético 1%, foram secas
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e montadas em Balsamo do Canada para posterior observacdo e documentacao

fotografica.

111.2.1.2.5. Técnica de Exclusdo de Corante utilizando Azul do Nilo
(Segundo SAUNDERS et al., 1962).

As glandulas salivares, apos retiradas foram transferidas para o corante
Azul do Nilo (0,001g de Azul do Nilo em 10mL de solucdo salina) onde
permaneceram por 30 minutos, & temperatura ambiente. Foram entdo lavadas em
agua destilada por duas vezes e, entdo, fixadas em formalina neutra tamponada e
acetona, na propor¢éo 9:1, durante uma hora e trinta minutos, a 4°C. As glandulas
foram colocadas sobre lamina e montadas em gelatina glicerinada para posterior

observagdo e documentacdo fotografica.

111.2.1.2.6. Localizacdo da Atividade da Fosfatase Acida (Segundo
HUSSEIN et al., 1990)

e Seccdes em resina

Apbs a fixacdo em formalina neutra tamponada 10% e acetona, na
proporcdo 9:1, durante uma hora e trinta minutos, a 4°C, o material foi lavado em
tampdo acetato (0,05M, pH 4.8) e incubado a 37°C, por 45 minutos, em meio de
incubacdo contendo: naftol AS-TR fosfato, DMSO (dimetil sulfoxido), tampéo
acetato (0,05M, pH 4.8), MnCl,.4H,0 10% e sal vermelho violeta.

Para o preparo do meio de incubacdo, foram dissolvidos 3mg do substrato
naftol AS-TR fosfato em duas gotas de DMSO e, em seguida, adicionados 10mL do
tampéo acetato. Na seqliéncia, foi acrescentado 0,2mL do cloreto de manganés e, por
ultimo, 6mg do sal, sendo a solugdo vigorosamente misturada. O controle foi feito

excluindo-se o substrato do meio de incubacao.
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Depois de incubadas, as glandulas salivares foram lavadas em agua
destilada e desidratadas em banhos de 15 minutos cada nos alcoois 70-95%. O
material permaneceu por 24 horas em resina de embebicdo (mistura de 50mL de
resina + 0,59 de ativador) e, posteriormente, foi incluido em resina Leica.

Apds a inclusdo, o material foi seccionado em microtomo e os cortes de 6
um foram recolhidos em laminas de vidro e contra-corados em Hematoxilina. As

laminas foram montadas em Permount para observacao e documentacéao fotografica.

e Montagem total

Apbs a fixacdo das glandulas salivares em formalina neutra tamponada 10%
e acetona, na proporcao 9:1, durante uma hora e trinta minutos, a 4°C, estas foram
rapidamente lavadas em tampédo acetato de sédio (0,05M, pH 4.8), incubadas e
desidratadas como descrito nesta técnica para sec¢des em resina.

O material foi colocado sobre laminas de vidro que, a seguir, foram

montadas em Balsamo do Canada para observacdo e documentacao fotografica.

111.2.1.2.7. Localizacédo da Atividade da ATPase (Segundo HUSSEIN
et al., 1990)

As glandulas salivares foram fixadas em glutaraldeido 0,5% em tampé&o
cacodilato de sédio 0,2M, pH 7.2, durante uma hora, a 4°C.

O material foi incubado durante 48 minutos, a 37° C, no seguinte meio: Tris
maleato (200mM, pH 7.2), ATP (5mM), MgSO, (5mM), KCI (15mM), CaCl,
(10mM), acetato de chumbo (4mM), sacarose (160mM). O acetato de chumbo foi
dissolvido no tampdo, usando agitador magnético e deixado durante a noite, a 37°C,
para completa dissolucdo. O ATP foi adicionado por dltimo e no momento da
incubacéo, exceto no grupo controle, onde este ndo foi utilizado.

Apo6s a incubacdo, as glandulas salivares foram lavadas em tampédo Tris-
maleato (pH 7.2) durante 5 minutos, a 4°C, e fixadas em solucéo de formalina neutra

tamponada e acetona (9:1) por 20 minutos. Posteriormente, foram desidratadas em
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alcool 70-95%, com banhos de 15 minutos e transferidas para resina de embebicao,
onde permaneceram por 24 horas. A inclusdo foi realizada em resina Leica e o
material foi seccionado em 6 um de espessura.

As laminas secas contendo as secgdes foram colocadas em solugdo de
sulfeto de amonia 1% por 5 minutos para diferenciacdo da ATPase, coradas com

Hematoxilina por 10 minutos, secas e montadas com Balsamo do Canada.

111.2.1.3. Anélise Citoquimica

Para a realizacdo das duas técnicas a seguir, as glandulas salivares foram
fixadas em mistura de alcool e acido acético na proporcdo 3:1 por 12 minutos,
desidratadas em banhos de 15 minutos cada nos &lcoois 70-95% e incluidas em
resina Leica. As sec¢fes com 5um de espessura foram colocadas sobre laminas de

vidro.

111.2.1.3.1. Reacdo de Feulgen (Segundo FEULGEN;
ROSSENBECK, 1924)

As laminas contendo as sec¢fes permaneceram por 11 minutos em solugédo
de HCI 1N (60°C), foram lavadas em agua destilada e submetidas ao reativo de
Schiff por uma hora. Os cortes foram contra-corados com eosina durante 5 minutos.
Em seguida, as laminas foram lavadas em &gua corrente, secas e montadas em

Balsamo do Canada, para posterior observacdo e documentacdo fotogréafica.

111.2.1.3.2. Técnica de Azul do Toluidina (Segundo MELLO; VIDAL,
1980)

As laminas permaneceram em solucdo de Azul de Toluidina 0,025% em

tampdo Mcllvane (pH 4.0) durante 20 minutos a temperatura ambiente, foram lavadas
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rapidamente em agua destilada e montadas em Permount para analise e documentacéo

fotografica.

111.2.2. MICROSCOPIA ELETRONICA

111.2.2.1. Microscopia Eletrénica de Varredura (MEV):

As glandulas salivares foram fixadas em solucdo de Karnovsky por 24h e
desidratadas em concentracdes crescentes de acetona (70-100%) por 5 minutos cada.
O material foi levado ao ponto critico, colado em suporte de aluminio, onde recebeu
banho de ouro, e posteriormente, foi examinado ao Microscopio Eletronico de
Varredura PHILLIPS 505 SEM.

111.2.2.2. Microscopia Eletrénica de Transmissao

111.2.2.2.1. Anélise Morfologica (Rotina)

As glandulas salivares das fémeas foram fixadas em solucdo de
glutaraldeido 2,5% em tampdo cacodilato de sodio 0,1M (pH 7,2) durante 24 horas, a
4°C. A seguir, passaram por duas lavagens de 15 minutos cada em solugdo tampéao
cacodilato de sddio 0,1M. A pds-fixacdo foi realizada em tetroxido de 6smio 1% em
solugédo tampédo cacodilato de sodio 0,1M durante 2 horas, a temperatura ambiente,
no escuro. Posteriormente, o material passou por mais duas lavagens de 15 minutos
cada em solucdo tampdo de cacodilato de sodio 0,1M e foi contrastado em solugéo de
acetato de uranila 2% com acetona 10%, por 2 a 4 horas no escuro.

A desidratacdo foi realizada em série crescente de acetona 50% a 95% e
100% duas vezes, com duracdo de 5 minutos cada. Logo apé6s, o material
permaneceu em mistura de acetona e resina na propor¢do de 1:1 onde permaneceu
por 12 horas. O material foi incluido em resina pura com catalisador e colocado em
estufa a 60°C por um periodo de 48 horas. Depois de polimerizados, os blocos foram

seccionados em ultra-microtomo. Os cortes foram coletados em grades de cobre e
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passaram por contraste com acetato de uranila e citrato de chumbo durante 45 e 10
minutos, respectivamente. As grades foram analisadas em Microscopio Eletrdnico de

Transmissdo PHILLIPS 100 TEM para documentagé&o.

111.2.2.2.2. Analise Citoquimica para localizacdo da Fosfatase Acida
(Segundo modificacdo de RYDER; BOWEN, 1975)

As glandulas salivares, depois de retiradas, foram fixadas durante 1 hora, a
4°C, em solucdo de glutaraldeido 2,5% e tampdo cacodilato de sodio 0,1 M (pH 7.2).
A seguir, o material foi rapidamente lavado em tampao acetato de sédio 0,05 M (pH
4.8) e incubado por 2 horas, a temperatura ambiente, em meio contendo: A)
paranitrofenilfosfato (5mg) e B) tampéo acetato de sddio (10mL, 0,05 M, pH 4.8) e
acetato de chumbo (5mg). Para a preparacdo deste meio, primeiramente dissolveu-se
0 acetato de chumbo no tampé&o acetato de sodio (B), e na sequéncia acrescentou-se
B a A. O controle foi feito excluindo-se o substrato (p-nitrofenilfosfato) do meio de
incubacao.

Apos a incubacdo, o material foi lavado por 30 minutos, a 4°C, em tampé&o
cacodilato de sddio (pH 7.2) e, a seguir, permaneceu por 1 hora, a 4°C, em tetréxido
de 6smio de Millonig. O material foi desidratado em série crescente de acetona (50%
- 100%) de 5 minutos cada, embebido em mistura de resina e acetona durante a noite
e, posteriormente, em resina pura (Epon+DDSA_Araldite). A incluséo foi realizada
em resina pura e catalisador.

Apobs a inclusao, seccionou-se 0 material em ultra-micrétomo, coletou-se em
grades de cobre e observou-se ao Microscépio Eletrénico de Transmissao PHILLIPS

100 TEM para documentacao fotografica.
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IV. RESULTADOS

Os resultados obtidos no presente estudo serdo apresentados na forma de

artigos, os quais foram submetidos e publicados em revistas especializadas, onde:

Capitulo 1: “Morphological, histological, and ultrastructural
characterization of degenerating salivary glands in females of the cattle-tick
Rhipicephalus (Boophilus) microplus (CANESTRINI, 1887) (Acari:
Ixodidae)”. Artigo publicado em 2005 na Micron, 36: 437-447.

Capitulo 2: “Structural and cytochemical changes in the salivary
glands of Rhipicephalus (Boophilus) microplus (CANESTRINI, 1887)
(Acari: Ixodidae) tick female during feeding”. Artigo submetido a

Veterinary Parasitology.

Capitulo 3: “Ultrastructural comparison of female Rhipicephalus
(Boophilus) microplus (CANESTRINI, 1887) (Acari: Ixodidae) salivary
glands during feeding: cell death features at semi-engorged stage”. Artigo

submetido a The Veterinary Journal.

Capitulo 4: “Acid phosphatase and ATPase activities in female
cattle-tick Rhipicephalus (Boophilus) microplus (CANESTRINI, 1887)
(Acari: Ixodidae) salivary glands during the feeding period”. Artigo aceito
na Experimental Parasitology.
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CAPITULO 1

TITLE: Morphological, histological, and ultrastructural characterization of
degenerating salivary glands in females of the cattle-tick Rhipicephalus (Boophilus)
microplus (CANESTRINI, 1887) (Acari: Ixodidae).

AUTHORS: Erika Takagi Nunes', Gervéasio Henrique Bechara®, Kelly Cristina
Saito’, Sandra Eloisi Denardi', Patricia Rosa de Oliveira' and Maria Izabel Camargo
Mathias’.

1 Departamento de Biologia — Instituto de Biociéncias- UNESP, Av. 24", n°1515. Cx.
Postal 199 — CEP: 13506-900 — Rio Claro, S.P.- Brazil. Tel: +55 (19) 3526-4135.
FAX +55 (19)3526-4136.

2 Departamento de Patologia Veterinaria — FCAV — UNESP — Jaboticabal, S.P.-

Brazil.

Periodico: Micron, v. 36, p. 437-447, 2005.
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RESUMO

O presente estudo descreve a morfologia e a ultra-estrutura das glandulas
salivares de fémeas semi-ingurgitadas do carrapato-do-boi Rhipicephalus
(Boophilus) microplus. Os acinos que compdem estas glandulas, neste estagio
especifico de alimentagdo, demonstram células que caracterizam 0 processo
degenerativo das glandulas salivares, como: citoplasma vacuolizado, cromatina
condensada, nucleos fragmentados e presenca de corpos apoptoticos. Além disto, foi
detectada, no interior destes 6rgdos, a presenca de microrganismos com morfologia

tipica de protozoario.

PALAVRAS-CHAVE: Rhipicephalus (Boophilus) microplus; carrapato-do-boi;
glandulas salivares; histologia; histoquimica; ultra-estrutura; apoptose.
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CAPITULO 2

TITLE: Structural and cytochemical changes in the salivary glands of Rhipicephalus
(Boophilus) microplus (CANESTRINI, 1887) (Acari:Ixodidae) tick female during
feeding

AUTHORS: Erika Takagi Nunes', Maria lzabel Camargo Mathias' and Gervasio

Henrique Bechara?

1 Departamento de Biologia — Instituto de Biociéncias- UNESP, Av. 24", n°1515. Cx.
Postal 199 — CEP: 13506-900 — Rio Claro, S.P.- Brazil. Tel: +55 (19) 3526-4135.
FAX +55 (19)3526-4136.

2 Departamento de Patologia Veterinaria — FCAV — UNESP — Jaboticabal, S.P.-

Brazil.
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RESUMO

Este estudo descreve a morfologia das glandulas salivares de fémeas de
carrapatos Rhipicephalus (Boophilus) microplus em inicio de alimentacdo (24-48
horas de infestagcdo) e semi-ingurgitadas (4 a 5 dias de infestacdo) a fim de verificar
as caracteristicas degenerativas deste orgdo e a fase do ciclo secretor em que o
processo se inicia. No primeiro caso, as glandulas salivares apresentaram-se
preservadas com os trés tipos de acinos (I, Il e I11) sendo individualizados. Granulos
de secrecdo foram observados apenas no citoplasma das células b, ci, ¢y, ¢4 (&cino
tipo 1) e d (acino tipo I11), bem como ndcleos grandes com morfologia regular e
preservada. Nas fémeas semi-ingurgitadas os &cinos apresentaram raras células
integras, poucas semi-preservadas e as restantes em diversos estagios de
degeneracdo, ou seja, com retracdo e vacuolizacdo citoplasmatica e nucleos com
cromatina em diferentes graus de condensacdo, picnoticos e/ou em fragmentacao.
Nos acinos tipo | e nos ductos excretores das glandulas estudadas ndo foram
observadas caracteristicas degenerativas. Nas fémeas de R. (B.) microplus, as
glandulas salivares degeneram assincronica e precocemente quando comparadas a

outras espécies de carrapatos.

PALAVRAS-CHAVE: Rhipicephalus (Boophilus) microplus — carrapato-do-boi—
glandulas salivares — histologia — histoquimica —citoquimica— degeneracdo- morte

celular- apoptose.

ABSTRACT

This study describes the morphology of salivary glands of Rhipicephalus
(Boophilus) microplus female ticks at beginning of feeding (24-48 hours of
attachment) and semi-engorged (4-5 days of attachment) to verify the degenerative
characteristics of these organs and the secretory phase in which the process begins.

At beginning of feeding, secretion granules had been observed only in the cytoplasm
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of cells b, ¢y, ¢y, ¢4 (type Il acinus) and d (type Il acinus), as well as large nuclei
with regular and preserved morphology. In the semi-engorged females the acini
presented rare normal cells, few partially preserved ones, and the remaining ones in
several stages of degeneration, that is, with retraction and cytoplasmic vacuolization,
and nuclei with chromatin in several stages of condensation, picnotic and/or in
fragmentation. In type | acinus and in the excretory ducts of the studied glands, at
both feeding stages, it was not observed any degenerative characteristic. In females
of R. (B.) microplus, the salivary glands degenerate asynchronically and precociously

when compared to those of other tick species.

KEY WORDS: Rhipicephalus (Boophilus) microplus — cattle-tick — salivary glands —
histology — histochemistry — cytochemistry— degeneration- cell death- apoptosis.
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INTRODUCTION

The tick Rhipicephalus (Boophilus) microplus, synonymy of Boophilus
microplus (Murrel & Barker, 2003) is the major bovine ectoparasite in Brazil and it
is one of the principal causes of the great economical losses to cattle breeding. Blood
diseases, bite stress, allergic reactions to the tick’s saliva, hide damage, infection
with Babesia and Anaplasma, anorexia and death are all consequences of the tick
parasitism (Brossard & Wikel, 1997).

Salivary glands and their secretions play a vital role during tick-host
interaction since they are organs responsible for the tick fluid homeostasis, and for
the secretion of molecules with pharmacological properties that evade the host
defense mechanisms (Ribeiro, 1995). Moreover, they are also the main transmission
route for pathogenic organisms (Sauer et al., 1995; Nunes et al., 2005).

These organs present functional and structural changes, which are
determined by the physiological stage of the tick. Thus, they show during the pre-
fixation phase massive acini, secretory cells with granules of cytoplasmic secretion
and large nuclei (Schumaker & Serra-Freire, 1991), following afterwards a gradual
regression with morphological and structural changes including autolysis (Fawcett et
al., 1986).

According to studies accomplished by Till (1961), as soon the engorgement
phase is completed the salivary glands of ticks suffer a reduction of size (in argasids)
or they degenerate (in ixodids), however, the knowledge concerning how these
changes happen in their life-cycle is still scarce.

Despite of the knowledge regarding the function of the salivary glands, few
studies were performed, especially those ones focusing specifically in the changes
that happen during the secretory cycle of R. (B.) microplus. Recently, Nunes et al.
(2005) affirmed that salivary glands of R. (B.) microplus female ticks already show
degenerative process at semi-engorged stage. Hence, the object of present work is to
verify the possible morphological alterations that point the degenerative process in
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the salivary glands of females of this tick species during the early feeding stage and

when they are semi-engorged to presume the feeding-point that this event starts.

MATERIAL AND METHODS

Forty adult females of Rhipicephalus (Boophilus) microplus ticks parasitizing
Bos taurus cattle at the Faculty of Agrarian and Veterinary Sciences / UNESP -
Jaboticabal, S.P., Brazil, being 20 at early stage of feeding and 20 semi-engorged ones
have been used for this work. In this study, we considered females at the beginning of
feeding stage (24-48 hours of attachment) those whose weigh was lower than 0.03g,
and partially fed (4-5 days of attachment) whose weigh was around 0.13g ad 0.25g.
Equipment in the Histology Laboratory of the Biology Department at the Bioscience
Institute, UNESP — Rio Claro, SP, Brazil, was utilized throughout the study.

The salivary glands of individual ticks kept at refrigeration (4°C) for thermal
shock anesthesia were removed in saline solution (NaCl 7.5 g/L, Na,HPO, 2.38 g/L
and KH,PO,2.72 g/L; pH 7.2) and utilized in the following techniques:

-Scanning Electron Microscopy (SEM)

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

-Stain Exclusion Technique

The salivary glands were kept in stain (0.001g of Nile blue stain in 10mL of
saline solution) for 30 minutes, at room temperature. Afterwards, they were washed in
distilled water twice, fixed in 9:1 v/v mixture of 10% neutral buffered formalin and

acetone for one hour and thirty minutes and then, they were set with glycerinated gel.
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-General Morphology

The salivary glands were fixed in 9:1 v/v mixture of 10% neutral buffered
formalin and acetone (pH 7-7.4) at 4°C for one hour and thirty minutes, and then
dehydrated in a graded 70-95% ethanol series. The inclusion was performed in Leica
resin and the polymerized blocks were sectioned with a dry glass knife. The sections
of 5um thickness were collected and placed afterwards on glass slides and stained
with Hematoxylin and Eosin.

For the following two techniques, the glands were fixed in alcohol and acetic

acid in the proportion of 3:1 for 12 minutes, then dehydrated and embedded in resin.

-Cytochemical Techniques

Feulgen Reaction: The slides were kept at HCI 1N (60°C) solution for 11
minutes, then washed in distilled water and submitted to Schiff reactive for one hour

in darkness. The slides were counter-stained with Eosin for 5 minutes.
Toluidine Blue Technique: The slides were kept in 0.025% Toluidine Blue
solution in Mcllvane buffer (pH 4.0) for 20 minutes; afterwards, on they were washed

in distilled water and set in Permount.

The material obtained for the light microscopy techniques was analyzed and

photographed in a Zeiss photomicroscope.

RESULTS

Scanning Electron Microscopy (SEM)

The employment of SEM technique has shown that the salivary glands of
semi engorged females are significantly larger when compared to the glands of those

at beginning of feeding stage (Figs. 1A, 1B).
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It is possible to observe details of superficial alterations of granular acini
(larger ones) of the glands in semi-engorged specimens (Fig. 1B), which present folds
and/or re-entrance. These irregularities are not observed in acini of glands from
females at beginning of feeding stage, once these keep their homogeneous aspect (Fig.
1A). The type I acini and the excretory ducts from individuals at both feeding stages

present themselves preserved.

Stain Exclusion Technique

The application of such technique demonstrates that the acini of salivary
glands of individuals at both feeding stages react differently to the stain (Figs. 1C, D,
E and F).

In females at the beginning of feeding the majority of acini is efficient for the
stain exclusion, suggesting that the most part of their cells are active and/or in early
stage of degeneration showing a more transparent aspect when compared to semi-
engorged females (Figs. 1C, D).

In the semi-engorged stage, some acini of the salivary glands exclude the
stain (Fig. 1E) while others retain it displaying it as blue granules as shown the detail
in the Figure 1F, demonstrating the asynchrony of cell activity among the different
acini along the process. In addition, inside the same acini, there are cells with a larger
accumulation of stain (Fig. 1F), showing that different cells vary in the ability of its
exclusion, that is, among the active ones there are others whose membrane ion bomb

probably are not functioning any longer.

Histology of the Salivary Glands

By using the Hematoxylin-Eosin technique it was possible to identify the
three types of acini in salivary glands of early feeding stage individuals (Figs. 2A, B,
C and D).

The type | acini (agranular) do not show characteristics of cell degeneration

in the two feeding stages here studied. The cell’s cytoplasm presents a fine
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granulation and the nuclei, inherent and some located at the periphery present a round
morphology with non-condensed chromatin (Figs. 2A, E).

At the beginning of feeding stage, the presence of secretion granules in the
cytoplasm of cells b, ¢;, ¢, and c4 (type 11 acini) and d (type Il acini), made possible
the identification of these different types of cells (Figs. 2B, C, and D). The nuclei of
these cells, despite their integrality and disperses chromatin, which are indicative of
activity, suffer size increase. In cycells, the granules present their central part more
strongly stained by eosin being probably at early stage of maturation (Fig. 2C).

In semi-engorged females, there are partially preserved acini with some cells
with evident granulation, coexisting with others cells in degeneration that are
characterized by the presence of nuclei showing a range of alterations that goes from
little morphological ones to completely picnotic nuclei and/or fragmented ones (Figs.
2F-K).

Among the semi-preserved type Il acini, it is still possible to identify the
cells: a, b, c; and c3. The a cells present secretion, but not in granules, and picnotic
nuclei (Fig. 2F). There is a huge quantity of dispersing granules in the cytoplasm of
the b cells and the nuclei of them are irregular with extremely condensed chromatin
and in beginning of the fragmentation process (Fig. 2G). The apical portion of c, cells
has a concentration of smaller and matured birefringent granules; the nuclei are
irregular and with disperse chromatin (Fig. 2H). The cs cells, still full with secretion
granules of several sizes, however smaller than those ones in ¢, cells, present very
dilated and irregular nuclei with non-condensed chromatin (Fig. 2F). Together with
the anterior cell types above described, cells without secretion granules are observed
in the same acini, whose nuclei can be dilated, irregular and/or picnotic and which
now cannot be identified.

In the salivary glands of semi-engorged females, some partially preserved
type I11 acini are presented. Their d cells are small, located close to the excretory duct
and containing only remains of secretion; there is nuclear picnosis. The f cells, larger
than the d ones, have in the cytoplasm a finely granular material also observed in the
lumen of the acinus; their nuclei appear to be preserved. Among the secretory cells of

the type Ill acinus, interstitial epithelial cells whose apical portion is projected

Erika Takagi Nunes



Capitulo 2 45

towards the lumen of the acinus are observed. Together, epithelial and secretory cells
delimitate a wide lumen (Fig. 21I).

In the semi-engorged stage, there are acini that cannot be identified due to the
degeneration and consequent absence of granulation. They present cells with irregular
nuclei and in fragmentation process (Fig. 2J). Others, at more advanced stages of
degeneration, exhibit extensive cytoplasmic retraction areas and intensive

vacuolization. Preserved nuclei are no longer observed (Fig. 2K).

Cytochemistry of Salivary Glands

The Feulgen and Toluidine Blue cytochemical techniques show details of the
structural organization regarding the nuclei of cells that comprise the acini types I, Il,
and 111 (Figure 3).

The Toluidine Blue staining shows that the nuclei of all the cells of the three
acini types of R. (B.) microplus salivary glands are orthochromatic ones, that is, they
present blue staining independently of the feeding stage.

In the salivary glands from females at the beginning of feeding stage, the
nuclei of secretory cells are large and, most of the times, they showed a preserved
morphology, mainly the types I and Il acini (Figs. 3A, B, C and D). Cells with smaller
nuclei and little dilated besides the evidenced nucleoli are also observed in the acinus
I1 (Fig. 3C). In the type 11l acinus the nuclei assume a flattened shape and presenting a
lower blue-staining. Few cells in region of the insertion of the acinar ductule have
irregular, smaller and condensed nuclei, however they are orthochromatic ones (Figs.
3E and F).

In semi-engorged female glands, all the type | acini and some of type Il and
I11 find themselves partially preserved containing secretory cells with very dilated and
orthochromatic nuclei (Figs. 3G, H, | and J). In the type | acini, the nuclei are
spherical (Figs. 3G, H) while some cells of the types Il and 11l acini present irregular
nuclei and an evidenced nucleoli (Figs. 3I, J). However, several types Il and 1l acini
present cells with degeneration characteristics where the chromatin are more

condensed and in a marginalization process, surrounding the nuclear envelope, or in
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fragmentation (Figs. 3K, L). In some acini, the total degeneration is observed
remaining only few nuclear fragments among the retracted and vacuolated

cytoplasmic mass (Figs. 3M, N).
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FIGURES
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FIGURE 1:

SEM and total set of female’s salivary glands belonging to the species R. (B.)
microplus. A. General aspect in individuals at the beginning of feeding-stage. B.
General aspect in semi-engorged individuals showing the alterations at the surface of
the granular acini (ga). C-F. Total set and the staining by Stain Exclusion Technique
using Nile blue. C. D. Females at the beginning feeding-stage E. F. Semi-engorged
females.

a=acinus, I= type | acinus, ad= acinar ductule, id= intermediate duct, ecd= excretory
common duct.

Bars: A-B=1mm, C-E= 10um, D-F=20um
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FIGURE 2:

Histological sections of the acini I, I, 111 of salivary glands of R. (B.) microplus
females A-D. Females at beginning of feeding-stage. Note the presence of granules of
secretion in the cells (b, ci, c; and d) and dilated nuclei (dn), however with regular
morphology still. E-K. Semi-engorged females evidencing in: E, H and I, nuclei with
regular morphology (n); F, G, H and I, picnotic nuclei (pn); J, nuclei in
fragmentation process (fn) and in K, cytoplasmic vacuolization (v). F-l1. Semi-
preserved cells with granules of secretion (b, ¢, c3 e f), a cells and d cells with

secretion remains and f cell with finely granular material.

ed= excretory duct, ec= interstitial epithelial cells, lu= lumen. H-E Stain.

Bars:A-K=20um



49

Capitulo 2

Erika Takagi Nunes



FIGURE 3:

Histological sections of salivary glands of R. (B.) microplus females stained by
Toluidine Blue and submitted to the Feulgen reaction. A -F. Females at beginning of
feeding-stage. Note the presence of dilated nuclei, however with regular morphology
still (n) in A and B (type I acinus) and in C and D (type Il acinus). In E and F, type
11 acinus demonstrating cells with irregular nuclei (in) delimiting a larger lumen
(lu). G-N. Semi-engorged females. G-H. Type | acini with cells without
morphological alterations. 1-J. Partially preserved acini Il, with cells of irregular
nuclei, dilated (dn) and evident nucleolus (nu). K-L. Cells under degeneration
presenting chromatinic marginalization (cm), fragmented (fn) and condensed nuclei
(cn). M-N. Acini with cells at advanced stages of degeneration, where can be
observed the cytoplasmic retraction (arrow) and fragments of nuclei (fn),
ed=excretory duct.

Bars: A-N=20um.



50

Capitulo 2

Erika Takagi Nunes



Capitulo 2 51

DISCUSSION

The morphological, cytochemical and histochemical analyzes here performed
demonstrated that the salivary glands of females of Rhipicephalus (Boophilus)
microplus are organs that pass through great modifications during the feeding period
in the host.

The SEM technique has shown that the type | acini of R. (B.) microplus
possess a smaller size when compared to type Il and Il acini, as mentioned in the
literature (Binnington, 1978). The histological results corroborate with the ones
anteriorly found by Binnington (1978) for the same species, which observed in type I
acini the presence of central cell with a large nucleus and other pheripherical cells
with fibrilar cytoplasm without granules of secretion and smaller nuclei. Furthermore,
according to this author, there was detected no morphological change during the entire
period of feeding. In an opposite way, Barker et al. (1984) and Needham et al. (1983),
in studies performed with salivary glands of Amblyomma americanum observed
significative changes in the diameter of type I acini during the feeding of ticks.

In granular acini (types Il and Ill) of glands from females of R. (B.)
microplus at beginning of feeding stage, it was possible to identify some cells (b, ci,
C2, C4, and d) according to Binnington (1978) classification who worked with the same
tick species and described the different sizes and histochemical properties of the
granules of each cell type. This author affirmed that after approximately 72 hours of
feeding, the type Il and 111 acini suffer remarkable changes such as reduction (a cell)
and/or size improvement of the cell, loss of cytoplasmic granulation and nuclear
morphology alteration. Likewise the a cell (type Il acinus) the cells d and e (type IlI
acinus), anteriorly with pyramidal form and full of granules, become flattened forming
a fine lay of cells around the wide lumen. In females at beginning of feeding stage
here studied similar morphological results were found, although in a lower time of
attachment, as well as in some partially preserved acini from those semi-engorged

females.
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Beyond these characteristics, in the present study, the a and d cells have
presented nuclei with condensed chromatin pointing a possible and precocious loss of
function related according to Chinery (1973) to the cement production during the first
hours of fixation.

In our laboratory, we verified that the d, e and f cells of type Ill acinus
present replete of secretion granules in the salivary glands of Rhipicephalus
sanguineus females at two days of feeding (Furquim, personal communication),
unlike the results found to R. (B.) microplus who had already lost all of these cells
granulation at both stages here studied.

The presence of interstitial epithelial cells associated to the granular acini in
R. (B.) microplus had been already observed by Binnington (1978) and also for the
species Dermacentor andersoni (Meredith & Kaufman, 1973) and A. cajennense
(Serra-Freire & Olivieri, 1992); these ones would be involved in the control of water
and ions concentration in the individual during the engorgement process. Thus, they
were developed and could be observed in the semi-engorged females in the species
here studied.

The several studies regarding salivary glands of ticks accomplished by
different authors have been mainly focusing on the question concerning the
degeneration process, in attempt to a better understanding of the physiology of such
organs.

Walker et al., in 1985, studied the structural changes that happen in salivary
glands of R. appendiculatus during the feeding process and they verified that the
autolysis of all acini began in the detachment moment of the tick from its host.

L’Amoreaux et al. (2003) studying the salivary glands of D. variabilis in the
searching for programmed cell death characteristics have observed that on the third
day after the detachment of the individuals from their host, there were not signs of
nuclear fragmentation in the cells of the different acini, however, on the fifth day, the
apoptotic cells were already detected and the type Ill acinus was the most affected
one. This work with females of R. (B.) microplus has demonstrated also a higher
quantity of type Il acini on degeneration process corroborating the results with the

ones found to D. variabilis.
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In front of the available data on the literature regarding ixodids, the present
study brings unpublished results that show when begins the process of degeneration of
the salivary glands in R. (B.) microplus. The females with 4-5 days of attachment
show already signals of cell death in these structures before even the ticks’
detachment from their host. However, the literature regarding the ixodids in general
affirms that the process of degeneration only starts after the tick engorgement and
consequent detachment. Some authors that investigated the physiology of ixodids
salivary glands suggest that there was no significative difference in the time of
degeneration of these structures in the genus Amblyomma and Dermacentor
(Kaufman, 1976). This present study allows us to verify the existence of temporal
variations regarding the beginning as well as the length of this event and the fact that
they are specific-species.

According to L’Amoreaux et al. (2003) on 33" day after the detachment of
the tick, that is at the end of the oviposition period, the salivary gland was totally
degenerated being possible to observe the nuclei of excretory ducts cells and some
apoptotic nuclei probably from the cells of type I acini.

Studies performed by Harris & Kaufman (1984) has shown that salivary
glands of semi-engorged females of A. hebraeum are able to degenerate in a period of
between 24 - 48 hours if they are removed from the host after they had reached a
“critical weight” (approximately 300 mg for this species). However, according to
Kaufman & Lomas (1996), this process probably begins after the detachment of the
tick. Other authors, although, registered that the salivary glands would degenerate
only when the females reached the replete weight (and not the critical one) and this
event would be completed in a period of four days after the detachment of the tick
from its host (Sauer et al., 2000).

Based on the terminology “critical weight” adopted by Harris & Kaufman
(1984) the present study with semi-engorged females of R. (B.) microplus,
demonstrates that in this tick species the weight varies around 130 to 250 mg. Besides,
according to Lomas & Kaufman (1992) a protein in the spermatophore transferred to
the female during the copulation hastening the secretion of hormonal ecdysteroid

which is responsible for salivary gland degeneration. Thus, at this feeding stage,
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probably the females had already mated and this event would have stimulated the start
of the degeneration process of the salivary glands.

The application of Feulgen reaction in glands removed from females of R.
(B.) microplus at both feeding stages has evidenced some cells with nuclei presenting
compacted chromatin, especially those already in degeneration process. These same
cells when submitted to Toluidine Blue stain, substance that binds to the phosphate
groups of DNA, would present metachromatic nuclei, that is, a greenish stain, once
the phosphate groups are binded to the histones, therefore, inaccessible to the
molecules of the stain. Our results reveal, in an opposite way, the presence of
orthochromatic nuclei. Similar results were found in larvae silk glands of Apis
mellifera by Silva-Zacarin (2003). According to her, a possible DNA cleavage would
cause the exposition of the histones which during the fixation process of the material
(ethanol: acetic acid) would be extracted, making the phosphate groups available for
binding to the stain.

The types of cell death described until the present days involve processes
widely studied in insects. It has been demonstrated that in silk glands of bees the
process of vacuolization and loss of cytoplasmic volume is started after the releasing
of the product of secretion, allowing additionally the observation of the picnotic nuclei
(Cruz-Landim & Silva de Moraes, 2000). This process starts at the posterior region
and progresses to the anterior region of the gland until it reaches the secretory tubules
(Cruz-Landim & Melo, 1981; Silva & Silva de Moraes, 1999). These same
characteristics were observed in the tick species here studied, where the degeneration
does not happen simultaneously along the entire salivary gland. Furthermore, it makes
clear that the granular acini (more distal ones) are the first ones to degenerate and the
excretory ducts are the last structures to be reached by the process, corroborating to
L’Amoreaux et al. (2003).

Still regarding the insects, an important aspect concerning the mechanism of
cell death is the way the cell glands are affected by the process; the cell glands are not
affected in the same way nor concomitantly by such process meaning that in the same
gland can be present active and inactive cells (Cruz-Landim, 1997; Silva de Moraes,
1998; Cruz-Landim et al., 1999). According to the results here obtained, it is
evidenced that in semi-engorged females not all cells of the granular acini incorporate
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the Nile blue stain, pointing therefore the functional asynchronism. However, Silva de
Moraes (1998) points out that not only living cells exclude the stain, being apoptotic
ones at least in initial stages also able to exclude it while membrane ion-bomb are still
functioning. According to Bursh et al. (1990) the functional asynchronism happens in
cell death via apoptosis where cells respond differently to the degeneration stimulus,
coexisting in the same tissue cells at different stage of apoptosis. Such event was
observed here in the salivary glands of R. (B.) microplus tick females in semi-
engorged stage.

Thus, the present work has shown that the degenerative process of salivary
glands in females of R. (B.) microplus starts precociously if compared to other ixodids
described in the literature until now (Vitzhum, 1943; Till, 1961; Walker et al., 1985;
Sonenshine, 1991; Kaufman & Lomas, 1996; L’Amoreaux et al., 2003), once such
organs begin to loose some of their functions while the ticks are being fed in their
host, differently than other species whose degeneration is started posteriorly to the
engorgement and detachment from their host.

Based on the degenerative characteristics presented in this work and
accepting that the cell death process is part of the ontogenetic development of the
individuals, where cells are programmed to be deactivated in determined moments, it
is concluded that the degeneration of the salivary glands in tick females would
represent a saving of energy for the next activity, that is, the oviposition. This would
avoid consequently the investment in maintenance of organs that would have lost

practically all their functions.
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RESUMO

As glandulas salivares dos carrapatos ixodideos passam por mudancas
marcantes durante o periodo em que estes se alimentam no hospedeiro. O presente
trabalho apresenta as caracteristicas ultra-estruturais das glandulas salivares de fémeas
de Rhipicephalus (Boophilus) microplus e os eventos celulares que ocorrem nos
diferentes acinos durante a alimentacdo. Nesta espécie, os individuos em inicio de
alimentacdo apresentam: acinos tipo | com grande quantidade de mitocdndrias e
imenso labirinto basal nas células periféricas; granulos de secrecdo glicoproteicos
somente nas células b e c3 dos acinos tipo I, tendo as demais perdido a atividade
secretora; células epiteliais intersticiais com labirinto basal desenvolvido entre as
células f, ocupando grande parte do &cino Ill; e detalhes da estrutura dos ductos
excretores. Nas fémeas semi-ingurgitadas, a maioria das células encontra-se em
processo de morte celular, sendo observados no citoplasma muitos vacuolos
autofagicos, lisossomos e figuras mielinicas e nucleos irregulares com condensacao
cromatinica, formacdo de blebs e fragmentacdo, além de corpos apoptoticos de
tamanhos diversos. Nas fémeas desta espécie, a morte celular programada é observada
tanto nos acinos como nos ductos das glandulas salivares, antes mesmo do
desprendimento do carrapato de seu hospedeiro, contrariando o que é descrito na

literatura para as outras espécies.

PALAVRAS-CHAVE: Rhipicephalus (Boophilus) microplus — carrapato-do-boi —

glandulas salivares — ultra-estrutura — morte celular — apoptose.

ABSTRACT

The salivary glands of the ixodids ticks pass by outstanding changes during
the feeding period on the host. The present work shows the ultrastructural

characteristics of the salivary glands of Rhipicephalus (Boophilus) microplus females
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and the cellular events that occur in the different acini during the tick feeding. In this
tick species, the individuals at beginning of feeding present: type | acini with large
amount of mitochondria and a wide basal labyrinth in the peripheral cells;
glycoprotein secretion granules only in the b and cs cells of the type Il acini having
the others lost the secretory activity; epithelial interstitial cells with developed basal
labyrinth between the f cells occupying large part of the type 1l acini; and structural
details of the excretory ducts. In the semi-engorged females, the majority of the cells
is in cell death process being observed many autophagic vacuoles, lysosomes and
myelin figures in the cytoplasm and irregular nuclei with chromatin condensation,
blebs formation and fragmentation besides apoptotic bodies of several sizes. In the
females of this species the programmed cell death is observed in the acini as much as
in the ducts of the salivary glands before the tick detachment from the host,

contradicting what is described in the literature to the others tick species.

KEY WORDS: Rhipicephalus (Boophilus) microplus — cattle-tick — salivary glands —
ultrastructure — cell death — apoptosis.
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INTRODUCTION

Among species belonging to the Ixodidae, the species Rhipicephalus
(Boophilus) microplus, synonymy of Boophilus microplus (Murrel & Barker, 2003) is
the major bovine ectoparasite and has a great veterinary importance due its capacity of
transmiting diseases and causing economical looses.

The salivary glands of female ixodids ticks are important organs that perform
several vital functions which facilitate tick feeding and osmoregulation (Sauer et al.,
1995).

These organs are paired structures and comprised the types I, Il and Il acini
in female. The first one maintains the tick hydration while off-host (Needham et al.,
1990), the types Il and Ill, contain secretion granules and interstitial cells with
ultrastructural characteristics of fluid-transporting cells (Coons & L’Amoreaux,
1986). One of their major functions is to secrete excess fluid from the blood meal
back to the host, resulting in a concentrated meal and regulated hemolymph volume
(Mao & Kaufman, 1999).

According to Weiss & Kaufman (2004), most adult female ixodid ticks
require 6-10 days to engorge fully. The feeding cycle consists of three phases: a
preparatory phase (1-2 days), during which the female establishes a feeding lesion and
secretes a cement-like cone to attach the host’ skin; a slow phase (4-7 days) during
which the female feeds to 10 times her unfed weight; and a 24-36 h rapid phase,
during which female increases her weight a further 10-fold (Balashov, 1972).

Once the ixodid female is replete and detaches from the vertebrate host, the
salivary glands are no longer needed (L’Amoreaux et al., 2003), because it will use
the blood meal to convert to vitellogenin during ovary development (Coons et al.,
1989). According to Harris & Kaufman (1981), reaching the repletion weight these
organs begin to degenerate in Amblyomma hebraeum female tick and some autophagic
vacuoles appear.

The ultrastructure of ixodids salivary glands have been reported by some
authors as Coons & Roshdy (1973), Megaw & Beadle (1979), Walker et al. (1985)

and Krolak et al. (1982), who studied the tick species Dermacentor variabilis,
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Boophilus microplus, R. appendiculatus and Amblyomma americanum, respectively.
In spite of these authors have clearly demonstrated the complexity of the glands, none
of them described degenerative features in these species during the feeding period.

In recent study with salivary glands from D. variabilis replete females,
L’Amoreaux et al. (2003) found apoptotic features beginning at day 5" post-
detachment, being observed the peak of programmed cell death on day 8" which cells
with nuclei containing fragmented DNA were present. These authors suggest that
within the Ixodidae the degeneration process occurs at different rates and it is related
with the 20-hydroxyecdysone levels in the hemolymph (Harris & Kaufman, 1985;
Mao & Kaufman, 1999).

Considering this differential secretory activity among the ixodids ticks
species and that rare studies describes the ultrastructural characteristics of R. (B.)
microplus during its life cycle, this work had as the main objective to describe the
cellular events that happen in the acini of the female salivary glands during two
different stages of feeding, in the attempt of supposing the moment that these organs

begin to degenerate.

MATERIAL AND METHODS

Ten 10 adult females of Rhipicephalus (Boophilus) microplus ticks
parasitizing bovine Bos taurus at the Faculty of Agrarian and Veterinary Sciences /
UNESP - Jaboticabal, S.P., Brazil, being five at early stages of feeding (24-48 hours
of attachment) and five semi-engorged (4-5 days of attachment) ones were used for
this work. In this study, we considered females at the beginning of feeding stage those
whose weigh was lower than 0.03g, and partially fed whose weigh was around 0.13g
and 0.25g. Equipment in the Electron Microscopy Laboratory of the Biology
Department at the Bioscience Institute, UNESP — Rio Claro, SP, Brazil, was utilized
throughout the study.

Individuals were maintained under refrigeration (4°C) for thermal shock
anesthesia and the salivary glands were removed in buffered saline solution (NaCl 7.5
g/L, Na;HPO, 2.38 g/L e KH,P0,2.72 g/L, pH 7.2).
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The salivary glands were fixed in 2.5% glutaraldehyde fixative solution in
0.1M cacodylate buffer (pH 7.2) for 24 hours, at 4°C. Two 15-min washes in
cacodylate buffer followed this process. Post-fixation was performed in 1% osmium
tetroxide in 0.1M cacodylate buffer for 2 hours, in the darkness followed by another
two 15-min washes in the same buffer. For contrast, the material was immersed in a
solution of 2% uranyl acetate in acetone during 2 to 4 hours in the darkness. The
dehydration was performed in a graded 50-100% acetone series. Then, the material
was embedded in Epon resin diluted in acetone (1:1) for 12hours, included in pure
Epon resin and incubated at 60° C for 48 hours. Afterwards, polymerized ultrathin
sections were obtained with ultramicrotome and stained with Azur Il (1%) and
Methylene Blue (1%).

Grids containing ultrathin sections of the material were contrasted with
uranyl acetate and lead citrate for 45 minutes and 10 minutes, respectively. Then,
they were analysed and photographed in a PHILLIPS TEM 100 Transmission
Electron Microscopy.

RESULTS

The ultrastructural characteristics of the acinar cells of females Rhipicephalus
(Boophilus) microplus salivary glands at beginning of feeding and semi-engorged
ones were presented in the Tables 1 and 2, respectively, for a better understanding.

In individuals at beginning of feeding just few granule secreting cells of types
I1 (b and c3 cells) and 11 acini (e and f cells) could be identified because most of them
had already lost its characteristic granules which allows the cell types classification (x
and y cells are non-identified cells here observed).

In the semi-engorged females, the salivary glands are degenerating which
become impossible the identification of the different cellular types. Thus, to the
analysis, the ultrastructural characteristics of the cytoplasm were separated according

to the cell regions and, the nuclear ones were based in the integrity stages.
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Table 1: Ultrastructural characteristics of the salivary glands acinar cells of the Rhipicephalus (Boophilus) microplus females at beginning of feeding.

TYPE I ACINUS

TYPE Il ACINUS

TYPE 111 ACINUS

Epithelial

DUCTS

. interstitial cells .
Organelles rounded central _ Cubic b c < y' e f (present in the types | - Cu_blc
cell peripheral cells 11 and 111 acini) epithelial cells
\/acuoles ++ ++ ++ + +++ ++ +++ ++ + +
(Fig. 1A) (Fig. 1C) (Figs. 1E, G) (Fig. 1J) (Fig. 1L) (Fig. 1M) (Fig. 1N) (Fig. 1 0) (Fig. R)
Lysosomes iy - * - - ++ - * -
y (Fig. 1A) (Fig. 1F) (Fig. IN) (Figs. 10, P)
+ +++ + ++ +t ++ + + ++ ++
Mitochondria (Fig. 1A) several shapes (Fig. 1E) several shapes (Fig. 1L) several shapes  rounded elongated several shapes rounded
g (Figs. 1B, C) g (Figs. 13, K) g- (Fig. 1M) (Fig. 1N) (Fig. 1 0) (Figs. 10, P) (Fig. R)
. . ++
$ Myelin figures - (Figs. 1B, C) - - - - - - -
T |Ribosomes ++ ++ ++ +++ +++ +++ ++ ++ ++ ++
') : (Fig. 1A) (Fig. 1C) (Figs. 1D, E) (Fig. 13, K) (Fig. 1L) (Fig. 1M) (Fig. 1N) (Fig. 1 0) (Fig. 1P) (Fig. S)
P | Endoplasmic ++ e +++ rough o o
L | reticulum vesicular rough + vesicular rough vesicular/lamellar  vesicular rough  vesicular rough — - - +
A (Figs. 1D, E) (Figs. 11, J, K) (Fig. 1L) (Fig. 1M)
S Golgi complex - - - ot - * - - - -
M grcomp (Figs. 13, K) (Fig. 1M)
- +++granules: ++
lveonrotein protein, + accumulation —or
Secretion - - gr)z;nuFl)es polysaccahydae, protein granules of granular - rare glycoprotein — -
?Fi 1D) glycoprotein substance granules
g (Figs. 1H - K) (Fig. 1M)
Membrane +++ extensive +++ extensive : ga?c?;l
specialization - basal labyrinth — - - - - - labyrinth basal +1 tp |
P (Figs. 1B, C) (Fig. 1 0) latera
(Figs. 1R, S))
oval
round/ oval round/ oval round round S - oval round/ oval
Shape (Fig. 1A) (Fig. 1B) (Fig. 1H) (Fig. 1L) round irreqular limit 0 ' o) (Fig. 1R)
(Fig. 1 0)
N P i +++ +++ +++ +++ t +++ +++ +++
y |Freservation (Fig. 1A) (Fig. 1B) (Figs. 1H, J) (Fig. 1L) (Fig. 10) (Fig. 10) (Fig. 1R)
. dispersed dispersed dispersed dispersed : dispersed dispersed dispersed
|IE Chromatin (Fig. 1A) (Fig. 1B) not observed (Figs. 1H, J) (Fig. 1L) dispersed not observed (Fig. 10) (Fig. 10) (Fig. 1R)
U Pores +++ +++ +++ +++ . +++ + ++
S (Fig. 1A) (Fig. 1B) (Fig. 1H) (Fig. 1L) (Fig. 1 0) (Fig. 1R)
++ with the
Nucleoli not observed not observed not observed not observed not observed granular and not observed not observed
fibrillar regions

— (absent structure)

+ (rarely present structure; not preserved);

++ (present structure; semi-preserved);
+++ (frequently present structure; preserved)

X" and y” (observed cells, but of non-identified types)
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Table 2: Ultrastructural characteristics of the acinar cells of semi-engorged female salivary glands of Rhipicephalus

(Boophilus) microplus.

Region / Observed

Apical-medial region

Basal-medial region

Epithelial cells of excretory

ZOP>PrTO-H<0

Structures ducts
Vacuoles ELFTg: 2A-D) ZrFTg: 23, K, M) ELFTg: 2P, Q)
Lysosomes EII-:-i'-g:_ 2D-F) z:g 2K) N
Mitochondria a—:g 2C) ZI_:Tg 2L) ZI-:igs. 2P, Q)

Myelin figures ELFTQI 28) ZrFTg: 2M, N) -
Ribosomes szig_ 2A) ZI-:igs, 2L, M) szTg 2Q)
Endoplasmic reticulum ZI-:ig. 2D) - a:ig_ 20)
Golgi complex - - -

+

Secretion

Membrane specialization

accumulation of probable
polysaccahydae granules
involved by membrane
(Fig. 2G)

++ microvilli and/or

— microvilli and/or
microvilli retraction

+ interdigitation in cells

+ interdigitation in cells
contact
+++ disorganized basal

++ microvilli in the apical
portion
++ invaginated basal plasmic

contact labyrinth membrane
(Figs. 2H-) (Figs. 2K, M) (Fig. 2P)
P ++
Microfilaments (Fig. 2J) - +
; ++
Retraction - (Fig. 2 0) B
Stage | - round - irregular limits
(Figs. 3A, B) - semi-preserved
- a little irregular limits - condensed chromatin adhered
a - dispersed chromatin and part adhered to the envelope to the inner membrane
> - envelope pores
m - evident nucleoli - blebbing of nuclei parts
L
N| & . - .
ul = Stage 11 - irregular limit - +++ nucleoli
c > (Figs. 3C-E) - chromatin condensation
Ll - chromatin adherence to nuclear envelope (Fig. 30)
S Stage 111 - large chromatin masses near to envelope
S (Figs. 3F-H) - presence of nucleolar granules
- beginning of blebs formation due to membrane dilatation
a Stage IV - release of chromatin masses involved by membrane
= (Figs. 3I-L)
<
o
L
4 Stage V - nuclear fragments involved by cytoplasm (apoptotic
§ (Figs. 3M, N) bodies)

— (absent structures)

+ (rarely present structures)

++ (present structures)

+++ (frequently present structures)
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FIGURE 1:

Ultrastructural characteristics of the salivary glands cells of Rhipicephalus
(Boophilus) microplus females at beginning of feeding. A-C. Type | acinus. Observe
in A, the central cell cytoplasm and nucleus (n) and in B e C, a detail of peripheral
cells with many mitochondria (m) among the basal labyrinth (bl) membranes. D-M.
Type Il acinus. D-G. Details of b cell cytoplasm with glycoprotein secretion granules
(sg), vesicular rough endoplasmic reticulum (vrer) and some vacuoles (va). H-K. ¢
cell containing great quantity of rough endoplasmic reticulum and Golgi complex
(gc) beyond secretion (se). L-M. Non-identified cells (x e y, respectively), where
several vacuoles (va) and little secretion are observed. N-Q. Type Il acinus, with
cell containing many vacuoles (va) and lysosomes (ly) and few organelles. In N and
P, detail of e and epithelial interstitial cells (ic) cytoplasm, respectively. Observe in
Q, microfilaments (empty arrow) and microvilli (mv) in the cells that surround the
acinus lumen. R-S. Excretory duct cells (dec) with membrane specialization (bl=
basal labyrinth, i= cells interdigitation and apical microvilli). T. Detail of intra-acinar
valve (V) present in the granular acini.

mf= myelin figures, r=ribosome, full arrow= nuclear pore, Irer= lamellar rough
endoplasmic reticulum, fc= f cell, pc= procuticle, ep=epicuticle, *=oval structures in
the procuticle limit.

Bars: A, J, Q, T=1um; B, H, O, R=2um; C, D, E, I, K, L, M, N, P, S= 0.5um; F=
0.1pum; G=0.2pum.
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FIGURE 2:

Ultrastructural characteristics of the acinar cells cytoplasm of the salivary glands of
semi-engorged Rhipicephalus (Boophilus) microplus females. A-J. Apical-medial
region of the cells. Observe the vacuoles (va) and lysosomes (ly) presence. Some
cells possess microvilli (mv) while in other these structures retracted (mr) or have
been lost (full arrow). K-O. Basal-medial region of the cells, where myelin figures
(mf), disorganized basal labyrinth (bl) of the epithelial interstitial cells and
cytoplasmic retraction (cr) are observed. In P-Q, the excretory duct cells with
vacuoles and alterations in the membrane specializations.

er= endoplasmic reticulum, m=mitochondria, r=ribosomes, sg= secretion granules,
i=interdigitation, empty arrow= microfilaments, Irer= lamellar rough endoplasmic
reticulum, n= nucleus.

Bars: A, C-G, I-N, Q= 0.5um; B, H= 1um; O, P=2um.
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FIGURE 3:

Ultrastructural characteristics of the acinar cells nuclei (n) of the salivary glands of
Rhipicephalus (Boophilus) microplus semi-engoged females. A.B. Stage | (I): semi-
preserved nuclei. C-E. Stage Il (11): beginning of chromatin (cr) condensation and
its adhesion to the irregular (arrow) nuclear envelope (ne). F-H. Stage 11 (111):
observe the beginning of blebs (b) formation and the presence of nucleoli granules
(ng) adhered to chromatin. I-L. Stage IV (IV): Releasing of nuclei fragments (nf)
involved by membrane. M.N. Stage V (V): apoptotic bodies (ab) formation. In N,
detail of the apoptotic body content. O. Detail of semi-preserved nucleus of a duct
epithelial cell where it is observed the irregular nuclear envelope and peripheral
chromatin condensation.

c= cytoplasm, nu= nucleolus, va= vacuoles, mf= myelin figures, m= mitochondria.
Bars: A, D, F, G, I=2um; B, C, K, M=1um; E, H, J, L, N, O=0.5um.
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DISCUSSION

Females at beginning of feeding (24-48 hours of attachment):

The ticks’ ability to survive long periods without feeding is related with the
fact of they have the hydric balance assured by their capacity to absorb water from
the unsaturated air (Sigal et al., 1999). According to data from literature, tick through
the type | acinus from the salivary gland secret, by active transport, salts from
hemolymph that are concentrated at the oral region until the re-hydration and further
reabsorption of atmospheric humidity (Needham & Teel, 1986).

In females of Rhipicephalus (Boophilus) microplus at beginning of the
feeding stage, the peripheral cells of the type | acinus have an extensive basal
labyrinth delimiting spaces that are occupied by several mitochondria, confirming
this function, once similar organization is also found in vertebrates ion transporting
cells — a process that require considerable amount of energy (Junqueira & Sales,
1975). In these same females, the central cell, which surrounds the excretory duct of
the type I acinus, presents little quantity of organelles, therefore, suggesting that they
have an auxiliary function in the collected fluid from the hemolymph by the
peripheral cells and sent to the acinar duct.

Walker et al. (1985) studying R. appendiculatus have observed that at the
initial feeding stages, both types of cells of the type | acinus have presented little
endoplasmic reticulum as well as lipids droplets and glycogen granules, these last
ones serving as energetic reservoir. In this study, however, there were not found
lipids and glycogen in the cytoplasm of these cells of females at beginning of feeding
stage; being more frequent the presence of vacuoles and lysosomes.

Beyond the fluid excess, the saliva of ticks, which is produced in the
granular acini contain bioactive proteins and lipid molecules with several
pharmacological properties that act against the host defense mechanism in response
to the fixation (Bowman et al., 1997).

According to Binnington (1978) in light microscopy study, after 72 hours of
attachment of Boophilus microplus ticks, the morphology of type Il acinus has

suffered remarkable morphological changes, where only inside the b and c3 cells was
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observed the cytoplasmic granulation; the remaining cells (a, ¢;, ¢; and c¢4) had
already lost their granules at the same period. The ultrastructural results here
obtained for R. (B.) microplus females with 24-48 hours of attachment have
demonstrated, in type Il acini, the presence of glycoprotein granules at different
stages of maturation in b cells, and in c3 cell beyond glycoprotein granules, only the
protein and polysaccharide ones were observed; the remaining cells (a, ¢i, ¢, ¢4) had
already lost their granulation, despite of the different time of attachment observed by
Binnington (1978). The presence of rough endoplasmic reticulum and Golgi complex
in the b and c3 cells demonstrates that they are still active in the protein synthesis
both structural and for exportation. However, the little quantity of mitochondria
indicates the synthesized protein probably will not be exported, a process that would
demand a high consumption of energy. According to Walker et al. (1985), the
morphology and the level of b and c cells activities of type Il acini seem to vary
according to the host immune response. This variation could explain, therefore, the
results here found for females of R. (B.) microplus at the initial feeding stage (with
24-48 hours) because the presence mainly of glycoprotein granules in these cells
could point their participation in the host response manipulation, as the increased
vascular permeability at the lesion (Geczy et al., 1971), the enzymatic inhibition
(Willadsen & Riding, 1980), the immunosuppression (Wikel, 1981), the
inflammation (Higgs et al., 1976) and the histamine blockage (Chinery & Ayitey-
Smith, 1977).

The a cells (type Il acinus) and the d cells (type Il acinus) both located
adjacently to the acinar ducts of the salivary glands of ticks in general and that
contain characteristically lipoprotein granules with internal subunits were not
identified in this study because the same cells would have lost their characteristic
shapes and functions. Some authors have suggested that these cells, collectively to
the e cells from type 11l acinus would be responsible for the cement production for
the tick fixation on the host (Walker et al., 1985) what would be used in the
beginning of the feeding process.

The type Il acinus of salivary glands would be responsible for the
osmoregulation during the tick feeding process (Tatchell, 1969), and the f cells

would accumulate and secrete electrondense granules during the first 72 hours of
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feeding in Dermacentor variabilis (Coons & L’amoreaux, 1986). In R. (B.)
microplus, the f cells as well as the e ones identified in this study according to their
positions in the acinus have demonstrated, beyond the absence of cytoplasmic
granulation, rare organelles and large amount of autophagic vacuoles. According to
Walker et al. (1985) the e and f cells would contain enzymes that would help in the
penetration and fixation of the cement, therefore at the initial feeding stage of the
individual, they would have lost their function.

The interstitial epithelial cells of the types Il and 11 acini are described as
having ultrastructural characteristics of carrier cells (Coons & L’Amoreaux, 1986).
In this study, such cells have presented an extensive basal membranous labyrinth that
conferred an increase in the superficial area indicating the main function of these
acini, mainly the type 11l one, in the osmotic regulation of salivary glands of R. (B.)
microplus. The mitochondria, specially located in the membranous labyrinth,
confirm the need of energy to absorb elements that circulate in the hemolymph.

The excretory ducts observed in the salivary glands of R. (B.) microplus
females at the initial feeding phase have presented the same structure described by

Balashov (1983) for ixodid ticks in general.

Semi-engorged females (4-5 days of attachment):

Salivary glands’ studies of R. appendiculatus tick females have shown, two
days after finished the engorgement, that the majority of cytoplasmic granules
disappear concomitantly with the appearance of remarkable degenerative cells
changes, such as the presence of a large number of phagocytes from the body cavity
among the degenerating acini (Till, 1961). In this tick species females in oviposition,
these glands already reached the complete degeneration remaining only the ducts and
masses of connective tissue. L’Amoreaux et al. (2003), nevertheless, in studies of D.
variabilis females found the cells of the types Il and IIl acini in process of
programmed cell death identified as type 1 only from the fifth day after the tick
detachment from its host while the degeneration in type | acini cells was observed
only from the 33" day. In R. (B.) microplus semi-engorged females here studied, the
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salivary glands already presented the indicative characteristics of cell death in all
acini observed as well as in the majority of the ducts, demonstrating that the process
of glandular degeneration in this tick species occurs precociously when compared to
others ixodids.

The present study has identified significative structural changes in the
salivary ducts of R. (B.) microplus, refuting the observations of Till (1961) for
completely engorged females of R. appendiculatus, even after the detachment from
their hosts. L’Amoreaux et al. (2003) studying females of D. andersoni on the 33™
day after the detachment have verified presence of still preserved nuclei in the cells
of the excretory ducts, suggesting that in this tissue of this tick species there is cell
death by necrosis. In R. (B.) microplus, it is little probable the occurrence of necrosis
in the glandular ducts once there were not observed the typical cytoplasmic
characteristics of this process; oppositely, the presence of irregular nuclei with little
accumulation of chromatin close to the nuclear envelope suggests that in this species
the cell death happens by apoptosis.

Still concerning the semi-engorged females of the species in subject, the
cytoplasm of central and peripheral cells from the type | acinus as well as the
epithelial cells from the ducts present signs of cell death with presence of rare active
organelles, many vacuoles containing material under digestion and disorganized
basal labyrinth, despite the nuclear alterations, differently of the observations in
females at initial feeding stage.

The cell death process by apoptosis is defined by a series of morphological
alterations in the cell, which looses its adherence with the surrounding cells and/or
with the extracellular matrix. The cytoplasm suffers condensation and the chromatin
agglutinates forming one or more masses in the internal surface of the nuclear
envelope. Afterwards, the cell forms blebs, and finally, the fragments of the
cytoplasm are removed by phagocytes (Zakeri & Lockshin, 2002). In semi-engorged
females of R. (B.) microplus, the glandular cells under degeneration do not loose the
adhesion, keeping consequently the acinus structure in the same way that the cells
from the hypopharyngeal gland of Apis mellifera studied by Silva de Moraes (1998).
Furthermore, the secretory cells of R. (B.) microplus are presented at different

apoptosis stages, being found a range of cells from those with nuclei here classified
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as in stage | (see table 2), similar to those ones found by Dai & Gilbert (1997) in the
degeneration of the prothoracic gland of Manduca sexta, until those ones with nuclei
in stage IV. In R. (B.) microplus, nevertheless, there was not observed the
participation of phagocytes during the degenerative process, corroborating with Silva
& Silva de Moraes (1999), Cruz-Landim & Silva de Moraes (2000) and Furquim et
al. (2004), in study of salivary, silk and hypopharyngeal glands of Apis, respectively,
where cell remains were kept in the individuals.

Some nuclei of glandular cells of R. (B.) microplus semi-engorged females
showed already fragmented nucleoli with portions adhered to the masses of
condensed chromatin, a typical characteristic of apoptotic cells (Schwartz &
Osborne, 1995).

According to Bowen & Bowen (1990), the cell membrane specializations
are, in general, lost during the apoptosis process, might occurring in the cytoplasm
the vesiculation of the endoplasmic reticulum, even the mitochondria and ribosomes
keep intact their structures.

In R. (B.) microplus, some cells of glands under degeneration have kept
their membrane specializations. However, the basal labyrinth of peripheral cells of
type | acinus, interstitial epithelial cells, and the cells from the excretory ducts have
presented already disorganized. Furthermore, some cells still presented microvilli,
while others retracted these specializations and some have lost them. Sehnal & Akai
(1982) also observed in the degenerating silk gland of Galleria mellonella, the
cellular membrane specialization retraction of the basal portion and the
disappearance of the microvilli of the cell apices. In a similar way, Silva-Zacarin
(2003) observed in larvae of Apis at beginning of the pre-pupa stage the total
absence of microvilli in the silk gland cells, a fact interpreted by the author as the end
of the secretory vesicles elimination process due the cellular failure.

In general, the mitochondria found in all cells of the salivary glands of R.
(B.) microplus females have presented preserved, including those under apoptosis,
with defined crests and electrondense matrix, corroborating Zakeri et al. (1993).

Concerning the rough endoplasmic reticulum, frequently observed in the
majority of the secretory gland cells in R. (B.) microplus females at the beginning of

the feeding stage predominate under vesicular shape. Registers made by Silva de
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Moraes & Bowen (2000) with degenerating hypopharyngeal glands have also shown
endoplasmic reticulum with dilated cisterns, conferring to it a vesicular shape,
therefore, suggesting that in the beginning of the feeding stage, some cells already
presented signs of degenerative process. Dai & Gilbert (1997) verified in prothoracic
glands under degeneration of M. sexta the disappearance of this organelle.

Cruz-Landim & Silva de Moraes (1977) observed in hypopharyngeal glands
of Melipona workers the presence of myelin figures, and they have suggested that
these structures are characteristic of cells under degeneration as well as frequently
observed in glandular cells of semi-engorged females belonging to the R. (B.)
microplus species, showing that these organs already lost most of their functions.

Beyond the apoptotic characteristics already described regarding the
salivary gland cells of semi-engorged females of R. (B.) microplus, autophagic
vacuoles and lysosomes were also observed, suggesting that in the glandular
degenerative processes of this species would be also involved the cell death
classified by Clarke (1990) as type 2 or autophagic. However, despite the nuclear
picnosis, there was observed the chromatin marginalization, a typical characteristic
of the apoptotic process (Beaulaton & Lockshin, 1982), determining the
improbability of the occurrence of type 2 cell death in salivary glands of this tick
species. Dai & Gilbert (1997) also found autophagic vacuoles in degeneration
prothoracic of M. sexta and they suggested that these structures are found present in
the first stages of cell death by apoptosis. In 1990, Clarke pointed the difficulty of
interpretation of the exactly type of cell death occurs during the degeneration
processes, once some cells combine characteristics of more than one type, as
observed in some studies of insects by Silva de Moraes & Bowen (2000) and
Reginato & Cruz-Landim (2002).

Coons & L’Amoreaux (1986) studying D. variabilis during the period of
rapid engorgement while females were still on the host, observed that the f cells and
some interstitial epithelial ones have shown signs of autophagy. Those authors
suggested that the tick coupling or detachment would be necessary for onset of the
salivary gland degeneration. Concerning the case of semi-engorged females of R.

(B.) microplus here studied, it is suggested that substances are released during the
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coupling triggering the glandular cell death, as the total engorgement and consequent
detachment have not occurred yet.

Recently, L’Amoreaux et al. (2003) demonstrated the morphological
evidences of salivary gland degeneration of D. variabilis females and they have
verified that this process involves programmed cell death. However, on the others
species, there are not works that show the details of the degeneration cell events,
being only affirmed that this process happens after the detachment of the tick from
its host. Therefore, this work brings the first ultrastructural data that describe and
characterize the study of the degenerative process in the salivary glands of R. (B.)

microplus.
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RESUMO

O presente estudo investiga a presenca e a localizacdo da fosfatase acida a fim
de verificar a atividade litica nas glandulas salivares de carrapatos fémeas de
Rhipicephalus (Boophilus) microplus durante o processo de alimentacdo. A atividade
da ATPase também foi analisada para evidenciar a participacdo desta enzima. As
fémeas semi-ingurgitadas demonstraram uma maior quantidade de fosfatase acida
quando comparadas aquelas no inicio de alimentacdo, sendo localizada
principalmente na porcédo apical das células secretoras e no labirinto basal das células
intersticiais dos acinos granulares (tipos Il e 1l1). As observacdes ultra-estruturais
demonstraram a presenca desta enzima hidrolitica também nos granulos de secre¢do
e no interior de alguns ndcleos das células secretoras provenientes de fémeas em
inicio de alimentacdo. A fosfatase acida observada principalmente sob a forma livre
no citoplasma das células tem, provavelmente, origem nos ribossomos ou na
hemolinfa e participa do controle da secrecdo das glandulas salivares. A presenca da
ATPase foi detectada na membrana basal de todos os tipos de &cinos e/ou no
citoplasma das celulas secretoras das fémeas em ambos estagios de alimentacao,
entretanto, um decréscimo na atividade ATPasica foi encontrado durante o avanco da
alimentacdo. As atividades tanto da fosfatase 4cida como da ATPase encontradas nas
glandulas salivares das fémeas semi-ingurgitadas confirmam a ocorréncia da morte
celular por apoptose e descartam a necrose e/ou morte autofagica durante o processo

degenerativo, nesta espécie de carrapato.

PALAVRAS-CHAVE: Rhipicephalus (Boophilus) microplus — carrapato-do-boi —

glandulas salivares — histoquimica — citoquimica — fosfatase acida - ATPase.

ABSTRACT

The present study investigates the acid phosphatase presence and its

localization aiming to verify the lytic activity in the salivary glands of Rhipicephalus
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(Boophilus) microplus females tick during the feeding process. The ATPase activity
was also analyzed to show this enzyme participation. Females at semi-engorged
stage showed a larger amount of acid phosphatase when compared to those at
beginning of feeding, localized mainly in the apical portion of the secretory cells and
in the basal labyrinth of the granular acini (types Il and Ill) interstitial cells. The
ultrastructural observations demonstrated the presence of this hydrolitic enzyme also
in secretion granules and inside some nuclei of the secretory cells from females at
beginning of feeding. The acid phosphatase mainly observed under free form in the
cytoplasm has probably hemolymph capture and/or ribosome origin and participates
of the salivary glands secretion control. ATPase presence was detected in basal
membrane of all acini types and/or in the cytoplasm of the secretory cells of females
at both feeding-stages, however, a decrease in ATPase activity was found during the
feeding process. The acid phosphatase and ATPase activities found in the salivary
glands of semi-engorged females confirm the occurrence of cell death by apoptosis
and discard the necrosis and/or autophagic ones during the degenerative process in

this tick species.

KEY WORDS: Rhipicephalus (Boophilus) microplus — cattle-tick — salivary glands —

histochemistry — cytochemistry — acid phosphatase - ATPase.
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INTRODUCTION

Great interest has been sparked in studying ixodid salivary glands
physiology and salivary glands secretions during feeding of the tick due to the
prolonged period of its attachment, the extensive changes that these structures
undergo during the feeding and the ability of ixodids to transmit a wide range of
pathogens through these organs (Sauer et al., 2000).

The salivary glands in tick female degenerate when she reaches her repleted
weight and is almost complete within four days following detachment from the host
(Sauer et al.,, 2000). L’Amoreaux et al. (2003) found that salivary glands
degeneration of adult engorged female Dermacentor variabilis involves, at least in
part, type 1 programmed cell death and suggested that within the Ixodidae, these
organs involution may proceed at greatly different rates.

Some studies have demonstrated that salivary glands of Rhipicephalus
(Boophilus) microplus females are degenerating at semi-engorged stage and probably
by an apoptotic process (Nunes et al., 2005).

According to Bowen & Bowen (1990), apoptosis is an energy (ATP)
dependent process that would be involved in endonuclease activation leading to
chromatin fragmentation. In the other hand, the loss of selective permeability of
plasmic membrane and later damage in mitochondrial functions that occurs in
necrosis, cause the decrease of the ATP production (Trump et al., 1981). Decreasing
in the enzymes related to energy metabolism has already been mentioned a long time
ago (Weber, 1969).

Acid phosphatase activity is usually utilized to characterize lytic activities in
cell histolysis (Bowen & Bowen, 1990) once it is pointed out to be related to the
tissue degeneration event (Cruz-Landim & Melo, 1981). The role ascribed to acid
phosphatase activity is varied but falls into two basic types, lysosomal and non-
lysosomal free hydrolase leading to cell autolysis. A range of distribution patterns
can be seen, extending from a limited activity, associated with ribosomes to an
extensive distribution being found, before cell disruption, throughout the cytoplasm,

in the lysosomes and Golgi complex (Bowen & Bowen, 1990).
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Some histochemical studies determined the lysosomal and free phosphatase
activity in the insects’ haemocytes, salivary glands and fat body (Armbruster et al.,
1986; De Priester et al., 1979). Cytochemical analyses of this enzyme demonstrating
physiological cell death were also employed in larval salivary glands of Drosophila
melanogaster (Jones & Bowen, 1993).

Ryder & Bowen (1975) have recommended the substrate p-nitrophenyl
phosphate as a good marker for cell death; it demonstrates the intracellular sites of
lysis and has a broad specificity picking up a wide range of iso-enzymes.

Therefore, in the present study the localization of acid phosphatase was
investigated using a combination of histochemistry and ultrastructural cytochemistry
in search of verifying the lytic activity that occurs in the salivary glands of R. (B.)
microplus female tick during the feeding process. Moreover, the ATPase activity was
investigated in order to show this enzyme participation and its relation with the

physiological changes that would occur during the same feeding period.

MATERIAL AND METHODS

Adult females of Rhipicephalus (Boophilus) microplus ticks parasitizing
bovine Bos taurus at the Faculty of Agrarian and Veterinary Sciences / UNESP —
Jaboticabal, S.P., Brazil, at beginning of feeding (24-48 hours of attachment) and
semi-engorged (4-5 days of attachment) have been used for this work. In this study,
we considered females in the beginning of feeding stage those whose weigh was lower
than 0.03g, and partially fed whose weigh was around 0.13g ad 0.25g. Approximately
20 ticks of each feeding stage were sampled for histochemistry and ultrastructural
cytochemistry. Equipments in the Histology and Electron Microscopy Laboratories of
the Biology Department at the Bioscience Institute, UNESP — Rio Claro, SP, Brazil,
were utilized throughout the study.

The salivary glands were removed in saline solution (NaCl 7.5 g/L, Na,HPO,
2.38 g/L and KH,PO,42.72 g/L, pH 7.2) and utilized in the following techniques:
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Histochemistry

- Acid Phosphatase Localization (According to Hussein et al., 1990)

After the fixation for 1 hour and 30 minutes at 4°C in 9:1 v/v mixture of 10%
neutral buffered formalin and acetone, the salivary glands were washed in 0.05 M
acetate buffer (pH 4.8) and incubated at 37°C for 45 minutes in a medium containing:
3mg of naphtol AS-TR phosphate dissolved in 2 drops of dimethyl sulphoxide
(DMSO) buffered with 10mL acetate buffer (0.05M, pH 4.8). To this was added 0.2
mL of 10% manganous chloride and finally 6 mg of Fast Red Violet LB Salt. A no-
substrate control was carried out. Dehydration was made in a graded 70-95% ethanol
series and the inclusion was performed in Leica resin. Sections of 6 um thickness
were collected and placed on glass slides and counter-stained with Hematoxylin.

After dehydration some salivary glands were separated and observed at total

set view.

- ATPase Localization (According Hussein et al., 1990)

The salivary glands were fixed in 0.5% glutaraldehyde in 0.2M cacodylate
buffer at 4°C, pH 7.2 for 1 hour. Afterwards, the material were incubated for 48
minutes at 37°C in the medium: Tris-maleate (200mM, pH 7.2), ATP (5mM),
MgSQO, (5mM), KCI (15mM), CaCl, (10mM), lead acetate (4mM), sucrose (160mM).
The tissues were washed in Tris-maleate buffer for 5 minutes at 4°C, fixed in 9:1 v/v
mixture of 10% neutral buffered formalin and acetone for 20 minutes, dehydrated in
a graded 70-95% alcohol series, and included in Leica resin. Sections of 6 pum
thickness on glass slides were submitted to 1% ammonium sulphete solution for 5
minutes and counter-stained with Hematoxylin.

Controls tissues were incubated in medium without ATP.
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Cytochemistry

- Acid Phosphatase Localization (Modification of Ryder and Bowen, 1975)

The salivary glands were fixed in 2.5% glutaraldehyde in 0.1M cacodylate
buffer at 4°C, pH 7.2 for 1 hour, washed in 0.05 M sodium acetate buffer (pH 4.8)
and incubated, for 2 hours, at room temperature, in a medium containing: p-
nitrophenyl phosphate (5mg), 0.05 M acetate buffer (10 mL, pH 4.8) and lead acetate
(5mg). After incubation the glands were washed in 0.1M cacodylate buffer (pH 7.2)
for 30 minutes before post-fixing in Millonig’s osmium tetroxide for 1 hour at 4°C.
The dehydratation was performed in a graded 50-100% acetone series and then, the
material was embedded in Epon resin diluted in acetone (1:1) for 12 hours, included
in pure Epon resin and incubated at 60° C for 48 h. After polymerized ultrathin
sections were obtained with ultramicrotome and the grids were analyzed and
photographed in a PHILLIPS TEM 100 Transmission Electron Microscopy.

As controls, tissues were incubated in the above cited medium from which

the substrate p-nitrophenyl phosphate had been excluded.

RESULTS

Acid Phosphatase Localization

The acid phosphatase technique applied in the light microscopy has
demonstrated the lytic activity of acinar cells of salivary glands of Rhipicephalus
(Boophilus) microplus females at beginning of the feeding stage and semi-engorged

ones.
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- Total Set View:

In females at beginning of feeding stage, it is detected the strongly positive
marking in the acini from the distal region where there is the predomination of
granular acini (types Il and I11) (Fig. 1A). In the salivary glands from semi-engorged
females a strong positivity is observed in all acini types as well as in the excretory
ducts (Fig. 11).

- Histological Sections:

In the salivary glands of females at beginning of feeding the agranular acini
(type 1) present negative or weakly marked as reddish precipitates distributed in
peripheral cell cytoplasm (Fig. 1C).

Among the granular acini (types Il and I11) of females at this same feeding
stage, it is possible to observe the intense activity of acid phosphatase in the type Il
acinus, where it is verified the largest concentration of enzymes at the apical portion
of the secretory cells, despites the weak positivity in the basal portion of interstitial
epithelial cells (Fig. 1D). The type Ill acini present weak positivity through all
cytoplasm of some cells (Fig. 1E).

In the salivary glands of the semi-engorged females, the agranular acini (type
I) are negative (Fig. 1K), in contrast to the granular type Il acini that demonstrate
strong positive reaction in some secretory cells and mainly at the apical region (Fig.
1L).

The granular type Il acini present weak positivity mainly at the apical
portion of the secretory cells as well as inside the acinar lumen (Fig. 1M).

In none of the feeding stage here studied, concerning the light microscopy, it
is observed the presence of this enzyme in the cells of the excretory ducts.

- Ultrastructural Detection:

Erika Takagi Nunes



Capitulo 4 96

Through the p-nitrophenyl phosphate technique for electron microscopic
localization of cellular sites with acid phosphatase activity, it is possible to observe
in the salivary glands of females at beginning of feeding stage, the slightly positive
marking in the cells of type I acinus and in the excretory ducts as black precipitates
spread in the cytoplasm (Fig. 2A). Strongly positivity is found in secretory cells of
the type Il acini, where the acid phosphatase is detected in varied amounts inside
some types of secretion granules, free in the cytoplasm among granules, in the
lysosomes as well as in the basal membranous labyrinth. However, no labelling in
the mitochondria and in the endoplasmic reticulum were observed (Figs. 2B, C, D,
E). The interior of some nuclei presented some sites of activity (Fig. 2B); however,
among others, it is only observed some unspecific precipitates caused by the lead
acetate (Fig. 2D), also present in the control (Fig. 2K).

The secretory cells of the type Ill acini demonstrate acid phosphatase
activity in some nuclei, probably from the f cells, despite the little cytoplasmic
marking close to the membrane of e cells (Figs. 2F, G, H). In the interstitial epithelial
cells of type Il acini, the activity is observed mainly in the basal membranous
labyrinth (Figs. 2F, H). The granules of secretion present in the secretory cells of this
acini type are negative to the test (Figs. 2G).

In the type | acini of salivary glands of R. (B.) microplus semi-engorged
females, the ultrastructural cytochemistry evidences the presence of free acid
phosphatase in the cytoplasm of secretory cells mainly among the membranes of the
labyrinth of peripheral cells (Fig. 2L), being in higher quantity in the contact region
with the central cell (Fig. 2M).

The cytoplasm of some cells of the excretory ducts is also strongly positive
(Fig. 2N).

In the granular acini (types Il and I11), it is observed the free marking at the
apical portion of some secretory cells including the microvilli turned to the lumen
(Fig. 20) as well as inside some nuclei (Fig. 2P). It is not found, nevertheless, the
presence of acid phosphatase in the secretory granules, mitochondria or endoplasmic
reticulum (Figs. 2P, Q, S). Marking can also be observed in the basal membranous

labyrinth of interstitial epithelial cells (Figs. 2T, S).
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ATPase Localization

The salivary glands of Rhipicephalus (Boophilus) microplus females at
beginning of feeding stage demonstrate strong positivity for ATPase in the cytoplasm
of cells of some type | acini (Fig. 3A). The cell cytoplasm as well as the basal
membrane of the excretory duct and types Il and Il acini present strong positivity to
the test (Figs. 3B, C). Despite of this fact, there are observed cells of some acini and
excretory ducts with slight marking, or even, negative to the test (Fig. 3D).

In the salivary gland sections of semi-engorged females, it is observed the
cellular cytoplasm of slightly positive type | acinus however, the medium positivity is
found mainly in the basal membrane (Fig. 3H). Some type Il acini show their basal
membrane partially positive to the test (Fig. 3H); others show their basal membrane
strongly positive to the same test (Fig. 31). There are also observed acini with strongly
positive secretory cells within the majority of cells that is negative to the test, despite
of the strong positivity to the test of the cytoplasm of the cells from the granular type
Il and Il acini (Figs. 3l, J). These results demonstrate the asynchrony in the
enzymatic activity among the glandular acini, including those of the same type.

In general, the excretory ducts from the salivary glands of the individuals at

both stage of feeding are strongly positive.
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FIGURE 1:

Phosphatase acid activity in the salivary glands of Rhipicephalus (Boophilus)
microplus. A-H. Salivary glands of females at beginning of feeding. Note in A the
salivary gland total set view showing the predominance of acid phosphatase (arrow)
in the more distal acini (a). C, D, E. Enzyme localization in the types I (1), Il (I1) and
I (1) acini. It was verified in the type Il acini a major acid phosphatase
concentration in the region next to the lumen (lu) and in type Il acini the enzyme was
dispersed through the cytoplasm. B, F, H. Negative controls. I-P. Salivary glands of
semi-engorged females. Observe in I, the great amount of this enzyme when
compared to the females at beginning of feeding (A). Note in L and M, a strongly
positive cell in the type Il acini and the predominance in the apical region of the type
I11 acini, respectively. J, N-P. Negative controls.

Bars: A, 1= 100 pum; B, J=10pum, C-H, K-P= 20um.
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FIGURE 2:

Ultrastructural localization of the acid phosphatase activity in the Rhipicephalus
(Boophilus) microplus females’ salivary glands. A-K. Salivary glands of females at
beginning of feeding. Note the weak demarcation (arrow) in the excretory ducts (ed)
in A. B-E. Observe the presence of this enzyme inside some secretion granules (sg),
lysossomes (ly) and in some nuclei (nu) of the type Il acini and the absence in the
endoplasmic reticulum (er) and in mithocondria (m). In the type Il acini (F-H) the
acid phosphatase was found in the f cells (fc) nuclei, near to the membrane in the e
cell (ec), and also in the basal labyrinth (bl) of the interstitial cells. The secretion
granules were negative in this acini type. I-K. Negative controls. L-V. Salivary glands
of semi-engorged females. L, M. Type | acini showing the presence of acid
phosphates in the basal labyrinth of the peripheral cells, mainly in the contact region
with the central cell (cc). N. Demarcation in the excretory duct cells. O-S. Note the
free acid phosphatase in the apical portion (O) and inside some nuclei of the secretory
cell (P). The basal labyrinth of interstitial cell is positive also (R-S). T-V. Negative
controls.

dc= d cell; lu=lumen; mv= microvilli.

Bars: AB,D, H, I, K, Q=2um; C, E, L, N, O, V=0.5um; F, G, J, P, S= 5 pm; M,
R, T,U=1pum.
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FIGURE 3:

Histochemical ATPase acitivity localization in the salivary glands of Rhipicephalus
(Boophilus) microplus. A-G. Salivary glands of females at beginning of feeding.
Observe in A, that type | acini (I) reacted strongly to the enzymatic test and in B and
C, that ATPase activity was found in the cytoplasm and in the basal membrane of the
types 11 (1) and 11 (I11) acini cells. Note in D that some acini demonstrate only the
basal membrane positive to the test. E-G. Negative controls. H-M. Salivary glands of
semi-engorged females. Observe in H-J. a minor quantity of this enzyme inside the
glandular acini at this feeding stage when compared to those from females at
beginning of feeding. The excretory ducts (ed) react positive to the test. K-M.
Negative controls.

Bars: A-M= 20um.
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DISCUSSION

The total set and sections of the salivary gland of Rhipicephalus (Boophilus)
microplus females in light microscopy allowed visualizing the acid phosphatase
enzymatic activity as well as the ATPase enzymatic activity during the beginning and
the half of the feeding process.

Comparing the salivary glands of females at beginning of feeding stage to
those of semi-engorged ones, it was verified a higher acid phosphatase activity with
the advance of the feeding process. This increase of activity in the semi-engorged
females is probably associated to the degenerative process, which in this species
already starts during the feeding stage (Nunes et al., 2005). Furthermore, in
individuals at initial feeding stages, there was observed a higher marking in the
proximal-distal course of the gland, demonstrating the asynchronism of the enzymatic
activity among the different acini and clarifying that the morphological alterations
begin at the distal region where the granular acini are mainly located. Silva de Moraes
(1998) also observed this activity pattern occurring along of the hypopharyngeal
glands of foraging workers of Apis mellifera.

Throughout histological sections of the salivary glands of R. (B.) microplus
females at both feeding stages, it was observed the acid phosphatase activity in
secretory cells as free form at the apical and basal cytoplasmic regions as well as
found in gut cells of A. mellifera larvae by Gregorc & Bowen (1997).

The results here obtained for females of R. (B.) microplus at beginning of
feeding (24-48 hours of attachment) oppose, however, the results of Binnington
(1978) that observed strongly positive reaction for acid phosphatase in the type |
acinus cells and in the d cells of type Ill acini of glands from females of the same
species with the same time of feeding.

Considering that the light microscopy has not allowed the definition of the
exact localization of the acid phosphatase activity, the ultrastructural cytochemical

analysis played in the work an important role.
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Generally, in the development biology the acid phosphatase activity is
frequently related to the increase in the quantity of lysosomes and to the consequent
process of cell degeneration (Lockshin, 1981).

According to Van Lancker (1975), when the cells die some cytoplasmic areas
suffer autolysis being at the certain moment attacked by hydrolases from the primary
lysosomes as from the endoplasmic reticulum, opposing Bowen (1981) that admits the
lysosomic fragmentation and the release of its content in the cytoplasm happen just
after the cell death.

Bowen & Bowen (1990) observed the free acid phosphatase accumulation in
the extracisternal region of the rough endoplasmic reticulum, suggesting that this
stage comes before the autolysis and cell death of tissues of planaria (Bowen & Ryder,
1974). Still according to these authors, this enzyme produced specifically for the
cellular lysis is not derived from the Golgi complex or from the lysosomes, but
synthesized and released from the ribosomes. In the present study, there was verified
the presence of this enzyme mainly as extracisternal free form, not being observed
signs that this enzyme would be proceed from lysosomes. Moreover, the little quantity
of lysosomes present in the cells of the glands of females at beginning of the feeding
stage would not be sufficient to release the free acid phosphatase quantity found in
this study.

Silva de Moraes & Bowen (2000) found in a cytochemical study of
hypopharyngeal glands of A. mellifera, cells with little acid phosphatase in nurse bees
while the foraging ones showed large activity in the lysosomes and extracisternal
spaces in some cells, being the cistern interiors of the endoplasmic reticulum negative
to the test. Zara (2002) studying the salivary gland of larvae ants of P. (=Neoponera)
villosa did not observed the activity for acid phosphatase inside the endoplasmic
reticulum, in the mitochondria, secretion vesicles, and nor in the acini lumen of the
posterior region.

Regarding the acinar and salivary ducts cells of R. (B.) microplus females,
there was not observed the intracisternal marking, what demonstrates that such
enzymes are not produced by the reticulum, being the acid phosphatase found mainly
as free form in the cytoplasm. In the female at beginning of feeding stage, some

granules of secretion of type Il acinus cells are positive, suggesting that the enzyme
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could be captured from the hemolymph and/or produced by the ribosomes, being part
of the final granular secretion which would be posterior eliminated in the acinar
lumen, where there was also observed strong marking at the microvilli that surround
this region in acini of females at more advanced feeding stage. According to Smith &
Farquhar (1966), the presence of enzyme in the granules of secretion would be related
to the protein degradation and to the secretory process regulation.

The presence of acid phosphatase in the plasmic membrane invaginations
was observed in the salivary glands of several insects (Levy & Bautz, 1985; Jones &
Bowen, 1993; Bowen et al., 1996; Azeredo-Oliveira & Mello, 1998; Zara, 2002). Zara
(2002) suggested that this intense activity in cells of P. (=Neoponera) villosa would
be the indication of the acid phosphatase capture from the hemolymph as proposed by
other authors (Levy & Bautz, 1985; Armbruster et al., 1986). Concerning the females
of R. (B.) microplus at all feeding stages here studied, the same process might be
occurring, once such enzymes were observed mainly in the basal labyrinth of
interstitial cells present in the granular acini, considered as carrier cells.

Ryder & Bowen (1975) affirmed that the p-nitrophenyl phosphate locates the
acid phosphatase activity in organelles such as the Golgi complex, lysosomes, and
endoplasmic reticulum; however, Silva de Moraes (1998) highlighted that the specific
markings in the ribosomes and/or extracisternal of the endoplasmic reticulum the
characteristic signal of preparation to the autolysis and cell death. Skelton & Bowen
(1987) observed in cells of the Calliphora vomitoria larvae midgut aging 7 days and
in beginning of the degenerative process, regions with free phosphatase acid as
verified at the secretory portion and in the glandular ducts of semi-engorged females
belonging to the species R. (B.) microplus that according to Nunes et al. (2005) also
demonstrated signs of degeneration.

Despite the acid phosphatase is described in the literature as a cell death
determiner, in females of R. (B.) microplus at beginning of feeding, acini with cells
still containing granules of secretion and, therefore, classified as active cells,
demonstrated the presence of this enzyme in a large quantity. Silva de Moraes (1998)
also have found this enzyme in active cells of bee glands and it was associated to the

metabolic activity of the glandular cells.
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Silva-Zacarin (2003) observed in the silk gland of A. mellifera pre-pupa the
reduction in the levels of acid phosphatase as the occurrence of the vacuoles was
becoming intense and, consequently, destruction of cells. According to the author, this
fall would point the failure of the protein synthesis machinery and of the capture
process of material from the hemolymph, what also can be happening in the type IlI
acini of R. (B.) microplus semi-engorged female’s glands as they are described as
being the first ones to loose their granules of secretion and present degenerative
characteristics (L’ Amoreaux et al., 2003).

In R. (B.) microplus, there was also marking for the acid phosphatase in the
interior of some cells of type Il and Il acini of salivary glands of females at both
feeding stages. This enzyme was also found at the chromatin of the cells of the
Malpighian tubules of Triatoma infestans (Azeredo-Oliveira & Mello, 1997, 1998).
Cruz-Landim et al. (2002) observed this same acid phosphatase location in cells under
tissue death process of larvae of A. mellifera. According to these authors, this enzyme
should be hydrolysing proteins from the nuclear matrix, or even, be involved in the
final products of the DNA degradation (Harris et al., 1963 apud Love, 1969). These
hypothesis for the nuclear phosphatase are not applied in the present study for females
at beginning of feeding once there was found nuclear marking including in cells with
activity characteristics.

The presence of this enzyme in the nucleus is doubtful as there are authors
confirming it and others deny it stating that this marking occurs due to a special
affinity of the chromatin to lead ions (Remy et al., 1975), or even, due to the lysosome
enzyme diffusion to the nucleus (Washitani & Sato, 1976). Regarding the works with
cells of corn roots, it was explained the presence of the nuclear acid phosphatase
getting associated to an elevated cell metabolism (Deltour et al., 1981). This same
relation would be a possible explanation to its presence in the interior of the nuclei of
granular cells of females of R. (B.) microplus at beginning of feeding.

Few works about ticks describe the acid phosphatase and ATPase enzymatic
activities in the salivary glands. Gill & Walker (1988) only mentioned a moderate
activity of the acid phosphatase at the cone of fixation cement of the tick Hyalomma
anatolicum to the host; however, this was not detected in the salivary glands, averse to

fact observed for the glands of R. (B.) microplus. Qureshi et al. (1991) and Sauer &
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Essenberg (1984) observed in the salivary glands of fecundated females of tick the
highest activity ATPase rate, showing a parallel increase of the fluid secretion
stimulated by dopamine and by cAMP. In the present study, contradictory, there was
observed a little fall in the ATPase activity in some acini of semi-engorged
individuals.

Weber (1969) had already described that concomitantly to the increase of the
acid and alkaline phosphatases activities it would occur a decrease in the ATPase
activity during the tissue degeneration. It is known that enzymatic alterations are also
observed in the cell death processes by necrosis and apoptosis. In the present study, in
some glandular acini of R. (B.) microplus semi-engorged females, it was detected a
fall in the typical ATPase activity at the end of the cell death by apoptosis because
they are at more advanced stage of degeneration, which could have required a large
quantity of ATP, reinforcing that in the glandular degenerative process of this tick
species, the death is by apoptosis.

The fact of the salivary glands of R. (B.) microplus females at beginning of
feeding present large quantity of ATPase in the acinar cells indicates that these are
found under intensive secretory activity. The presence of this enzyme in the acini
basal membrane of R. (B.) microplus could be related to the need of energy supply for
the transport of elements from the hemolymph to the lumen, as also suggested by
Sauer et al. (2000).

In the salivary glands of R. (B.) microplus females at both feeding stages here
studied, there were observed differences of marking for ATPase, including among
acini of the same type, demonstrating asynchrony in the physiological activity of the
salivary glands as found by Nunes et al. (2005) in previous work with the same
species. There was also observed that some secretory cells of the types I and Il acini
have presented ATPase marking inside the nuclei corroborating Azeredo-Oliveira &
Mello (1986) that also found in the euchromatin and nucleolus of the cells of
Malpighian tubules of T. infestans and suggested that this enzyme would be involved
in the transcriptional process and in the facilitation of the rDNA conformational
changes.

The enzymatic activities found in the salivary glands of R. (B.) microplus are

accorded with the physiology of these organs during the feeding process. In the
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females at both feeding stages, the acid phosphatase would be, initially, acting in the
control of the glandular secretion, not excluding the possibility of a function in the
degenerative process, specifically in the semi-engorged females. In these glands, it
was evident that the acid phosphatase might have a double origin that is, from the
hemolymph and/or from the ribosomes, not being the same from the lysosomes. Thus,
the activity of the acid phosphatase as well as the ATPase observed in semi-engorged
R. (B.) microplus females strongly suggest the occurrence of death by apoptosis and

not by autophagy or by necrosis.
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V. DISCUSSAO FINAL

As glandulas salivares dos carrapatos ixodideos sdo Orgdos que
desempenham funcbes essenciais para a sobrevivéncia e sucesso evolutivo destes
animais. Considerando sua complexidade, poucos trabalhos foram até agora
desenvolvidos descrevendo as alteracdes morfologicas que ocorrem nestas estruturas
durante o periodo de alimentacdo do carrapato no hospedeiro. Um exemplo foi o
trabalho de Till, em 1961, que observou em carrapatos da espécie Rhipicephalus
appendiculatus um aumento das glandulas salivares durante o processo de
alimentacéo, seguido do inicio da degeneracdo das mesmas.

O presente estudo trouxe informacbes morfolégicas em nivel de
microscopia de luz e eletrdnica mostrando que as glandulas salivares das fémeas do
carrapato Rhipicephalus (Boophilus) microplus também passam por modificacOes
durante o periodo de alimentacdo, além de demonstrar quando e como ocorre 0
processo de degeneracdo nestas estruturas.

A microscopia eletrénica de varredura das glandulas de fémeas de R. (B.)
microplus confirmou a ocorréncia de alteragfes apontando diferengas principalmente
nos acinos granulares. Além destas mudancas morfoldgicas, as glandulas salivares
apresentaram alteracGes fisiologicas durante os estagios inicial de alimentacédo e
semi-ingurgitado aqui analisados, onde as células que constituem os &cinos, antes
eficientes na exclusdo do corante Azul do Nilo, ou seja, completamente ativas ou em

estagios iniciais de degeneracdo, mostraram posterior perda de atividade das bombas
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de ions das membranas celulares demonstrado pelo acimulo de corante no seu
interior.

O primeiro estudo realizado com esta mesma espécie foi desenvolvido por
Binnington, em 1978, que descreveu a morfologia das glandulas salivares destes
carrapatos de ambos o0s sexos, além de ter citado a ocorréncia de mudancas
estruturais nestes 6rgdos durante todo o periodo de alimentacdo. O presente estudo,
no entanto, vem estabelecer quando o processo degenerativo destas estruturas tem
inicio em fémeas de R. (B.) microplus mostrando que as mesmas comecam a
degenerar enquanto o animal ainda encontra-se em alimentacdo, contrariando todas
as descricbes existentes na literatura disponivel sobre a morfo-fisiologia das
glandulas de carrapatos.

Segundo Binnington (1978) a maioria das células dos &cinos Il e todas dos
acinos Il perderiam seus granulos de secrecdo ap0s aproximadamente 72 horas de
alimentacdo, sendo observado apenas alguns granulos PAS positivos nas células b e
c3 do &cino tipo Il. Os resultados aqui encontrados corroboram parcialmente este
autor, uma vez que, apesar de confirmada a perda de granulos de secrecdo, ficou
ainda demonstrado, por meio das andlises ultra-estruturais, que este evento ocorre em
tempo menor e diferente daquele citado pelo mesmo autor, ou seja, alguma
granulacdo citoplasmatica péde ser observada apenas nas glandulas daquelas fémeas
que estavam se alimentando h& 24 a 48 horas, aproximadamente.

O presente estudo, com as glandulas salivares de fémeas em inicio de
alimentacdo, demonstrou que estas realmente parecem exercer fungdes relacionadas
com a producdo de cemento durante a fase de fixacdo do carrapato ao hospedeiro
(WALKER et al., 1985), uma vez que foram aqui observadas células que perderam
suas atividades nas primeiras horas de alimentag&o, ou seja, logo ap6s a infestagao.
Estes dados estdo baseados na observacdo de nudcleos j& condensados e picnoticos
nas células a (acino Il), d e/ou e (acino 1) dos &cinos granulares através da
coloracdo tanto pela hematoxilina como pela aplicagdo das técnicas do Azul de
Toluidina e Reagéo de Feulgen.

Binnington (1978) ainda no seu primeiro estudo, observou que nas fémeas
com 72 horas de alimentacdo as células intersticiais presentes nos acinos granulares

ficariam mais visiveis e, juntamente com as células secretoras dos acinos Il
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formariam agora uma camada que limitaria um amplo Iimem, antes ndo observado.
Este aumento no tamanho das células intersticiais estaria relacionado com a funcéo
das mesmas, ou seja, a de transportar fluido para a concentracdo do sangue, estas
entdo desenvolvendo um extenso labirinto basal durante a alimentacdo (COONS;
L’AMOREAUX, 1986), como evidenciado por meio da microscopia eletrénica. Esta
modificacdo foi também observada em sec¢des histoldgicas de glandulas de fémeas
no presente estudo, porém, com 24 a 48 horas de alimentagdo, deixando claro que 0s
eventos descritos por Binnington (1978) para esta mesma espécie ocorrem, na
realidade, anteriormente aquele por ele proposto.

O trabalho aqui desenvolvido com fémeas desta espécie de carrapatos, além
de mostrar que as mudangas morfolégicas ocorrem precocemente quando
comparadas as informacfes descritas em trabalhos classicos anteriores, identificou
ainda, nas células destas estruturas, a presenca das enzimas fosfatase acida e ATPase,
sendo a deteccdo desta Ultima relatada pela primeira vez nas glandulas salivares de
carrapatos. Binnington (1978) j& havia previamente citado em seu trabalho que a
fosfatase acida estaria presente nas glandulas de fémeas com 24 a 48 horas de
alimentacdo, observando em microscopia de luz, reacdo fortemente positiva
principalmente nos acinos | e nas células d do acino Ill. No entanto, no presente
estudo com microscopia eletronica em fémeas nesta mesma fase de alimentacéo, esta
enzima foi observada principalmente nas células intersticiais dos &cinos granulares,
localizada por entre as membranas do labirinto basal e nas células secretoras em
alguns tipos de granulos de secrecdo, livre no citoplasma bem como no interior dos
nacleos. A presenca da fosfatase acida especificamente no labirinto basal sugere que
a mesma seria captada da hemolinfa enquanto que sua presenca nas células
secretoras indicaria a sua participacdo na regulacdo do processo secretor destes
orgdos, bem como na degradacao de proteinas, como ja proposto por outros autores
em trabalhos com outros invertebrados (SMITH; FARQUHAR, 1966;
ARMBRUSTER et al., 1986; LEVY; BAUTZ, 1985; SILVA DE MORAES, 1998;
ZARA, 2002).

Ainda com relacdo a presenca de enzimas nas glandulas, a observacdo de
forte marcacdo para ATPase nos trés tipos de acinos das fémeas em inicio de

alimentacdo confirmaram que as glandulas salivares, neste estagio, encontravam-se
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em intensa atividade secretora e a sua localizacdo nas membranas basais dos acinos
indicariam a necessidade de ATP principalmente para o transporte de ions e outras
enzimas da hemolinfa para o Iimem acinar, ndo descartando, entretanto, a
possibilidade de também haver transporte de substancias do Itmem para a hemolinfa.

A degeneracdo das glandulas salivares dos carrapatos em geral € um assunto
pouco estudado, existindo na literatura disponivel apenas citacdes superficiais dos
eventos que comumente ocorrem. Segundo a maioria dos trabalhos, que sdo em
nimero pequeno, este processo inicia-se apds o total ingurgitamento e consequente
desprendimento destes animais de seus hospedeiros (VITZUM, 1943; TILL, 1961,
L’AMOREAUX et al., 2003). O presente estudo, em contraposicdo, traz dados que
demonstram que nas fémeas da espécie R. (B.) microplus este processo inicia-se
precocemente quando comparado as demais espécies de ixodideos, ou seja, quando
estas encontram-se ainda no estagio semi-ingurgitado.

A confirmacdo de que o processo de degeneracdo das glandulas salivares
das fémeas de R. (B.) microplus teria inicio no estagio de alimentagdo semi-
ingurgitado decorre do fato de ter-se verificado um aumento da presenca da fosfatase
acida, inclusive tomando locais diferentes na célula, a medida que o processo de
alimentacdo avancava. Associado a este aumento, alteracBes celulares como a
presenca de vacuolos indicaram que a fosfatase &cida também poderia estar
participando da queda de atividade da glandula, uma vez que é descrito que a
presenca desta enzima esta freqlentemente associada com 0s processos de
degeneracdo celular (LOCKSHIN, 1981).

A microscopia eletronica de transmisséo mostrou, em glandulas salivares de
fémeas de R. (B.) microplus, células apresentando caracteristicas indicativas de
morte, tais como, perda das especializa¢cbes de membrana (SEHNAL; AKAI, 1982;
BOWEN; BOWEN, 1990), vesiculacdo do reticulo endoplasmatico (SILVA DE
MORAES; BOWEN, 2000), presenca de figuras mielinicas (CRUZ-LANDIM,;
SILVA DE MORAES, 1977), vaclolos autofagicos e lisossomos (ZAKERI,
LOCKSHIN, 2002). Presenca de muitos lisossomos e vacuolos autofagicos nas
células é caracteristica geralmente associada com a ocorréncia de morte celular
autofagica ou tipo 2 (CLARKE, 1990). Entretanto, nas fémeas semi-ingurgitadas de
R. (B.) microplus, ficou demonstrada a presenca de fosfatase acida principalmente
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localizada extracisterna ao reticulo endoplasmatico e ndo sendo liberada a partir de
lisossomos como ocorreria se 0 caso fosse de morte celular autofagica. A presenca
desta enzima nas invaginagdes da membrana plasmética basal das células intersticiais
e sob a forma livre no citoplasma das células secretoras, reforca a proposta de que a
mesma, nestes artropodas, tenha duas fontes de origem: uma exdgena, ou Seja,
captada diretamente da hemolinfa, e a outra enddgena, sendo sintetizada a partir dos
ribossomos (BOWEN; RYDER, 1974).

Alteracdes morfologicas nos nucleos das células glandulares de outros
animais, de maneira geral, tém sido apontadas como sinais indicativos de processo de
degeneracdo (ZAKERI et al., 1993; KERR et al., 1995). Nas glandulas salivares de
fémeas semi-ingurgitadas de R. (B.) microplus os nucleos apresentaram diversas
alteracGes morfoldgicas que permitiram classifica-los em diferentes estagios (I a V):
que variaram desde aqueles ainda semi-preservados (no estdgio 1) até aqueles
totalmente fragmentados e/ou participando da formacdo de corpos apoptoticos (no
estadgio V). Portanto, a observacdo destas caracteristicas de degeneracdo nuclear,
incluindo a condensacdo e marginalizacdo cromatinica, descarta a idéia de que em
glandulas salivares de R. (B.) microplus esteja ocorrendo morte celular tipo
autofagica, uma vez que nessa a degradacdo do material genético seria um evento
posterior a destruicdo citoplasmatica (ZAKERI et al., 1993).

O presente estudo demonstrou também que a ATPase é uma enzima
presente nos acinos durante todo o processo de alimentacdo das fémeas de R. (B.)
microplus aqui estudadas. Naquelas em estdgio semi-ingurgitado fica aqui
demonstrado que o processo de morte celular nas glandulas se da por apoptose,
partindo do principio de que o ATP é necessario para que alteracBes nucleares
ocorram como, por exemplo, condensacdo da cromatina e seu deslocamento para a
periferia com consequente formacdo de corpos apoptoéticos (LEIST; NICOTERA,
1997). A presenca constante da ATPase, neste caso, reforcaria a ocorréncia da morte
celular por apoptose e descartaria completamente a morte por necrose que, ao
contrario da primeira, € um fenémeno multicelular (KERR et al., 1995) e tem como
caracteristica principal a queda na producdo de ATP (BOWEN; BOWEN, 1990). Os

dados aqui obtidos revelaram a existéncia de um assincronismo funcional entre os

Erika Takagi Nunes



Discussdo Final 119

diferentes tipos de acinos e até mesmo entre as células secretoras, contrariando o que
é descrito para necrose.

Assim, diante dos resultados obtidos, o presente trabalho deixa claro que o
processo de degeneracgdo das glandulas salivares de fémeas de R. (B.) microplus tem
inicio ainda quando estas encontram-se no estagio semi-ingurgitado e que as celulas
morrem por apoptose. Fica também aqui demonstrado que a degeneracdo das
glandulas salivares destas fémeas ndo é um processo sincronico, sendo observadas
caracteristicas degenerativas ocorrendo primeiro nos acinos granulares e depois nos
ductos excretores e nos acinos I. Ainda nestas fémeas, fica estabelecido que o0s
ductos excretores entram em degeneracdo antes de terminado o processo de
alimentacdo e que o tipo de morte que os atinge também é o apoptdtico e ndo o
necrotico como sugerido por L’Amoreaux et al. (2003) ao analisar carrapatos

Dermacentor variabilis.
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VI. CONCLUSOES

Por meio da aplicacdo de técnicas morfoldgicas de microscopia de luz e
eletrénica nas glandulas salivares de fémeas de Rhipicephalus (Boophilus) microplus
nos estagios inicial (24 a 48 horas) de alimentacdo e semi-ingurgitado (4 a 5 dias), o

presente estudo demonstrou que:

1) as fémeas em inicio de alimentacdo apresentam suas glandulas salivares

com a maioria das células secretoras em atividade;

2) alteragcBes morfoldgicas glandulares ocorrem durante o processo de
alimentacdo, acontecendo precocemente nas fémeas desta espécie, quando

comparadas as outras espécies descritas na literatura;

3) a degeneracdo destes 6rgdos tem inicio nas fémeas em estagio semi-
ingurgitado, ou seja, enquanto as mesmas ainda se encontram em alimentacdo no

hospedeiro;

4) a degeneracdo glandular € um processo assincronico nesta espécie, sendo

observadas células e/ou acinos em faléncia, em meio aqueles ainda em atividade;
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5) os acinos tipo I, bem como os ductos excretores ja apresentam
caracteristicas degenerativas nas fémeas ainda no estagio semi-ingurgitado,

contrariando dados da literatura;

6) a fosfatase acida presente nas glandulas salivares ndo € de origem
lisossbmica nesta espécie, sendo provavelmente, oriunda da hemolinfa e/ou

sintetizada pelos ribossomos;

7) aumenta a presenca da fosfatase acida nas celulas a medida que o
processo de alimentacdo avanca, com provavel papel da mesma no controle do
metabolismo secretor da glandula, ou ainda, com participagdo no processo de
degeneracéo ja em fémeas semi-ingurgitadas;

8) presenca de ATPase nas glandulas das fémeas em inicio de alimentacéo
sugere a necessidade de energia para o transporte de substancias da hemolinfa para o
limem acinar, e/ou vice-versa; ja nas fémeas semi-ingurgitadas esta pode estar

relacionada com o processo de degeneracao;

9) nesta espécie, descarta-se a ocorréncia da morte autofagica ou necrotica
nas glandulas salivares, sendo as células dos acinos atingidas pela apoptose, da
mesma forma que as dos ductos excretores, contrariando o que é descrito na

literatura, que relata que estas Gltimas estruturas morrem por necrose.
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