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RESUMO

O objetivo deste trabalho foi avaliar o efeito da frutalina (lectina de Artocarpus incisa L.) sobre a
ativacdo, sobrevivéncia, ultraestrutura e expressdo génica dos foliculos pré-antrais caprinos
cultivados in situ e sobre o cultivo in vitro de foliculos secundarios caprinos isolados. Para a fase
I, fragmentos ovarianos caprinos foram cultivadas durante 6 dias em o-MEM" sozinho ou
suplementado com frutalina (1, 10, 50, 100 ou 200 pg/mL). Os fragmentos ovarianos nao-
cultivados (controle fresco) e cultivados foram destinados a andlise histologica, ultraestrutural e
de expressdo dos genes anti- e pro-apoptoticos por qPCR. Para a fase II, foliculos secundarios
foram microdissecados e cultivados por 6 dias em meio a-MEM" sozinho ou suplementado com
doxorrubicina (0,3 pg/mL) ou frutalina (0,6, 6 ou 60 ug/mL). Apds o cultivo, foliculos secundarios
foram analisados quanto a sobrevivéncia, crescimento, formacdo de antro e expressdo dos genes
anti- e pro-apoptdticos por qPCR. Na fase I, a frutalina em todas as concentragdes testadas nao
influenciou na ativagdo de foliculos primordiais, mas reduziu a sobrevivéncia folicular. As
concentragdes mais elevadas da frutalina (50, 100 ou 200 pg/mL) reduziram a sobrevivéncia
folicular, quando comparadas com os tecidos cultivados com 1 ou 10 pg/mL de frutalina. A
andlise ultra-estrutural mostrou que apos o cultivo os foliculos atrésicos apresentavam o6citos
retraidas e um grande numero de vacuolos distribuidos por todo o citoplasma. Também,
verificou-se que apesar de um efeito dose-resposta nao ter sido observado na expressdo génica,
quando comparado com tecido cultivado no meio controle, a presenca da frutalina aumentou a
expressdo do RNAm de genes pré-apoptdticos. Na fase 11, a doxorrubicina e a frutalina (0,6, 6 e
60 pg / mL) reduziram significativamente a percentagem de foliculos normais quando comparado
com o meio a-MEM". A doxorrubicina reduziu a viabilidade folicular quando comparado com a
frutalina em todas as concentragdes testadas. Além disso, a porcentagem de foliculos normais
apos o cultivo com frutalina (0,6 e 6,0 ug/mL) foi maior do que na presenca de 60,0 pg/mL (p
<0,05). Com exce¢ao dos foliculos cultivados com 0,6 pg/mL de frutalina, a taxa de crescimento
folicular foi reduzida apds o cultivo na presenca de doxorrubicina ou frutalina, quando
comparada com o meio controle (p <0,05). Cerca de 60,0% dos foliculos cultivados em o-MEM
+ apresentaram formagdo de antro, mas a presenca de doxorrubicina ou frutalina reduziu a
formacao de antro (P<0,05). A presenca de doxorrubicina ou de frutalina (60,0 pg/mL) aumentou

o nivel de RNAm para CASP3, CASP6, BAX e BCL2 (P<0,05), mas os maiores niveis de



transcritos para CASP3, CASP6, BAX foram encontrados em foliculos cultivados com
doxorrubicina, quando comparados com aqueles cultivados em frutalina (60,0 pg/mL). Por outro
lado, os foliculos cultivados com frutalina apresentaram niveis mais altos de RNAm para BCL2
(P <0,05), quando comparados com aqueles cultivados na presenca de doxorrubicina. Em
conclusado, a frutalina ndo influencia na ativacdo dos foliculos primordiais in vitro, e mantém uma
elevada percentagem de foliculos saudaveis (> 60%) quando usada em baixas concentragdes (1 e
10 pg/mL).Também, as caracteristicas ultrastruturais dos foliculos cultivados mostram que a
necrose ¢ a principal via de morte celular. Além disso, a frutalina tem efeitos toxicos mais baixos

do que a doxorrubicina em foliculos secundarios caprinos cultivados in vitro.

Palavras-chave: Frutalina. Cultivo Celular. Foliculo Ovariano Caprino. Toxicidade



ABSTRACT

The objective of this work was to evaluate the effect of frutalin (lectin of Artocarpus incisa L.)
on the activation, survival, ultrastructure and gene expression of preantral follicles grown in situ
and on in vitro culture of isolated goat secondary follicles. For phase I, goat ovarian fragments
were cultured for 6 days in a-MEM + alone or supplemented with frutalin (1, 10, 50, 100 or 200
pg/mL). The uncultured (fresh control) and cultured ovarian fragments were intended for
histological, ultrastructural analysis and expression of anti-and pro-apoptotic genes by qPCR. For
phase II, secondary follicles were microdissected and cultured for 6 days in a-MEM + medium
alone or supplemented with doxorubicin (0.3 pg/mL) or frutalin (0.6, 6 or 60 pg/mL). After
culturing, secondary follicles were analyzed for survival, growth, antrum formation and
expression of anti-and pro-apoptotic genes by qPCR. In phase I, frutalin at all concentrations
tested did not influence the activation of primordial follicles, but reduced follicular survival.
Higher concentrations of frutalin (50, 100 or 200 pg/mL) reduced follicular survival when
compared to tissues cultured with 1 or 10 pg/mL frutalin. Ultrastructural analysis showed that
after cultivation the atretic follicles had retracted oocytes and a large number of vacuoles
distributed throughout the cytoplasm. Also, it was found that although a dose-response effect was
not observed in the gene expression, when compared to tissue cultured in the control medium, the
presence of frutalin increased the mRNA expression of pro-apoptotic genes. In phase II,
doxorubicin and frutalin (0.6, 6 and 60 pg / mL) significantly reduced the percentage of normal
follicles when compared to a-MEM + medium. Doxorubicin reduced follicular viability when
compared to frutalin at all concentrations tested. In addition, the percentage of normal follicles
after frutalin (0.6 and 6.0 pg / mL) was higher than in the presence of 60.0 ug / mL (p <0.05).
With the exception of follicles cultivated with 0.6 pg / mL frutalin, the follicular growth rate was
reduced after cultivation in the presence of doxorubicin or frutalin when compared to the control
medium (p <0.05). Approximately 60.0% of follicles cultured in a-MEM + presented antrum
formation, but the presence of doxorubicin or frutalin reduced the formation of antrum (P <0.05).
The presence of doxorubicin or frutalin (60.0 pg / mL) increased the mRNA level for CASP3,
CASP6, BAX and BCL2 (P <0.05), but the highest levels of transcripts for CASP3, CASP6,
BAX were found in follicles cultured with doxorubicin when compared to those grown in frutalin

(60.0 pg / mL). On the other hand, follicles cultivated with frutalin had higher levels of mRNA



for BCL2 (P <0.05) when compared to those cultured in the presence of doxorubicin. In
conclusion, frutalin does not influence the activation of the primordial follicles in vitro, and
maintains a high percentage of healthy follicles (> 60%) when used in low concentrations (1 and
10 pg / mL). Also, the ultrastructural characteristics of cultured follicles show that necrosis is the
main pathway of cell death. In addition, frutalin has lower toxic effects than doxorubicin in in

vitro cultured goat secondary follicles.

Keywords: Frutalina. Cell Culture. Follicle Ovarian Goat. Toxicity
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1 INTRODUCAO

Atualmente novas drogas tém sido procuradas com o objetivo de aumentar o indice
de cura ou tratamento de varias doengas, incluindo o cancer. Segundo Orlando (2005), as plantas
sdo excelentes fontes de matéria-prima, possuindo uma diversidade molecular superior aquela
derivada dos processos de sintese quimica. As plantas tém se tornado cada vez mais reconhecidas
pelo seu potencial terapéutico, sendo que o estudo de suas atividades farmacoldgicas ¢ muito
importante a fim de se comprovar a validade do seu uso popular (BEN-NASR ef al., 2013).

Entre os produtos extraidos de plantas com possivel potencial terapéutico, tem-se as
lectinas. Segundo Peumans e Van Damme (1995), as lectinas sdo proteinas ou glicoproteinas de
origem ndo imune (vegetais) que tém no minimo um sitio de ligagdo ndo catalitico, chamado
dominio lectina, que reconhece de forma reversivel e especifica mono- e oligossacarideos, sem
alterar a estrutura covalente de quaisquer de seus ligantes. Assim, as lectinas reconhecem
moléculas presentes nas membranas celulares e influenciam as interagdes célula-célula, a
comunicagao, a proliferagcdo e a morte celular (SHARON, 2008).

Diversas lectinas sdo conhecidas por apresentarem propriedades anticancerigenas in
vitro e in vivo. Entre estas lectinas tem-se a frutalina, uma lectina das sementes da fruta-pdo de
carogo (Artocarpus incisa L.), a qual mostrou apresentar efeito antiploriferativo sobre células
HeLa derivadas de cancer cervical humano (OLIVEIRA et al., 2011), além de apresentar
consideravel potencial para diferenciar alteracdes neoplasicas de lesdes benignas da prostata
humana (OLIVEIRA et al., 2009a). Porém, ainda ndo se sabe os efeitos que esta lectina pode
exercer sobre as células germinativas femininas, e consequentemente, sobre a fertilidade da
mulher.

Como preconiza a toxicologia, toda substancia, mesmo sendo de origem natural, pode
ser considerada um agente toxico, dependendo das condi¢des de exposi¢do, como dose
administrada ou absorvida, tempo e frequéncia de exposi¢do e vias de administracio (BARROS
E DAVINO, 1996). Além disso, as plantas podem apresentar, na sua constitui¢do, substancias
capazes de causar efeitos adversos no organismo, que podem interferir com o funcionamento de
orgdos vitais.

Por isso, os fitoterapicos sofrem uma grande restricdo quanto ao uso e aceitacao,

devido ao reduzido niumero de estudos que comprovam sua agdo bioldgica e seguranca quanto a
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efeitos toxicos agudos, cronicos ou sobre a reproducdo (SHARAPIN, 1999). Dentre os critérios
de seguranga necessarios estdo os estudos sobre a toxicidade reprodutiva dos produtos
fitoterapicos, que incluem uma avaliagdo das acdes sobre a fertilidade e a performance
reprodutiva para os produtos administrados durante a gametogénese e fecundacao; elucidagdo dos
efeitos adversos sobre os fetos durante a vida intra e extra-uterina para os produtos administrados
durante a gestacdo; e determinacgdo dos efeitos adversos sobre a mae, o parto e o desenvolvimento
pos-natal para os produtos administradas neste periodo (BRASIL, 1996).

A avaliagdo da eficacia e toxicidade de possiveis produtos farmacéuticos ¢ realizada
com maior frequéncia com o uso de testes in vivo, porém a avaliacdo da citotoxicidade de
compostos fitoterapicos vem passando por um processo de reformulagdo, em que parte desse
processo contempla a substituicdo dos testes in vivo pelos in vitro, uma vez que os primeiros sao
testes demorados, caros e que necessitam de um grande nimero de animais de laboratério. Diante
do exposto, a biotécnica de manipulagdo de odcitos e foliculos pré-antrais (MOIFOPA/Ovario
Artificial) ¢ uma técnica que pode ser utilizada como alternativa para avaliar o efeito de diversos
produtos, incluindo possiveis drogas antineoplésicas, sobre a sobrevivéncia e desenvolvimento
das células ovarianas, uma vez que por esta se tratar de um modelo exclusivamente in vitro, pode
contribuir para o bem-estar animal (reducdo do estresse), reduzindo o uso de animais em testes
experimentais. Dessa forma, os estudos iniciais sobre as ag¢des da frutalina sobre a sobrevivéncia
e desenvolvimento folicular foram realizados utilizando a biotécnica MOIFOPA, por meio do
cultivo in vitro dos foliculos ovarianos caprinos.

Para um maior esclarecimento da importancia deste trabalho, a revisdo de literatura a
seguir abordara aspectos relacionados a diversidade de lectinas vegetais; caracterizagdo e fungao
da frutalina (lectina das sementes de Artocarpus incisa L.); aplicagdo das lectinas no diagnostico
e terapia do cancer; toxicidade dos agentes quimioterdpicos sobre os gametas femininos;
formacdo e crescimento dos foliculos ovarianos; métodos de cultivo in vitro de foliculos pré-

antrais e tipos de morte celular (apoptose e necrose).
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2 REVISAO DE LITERATURA

Lectinas Vegetais

As lectinas sdo proteinas de origem ndo imune, que apresentam pelo menos um
dominio ndo catalitico, conhecidas por reconhecer e se ligar de forma especifica e reversivel a
carboidratos (mono- ou oligossacarideos) e glicoconjugados na superficie celulares, sem alterar a
estrutura quimica dos mesmos (BIES; LEHR; WOODLEY, 2004; PEUMANS; VAN DAMME,
1995). Com base em suas estruturas moleculares as lectinas sdo divididas em quatro grupos
principais: merolectinas, hololectinas, quimerolectinas e superlectinas (VAN DAMME et al.,
1998).

As merolectinas sdo proteinas que sdo formadas apenas por uma cadeia polipeptidica
apresentando somente um dominio de liga¢do a carboidratos. Estas lectinas sdo incapazes de
precipitar glicoconjugados e aglutinar células. A heveina, uma proteina do latex da seringueira
(Hevea brasiliensis), que se liga a quitina ¢ uma representante deste grupo (VAN PARIIJS et al.,
1991). As hololectinas sdo proteinas que apresentam dois ou mais sitios homdlogos de ligacdo a
carboidratos, que se ligam ao mesmo agucar ou outro estruturalmente similar. As lectinas
pertecentes a este grupos sdo capazes de aglutinar células ou precipitar glicoconjugados. A
maioria das lectinas de plantas ¢ classificada como holectina devido a sua atividade
hemaglutinante. De acordo com Peumans e Van Damme (1995), a frutalina ¢ definida como uma
hololectina. As quimerolectinas sdo proteinas compostas por um dominio ligante a carboidrato e
outro dominio ndo relacionado, podendo apresentar atividade catalitica bem definida, ou outra
atividade biologica, e que atua independentemente do dominio de ligagdo a carboidrato. As
quimerolectinas podem se comportar como merolectinas ou hololectinas, dependendo do niimero
de ligacdo a carboidratos. Ricina, a lectina da mamona (Ricinus communis) (PEUMANS; VAN
DAMME, 1998), e a PPL-2, uma lectina isolada de sementes de Parkia platycephala (CAVADA
et al, 2006), sao exemplos de quimerolectinas. As superlectinas sdo um tipo especial de
quimerolectinas, que apresentam dois dominios ligantes a carboidratos, que sdo estruturalmente
diferentes e reconhecem acucares ndo relacionados. Segundo Van Damme et al. (1996b), a

lectina TxLC-I (isolada do bulbo da tulipa), formada por dois dominios de ligacdo a
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carboidratos, que reconhecem manose e N-acetilgalactosamina, respectivamente ¢ um exemplo

de lectina pertencente a esse grupo (Figura 1).

Figura 1 - Classificacdo estrutural das lectinas vegetais. Representagdo esquemadtica de
merolectinas, hololectinas, quimerolectinas e superlectinas.

Merolectina Hololectina Quimerolectina Superlectina

=Dominios de Ligacao a Carboidratos

-
5L =Dominio Catalitico

Fonte: Adaptado de Peumans et al., 2001.

As lectinas apresentam uma diversidade de atividades bioldgicas, tais como, a
capacidade de aglutinar células (SHARON; LIS, 1972), estimular a mitogénese em linfocitos
(ASHRAF; KHAN, 2003), induzir a apoptose em células tumorais (BAH et al., 2011), regular a
migracdo e a adesdo de células bacterianas (TANNE; NEYROLLES, 2010), além de serem
ferramentas muito tteis na investigacdo de carboidratos na superficie celular, em particular, em
estudos sobre mudancas no padrdo de glicosilacdo dessas superficies, o que pode indicar
malignidade destas células (SHARON; LIS, 2004). Estas moléculas t€ém sido encontradas em
quase todos os organismos incluindo animais, como peixes (WANG et al., 2016; ZHANG et al.,
2016), crustaceos (XIU et al., 2015), além de fungos (DAVITASHVILI et al., 2015; ZHANG et
al., 2014); algas (CALVETE et al, 2000) e plantas (CARVALHO et al., 2015;
SIRIPIPATTHANA et al., 2015). As lectinas vegetais ja foram purificadas a partir de folhas
(YAGI et al., 2002), frutos (PEUMANS et al., 2000), raizes (WANG; NG, 2006), tubérculos
(VAN DAMME et al., 1995), rizomas (JINKU; ZHONGKUI; HONG, 1996), bulbos (VAN
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DAMME; ALLEN; PEUMANS, 1987) , cascas (KAKUA; PEUMANS; GOLDSTEIN, 1990;
VAN DAMME; VAN LEUVEN; PEUMANS, 1997), caules (ETZLER, 1994) e sementes
(KABIR, 1995; MOREIRA et al., 1998; SANTOS et al. 2009) de diversas plantas.

De acordo com Van Damme e colaboradores (1998), as lectinas vegetais podem ser
classificadas em sete familias, de acordo com as semelhangas estruturais e evolutivas. Estas
familias foram nomeadas de: lectinas de Amaranthaceae, lectinas do floema de Curcubitaceae,
lectinas quitina-ligantes contendo dominio de heveina, lectinas relacionadas a jacalina, lectinas de
leguminosas, lectinas de monocotiledonias ligantes a manose e proteinas inativadoras de
ribossomos tipo 2.

As lectinas de Amaranthaceae foram encontradas exclusivamente em sementes de
espécies do género Amaranthus (familia Amaranthaceae), como por exemplo, 4. caudatus, A.
spinosus, A. leucocarpus e A. cruentus. Estas lectinas apresentam massa molecular de
aproximadamente 33 kDa, sdo ndo glicosiladas e possuem alta afinidade a N-acetilgalactosamina
(VAN DAMME et al., 1998). A familia das lectinas do floema de Curcubitaceae ¢ formada por
proteinas que ocorrem exclusivamente no exsudado do floema de espécies do género
Curcubitaceae. As lectinas pertencentes a esta familia sdo ndo glicosiladas, formadas por duas
subunidades idénticas com massa molecular de aproximadamente 25 kDa e alta afinidade a
oligomero de N-acetilglicosamina (VAN DAMME et al., 1998). As lectinas quitina-ligante
contendo dominio de heveina ja foram purificadas de varias espécies de plantas como:
seringueira (Hevea brasiliensis), amaranto (Amaranthus caudatus), sabugueiro (Sambucus nigra)
e urtiga (Urtica dioica). Estas lectinas apresentam um ou mais dominios heveina que apresenta
especificidade por trimeros ou tetrdmero de N-acetilglicosamina - GIcNAc (principal unidade
monomeérica constituinte da quitina). Sdo também exemplos de lectinas que se ligam a quitina as
quitinases classe I (COLLINGE et al., 1993; VAN DAMME et al., 1998). A familia das lectinas
relacionadas a jacalina ¢ formada por proteinas que sdo estruturalmente similares a jacalina (a
lectina das sementes de Artocarpus integrifoli). As lectinas pertencentes a esta familia sdo
encontradas principalmente em espécies de Moreaceae e Convolvulaceae. Com base na
especificidade de ligacdo, as lectinas desta familia podem ser subdivididas em dois subgrupos
especificos: 1) as que reconhecem galactose, e ii) as que reconhecem manose (VAN DAMME et
al., 1998). Dentre as lectinas estruturalmente relacionadas a jacalina e que reconhecem galactose

tem-se a frutalina, a lectina da fruta-pao (Artocarpus incisa) (MOREIRA et al., 1998).
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O maior niimero de lectinas vegetais ja isoladas e estudadas pertence a familia das
lectinas de leguminosas. As proteinas dessa familia sdo frequentemente formadas por 2 a 4
subunidades de 25 a 30 kDa, com cada subunidade apresentando um sitio de ligagdo a
carboidrato. Estas lectinas sdo caracterizadas por possuirem uma alta similaridade estrutural,
porém, com especificidade por carboidratos e propriedades bioldgicas distintas (CAVADA et al.,
1998; VAN DAMME et al., 1998). A lectina Concanavalina-A (Con-A) ¢é o exemplo mais
estudado dessa familia (PARKIN; RUPP; HOPE, 1996; PARKIN; CRAIG, 2002). As lectinas de
monocotiledoneas, ligantes a manose formam uma superfamilia de lectinas encontradas em
monocotiledoneas que sdo estreitamente relacionadas e que apresentam especificidade por
manose. Estas lectinas sdo encontradas em espécies da familia Amaryllidaceae, Alliaceae,
Orchidaceae, Araceae, Liliaceac ¢ Bromeliaceae (BARRE et al., 1996, VAN DAMME et al.,
1998)

As proteinas inativadoras de ribossomos tipo 2 (RIPs Tipo 2) sdo uma classe de
enzimas que inativam ribossomos eucarioticos, inibindo a sintese proteicas. De acordo com Van
Damme et al., (1998) as lectinas RIP Tipo 2 que j& foram isoladas e caracterizadas pertencem as
seguintes familias: Cucurbitaceae (ex.: Momordica charantia), Euphorbiaceae (ex.: Ricinus
communis, Croton sp.), Iridaceae (ex.: Iris sp.), Lauraceae (ex.: Cinnamonum camphora),
Leguminoseae (ex.: Abrus precatorius), Passifloraceae (ex.: Adenia sp.), Ranunculaceae (ex.:
Eranthis hyemalis), Sambucaceae (Sambucus sp.), e Viscaceae (ex.: Viscum album). A maioria
dessas RIPs Tipo 2 apresentam especificidade por galactose, N-acetilgalactose ou sdo galactose/
N-acetilgalactose especificas. No entanto, algumas apresentam clara preferéncia por di- ou

oligossacarideos (VAN DAMME et al., 1998).

Frutalina (FTL): Lectina das sementes de Artocarpus incisa L.

A A. incisa € uma planta encontrada em diferentes habitats, como regides subtropicais e
tropicais do mundo, pertencente a familia Moraceae, formada por aproximadamente 75 géneros e
1550 espécies tropicais. No Brasil, podem ser encontrados 28 géneros com cerca de 340 espécies
(BARROSO, 1978). As lectinas foram isoladas e caracterizadas apenas dos géneros Artocarpus e

Maclura.
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No Brasil, sdo encontradas duas variedades de A. incisa: a variedade apyrena, tipo nao
seminifera (sem sementes) conhecida como “fruta pao de massa”, e a variedade seminifera,
conhecida como “fruta pao de carogo”. Estudos realizados por Moreira et al. (1998) com a
variedade seminifera de A4. incisa, utilizando a cromatografia de afinidade em matriz de
galactomanana de Adenanthera pavonina, resultaram no isolamento de uma lectina denominada
frutalina. Porém, com o objetivo de aumentar a disponibilidade desta lectina para fins
biomédicos, Oliveira et al. (2008) realizaram a produ¢do desta lectina em um sistema heterélogo
de Pichia pastoris o qual ¢ conhecido por ser um excelente meio para producdo em larga escala
de certas moléculas. Oliveira et al. (2009b) afirmam que a frutalina pode ser facilmente
produzida em sistemas de expressdo heterdlogos de Escherichia coli. Estudos mais recentes
descrevem um novo sistema para a produgdo e purificagdo desta lectina em E. coli (COSTA et al.
2014; OLIVEIRA, TEIXEIRA ¢ DOMINGUES, 2014).

Pesquisas sobre os aspectos estruturais da frutalina mostram que esta lectina ¢ uma
proteina tetramérica composta por quatro monomeros ligados por ligagcdes ndo covalentes. Duas
de suas subunidades apresentam massa molecular de 15,5 KDa, e duas de 12 KDa. A massa
molecular da frutalina ¢ de aproximadamente 48 KDa, dependendo do meio, € a conformagao
tridimensional predominante ¢ a folha B antiparalela (64%) contendo quatro locais de ligagdo a
D-galactose, podendo assim ser classificada como uma hololectina. Esta lectina apresenta 2,1 %
de carboidrato em sua estrutura elevados teores de aminoacidos &cidos e hidroxilados e baixo teor
de aminoacidos sulfurados (MOREIRA et al., 1998). Estudos realizados por Pereira et al. (2015)
levaram a determinagdo da estrutura cristalografica da lectina frutalina (Figura 2) e mostraram
que esta ¢ expressa em diferentes isoformas, as quais apresentam diferencas principalmente na

glicosilagdo pos-transducional.
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Figura 2 - Modelo tetramérico da lectina frutalina mostrando a presenca de quatro mondmeros.

N\
V)

Fonte: PDB: Cod. 4WOG. (Pereira et al., 2015).

Estudo sobre a atividade bioldgica da frutalina tem mostrado que esta ¢ capaz de aglutinar
eritrocitos humanos e de varios animais, ndo apresentando especificidade por qualquer antigeno
do sistema ABO (MOREIRA et al., 1998). Além disso, foi demostrado que a frutalina pode
exercer papel gastro-protetor contra lesdes gastricas induzidas por etanol, sugerindo que a
frutalina provavelmente pode ser usada com agente terapéutico para o desenvolvimento de novos
medicamentos para o tratamento da tlcera gastrica (ABDON et al., 2012)

A ligagdo da frutalina a receptores na superficie celular desencadeia uma serie de
respostas biologicas, tais como induc¢do da migracdo de neutrdfilos na cavidade pleural de ratos,
indugdo da quimiotaxia, reorganizagdo dos filamentos de actina do citoesqueleto de neutrofilos
humanos (BRANDO-LIMA et al., 2005) e ativagdo mitogénica de linfocitos humanos
(BRANDO-LIMA et al., 2006).

Aplicacdes das Lectinas no Diagnéstico e Terapia do Cancer

O cancer ¢ um complexo de doencas que envolvem diversas mudancgas na fisiologia
celular, conduzindo a proliferacdo descontrolada de células anormais (neoplasia) e a formacgao de
tumores malignos. A invasdo de tecidos normais adjacentes e a metastase dessas células sdo as
principais causas de morbidade e de mortalidade para a maioria dos pacientes com céancer

(ANAND et al., 2008; BAILAR; GORNIK, 1997). O diagnostico destas doencas se faz pelo uso
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de diversas metodologias, incluindo os exames por imagem (tomografia computadorizada,
ultrassonografia, imagem por ressondncia magnética, entre outros), biopsia, estudos
histopatologicos, citopatoldgicos e dosagem de marcadores tumorais (INCA, 2016). Além disso,
o tratamento baseia-se no uso de cirurgia, quimioterapia e radioterapia, os quais tem melhorado a
taxa de sobrevivéncia dos pacientes. Porém, nenhuma dessas modalidades de tratamento esta
livre dos efeitos colaterais que podem ser exercidos sobre o paciente (DING; ALLMAN; SALVI,
2012; HIROSE; SIMON; OU, 2011), incluindo mulheres em idade reprodutiva. Ja foi
demostrado que drogas anticancerigenas sintéticas causam a morte tanto de células cancerigenas
como de células normais, enquanto que os produtos naturais oferecem agdo protetora e
terapéutica, apresentando baixa citotoxicidade para células normais. Desta forma, em busca de
novas drogas que possam ser eficientes contra o cancer, € que exer¢am efeito citotoxico minimo
sobre as células normais, diversos fitoquimicos, incluido as lectinas, vém sendo intensivamente
estudados devido sua fun¢do na quimioprevengdo desta doenga (SAWANOBORI et al., 2016).

As lectinas s3o conhecidas por apresentarem propriedades anticancerigenas in vitro e
in vivo, por se ligarem preferencialmente as membranas das células tumorais ou aos seus
receptores, causando citotoxicidade, apoptose e inibi¢do do crescimento das células tumorais
(GONZALEZ DE MEJIA;PRISECARU, 2005). Os efeitos que as lectinas podem exercer sobre
as células tumorais irdo depender da fonte e da concentragdo destas moléculas, além da linhagem
celular ou do tipo de cancer a ser tratado (FERRIZ-MARTINEZ et al., 2010).

Desta forma, diversas lectinas vém sendo alvo de pesquisas que visam a busca de
alternativas para o diagnostico e tratamento de cancer. As primeiras pesquisas se concentraram
em estudos sobre as propriedades citotdxicas das lectinas ricina (Ricinus communis L.) e abrina
(Abrus precatorius) como potenciais terapias para o cancer humano (LIN et al., 1970). Ao
mesmo tempo, Shoham et al. (1970) estudando as propriedades terapéuticas da Concanavalina A
(Canavalia ensiformis) mostraram que esta lectina inibiu o crescimento tumoral em hamsters.

Na ultima década, diversos estudos foram realizados com o objetivo de buscar
lectinas que poderdo ser utilizadas como alternativa na terapia anti-cancer (Tabela 1). Entre estas
lectinas pode-se destacar a frutalina, a lectina da fruta-pdo (Artocarpus incisa). Estudos
realizados por Oliveira ef al. (2011) demostraram que a frutalina nativa e recombinante exercem
efeito citotoxico irreversivel sobre células HeLa por induzir a apoptose e inibir a proliferagdo

celular. Oliveira ef al. (2009a) ao estudar a expressdo de glicoconjugados especificos para a
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frutalina nativa e recombinante em tecidos de carcinoma e de hiperplasia benigna da préstata
humana, utilizando a técnica de imumohistoquimica, verificaram que ambas as lectinas
apresentam consideravel potencial para diferenciar alteragdes neoplasicas de lesdes benignas da
prostata humana. Porém, apesar desses estudos serem fundamentais no conhecimento dos efeitos
que a frutalina pode exercer sobre diferentes tipos de cancer, ainda ndo se sabe o efeito que esta

lectina pode exercer sobre o desenvolvimento das células germinativas femininas.
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Tabela 1- Efeito citotoxico e anticancerigeno de algumas lectinas de plantas.

Lectina

Efeitos

Referéncia

AHL
Arisaema helleborifolium

VCA
Viscum album coloratum

Frutalina
Artocarpus incisa

Concanavalina A
Canavalia ensiformis

Lectina do rizoma de
Curcuma amarissima
Roscoe
PCL
Polygonatum cyrtonema

Frutalina
Artocarpus incisa
MLL
Morus alba L.

Lectina das sementes de
Phaseolus vulgaris
BfL
Bauhinia forficata

BL
Brassica oleracea

Riproximina
Ximenia americana
Aglutinina Abrus (AGQG)
Abrus precatorius
POL

Polygonatum odoratum

Inibigdo da proliferacdo in vitro de algumas
linhagens de células de cancer humano,
como HOP-62, HCT-15, HEP-2, HT-29,
PC-3 e A-549

Induc¢do da apoptose de células do cancer do

colon através da ativacdo da via de
sinalizagdo Receptor 1 do fator de necrose
tumoral (TNFRI), contribuindo para a
ativacao das caspases e inibi¢ao das
proteinas anti-apoptoticas
Diferenciacgdo das alteragdes neoplasicas de
lesdes benignas da prostata humana

Inducdo da apoptose das células A375 de
melanoma humano, através da via
dependente de caspase, bem como através
da via apoptotica mitocondrial
Efeito citotoxico in vitro contra a linhagem
celular BT474 de cancer da mama humano

Inibicdo do crescimento de varias linhagens
de células cancerigenas (por exemplo, HeLa,
MCEF-7, A375 e células L929)
Indugdo da apoptose e inibigdo da
proliferacdo de células HeLa
Inducdo da apoptose de células de cancer de
mama (MCF-7) e cancer de c6lon (HCT-15)
humano, através da via depedente de
caspase
Atividade antiproliferativa sobre células de
cancer de mama (MCF-7)

Indu¢do da morte celular e inibicao da
adesdo celular de células de cancer de mama
(MCEF-7)

Atividade anti-proliferativa em células de
carcinoma hepatico (Hep G2) e de cancer de
mama (MCF-7)

Atividade antineoplasica em células de
cancer de mama
Atividade anti-angiogénica e apoptotica em
células de cancer de mama
Inducdo da apoptose e da autofagia de
c¢lulas de adenocarcinoma (A549)

Kaur et al., (2006)

Khil et al., (2007)

Liu; Min; Bao (2009)

Oliveira et al.,

(2009a)

Kheeree et al., (2010)

Wang et al., (2011)

Oliveira et al., (2011)

Deepa e Priya (2012)

Cheung et al., (2013)

Silva et al., (2014)

Xu et al., (2015)

Pervaiz et al., (2016)
Bhutia et al., (2016)

Wu et al., (2016)




33

Efeitos toxicos dos agentes quimioterapicos sobre os gametas femininos

A qualidade de vida e a preservacao da fertilidade sdo questdes que devem ser
cuidadosamente discutidas entre mulheres submetidas ao tratamento de cancer em idade
reprodutiva (LEE et al., 2006). Embora o tratamento oncoldgico, mediante a administragdo de
agentes quimioterdpicos, venha aumentando a sobrevida dessas pacientes estes mesmos vém
ocasionando alteracdes ndo apenas nas células tumorais, mas também nas células normais do
organismo, incluido as células germinativas, e assim, esgotando o pool folicular e aumentando o
risco de faléncia ovariana e infertilidade (MEIROW et al., 2010). Segundo Soleimani et al.
(2011), ainda ndo existem estudos com humanos que examinem a qualidade dos 6ocitos e dos
embrides apds o tratamento quimiorerdpico. Porém, sabe-se que os agentes quimioterapicos
podem causar efeitos gonadotdxicos, interrompendo processos celulares basicos, interferindo na
proliferacao celular.

Os agentes alquilantes podem criar ligagdes covalentes entre as cadeias do DNA,
interferindo com a separacdo da dupla hélice do DNA durante o processo de replicagdo,
interrompendo o ciclo celular. Além disso, o tratamento com os agentes alquilantes e a terapia
com ciclofosfamida t€ém causado destruicdo dos oo6citos, deplecdo folicular, fibrose cortical e
danos aos vasos sanguineos (FLEISCHER; VOLLENHOVEN; WESTON, 2011; MEIROW et
al., 2010).

J& os agentes quimioterapicos rotineiramente utilizados no tratamento do cancer de
mama sdo extremamente toxicos para os ovarios, particularmente para os foliculos primordiais
(GADDUCCI; COSIO; GENAZZANI, 2007). Porém, esses quimioterdpicos ndo exercem efeito
citotoxico apenas sobre os foliculos primordias, podendo atuar também sobre os foliculos em
crescimento (Tabela 2). A presenga dos foliculos em crescimento inibe o recrutamento dos
foliculos primordiais, e a perda crescente dessa populacdo folicular leva ao aumento na ativagao
de foliculos primordiais, e assim, a perda da reserva folicular. Dados publicados por Kalich-
Philosoph et al. (2013) sobre a acdo de agentes quimioterdpicos, como a ciclofosfamida e
cisplatina, sobre a ativagdo folicular em ratas, sugerem que estas drogas ocasionam a ativa¢ao dos
foliculos primordiais quiescentes, evento que culminou no aumento precoce na quantidade dos

foliculos em crescimento e, simultaneamente, na morte dos foliculos por apoptose, resultando na
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folicular ovariana inicial. Além disso, os quimioterapicos podem atuar

diretamente sobre o odcito ou sobre as células da granulosa (Figura 3A). Assim, a morte do

oocito pode ocorrer de forma direta, ou resultar da morte das células da granulosa, uma vez que a

sobrevivéncia do odcito dependente de fatores secretados pelas células da granulosa (Figura 3B)
(MORGAN et al., 2012).

Tabela 2 - Agentes quimioterapicos e seus principais alvos no ovario.

Quimioterapicos Espécies Tipo de Células Classes Autores
Modelo Afetadas Foliculares
Afetadas
Doxorrubicina Camundongos Células da Secundario BEN-AHARON et al.

Granulosa (2010)

Humanos e Oaocitos, células Primordial e SOLEIMANI et al.
Camundongos  da granulosa, pré-antral (2011)

estroma e vasos
sanguineos

Cisplatina Camundongos Odbcitos Primordial, GONFLONI et al.

Primério (2010)
Irinotecano Camundongos Células da Pré-antral, UTSUNOMIYA et al.
Granulosa antral, pré- (2008)
ovulatorio
Ciclofosfamida Camundongos, Odcitos Primordial, PETRILLO et al.

Ratos primario (2011)

Humanos Oaocitos, células Pré-antral ABIR et al. (2008)

da granulosa

Humanos Odcito Primordial OKTEM; OKTAY
(2007a)

Cisplatina/paclitaxel Ratos Células da Primordial YUCEBILGIN et al.
Humanos Granulosa (2004)

SANCHEZ et al.

(2013)

Fonte: Adaptado de Morgan et al., (2012).



35

Figura 3 - Os alvos dos agentes quimioterapicos no tecido ovariano.
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(A) Os agentes quimioterapicos podem atingir diretamente o pool de foliculos primordiais ou a populagdo dos
foliculos em crescimento. (B) Os agentes quimioterapicos podem ser orientados diretamente para o 0o6cito ou para as
células da granulosa. A morte do odcito seria o resultado da morte das células da granulosa, uma vez que o odcito
depende das células da granulosa para sua sobrevivéncia. Fonte: Adaptado de Morgan ef al., (2012).

O efeito que a quimioterapia pode exercer sobre a fungdo ovariana pode ser imediato
ou tardio. O efeito imediato ocorre durante o tratamento, ¢ temporario, resulta da perda de
foliculos em crescimento e induz a amenorreia. Porém, desde que suficientes foliculos
primordiais permanegam quiescentes, sobre a interrup¢ao do tratamento, poderdo reestabelecer a
populacdo de foliculos em crescimento. Em contraste, a insuficiéncia ovariana tardia ¢ resultado
da perda do pool de foliculos primordiais e resulta em faléncia ovariana prematura (FOP),
conduzindo a infertilidade (MORGAN et al., 2012). Desta forma, o desenvolvimento de terapias
que possibilitem uma maior sobrevida, bem como que resultem em menores efeitos sobre a

fertilidade feminina ¢ de extrema relevancia e interesse para a clinica médica.

Oogénese, foliculogénese e ativacio folicular

A principal fun¢do do ovario ¢ a ovulagdo. O processo de ovulacdo precede a

foliculogénese, sendo intensamente controlado por hormonios esteroides ovarianos (FINDLAY et

al., 2001) e fatores de crescimento (SKINNER, 2005). A foliculogénese e a ovulagdo estdo
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intimamente ligados & comunicagdo multidirecional entre o oocito, células da granulosa e células
da teca (UZUMCU; ZACHOW, 2007). A formac¢do de foliculos ovarianos inicia-se, no ovario
fetal, por volta da 12 a 16* semanas de gestagao.

As gonadas indiferenciadas surgem como um espessamento do epitélio celomico na
superficie ventrolateral de cada mesonéfron. As células germinativas primordiais (CGPs) migram
do saco vitelino através de diferentes tecidos para colonizar as gonadas primitivas (ou sulcos
genitais) (EDDY et al., 1981; GUIGON;MAGRE, 2006). A proliferagdo das células germinativas
e células somaticas leva a um rapido alargamento das cristas genitais. Uma vez estabelecidas no
ovario fetal, as CGPs mudam sua forma, diminuem sua motilidade e continuam sua proliferagao,
até que se diferenciam em oogonias (CHASSOT et al., 2011).

No ovario em desenvolvimento, as células germinativas (ou oogdnias) e as células
epiteliais (pré-granulosa) organizam-se progressivamente em estruturas epiteliais, e assim, os
oocitos de mamiferos se desenvolvem a partir dessas oogdnias, que se formaram a partir das
CGPs. Na ultima replicagdo do DNA, antes de entrar na primeira divisdo meidtica (PICTON;
BRIGGS; GOSDEN, 1998), as oogdnias aumentam de tamanho e se diferenciam em oocitos
primarios imaturos, que sofrem uma parada no seu desenvolvimento (SUH et al., 2006), em
profase I no estagio de diploteno ou vesicula germinativa (VG) Neste momento ¢ caracterizado o
inicio da foliculogénese com a formacao do foliculo primordial.

A foliculogénese inicia-se com a formacao do foliculo primordial e culmina com o
estagio de foliculo de Graaf ou pré-ovulatorio (VAN DEN HURK; ZHAO, 2005) (Figura 4). No
inicio da foliculogénese ha o recrutamento de células da pré-granulosa pelo oocito para formar os
foliculos primordiais no ovario fetal ou neonatal (PICTON; BRIGGS; GOSDEN, 1998). Os
foliculos primordiais aparecem no ovério fetal por volta de 90 dias em vacas (RUSSE, 1983); aos
75 dias em ovelhas (MCNATTY et al., 1995; SAWYER et al., 2002) e em humanos entre o sexto
(180 dias) e o nono (270 dias) més de gestagdo (ERICKSON; WILLIAMS, 2008). Nesta fase, o
oocito estd na profase I da meiose e so retoma a meiose ou quebra da vesicula germinativa com a
ovulagdo (MCLAUGHLIN; MCIVER, 2009; PICTON; BRIGGS; GOSDEN, 1998). O primeiro
tipo de célula somatica que interage com as células germinativas sdo as células da granulosa ou
células precursoras da granulosa (PEPLING; SPRADLING, 2001). A natureza desta interagdo ¢
bidirecional, estabelecida no momento da formacao do foliculo e permanece ativa durante toda a

vida do foliculo (Figura 4) (MATZUK et al., 2002).
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Figura 4 - Caracterizagdo morfologica da foliculogénese, desde a formagdo do foliculo
primordial ao estadgio ovulatorio.
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Fonte: Adaptado de Grive; Freiman, 2015.

Os foliculos ovarianos podem ser classificados de acordo com o estagio de
desenvolvimento em pré-antrais (primordiais, de transi¢do, primarios e secundarios) ou em
foliculos antrais (tercidrios e pré-ovulatérios) (Figura 5). Os foliculos primordiais consistem em
um odcito primario envolvido por uma Unica camada de células foliculares pavimentosas. Ja os
foliculos primarios apresentam uma camada de células da granulosa de forma cuboidal, os
foliculos secundarios apresentam duas a quatro camadas de células da granulosa e foliculos pré-
antrais grandes apresentam de quatro a seis camadas de células da granulosa. Os foliculos antrais
tém mais de cinco camadas de células da granulosa e uma cavidade repleta de fluido folicular, o
antro (GOUGEON, 1986; HIRSHFIELD, 1994). A segunda populagdo de células somaticas, as
células da teca, sdo recrutadas durante as ultimas etapas da foliculogénese. As células da

granulosa e células da teca comegam a interagir durante as fases iniciais da foliculogénese através
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da sinalizagdo célula a célula, que ¢

mecanismos justacrinos (SKINNER, 2005).
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mediada principalmente por fatores paracrinos locais e

Figura 5 - Classifica¢do, organizacdo e estrutura dos foliculos ovarianos. Notar a sequéncia

evolutiva desde os foliculos primordiais até a formagao da cavidade antral e ovulacio.
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O desenvolvimento de foliculos primdrios para pré-antrais tardios/antral inicial

envolve uma série de modificagdes como o crescimento do odcito, formagdo da zona pelucida,

proliferacdo das células da granulosa formando multiplas camadas, formacao de uma lamina

basal, condensacao das células do estroma em torno da lamina basal para formar uma camada de

células da teca, e o desenvolvimento de espacos cheios de liquido que gradualmente coalescem

para formar uma unica cavidade antral (MCGEE; HSUEH, 2000).

A foliculogénese em mamiferos pode ser dividida em dois periodos distintos:

gonadotrofina-independente (foliculogénese pré-antral) e dependente de gonadotrofinas (antral
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ou de Graaf). Respondendo a secrecdo de gonadotrofina pituitdria ciclica, os diversos
compartimentos foliculares interagem de uma maneira altamente integrada para secretar
esterdides sexuais e produzir um odcito fertilizavel (ELVIN et al., 2000; LIN et al., 2003). O
desenvolvimento dos foliculos ovarianos exige uma série de eventos coordenados que induzem
alteracdes morfologicas e funcionais no foliculo, levando a diferenciagdo celular e ao
desenvolvimento do odcito. Os processos de recrutamento e selecdo dos foliculos sdo
coordenados por regulagdo endodcrina e paracrina, resultando no desenvolvimento de um ntimero
de foliculos ovulatérios que sdo espécie e raca dependentes (HUNTER et al., 2004).

O desenvolvimento folicular também ¢ regulado por interagdes extra e intra-
ovarianas. As gonadotrofinas da hipofise, hormoénio luteinizante (LH) e o hormdnio foliculo-
estimulante (FSH), fornecem os principais mecanismos de controle da selecdo e dominancia via
feedback com a unidade hipotadlamo-hipofise (HUNTER et al., 2004). No ovario, interagdes
celulares entre as células da granulosa, células da teca e odcitos, sdo essenciais para controlar a
diferenciagdo e a proliferagdo das células foliculares, permitindo o crescimento do odcito e
diferenciag@o final. As interagdes entre as células da granulosa e da teca sdo necessarias para a
biossintese de estrogénio (BONNET ef al., 2013). Sob a influéncia de LH e FSH,
respectivamente, as células da teca produzem androgénios que sdo usados pelas células da
granulosa para sintetizar estrogénios, que, por sua vez protegem o foliculo dominante da atresia.
A comunicagdo entre as células da granulosa e o odcito ¢ essencial para a foliculogénese, o
crescimento e matura¢do oocitaria. A comunicagdo entre estas células ocorre por sinalizagdo
parécrina e jungdes gap, assim, o odcito secreta fatores paracrinos soliiveis que agem nas células
da granulosa, que por sua vez, regulam o desenvolvimento de o6citos num eixo de comunicagao
bi-direcional (Figura 6). Esta comunicagdo ¢ essencial para o crescimento e desenvolvimento

tanto do 6ocito como do foliculo (GILCHRIST; RITTER; ARMSTRONG, 2004).
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Figura 6 - Comunicagdo entre o oocito (OO) e as células da granulosa (CG) através da
sinalizacdo pardcrina (setas curvas) e por jungdes comunicantes (juncdes- gap) (seta reta
pontilhada).
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Fonte: Adaptado de Gilchrist; Ritter; Armstrong (2004).

Métodos de cultivo in vitro de foliculos pré-antrais (FOPAs)

O cultivo in vitro de FOPAs ¢ uma técnica importante uma vez tem por objetivo permitir
o desenvolvimento folicular, assegurando o crescimento e a matura¢ao dos odcitos, assim como,
a multiplicacdo e diferenciacdo das células da granulosa in vitro. Além disso, através dessa
técnica, ¢ possivel aperfeigoar o conhecimento basico sobre os mecanismos envolvidos na
foliculogénese ovariana (ARUNAKUMARI; SHANMUGASUNDARAM; RAO, 2010;
FIGUEIREDO; RODRIGUES; AMORIM, 2001; SANCHEZ et al., 2009), e avaliar a influéncia
de diversos compostos sobre o crescimento e desenvolvimento folicular (CELESTINO et al.,
2011; FROTA et al., 2013; RIBEIRO et al., 2015).
Diversos sistemas de cultivo in vitro de foliculos pré-antrais t€m sido desenvolvidos. Nesses
sistemas de cultivo, os foliculos ovarianos podem ser cultivados inclusos no proprio tecido ovariano
(cultivo in situ) ou de forma isolada (cultivo isolado) (ROSSETTO et al., 2011). Além disso, Telfer

e colaboradores (2008) demonstraram em seus estudos que o cultivo in vitro de foliculos ovarianos
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pode ser realizado associando esses dois sistemas de cultivo, em que primeiro ¢ realizado o cultivo in
situ, e em seguida o cultivo dos foliculos isolados crescidos in vitro. No caso de animais que
apresentam ovarios com pequenas dimensdes, como no caso dos roedores, ¢ realizado o cultivo do
ovario inteiro (FORTUNE, 2003).

Atualmente o cultivo de pequenos fragmentos de cortex ovariano (Figura 7), rico em
foliculos primordiais vem sendo utilizado com o objetivo de estudar a ativagdo folicular e o
crescimento de foliculos primarios em diversas espécies (bufalos: ABDEL-GHANI; EL-SHERRY;
ABDELHAFEEZ, 2016; caes: ACKERMANN et al., 2016; humanos: ZHAI et al., 2016; ratos: KIM
et al.,, 2016; bovinos: JIMENEZ et al., 2016; ovinos: BANDEIRA et al., 2015; caprinos: RIBEIRO
et al., 2015). Entre as vantagens de se realizar o cultivo de pequenos fragmentos de cortex ovariano,
pode-se enfatizar: a manuten¢do do contato celular (ABIR et al., 2006); facilidade da perfusdo do
meio para o tecido ovariano (TELFER, 1996); e manutencdo da integridade tridimensional dos
foliculos, fornecendo um complexo sistema de suporte que se assemelha ao ovario in vivo
(PICTON et al., 2008). Entretanto, neste tipo de modelo, observa-se que a grande maioria dos
foliculos progride para o estddio de foliculo primario, mantendo-se viavel por até 20 dias
(WANDII et al., 1997), ao passo que poucos progridem para o estagio de foliculo secundario.

Além do cultivo de foliculos in situ, pode-se realizar ainda o cultivo de foliculos isolados
(Figura 7) a partir do tecido ovariano. Para isso, enzimas, tais como a colagenase, pronase, tripsina
DNAse, podem ser utilizadas no isolamento de foliculos pré-antrais a partir do tecido ovariano
(isolamemto enzimatico), permitindo a recuperacdo de um grande numero de foliculos. Porém,
principalmente quando a concentracdo enzimatica € o tempo de incubagdo ndo sdo rigorosamente
controlados, as enzimas podem danificar a membrana basal ou células da teca (DEMEESTERE et
al., 2005; PARK et al., 2005)

A fim de contornar os problemas inerentes a utilizagdo do processo enzimatico, métodos
mecanicos tais como, a técnica de microdissecagdo, com o uso de agulhas, e a dissociagdo mecanica
com o tissue chopper t€m sido utilizados para o isolamento de FOPAs a partir do tecido ovariano
(Figura 7) (FIGUEIREDO et al., 2008). Apos o isolamento (mecanico e/ou enzimatico), os foliculos
podem ser cultivados preservando sua morfologia para o estudo dos efeitos in vitro de diferentes
substancias, como hormoénios e fatores de crescimento (SILVA, 2005). Segundo Abir et al. (2006) o
cultivo de foliculos isolados permite 0 acompanhamento individual dos foliculos durante o cultivo,
além de possibilitar uma maior perfusdo do meio para o foliculo. Além disso, esse sistema de cultivo

permite um estudo comparativo das melhores condi¢des de cultivo, uma vez que € possivel comparar
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grupos com um mesmo numero de foliculos em um determinado estadio de desenvolvimento (SMITZ
e CORTVRINDT, 2002).

Recentemente, a microdissec¢do (método que utiliza agulhas dissecantes) tem se
tornado uma das técnicas mais adotadas para isolar foliculos pré-antrais de varias espécies
(caprinos: GHA et al., 2016; primatas: XU; HENNEBOLD; SEIFER, 2016; roedores: HARDY
et al., 2016; e caninos: SERAFIM et al., 2015)

Figura 7. Métodos de Isolamento e de Cultivo in vitro de foliculos pré-antrais.
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Atresia folicular

Segundo Matsuda et al. (2012), o desenvolvimento folicular ovariano € um processo
regulado por varios fatores endocrinos, paracrinos, autocrinos e justicrinos que atuam
coordenadamente para selecionar foliculos para a ovulagdo. Durante a vida reprodutiva feminina,
apenas alguns foliculos (<1%) serdo ovulados, sendo o destino de foliculos durante o crescimento
folicular determinado pelo equilibrio entre muitos processos (diferenciagdo, proliferagcdo/atresia)
(BONNET et al., 2008).

Na fisiologia reprodutiva, a atresia folicular ¢ um fendmeno fundamental através do
qual o ovario elimina foliculos que ndo irdo ser ovulados. Este fendmeno ¢ aparentemente

iniciado por apoptose das células da granulosa, seguido por degenera¢do do odcito nas ultimas
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fases da atresia ( ALONSO-POZOS et al., 2003; MANABE et al., 1996). Em foliculos antrais
bovinos, o processo de atresia ¢ iniciado com a morte das células da granulosa por apoptose,
levando eventualmente a destrui¢do total da camada de células da granulosa que reveste a parede
interna do foliculo (JOLLY et al, 1994; IRVING-RODGERS et al, 2001). As células da
granulosa presentes nas camadas médias da membrana granulosa sofrem apoptose, enquanto que
as células da granulosa em contato com o antro folicular morrem por uma via alternativa, como
resultado de diferenciacdo terminal (VAN WEZEL et al., 1999). A apoptose pode ser iniciada em
pelo menos quatro diferentes compartimentos celulares do foliculo antral: células da teca, células
da granulosa, células do cumulus e o odcito. Os primeiros sinais "classicos" da atresia em
foliculos antrais sdo a degeneracdo das células da granulosa mural, que perdem a atividade da
aromatase e sofrem apoptose (IRVING-RODGERS et al., 2001). Posteriormente, as células da
teca sofrem hipertrofia e diminui a sua producdo de androsterona (DRIANCOURT et al., 1998).
As células do camulus e o odcito sdo afetados apenas nos estdgios mais avancados de atresia

folicular (KRUIP ¢ DIELEMAN, 1982; HUSSEIN et al., 2005).

Apoptose

Apoptose ¢ um tipo de morte celular, descrita primeiramente por Kerr, Wyllie e
Currie (1972), a qual ¢ caracterizada por um conjunto distinto de alteragdes morfoldgicas e
bioquimicas, sendo essencial para a regula¢do do crescimento, desenvolvimento, manutencao da
quantidade de células e da homeostase do tecido em organismos multicelulares (KERR;
WYLLIE; CURRIE, 1972; JACOBSON; WEIL; RAFF, 1997). Apoptose pode ser reconhecida
por caracteristicas morfologicas muito marcantes e coordenadas, tais como, diminui¢cdo do
volume citoplasmatico, ocasionando retracao da célula, o que causa a perda da sua aderéncia com
a matriz extracelular e células vizinhas; condensac¢ao da cromatina, que se concentra na periferia
da membrana nuclear, que se mantém intacta; manuten¢do da morfologia das organelas celulares,
com excecdo, em alguns casos, das mitocondrias, que podem apresentar ruptura da membrana
plasmatica; fragmentacdo internucleossémica do DNA; desintegragdo do nucleo em fragmentos
envoltos pela membrana nuclear; e alteragdes na superficie celular, tal como a formacdo de
prolongamentos (blebs) que aumentam em niimero e tamanho e se rompem formando os corpos

apoptdticos. Os corpos apoptoticos sdo estruturas que consistem de citoplasma com organelas
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hermeticamente acondicionadas, com ou sem um fragmento nuclear, que serdo posteriormente
fagocitado por macréfagos, células do parénquima, ou células neoplasicas, e degradados dentro
de fagolisossomos (Figura 8). Desta forma, a célula ¢ eliminada rapidamente, de maneira a nao
dar tempo de o seu contetido extravasar, causando uma reacdo inflamatoria que poderia
assemelhar-se a necrose tecidual (SARASTE, 1999; ENRIGHT; HEBBEL; NATH, 1994;
ELMORE, 2007).

Figura 8 - Representacdo esquematica das caracteristicas morfologicas da morte celular por
apoptose.
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Fonte: Adaptado de Kumar ef al., 2008.

O processo de morte celular ¢ normalmente uma resposta a0 microambiente celular,
em que a auséncia de determinados fatores, como por exemplo, fatores de crescimento e
nutrientes, ou a presenga de fatores letais, como agentes quimioterapicos, radiacdo ionizante,
niveis aumentados de espécies reativas de oxigénio, além da ligacdo de moléculas a receptores de
membrana, podem induzir a célula a morte fisiologica ou programada (apoptose)
(HENGARTNER, 2000; RADOVIC; CUCIC; ALTARAC, 2008).

A apoptose pode ser regulada por duas vias: 1) via extrinseca ou de receptor de morte
e ii) via intrinseca ou via mitocondrial ( JIN; EL-DEIRY, 2005). A via extrinseca da apoptose ¢
ativada por receptores de morte ativados por seus ligantes, incluindo principalmente TNF-
TNFRI, FasL-Fas e TRAIL-DR4 ou -DR5. Os receptores de morte sdo proteinas
transmembrandrias pertencentes a superfamilia de receptores do fator de necrose tumoral (TNF),

caracterizados por apresentarem um dominio extracelular de ligagdo ao ligante, um dominio
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transmembranario Unico ¢ um dominio de morte intracelular, que permite aos receptores
iniciarem seus sinais citotoxicos quando ativados por ligantes na superficie celular, ativando a
apoptose (GUICCIARDI; GORES, 2009)

A sinalizagdo extrinseca da apoptose pela via TNF pode ser iniciada quando o TNF-a
se liga a seu receptor tipo I (TNFRI) na membrana plasmatica. Esta liga¢do induz mudanca
conformacional no dominio de morte do receptor levando ao recrutamento de algumas proteinas
adaptadoras como TRADD, RIP1 e TRAF2, formando um complexo de morte no interior da
célula (complexo I). Subsequentemente, TNFRI, TRADD e RIP1 se modificam e se dissociam do
TNFRI. O dominio de morte (DD) de TRADD (e/ou RIP1) liga-sea FADD, resultando no
recrutamento e ativagdo das caspases iniciadoras 8/ 10, formando o complexo de sinalizagdo
indutor da morte — DISC (complexo II). Uma vez ativada a caspase 8 ou 10 poderéd ativar
diretamente as caspases executoras, como a caspase-3 € 6, que irdo atuar em diversos substratos,
tanto no citoplasma como no nucleo, resultando na apoptose. A interacdo do TNF com seu
receptor tipo I (TNFRI), também pode ativar a via NF-kB que induz a expressdo de genes pro-
sobrevivéncia, como o Bcl-2 e FLIP, induzindo a sobrevivéncia celular (Figura 9).

(HERREWEGHE et al., 2010; MICHEAU; TSCHOPP, 2003).
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Figura 9 - Via extrinseca da apoptose mediada pelo receptor tipo I do TNF (TNFRI).
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Fonte: Adaptado de Cell Signaling Technology, (2014). Simbolos: cIAP1/2 — Proteinas 1 e 2 inibidoras da apoptose
celular; CYLD — Supressor de Tumor deubiquitinase; DFF40 — Fator de Fragmentagdo do DNA — subunidade 40 ;
DFF45 - Fator de Fragmentacdo do DNA — subunidade 45; FADD — Dominio de Morte Associado ao FAS; GAS2 —
Proteina 2 especifica de interrup¢do do crescimento ; IKK o/f/y — Inibidor do fator nuclear kappa B quinase
subunidades o/B/y; IkB — Inibidor de kappa Beta; NF-kB — Fator Nuclear kappa B; NF-kB p50 - Fator Nuclear kappa
B p50; p65/RelA — subunidade do NF-Kb; PARP — Poli polimerase (ADP-ribose); RIP1 — Proteina de interagdo com
o receptor-1; ROCK-1 — Proteina quinase 1 contendo coiled-coil associado a Rho; TNF-R1 — Receptor 1 de fator de
necrose tumoral; TNF-a — Fator de Necrose tumoral o; TRADD - Proteina com dominio de morte associada ao
TNFR1; TRAF2 — Fator 2 Associado a Receptor de TNF.

A via intrinseca da apoptose, ou via mitocondrial (Figura 10), ¢ ativada por vérios
estimulos, como, radiagdo, drogas, toxinas, hipertemia, infec¢des virais, radicais livres, auséncia
de fatores de crescimento, hormonios e citocinas. A principal classe de reguladores intracelulares
de apoptose ¢ formada por proteinas pro- e anti-apoptoticas pertencentes a familia Bcel-2, tais
como, Bcl-2, Bel-w, Bel-xL, Mcl-1, Al, Bak e Bax. Quando um estimulo apoptético, como por
exemplo, danos no DNA, ativa as proteinas pro- apoptoticas Bak e Bax, e estas podem alterar a

permeabilidade da membrana mitocondrial externa, levando a liberagdo para o citosol de fatores
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apoptogénicos incluindo o citocromo c. Quando no citosol, o citocromo ¢ forma um complexo

\

com o fator de ativacdo associado a apoptose (APAF-1) e a pro-caspase-9, o chamado
apoptossomo, que promove a clivagem da pro-caspase-9, liberando a caspase-9, ativa. Uma vez
ativada, a caspase-9 ativa a caspase-3 que ird ocasionar a morte celular por apoptose (CHEN;

WANG, 2002; KALIMUTHU; SE-KWON, 2013; WILLIS et al., 2007; YOULE, 2007).

Figura 10 - Via intrinseca (mitocondrial) da apoptose.
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Fonte: Adaptado de Sendoel ¢ Hengartner (2014). A via intrinseca da apoptose ocorre em resposta a sinais
fisioldgicos ou estresse celular, tais como danos ao DNA. Apos a ativagdo da via, o equilibrio entre os membros anti-
e pro-apoptéticos da familia Bcl-2 e as alteragdes na membrana mitocondrial resultam na permeabilizacdo da
membrana e liberagdo do citocromo c¢. O citocromo c liga-se ao fator de ativagdo de protease associada a apoptose 1
(APAF-1) e recruta a pro-caspase-9 para formar o apoptossomo. A caspase-9 ¢ ativada no apoptossoma e promove a
ativagdo de outras caspases adjacentes.
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Necrose

A necrose refere-se a um conjunto de alteragdes morfoldgicas que surgem nas células
apos a sua morte, sendo o resultado da acdo progressiva de enzimas sobre as células letalmente
lesadas. Este tipo de morte celular ocorre geralmente em resposta ao estresse fisico-quimico,
incluindo hipoxia, isquemia, hipoglicemia, mudangas extremas de temperatura e privacao de
nutrientes (VANLANGENAKKER et al., 2008). Morfologicamente, a necrose pode ser
caracterizada por tumefacdo celular e mitocondrial, vacuolizacdo do citoplasma, ruptura da
membrana plasmatica ocasionando a libertagdo de conteudos celulares e moléculas pro-
inflamatorias, induzindo a reacdo inflamatéria em torno da célula (Figura 11). As células que
morrem por necrose frequentemente exibem alteracdes na morfologia nuclear, mas nio a
condensacgdo da cromatina e fragmentacgdo organizada do DNA em fragmentos de 200 pb, o que ¢
caracteristico da morte celular por apoptose (KERR; WYLLIE; CURRIE, 1972; EDINGER;
THOMPSON, 2004; MAJNO; JORIS, 1995).

Figura 11 - Representagdo esquematica das caracteristicas morfologicas da morte celular por
Necrose.
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Segundo Abbas et al., (2010), alguns mecanismos bioquimicos, tais como deplegdo
de ATP, danos mitocondriais, influxo e perda da homeostasia do célcio, acimulo de radicais

livres derivados do oxigénio (estresse oxidativo), defeitos na permeabilidade da membrana e
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danos ao DNA e as proteinas, podem ser ativados por varios mediadores extracelulares, ligantes e
receptores, contribuindo para a lesdo celular via necrose.

Por muito tempo, a morte celular por necrose foi considerada um mecanismo de
morte celular acidental. Porém ja se sabe que a necrose pode ocorrer de maneira regulada, através
de um mecanismo conhecido como necroptose (FULDA, 2013). Este termo tem sido usado para
designar um determinado tipo de necrose programada que depende da atividade da Proteina
Serina-Treonina Quinase de Interagdo com RIP1. O RIP1 tem mostrado um papel essencial na
promogado da necrose em resposta a TNFa, TRAIL, ou FasL. Em resposta a sinalizacdo do fator
de necrose tumoral o (TNF-a) e na auséncia da caspase 8 ativa, a RIP1 interage com a serina-
treonina quinase de interagdo com receptor 3 (RIP3), que sofrem fosforilagdo formando um
complexo molecular chamado de necrossoma. O necrossoma, por sua vez, estimula multiplos
sinais pro-necroticos, tais como: permeabilizagdo da membrana lisossomal e liberagdo
citosolica de hidrolases lisossomais, ativacdo de esfingomielinases (SMases) e
alteracdes metabdlicas nas mitocondrias, resultando na geracdo de espécies reativas de
oxigénio (ROS) que danificardo diretamente macromoléculas, incluindo o DNA, proteinas,
lipideos, e promoverdo o decréscimo abrupto dos niveis de ATP (Figura 12)
(GALLUZZI et al, 2011; MCCALL, 2010; NIKOLETOPOULOU et al., 2013;
VANDENABEELE et al., 2010).
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Figura 12 - Resumo esquematico da necroptose mediada pelo fator de necrose tumoral a(TNFa).
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Fonte: Adaptado de Hirsova; Gores (2015). A necroptose ¢ iniciada por receptores de morte (por exemplo, TNFR-1)
em células onde a fungdo da caspase 8 ¢ inibida. Sob estas condigdes, a ativa¢ao do receptor por seu ligante (TNF-a)
promove a formagdo de um necrosoma, um complexo de sinalizagdo formado por FADD, RIP1, e RIP3. Este
complexo induz a morte celular por meio de proteinas de dominio quinase de linhagem mista (MLKL), e
provavelmente outros mediadores.
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3 JUSTIFICATIVA

Os produtos de origem vegetal vém sendo, hd muito tempo, utilizadas pela populacdo
mundial como matéria-prima para o tratamento informal, cura e preven¢do de seus males. A
popularidade alcangada pelo tratamento de doencas mediante o uso de plantas, entretanto,
aumentou a preocupacao dos pesquisadores em relacdo a eficacia dos tratamentos fitoterapicos e
aos reais efeitos sobre o organismo (MENGUE et al., 2001). Toda substancia, mesmo sendo de
origem natural, pode ser considerada um agente toxico, dependendo das condi¢des de exposicao,
como dose administrada ou absorvida, tempo e frequéncia de exposicao e vias de administracao
(BARROS; DAVINO, 1996). Dessa forma, ¢ evidente a importancia da avaliagdo do potencial
toxico de compostos derivados de plantas.

Pesquisas a respeito da citotoxicidade da frutalina, sobre linhagens de células
cancerigenas tém mostrado que esta lectina apresenta potencial de ser utilizada como
quimioterapico no tratamento e diagndtico de cancer (OLIVEIRA et al., 2009a; OLIVEIRA et
al., 2011). Porém, ¢ necessario realizar estudos sobre a agdo desta lectina sobre outras células,
como os foliculos ovarianos, uma vez que este composto, assim como outras dogras anticancer,
pode destruir além das células cancerigenas as células saudaveis, incluido os odcitos,
promovendo a esterilidade em mulheres submetidas a tratamento contra cancer. Além disso, ¢
importante saber se esta lectina afeta a sobrevivéncia dos foliculos ovarianos e/ou ocasiona
mudangas no processo de ativacdo e desenvolvimento folicular ovariano, uma vez que estes
danos podem levar a deple¢ao do pool de foliculos primordiais, afetando a fertilidade feminina.

Dentre os critérios de seguranca necessarios para o uso de fitoterapicos estdo os
estudos sobre a toxicidade reprodutiva, que incluem uma avaliagdo das ag¢des sobre a fertilidade e
a performance reprodutiva para os produtos administrados durante a gametogénese e fecundagao;
elucidagdo dos efeitos adversos sobre os fetos durante a vida intra e extra-uterina para os
produtos administrados durante a gestacdo; e determinacdo dos efeitos adversos sobre a mae, o
parto e o desenvolvimento pos-natal para os produtos administradas neste periodo (BRASIL,
1996). Varios métodos in vitro para avaliar a toxicidade de substincias foram padronizados
utilizando-se cultivos celulares. Atualmente, um dos debates éticos em ampla evidéncia esta
relacionado ao uso de animais em experimentos laboratoriais. Assim, uma das solugdes para essa
problematica sugere a realizagdo de ensaios de toxicidade in vitro, fortemente recomendados para

a realiza¢do da fase preliminar de testes, com intuito de predizer o potencial toxico de uma
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substancia utilizando-se, posteriormente, um menor numero de animais experimentais
(FRESHNEY, 1994; MELO, DURAN, HAUN, 2001).

Um dos modelos experimentais utilizados para avaliacao da toxicidade in vitro, que surge
como alternativa aos estudos in vivo ¢ a biotécnica de manipulacdo de odcitos inclusos em
foliculos pré-antrais (MOIFOPA/ Ovario Artificial) e o cultivo de foliculos isolados. Vérias
espécies animais tém sido utilizadas como fonte de obtencdo tecido ovariano para a realizagdo
desta biotécnica (ABDEL-GHANI; EL-SHERRY; ABDELHAFEEZ, 2016; ACKERMANN et al.,
2016; BANDEIRA et al., 2015; KIM et al., 2016; JIMENEZ et al., 2016). A utilizagdo de tecido
ovariano de cabras com objetivo de verificar o efeito de diferentes substdncias no
desenvolvimento folicular se justifica pelo fato desse animal ter uma foliculogénese semelhante a
humana, além da propria estrutura ovariana que também ¢ semelhante.

Desta forma a utilizagdo desta biotécnica ¢ de grande importancia para avaliar o efeito

citotoxico da frutalina.



53

4 HIPOTESES CIENTIFICAS

Diante do exposto, foram formuladas as seguintes hipoteses cientificas:

e A frutalina promove uma redu¢do na ativagdo de foliculos primordiais e na sobrevivéncia
de foliculos pré-antrais cultivados in vitro.

e A frutalina ocasiona alteracdes ultra-estruturais nos foliculos pré-antrais caprinos
cultivados in vitro.

e A frutalina modula a expressdo de RNAm para genes pro- e anti- apoptoticos em foliculos
pré-antrais caprinos cultivados in vitro.

e A frutalina apresenta um efeito menos toxico do que o controle (téxico) positivo DXR,
sobre a sobrevivéncia, a formacdo de antro, o crescimento e a expressdo do RNAm para

para genes pro- e anti- apoptéticos em foliculos secundarios caprinos isolados.
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S OBJETIVOS

Objetivo Geral

Avaliar o efeito citotoxico de diferentes concentragdes da frutalina durante o cultivo in vitro de

foliculos pré-antrais caprinos e comparar o efeito toxico da frutalina com a doxorrubicina.

Objetivos Especificos

e Avaliar a influéncia de diferentes concentragdes de frutalina sobre a ativacao, crescimento
e caracteristicas ultra-estruturais de foliculos primordiais inclusos em tecido ovariano
caprino cultivados in vitro.

e Analisar a influéncia de diferentes concentracdes de frutalina sobre a expressdo de RNAm
para caspases 3 e 6, Bax, Bcl-2, fator de necrose tumoral alfa (TNFa) e seus receptores
(TNFRI e TNFRII) apos o cultivo in vitro de foliculos primordiais inclusos em tecido
ovariano caprino.

e Avaliar o efeito de diferentes concentragdes de frutalina sobre o desenvolvimento in vitro
e viabilidade de foliculos secundarios caprinos durante 6 dias de cultivo.

e Comparar os efeitos da frutalina e da doxorrubicina sobre os foliculos secundarios
caprinos durante 6 dias de cultivo.

e Verificar a influéncia da frutalina e doxorrubicina sobre a expressio de RNAm para

caspases 3 e 6, Bax e Bcl-2 apds o cultivo in vitro de foliculos secundarios por 6 dias.
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6 EFFECTS OF FRUTALIN ON EARLY FOLLICLE MORPHOLOGY,
ULTRASTRUCTURE AND GENE EXPRESSION IN CULTURED GOAT OVARIAN
CORTICAL TISSUE

ABSTRACT

Frutalin is a galactose-binding lectin that has an irreversible cytotoxic effect on HeLa cervical
cancer cells, by inducing apoptosis and inhibiting cell proliferation. It was previously shown that
after in vitro incubation, frutalin is internalized into HeLa cells nucleus, which indicates that
frutalin apoptosis-inducing activity might be linked with its nuclear localization. Considering that
drugs commonly used for cancer treatment have a deleterious effect on germ cells, the aim of
this study was to evaluate the effect of frutalin on the activation, survival, ultrastructure and gene
expression in follicles cultured within ovarian tissue. Goat ovarian fragments were cultured for 6
days in ae-MEM" alone or supplemented with frutalin (1, 10, 50, 100 or 200 pg/ml). Non-culturad
and cultured tissues were processed for histological and ultrastructural analysis and they were
also stored to evaluate the expression of anti- and pro-apoptotic genes by quantitative polymerase
chain reaction (qPCR). The results showed that the frutalin, at all concentrations tested, reduced
follicular survival when compared with control medium. Higher concentrations of frutalin (50,
100 or 200 pg/ml) also reduced follicular survival when compared with those tissues cultured
with 1 or 10 nug/ml of frutalin. The ultrastructural analysis showed that atretic cultured follicles
had retracted oocytes and a large number of vacuoles spread throughout the cytoplasm. In
addition, signs of damage of mitochondrial membranes and cristac were observed. Moreover,
although a dose-response effect on gene expression has not been observed, when compared with
tissues culture in control medium, the presence of frutalin increased in mRNA expression pro-

apoptotic genes. In conclusion, frutalin reduces follicular survival at all concentrations tested, its
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being effects more pronounced when high concentrations of this lectin (50, 100 and 200 pg/ml)
are used. Gene expression profile and ultrastrutural features of cultured follicles suggest that

follicular death in goat ovarian tissue cultured in presence of frutalin occurs via necrosis.

Keywords: Frutalin, Ovary, Goat, Follicles

Introduction

Lectins are a well-known group of carbohydrate-binding proteins that mediate a variety of
biological processes, especially the recognition of cancer-associated oligosaccharides (Kabir,
1998). Cancer cells exhibit cellular changes in glycosylation (Kim and Varki, 1997) and it has
been reported that lectins are able to agglutinate malignantly transformed cells, but not their
normal parental cells (Inbar and Sachs, 1969; Fang et al., 2011). In an attempt to develop
alternative treatments for cancer diseases, frutalin (a galactose-binding jacalin-related lectin) has
received considerable attention because of its biological properties (Brando-Lima et al., 2005;
Oliveira et al.,, 2009; Oliveira et al., 2011). This lectin belongs to the family derived from
Artocarpus incisa and specifically binds a-D-galactose (Moreira et al., 1998; Nobre et al., 2010).
Previous in vitro studies have shown that frutalin is internalized into HeLa cells nucleus and has
an irreversible cytotoxic effect on these cells, by inducing apoptosis and inhibiting cell
proliferation (Oliveira et al., 2011). However, it is well known that drugs commonly used for
cancer treatment have a deleterious effect on germ cells (Arnon et al., 2001; Akdemir et al.,
2014), which results in primordial follicle depletion and, as a consequence, premature
menopause, subfertility, infertility and associated symptoms (Jeruss and Woodruff, 2009;

Schmidt et al., 2010). Considering that frutalin is capable of inducing apoptosis in cancer cells
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(Oliveira et al., 2011) and, thus, may be potentially used in the future as an anticancer agent
(Brando-Lima et al., 2005; Oliveira et al., 2009), it is very important to evaluate whether this
lectin has deleterious effects on female gametes, e.g., on the oocytes enclosed in primordial

follicles.

Primordial follicles are very important for fertility preservation, as they are the most
abundant follicle class (Hornick et al., 2012). In primate species, the primordial follicle pool is
established shortly before birth (Gougeon, 1996; Bristol-Gould et al., 2006). Females are born
with ~1 million primordial follicles, and this number continuously declines with age, as dormant
primordial follicles are either lost by degeneration or activated to proceed through
folliculogenesis (Faddy et al., 1992; Adhikari and Liu, 2009). Ovarian follicular death, also
known as follicular atresia, is an apoptotic process controlled by hormones, and may occur at any
stage of development (Carroll et al., 1990; Kaipia and Hsueh, 1997). The balance between
several pro-apoptotic (BAX, BCL2-associated X protein) and pro-survival molecules (BCL2,
MCL1 and BCLXL) regulates the process of apoptosis in ovarian follicles (Hussein, 2005;
Matsuda et al., 2012). Tumor necrosis factor-a (TNF alfa) and its receptors (TNFRI and TNFRII)
also have critical roles in the induction of apoptosis. The action of this factor is through
interaction with its receptors on the cell surface, resulting in the aggregation of receptors and
recruitment of signaling proteins. The TNFRI acts through its death domain in its cytoplasmic
region, which interacts with the intracellular transducer and results in aggregation and activation
molecules, such as caspases, leading to cell death (Hussein, 2005). However, it is unknown
whether frutalin regulates the expression of mRNAs for factors involved in apoptosis, nor if it
induces morphological or ultrastructural changes in primordial follicles cultured within goat

ovarian cortical tissue.
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The aim of this study was to evaluate the effect of different concentrations of frutalin on
follicular activation, survival, ultrastructure, and expression of mRNA for TNFA and its receptor
(TNFRI), as well as that for BCL2, BAX and the CASPASES 3 and 6, after 6-days culture of
caprine ovarian cortical tissue. This species was chosen because it has been successfully used as
an experimental model for studying the causes, mechanisms and therapy of human diseases

(Haldar and Ghosh, 2014).

Methods

Chemicals
Unless mentioned otherwise, the culture media and other chemicals used in the present

study were purchased from Sigma Chemical Co. (St Louis, MO).

Isolation and purification of frutalin

Mature seeds from Artocarpus incisa L. were cut into small fragments, dried in acetone
(P.A) and ground into a fine powder using a coffee mill. The powder was incubated at a 1:10
ratio (w/v) in phosphate-buffered saline (PBS, pH 7.4) at room temperature with continuous
stirring for 2 h before centrifugation at 10 000 x g for 20 min at 5 °C. The supernatant (crude
extract) was precipitated with ammonium sulfate (0-90% of saturation, Fo0) and centrifuged at
12 000 x g for 30 min at 5 °C. The pellet was suspended and dialyzed in PBS pH 7.4. The protein
solution (Fomo) was applied to an agarose—D-galactose column (8 x 1 cm) equilibrated with the
same buffer. After removing the unbound material, frutalin was eluted with 100 mM D-galactose

in an equilibrium solution. The presence and purity of the lectin in the pooled fractions were
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checked by SDS-PAGE 15%. Fractions containing pure frutalin were dialyzed against PBS pH

7.4 and concentrated in 10 KDa Amicon® (Millipore) tubes (Moreira et al., 1998).

Effect of different concentrations of frutalin on survival and growth of primordial follicles
Ovaries (n= 12) were obtained from six cross-breed goats (Capra hircus) collected at a
slaughterhouse. Immediately postmortem, ovaries were washed in 70% alcohol for 10 sec
followed by two times in saline solution (0.9% NaCl) containing antibiotics (100 IU/mL
penicillin and 100 mg/mL streptomycin). Ovaries were transported within 1 h to the laboratory in
a saline solution containing antibiotics at 4°C.
The culture system was earlier described in detail by Ribeiro et al. (2015). Briefly, ovarian
cortical tissue from the same ovarian pair was cut in 21 slices (3 mm x 3 mm x 1 mm) using
scissors and scalpel under sterile conditions. The tissue pieces were distributed for the following
analyses: transmission electron microscopy (one fragment), classical histology (one fragment)
and polymerase chain reaction (PCR) (one fragment) in uncultured control. The remaining
fragments were cultured for 6 days (three fragments per treatment). Cortical tissues were
transferred to 24-well culture dishes containing 1 mL of culture media. Culture was performed at
39°C in 5% CO2 in a humidified incubator. The basic culture medium consisted of a-MEM (pH
7.2-7.4) supplemented with ITS (10 pg/mL insulin, 5.5 pg/mL transferrin, and 5 ng/mL
selenium), 2 mM glutamine, 2 mM hypoxanthine, antibiotics 100 IU/mL penicillin and 100
mg/mL streptomycin, 50 pg/mL ascorbic acid, 3.0 mg/mL of bovine serum albumin (o-MEM).
The ovarian cortical fragments were cultured in control medium (a-MEM") alone or
supplemented with different concentrations of frutalin (1, 10, 50, 100 or 200 pg/mL). Every 2

days, the culture medium was replaced with fresh medium. After culture in each treatment,
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fragments were fixed for classical histology, transmission electron microscopy or stored at - 80°C
for PCR. This procedure was repeated six times.

For histological studies, after six days of culture, the pieces of ovarian tissue were fixed
overnight at room temperature in 4% paraformaldehyde in PBS pH 7.4. After fixation, the
ovarian fragments were dehydrated in a graded series of ethanol, clarified with xylene, and
embedded in paraffin. For each piece of ovarian cortex, 7 um sections were mounted on slides
and stained with eosin and hematoxylin. Coded anonymized slides were examined under a
microscope (Nikon, Tokyo, Japan) at x100 and x400 magnification. The developmental stages of
follicles were classified as primordial follicles (one layer of flattened or flattened and cuboidal
granulosa cells around the oocyte) or growing follicles (primary: one layer of cuboidal granulosa
cells, and secondary: two or more layers of cuboidal granulosa cells around the oocyte) (Silva et
al., 2004).

These follicles were further classified individually as histologically normal when an
intact oocyte was present, surrounded by granulosa cells that were well organized in one or more
layers, and had no pyknotic nucleus. Degenerated follicles were defined as those with a retracted
oocyte with a pyknotic nucleus and/or surrounded by disorganized granulosa cells detached from
the basement membrane. Overall, a number ranging from 247 to 398 follicles were evaluated for
each treatment. The percentages of healthy primordial and developing follicles were calculated

before (fresh control) and after culture in a particular medium.

Ultrastructural analysis of cultured ovarian tissue
To better examine follicular morphology, transmission electron microscopy (TEM) was
performed to analyze the ultrastructure of normal follicles from uncultured and cultured tissues,

as well as from follicles with signs of atresia after 6 days of culture. Experiments and analyses
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involving electron microscopy were performed in the Center of Microscopy at the Universidade

Federal de Minas Gerais, Belo Horizonte, MG, Brazil (http://www.microscopia.ufmg.br). A
portion with a maximum dimension of 1 mm?® was cut from each fragment of ovarian tissue and
fixed in Karnovsky solution (4% paraformaldehyde and 2.5% glutaraldehyde in 0.1 mol/l sodium
cacodylate buffer, pH 7.2) for 3 h at room temperature. Specimens were post-fixed in 1%
osmium tetroxide, 0.8% potassium ferricyanide and 5 mM calcium chloride in 0.1 M sodium
cacodylate buffer for 1 h at room temperature, washed in sodium cacodylate buffer and
counterstained with 5% uranyl acetate. The samples were then dehydrated through a gradient of
acetone solutions and thereafter embedded in epoxy resin (Epoxy-Embedding Kit, Fluka
Chemika-BioChemika). Afterwards, semi-thin sections (2 pm) were cut, stained with toluidine
blue and analyzed by light microscopy at a 400x magnification. Subsequently, ultra-thin sections
were counterstained with uranyl acetate and lead citrate and examined under an electron
microscope Tecnai G2 Spirit for Life Sciences. The density and integrity of ooplasmic and
granulosa cell organelles, as well as vacuolization, and basement membrane integrity were

evaluated.

Expression of mRNA for TNFA, TNFRI, CASPASE 3, CASPASE 6, BAX and BCL2 in
cultured cortical tissue

To evaluate the effects of frutalin on the mRNA expression of TNFA, TNF receptor |
(TNFRI), TNF receptor Il (TNFRII), CASPASE 3, CASPASE 6, BAX and BCL2, for each
treatment and for uncultured control, two fragments were collected and then stored at —80°C until
extraction of total RNA, being in total 14 pieces of ovarian cortex per animal. 6-day cultured 2
fragments from each treatment. Total RNA extraction was performed using a Trizol®

purification kit (Invitrogen, Sdo Paulo, Brazil). According to the manufacturer instructions, 800u1



62

of Trizol solution were added to each frozen sample and the lysate was aspirated through a 20-
gauge needle before centrifugation at 10 000 g for 3 min at room temperature. Thereafter, all
lysates were diluted 1:1 with 70% ethanol and subjected to a mini-column. After binding of the
RNA to the column, DNA digestion was performed using RNase-free DNase (340 Kunitz units/
mL) for 15 min at room temperature. After washing the column three times, the RNA was eluted
with 30 pl RNase-free water.

The RNA concentration was estimated by reading the absorbance at 260 nm and was
checked for purity at 280 nm in a spectrophotometer (Amersham Biosciences, Cambridge, UK)
and 2 pg of total RNA was used for reverse transcription. Before the reverse transcription
reaction, samples of RNA were incubated for 5 min at 70° C and then cooled in ice. Reverse
transcription was performed in a total volume of 20 pl, which was comprised of 10 pL of sample
RNA, 4 pL 5X reverse transcriptase buffer (Invitrogen, Sdo Paulo, Brazil), 8 units RNase out,
150 units Superscript III reverse transcriptase, 0.036 U random primers (Invitrogen, Sdo Paulo,
Brazil), 10 mM DTT, and 0.5 mM of each dNTP. The mixture was incubated for 1 h at 42° C, for
5 min at 80°C, and then stored at 20°C.

Negative controls were prepared under the same conditions, but without the inclusion of
the reverse transcriptase. Quantification of mRNA was performed using SYBR Green. PCR
reactions were composed of 1 pL cDNA as a template in 7.5 pL of SYBR GreenMaster Mix (PE
Applied Biosystems, Foster City, CA, USA), 5.5 pL of ultra-pure water, and 0.5 M of each
primer. The primers were designed by using the Primer QuestSM program (http:/ /
www.idtdna.com) to perform amplification of TNFA, TNFRI, TNFRII, CASPASE 3, CASPASE 6,
BAX and BCL2, and housekeeping gene BACTINA (Table 1). The specificity of each primer pair
was confirmed by melting curve analysis of PCR products. The thermal cycling profile for the

first round of PCR was: initial denaturation and activation of the polymerase for 10 min at 95°C,
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followed by 40 cycles of 15 s at 95°C, 30 s at 58°C, and 30 s at 72°C. The final extension was for
10 min at 72°C. All reactions were performed in a real-time PCR Realplex (Eppendorf,
Germany). The AACt method was used to transform the Ct values into normalized relative

expression levels (Livak and Schmittgen, 2001).

Statistical analysis

The percentages of primordial and developing follicles, as well as of those classified as
morphologically normal after 6 days of culture in medium supplemented with different
concentrations of frutalin were compared by Fisher’s exact test (Graph pad Instat). Levels of
mRNA for TNFA, TNFRI, TNFRII, CASPASE 3, CASPASE 6, BAX and BCL2, in cultured
fragments were analyzed by using the non-parametric KruskalWallis test (P < 0.05), and the
values were expressed as mean + stand and error of the mean (sem). The differences were

considered significant when P < 0.05.

Results

Effect of different concentrations of frutalin on survival and activation of primordial
follicles

Histological analysis showed the presence of normal (Fig. 13A) and degenerated
(Fig.13B) follicles in cultured ovarian cortical fragments. Degenerated follicles had a shrunken
oocyte, with pyknotic nucleus or disorganized granulosa cells. After 6 days, the percentage of
normal follicles after culture of ovarian tissue in a-MEM™ alone or supplemented with different
concentrations of frutalin (0, 1, 10, 50, 100 or 200 pg/ml) decreased significantly when comparad

with that of uncultured follicles from fresh control. In addition, the percentage of normal follicles
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after culture in medium with 1, 10, 50, 100 or 200 ug/ mL of frutalin was significantly lower than
that of tissues cultured in a-MEM™" alone. Moreover, the percentage of normal follicles after
culture in medium with 50, 100 or 200 pg/mL of frutalin was significantly reduced when
compared with that of tissues cultured in medium with 1 or 10 pg/mL of frutalin (Fig. 14).

After 6 days culture of ovarian fragments in the different media, a significant reduction in
the percentage of primordial follicles (Fig. 15A) and an increase in the percentage of developing
follicles were observed, when compared with the respective percentages within fresh uncultured
tissues (P < 0.05). At all concentrations tested, the presence of frutalin in culture media did not
influence the percentage of developing follicles in vitro compared to what was found in tissues

cultured in a-MEM" alone (Fig. 15B).

Ultrastructural aspects of follicles before and after culture

Normal primordial follicles from uncultured tissues exhibited sparse vesicles spread
throughout the cytoplasm in all the oocytes and regular nuclear membrane. Oocyte and granulosa
cells were well connected. Granulosa cells had irregularly-shaped nuclei, with a high nuclear-to-
cytoplasm ratio. The cytoplasm contained a great number of elongated mitochondria with
lamellar cristae, as well as endoplasmic reticulum. The oocyte cytoplasm also contained
numerous rounded mitochondria with peripheral cristae and continuous mitochondrial
membranes, although there were occasional elongated forms with parallel cristae. Golgi
complexes were rarely observed. Both, smooth and rough endoplasmic reticula were present,
either as isolated aggregations or as complex associations with mitochondria and vesicles (Fig. 16
and 17). Normal follicles from cultured tissues had similar characteristics (Fig. 18), except for a
discreet increase in the number of vacuoles and a higher number of elongated mitochondria (Fig.

19). Connections between oocyte and granulosa cells were also seen (Fig. 20).
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Degenerated follicles from cultured tissues had a retracted oocyte and large irregularity of
the follicular, oocyte and nuclear outlines. In the oocyte, a large number of vacuoles spread
throughout the cytoplasm were seen (Fig. 21A). In addition, signs of damage to mitochondrial
membranes and cristae were observed. Granulosa cells had a swollen aspect, with a low density
of organelles in their cytoplasm (Fig. 21B). Granulosa cells had lost their connections with the
oocyte basement membrane while a rupture in their cytoplasmic membrane was observed.
Generally, organelles were unrecognizable in granulosa cells (Fig. 21B). In tissues cultured in the
presence of frutalin, fragmented follicles and stromal cells were commonly observed (Fig. 21A

and B).

Effects of frutalin on gene expression in cultured cortical tissue

After comparing the levels of mRNA between uncultured tisseues and tissues cultured in
control medium, most of the mRNAs had their levels reduced after culture. However, only the
expression of mRNAs for TNFRI was significantly lower than those seen in uncultured control.
In contrast, cultured tissues had higher levels of mRNA for BAX than those seen in uncultured
control (Fig. 22).

When compared with tissues cultured only in control medium (a-MEM), the presence
of 10 pg/ml frutalin significantly increased the levels of mRNA for TNFA (Fig. 23A), CASPASE
6 (Fig. 23E) and BAX (Fig. 23F). The levels of mRNA for BAX (Fig. 23F) were also higher in
ovarian tissues cultured in medium containing 100 pg/mL of frutalin than those cultured in
control medium. In addition, the levels of mRNA of CASPASE 3 (Fig. 23D) were significantly
increased in ovarian tissues cultured in medium containing 50 and 200 pg/ml frutalin compared

to a-MEM". The presence of 200 pg/mL frutalin also increased the levels of mRNA of TNFRI
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(Fig. 23B), TNFRII (Fig. 23C) and BCL2 (Fig. 23G) when compared to tissues cultured in a-

MEM™ alone.

Discussion

Frutalin is a tetrameric lectin expressed in breadfruit plant seeds (Monteiro-Moreira et
al., 2015) that, similarly to other galactose-binding lectins [e.g. jacalin (Kabir, 1998), has
successfully been used in immunobiological research on cell recognition (Brando-Lima et al.,
2005; Oliveira et al., 2009). This study shows for the first time that frutalin does not influence
caprine ovarian-cortical-tissue-enclosed primordial follicle activation in vitro, most of the
follicles spontaneously started growth in all cultures inclusive the control medium. Similar results
have been described for bovine cortical tissue pieces cultured in serum-free control medium
(Wandji et al., 1996; Braw-Tal and Yossef, 1997) and those from sheep (Santos et al., 2014). To
explain the massive growth of primordial follicles during in vitro culture, Cushman et al. (2002)
suggested that an inhibitor of medullary origin regulates activation in vivo and that separation of
the cortex from medulla causes primordial follicles to activate in vitro. However, more recently,
Kawamura et al. (2013) demonstrated that ovarian fragmentation increased actin polymerization
and disrupted the Hippo signaling pathway, leading to increased expression of growth factors.
Secreted connective tissue growth factor and related factors promoted primordial follicle growth
in vitro (Hsueh et al., 2015). Our current data furthermore show decreased follicular survival in
all media containing frutalin, the effect being stronger (+ 50% decrease) in the presence of
relatively high concentrations (50-200 pg/mL) of this compound, than in the media with lower
concentrations (1 and 10 pg/mL; + 30% decrease). Thus, frutalin has a deleterious effect on
caprine primordial follicles in vitro. Despite this, the still relatively high survival rate of ovarian

follicles after culture in the presence of low concentrations of frutalin strengthens our hope for
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the development of an anticancer therapy that results in less severe damage to the ovarian follicle
population. Previous in vitro studies have shown concentrations higher than 18pug/mL have a
toxic effect on Hela cells, but, probably, an in vivo effect on cancer cells will require higher
concentrations. It is clear that, apart from the concentration of the drug in the culture medium,
other aspects, such as its half-life and metabolism, should be taken into account in future studies,
but such studies open up numerous prospects for progress in this area. It is important to note that
frutalin was previously used as a histochemical biomarker for prostate cancer (Oliveira et al.,
2009).

The present study shows morphological and ultrastructural changes that occur during
degeneration of caprine preantral follicles enclosed in ovarian cortical tissues that have been
cultured in the presence of frutalin. Ultrastructural analysis shows that healthy follicles have
oocyte and granulosa cells well connected while the oocyte contains sparse vesicles spread
throughout the cytoplasm, a great number of mitochondria with lamellar cristac and well-
developed rough endoplasmic reticulum. In contrast, cultured follicles that became atretic have
retracted oocytes, large numbers of vacuoles throughout the cytoplasm, and swollen granulosa
cells, with a low density of organelles. In addition, signs of damage to mitochondrial membranes
and cristae were observed. Similar changes were previously described in goat ovaries stored in
vitro (Silva et al., 2002). The observed morphological and ultrastructural changes indicate that
the concerned atretic follicular cells undergo cell death by necrosis, a process different from
apoptosis (Ziegler and Groscurth, 2004; Celestino et al., 2009). The main features of cells dying
by necrosis are increased cell volume, chromatin aggregation, large vacuolization in the
cytoplasm, disruption of cytoplasm, loss of plasma membrane integrity and subsequent cell
disruption (Fink and Cookson, 2005). Cellular necrosis has long been regarded as an incidental

and uncontrolled form of cell death. In contrast, the morphology associated with apoptosis is
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characterized by nuclear and cytoplasmic condensation and cellular fragmentation into
membrane-bound fragments. These fragments or apoptotic bodies are taken up by other cells and
degraded within phagosomes (Fink and Cookson, 2005). A new regulated form of cell death,
termed necroptosis, has been identified recently. Necroptosis is a form of caspase-independent
programmed cell death associated with morphological changes similar to those that occur in
necrosis (Preyat et al., 2016). Necroptosis can be induced by extracellular cytokines, pathogens,
and several pharmacological compounds. Interestingly, most ligands known to induce
necroptosis, including, notably, TNF-a, can also promote apoptosis (Preyat et al., 2016).
Autophagy, another form of cell death, features degradation of cellular components within the
dying cell in autophagic vacuoles (Clarke, 1990). The morphological characteristics of autophagy
include vacuolization, degradation of cytoplasmic contents, and slight chromatin condensation
(Fink and Cookson, 2005). Since some of these features were also seen in degenerated follicles,
the possibility that autophagy can also be involved cannot be excluded.

Real time PCR has shown that tissues cultured in control medium had reduced levels of
mRNA for TNFRI, but increased expression of BAX, showing that the cultute system itself
influences gene expression. Despite the absence of a dose-response effect of frutalin on the
expression of genes for TNFA, TNFRI, TNFRII, CASPASE 3 and 6, BAX and BCL2, this lectin
increased the mRNA expression of pro-apoptotic genes (7NFo [frutalin 10 pg/mL], TNFRI
[frutalin 200 pg/mL], CASPASE 3 [frutalin 50 and 200 pg/mL], CASPASE 6 [frutalin 10 ug/mL],
and BAX [frutalin 10 pg/mL]). It is well known that TNFa is able to elicit pro-apoptotic signals in
various cellular types (Sethu and Melendez, 2011) and that TNFRI contains an intracellular death
domain that is necessary for signaling pathways associated with apoptosis (Hsu et al., 1995).
After binding to its receptor, TNFa triggers pro-apoptotic pathways, such as the loss of

mitochondrial membrane potential and activation of terminal proteases, such as the caspase-3
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family of proteases (Miyashita et al., 1998). TNFRII does not contain a death motif but still
recruits adaptor proteins including TRAF2, and thus, it is thought to be able to signal apoptosis
(reviwed by MacEwan, 2002). After receiving the death signals, the pro-apoptotic BAX protein
allows cytochrome c to leak out of the mitochondria, which then activate, the caspase cascade,
leading to cell death (Hussein, 2005). CASPASE 3 activation has been associated with the
execution phase of apoptosis and has previously been reported to mediate proteolysis of
numerous cellular substrates, including the nuclease DFF40/CAD, which cleaves DNA into
oligonucleosomes, poly(ADP ribose)polymerase, protein kinase Cd, and U1-70 kDa (Lazebnik et
al., 1994; Ghayur et al., 1996; Rosen and Casciola-Rosen, 1997). In addition, caspase 6 cleaves
lamins during apoptotic cell death (Orth et al., 1996).

Considering that the population of normal follicles has significantly decreased and both
ultrastructural changes indicative of necrosis and a transitorily increased expression of pro-
apoptotic genes has been detected after culture of ovarian tissue in the presence of frutalin, it is
concluded that under these circumstances frutalin is able to trigger follicular cell death mainly via
necrotic or necroptotic pathway. Several lectins possess proapoptotic and proautophagic
properties in cancer cell lines (Fu et al., 2011; Li et al., 2011) and Oliveira et al. (2011) reported
that frutalin induces apoptosis of HeLa cells. In contrast to apoptosis, necroptosis is largely
independent of executioner caspases, such as CASPASE 3, 6 and 7 (Preyat et al.,, 2016).
Although necroptosis often appears to occur when apoptosis is abortive, such as in situations of
caspase inhibition (Preyat et al., 2016), the cellular factors regulating the choice between these
two forms of regulated cell death have not been fully uncovered. To reinforce the possibility that
the apoptotic pathway may have been interrupted, an unexpected increase in the expression of
BCL2 mRNA was seen after culture of ovarian tissue in the presence of frutalin (200 pg/mL).

The expressed factor is a membrane-associated protein that resides in the nuclear envelope and
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mitochondria and exerts its pro-survival functions by modulating the mitochondrial the release of

cytochrome ¢ (Hussein, 2005).

Conclusions

The putative anticancer lectin frutalin does not influence in-vitro caprine primordial
follicle activation. Frutalin, however, reduces in-vitro follicular survival, although at low
concentrations (1 and 10 pg/mL) the percentage of healthy follicles is still high (>60%).
Ultrastructural features of cultured follicles demonstrate that necrosis is the main type of cell
death in follicles cultured in the presence of frutalin. Since this lectin, depending on the
concentration, has low to moderate toxic effect on early follicles, future studies to evaluate the
effects of frutalin on ovarian, oocyte and embryo function in vivo are needed to determine the

consequences of this treatment far patients.

Abbreviations
TNFA, tumor necrosis factor-[alpha]; TNFRI, Tumor necrosis factor receptor 1; TNFRII: Tumor
necrosis factor receptor 2; BAX, BCL2-Associated X Protein; BCL2, B cell lymphoma gene 2;

MEM, Minimum essential medium.
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Figures and tables

Table 3 - Primer pairs used in real-time PCR
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Target gene Primer sequence (5°=23’) Sense Position GenBank
(s) accession no.
anti-
sense(s)
CCACGTTGTAGCCGACATCA s 466-485 '
INFa ATGAGGTAAAGCCCGTCAGC as 578597 ~ (1:402693442
CTGGTGATTGTCTTCGGGCT s 936-955 '
TNFRI TGCCCGCAAATGATGGAGTA as 10201039  O1:2290397
GTAGCTCAGAGGCGTCTTCC s 102-121 '
INFRIT GCCGCTGCAAACATTGACA as 157.175 ~ ©Ol:2613148
CACGGAAGCAAATCAGTGGAC s 73-93 '
CASPASE 3 GACAGGCCATGCCAGTATT as 181200 G- 379067369
ACTCCGTGGCAGAAGGTTATTA s 589-610 '
CASPASES  1GAGAAACCTTCCTGTTCACCA as 712-733  OL 548469419
GCCCTTTTCTACTTTGCCAGC s 334-354 '
BAX GGCCGTCCCAACCACCC as 465.48] Ol 41386763
GGTAGGTGCTCGTCTGGATG s 23172336 '
BCL2 GGCCACACACGTGGTTTTAC as 24210440 OF 22652876
ACCACTGGCATTGTCATGGACTCT s 187-211 '
BACTIN  1cCTTGATGTCACGGACGATTTCC  as 386-410 Ol 28628620
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Fig. 13. Histological section of uncultured tissue showing a normal primordial follicle (A) and a
degenerated primary follicle (B). Degenerated follicle had a shrunken oocyte, with pyknotic

nucleus or disorganized granulosa cells.

Symbols: O, oocyte; Nu, nucleus; GC, granulosa cells (original magnification x 400).
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Fig. 14. Percentages of normal follicles in fresh control and after culture in o-MEM?
supplemented with frutalin (1, 10, 50, 100 or 200 pg/mL). Follicle counts from a total of six

goats were pooled.
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Fig. 15. Percentages of follicles in fresh control and after culture in a-MEM+ supplemented with

frutalin (1, 10, 50, 100 or 200 pg/mL). Follicle counts from a total of six goats were pooled. A)

primordial follicles; B) developing follicles.
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Fig. 16. Electron micrograph of a normal primordial follicle from uncultured tissue.
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Symbols: O: oocyte; Nu: nucleus of oocyte; GC: granulosa cells; m: mitochondria; ser: smooth endoplasmic

reticulum; v: vesicles



Fig. 17. Detail of an oocyte from uncultured tissue with nucleus and cytoplasmic organelles.
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Symbols: O: oocyte; Nu: nucleus of oocyte; m: mitochondria; ser: smooth endoplasmic reticulum; v: vesicles
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Fig. 18. Electron micrograph of a normal primordial follicle from cultured tissue in o-MEM"

only. A) oocyte; B) granulosa cell.

Symbols: O: oocyte; Nu: nucleus; m: mitochondria; v: vesicles.
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Fig. 19. Detail of an oocyte from primordial follicle from cultured tissue in a-MEM" only with

nucleus and cytoplasmic organelles.

Symbols: O: oocyte; Nu: nucleus of oocyte; m: mitochondria; ser: smooth endoplasmic reticulum; v: vesicles
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Fig. 20. Connections (arrows) between oocyte and granulosa from primordial follicles present in

cultured tissue in a-MEM" only.

Symbols: m: mitochondria; ser: smooth endoplasmic reticulum; v: vesicles; O: oocyte; GC: granulosa cell.
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Fig. 21. Electron micrograph of a degenerated primordial follicle from tissue cultured in presence
of frutalin (100 pg/mL). A) Retracted oocyte and large irregularity of the follicular oocyte and its

nuclear outlines; B) cytoplasmic low density of granulosa cells.

Symbols: O: oocyte; GC: granulosa cell; v: vesicles; sc: stromal cells.
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Fig. 22. Levels of mRNA for TNFA, TNFRI, TNFRII, CASPASE 3, CASPASE 6, BAX and BCL2

in tissues cultured in a-MEM+ when compared with fresh uncultured tissues.
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Fig. 23. Levels of mRNA for pro apoptotic genes in tissues cultured in a-MEM™ supplemented

with frutalin.
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7 FRUTALIN IS LESS TOXIC THAN DOXORUBICIN DURING THE CULTURE OF
CAPRINE SECONDARY FOLLICLES IN VITRO

ABSTRACT

Doxorubicin is a well-known chemotherapic agent, while frutalin has antitumor properties.
However, it is still unknown whether frutalin has lower toxic effects on preantral follicles than
doxorubicin. This study was conducted to compare the effects of frutalin and doxorubicin on the
survival and growth of in-vitro cultured goat secondary follicles, and on the expression of Casp3,
Casp6, Bax, and Bcl2 therein. Secondary follicles (~0.2 mm) were isolated from goat ovarian
cortex and individually cultured at 39°C, with 5% CO: in air, for 6 days, in a-MEM" alone
(control medium), or in a-MEM" supplemented with 0.3 ug/mL doxorubicin, or with 0.6, 6.0 or
60.0 pg/mL of frutalin. After culture, follicle viability, antrum formation, growth rate and
follicular survival were evaluated, Additionally, the levels of mRNA for Casp3, Casp6, Bax, and
Bcl2 were investigated by real-time PCR. The results showed that, after 6 days of culture in
medium supplemented with doxorubicin or frutalin (0.6, 6 and 60 pg/mL), the percentage of
normal follicles was significantly reduced, when compared to those of follicles cultured in
control medium. Doxorubicin significantly reduced follicle viability, when compared to those
cultured with frutalin at all concentrations tested. In addition, the percentage of normal follicles
after culture with 0.6 and 6.0 pg/mL of frutalin was significantly higher than those of follicles in
presence of 60.0 ug/mL frutalin. Except for follicles cultured with 0.6 pg/mL frutalin, follicular
growth rate was significantly reduced after culture in presence of doxorubicin or frutalin, when
compared with control medium (a-MEM"). Around 60.0% of follicles cultured in control

medium had antrum formation, but the presence of doxorubicin or frutalin significantly reduced



38

antrum formation (P<0.05), the percentages ranging from 0.00 to 7.69%. The presence
doxorubicin or 60.0 pg/mL frutalin increased the level of RNAm for Casp3, Casp6, Bax, and
Bcl2 (P<0.05), but higher levels of transcripts for Casp3, Casp6 and Bax were found in follicles
cultured with doxorubicin, when compared with those cultured with 60.0 pg/mL frutalin. On the
other hand, follicles cultured with frutalin had higher levels of mRNA for Bcl2 (P<0.05), when
compared with those cultured in presence of frutalin. In conclusion, frutalin has lower toxic

effects than doxorubicin on caprine secondary follicles cultured in vitro.

Keywords: Frutalin, doxorubicin, ovary, goat, secondary follicles, in-vitro culture, gene

expression

Introduction

Lectins are proteins extensively used in biomedical applications with properties to
recognize carbohydrates and glycoconjugates in cells, tissue sections, and biological fluids, being
valuable tools in biotechnology, especially in the recognition of cancer-associated-
oligosaccharides [1, 2]. Tumour cells display a wide range of glycosylation alterations compared

with their non-transformed counterparts [3]. Frutalin, an a-D-galactose-specific carbohydrate-

binding lectin, has received considerable attention in an attempt to develop alternative treatments
for cancer diseases, because of its antitumor properties [4, 5, 6]. Previous in-vitro studies have
shown that frutalin, at concentration of 60 pg/mL, can induce apoptosis and inhibits cell
proliferation of HeLa cells [6]. However, it is well known that chemotherapy agents used for
cancer treatment damage ovarian function and female fertility [7, 8]. For example, doxorubicin,

which is widely used, at the concentration of 0.3 pug/mL for the treatment of different cancers,
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including sarcomas [9], ovarian [10] and breast tumors [11], has deleterious effects on female
fertility even at low doses [12]. The adverse effects of this substance includes ovarian toxicity in
mice by reducing ovulation rate and ovary size [13], as well as early menopause and increased
infertility rate in women who maintain ovarian activity after chemotherapy [14]. In cancer cells,
doxorubicin intercalates into DNA, and disrupts the action of topoisomerase-II-mediated DNA
repair and promotes generation of free radicals and damages to cellular membranes, DNA and
proteins [15]. Doxorubicin induces apoptosis or programmed cell death in mice ovarian follicles
[13]. Apoptosis is regulated by balance between proapoptotic and antiapoptotic molecules, like
Bax and Bcl2, respectively. Caspases are essential proteins in the process of apoptosis, caspase 3
and 6 both acting as effectors [16, 17, 18].

Considering that frutalin is capable of inducing apoptosis in cancer cells [6], it is very
important to evaluate the effects of this lectin on preantral follicles, i.e., primordial, primary and
secondary follicles, since they form a far larger oocyte reservoir (~90% of the follicular
population) than antral follicles. Recently, an in-vitro study showed that frutalin did not influence
caprine primordial follicle activation, but reduced follicular survival, increased mMRNA
expression of pro-apoptotic genes and induced changes in the structural characteristics of
primordial follicles that were cultured within ovarian tissue fragments [19]. Despite of
doxorubicin and frutalin have recently seen to evoke degeneration of rat [13] and goat early-
staged follicles [19], it is still unknown whether frutalin has different, perhaps lower toxic effects
on preantral follicles than doxorubicin.

The aim of the current study is to investigate and to compare the effects of frutalin and
doxorubicin on in-vitro survival and growth of 6-days cultured goat secondary follicles, and on

mRNA expression of Casp3, Casp6, Bax, and Bcl2 therein.
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Materials and methods

Chemicals

Unless mentioned otherwise, the culture media and other chemicals used in the present

study were purchased from Sigma Chemical Co. (St Louis, MO).

Isolation and purification of frutalin

Mature seeds from Artocarpus incisa L. were cut into small fragments, dried in acetone
(P.A) and ground into a fine powder. The powder was incubated at a 1:10 ratio (w/v) in
phosphate-buffered saline (PBS, pH 7.4) at room temperature with continuous stirring for 2 h
before centrifugation at 10 000 x g for 20 min at 5 °C. The supernatant (crude extract) was
precipitated with ammonium sulfate (0-90% of saturation, Fo90) and centrifuged at 12 000 x g for
30 min at 5 °C. The pellet was suspended and dialyzed in PBS pH 7.4. The protein solution (Fo90)
was applied to an agarose—D-galactose column (8 x 1 cm) equilibrated with the same buffer.
After removing the unbound material, frutalin was eluted with 100 mM D-galactose in an
equilibrium solution. The presence and purity of the lectin in the pooled fractions were checked
by SDS-PAGE 15%. Fractions containing pure frutalin were dialyzed against PBS pH 7.4 and

concentrated in 10 KDa Amicon® (Millipore) tubes [20].

Source of ovaries
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Goat ovaries (Capra hircus) (n=50) were collected, from a slaughterhouse and washed
in 70% alcohol for approximately 10 s and then twice in rinsed in saline (0.9% NaCl) containing
100IU mL-1 penicillin and 100pug mLp-1 streptomycin and kept at 4°C, in a thermal container

and transported to the laboratory within 1h (goat: [21]).

Isolation, selection and culture of secondary follicles

In the laboratory, ovarian cortical slices (I to 2mm in diameter) were cut from the
ovarian surface, using a surgical blade. The ovarian cortex was subsequently placed in
fragmentation medium, consisting of minimum essential medium (MEM) plus HEPES.
Secondary follicles of approximately 200um in diameter were visualized under a stereo
microscope (SMZ 645 Nikon, Tokyo, Japan) and manually dissected from strips of ovarian
cortex, using 26 gauge (26G) needles. After isolation, follicles were transferred to 100pL drops
containing fresh medium under mineral oil to further evaluation of the follicular quality. Follicles
with a visible oocyte, surrounded by granulosa cells, an intact basement membrane and no antral
cavity were selected for culture.

For in vitro studies, follicles were cultured individually in 100 pL drops of culture
medium in petri dishes (60x15mm, Corning, USA). Isolated secondary follicles were randomly
cultured in o-MEM" (control medium) alone or supplemented with 0.3 pg/mL doxorubicin, and
0.6, 6.0 or 60.0 pg/mL frutalin. Concentrations of doxorubicin and frutalin were chosen
according to results of previous studies (6, 9-11). The culture was replicated four times, and
around 40 follicles were used in each treatment. The control medium consisted in o-MEM

supplemented with 3 mg/mL bovine serum albumin (BSA), 10ng/mL insulin, 5.5 pg/mL
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transferrin and 5 ng/mL selenium, 2 mM glutamine, 2 mM hypoxanthine, 50 pg/mL ascorbic acid
and 100 ng/mL FSH (a-MEM"). The culture was carried out at 39 °C, in 5% CO; in air for 6
days. Fresh media were prepared and pre-equilibrated for 2 h prior to use. Every other day, 60 pL
of medium were replaced in each drop. After culture, follicle growth, antrum formation and the
percentages of morphologically normal follicles were evaluated. In addition, some follicles were

stained to evaluate their viability by fluorescence microscopy or stored at -80 °C for PCR.

Morphological evaluation of cultured follicles

Follicles were morphologically evaluated with stereomicroscope (SMZ 645 Nikon,
Tokyo, Japan), and morphologically normal follicles had a spherical oocyte surrounded by
cumulus cells, which was limited by an intact basement membrane and a stromal-thecal outer
layer, respectively. Follicles with an opaque and/or extruded oocyte and opaque granulosa cells
were considered degenerated. In addition, two perpendicular measurements were performed in
the normal follicles using an inverted microscope with NIS Elements 2.4 software (Nikon, Nikon

Instruments Inc., Americas).

Assessment of preantral follicle viability by fluorescence microscopy

The viability of follicles cultured in all treatments were further analyzed using a more
accurate method of assessment based on fluorescent probes. After culture, follicles were
incubated in 100uL droplets of a-MEM"* containing 4 mM calcein-AM and 2 mM ethidium
homodimer-1 (Molecular Probes, Invitrogen, Karlsruhe, Germany) at 37°C for 15 min. Then, the

follicles were washed three times in a-MEM+ and examined under fluorescence microscope
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(Nikon, Eclipse, TS 100). Oocytes and granulosa cells were considered to be viable when the
cytoplasm was stained positively with calcein-AM (green) and when the chromatin was not

labeled with ethidium homodimer-1 (red) [22, 23].

Quantification of mRNA for Casp3, Casp6, Bax, and Bcl2 in cultured follicles

From four samples of follicles cultured in each treatment, total RNA extraction was
performed using a Trizol purification kit (Invitrogen, Sao Paulo, SP, Brazil). In accordance with
the manufacturer’s instructions, 800 puL of Trizol solution was added to each frozen sample, and
the lysate was aspirated through a 20-gauge needle before centrifugation at 10,000 g for 3 min at
room temperature. Thereafter, all lysates were diluted 1:1 with 70% etanol and subjected to a
minicolumn. After binding of the RNA to the column, DNA digestion was performed using
RNAse free DNAse (340 Kunitz units/mL) for 15 min at room temperature. After washing the
column three times, RNA was eluted with 30 mL RNAse-free water. The RNA concentration was
estimated by reading the absorbance at 260 nm and was checked for purity at 280 nm in a
spectrophotometer (Amersham Biosciences, Cambridge, UK). Before the reverse transcription
reaction, samples of RNA were incubated for 5 min at 70°C and then cooled on ice. From 2 mg
of total mRNA, reverse transcription was performed in a total volume of 20 mL, which was
composed of 10 mL of sample RNA, 4 mL 5X reverse transcriptase buffer (Invitrogen), 8§ U
RNAseout, 150 U Superscript III reverse transcriptase, 0.036 U random primers (Invitrogen), 10
mM dithiothreitol, and 0.5 mM of each deoxyribonucleotide triphosphates. The mixture was
incubated for 1 h at 42°C, for 5 min at 80°C, and then stored at -20°C. Negative controls were

similarly prepared but without inclusion of reverse transcriptase.
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Quantification of mRNA was performed using SYBR Green. The PCR reactions were
composed of 1 mL cDNA as a template in 7.5 mL of SYBR Green Master Mix (PE Applied
Biosystems, Foster City, CA, USA), 5.5 mL of ultrapure water, and 5 mM of each primer. The
primers were designed to amplify mRNA for Casp3, Casp6, Bax, and Bcl2 and B-actin
(housekeeping gene) (Table 1). The specificity of each primer pair was confirmed by melting
curve analysis of the PCR products. The thermal cycling profile for the first round of PCR was as
follows: initial denaturation and activation of the polymerase for 10 min at 95°C, followed by 40
cycles of 15 s at 95°C, 30 s at 58°C, and 30 s at 72°C. The final extension was for 10 min at 72°C.
Primer efficiency was determined using serial dilutions of the target cDNA. All reactions were
performed in triplicate in StepOnePlus™ Real Time System (Applied Biosystems, Foster City,
California, USA). Reactions without cDNA were performed in parallel as negative controls. The
delta-delta-Ct method was used to transform the Ct values into normalized relative expression

levels. The data were calculated from three independent replicates.

Statistical analysis

Data of follicular diameter were subjected to logarithmic transformation (logl0 (x)) and
then, evaluated by ANOVA. The treatments were compared by Student-Newman-Keuls (SNK)
test. Results were expressed as mean = standard error of the mean (S.E.M) and differences were
considered significant when P<0.05. Data concerning follicular survival and antrum formation
after in-vitro culture in each treatment were compared by using the Chi-square test, with the
results being expressed as percentages. The data of mRNA were analyzed using the Tukey test.
Differences were considered significant when P<0.05 and data were expressed as mean =+

standard error of means (S.E.M.)
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Results

Effect of different concentrations of frutalin on follicular growth, antrum formation and survival

A total of 208 secondary follicles were cultured in vitro in different treatments. After 6
days of culture, presence of doxorubicin or frutalin in culture medium significantly reduced the
percentage of morphologically normal follicles, when compared with control medium (Table 2).
Additionally, doxorubicin in culture medium resulted in a lower percentage of morphologically
normal follicles, when compared with the percentages of follicles that were cultured in presence
of frutalin, even at the highest concentration of 60.0 ug/mL (P < 0.05). Furthermore, the
percentage of normal follicles after culture in medium supplemented with 0.6 and 6 pg/mL of
frutalin were significantly higher than those seen in follicles cultured with 60.0 pg/mL frutalin
(Table 2).

The fluorescence microscopy assessment using calcein-AM labeling confirmed the
results obtained by morphological evaluation. All follicles considered to be morphologically
normal after light microscopical analysis were positive for calcein-AM but not ethidium
homodimer-1, which means that they were all viable (Figure 24). Around 60.0% of follicles
cultured in control medium had antrum formation, but the presence of doxorubicin or frutalin in
culture medium significantly reduced antrum formation (P<0.05), the percentages ranging 0.00 to
7.69% (Table 2).

Follicular diameters after 6 days of in vitro culture are shown in Table 3. Follicles
cultured for 6 days increased their diameters after all treatments, except those cultured in

presence of doxurubicin. Follicles cultured in medium containing doxorubicin had significantly
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reduced diameters, when compared with those cultured in control medium or those supplemented

with frutalin.

Effect of frutalin and doxorubicin on mRNA expression of Casp3, Casp6, Bax, and Bcl2 in

cultured secondary follicles

The presence of either doxorubicin or frutalin [60 pg/mL] in culture medium significantly
increased the levels of mRNA for Casp3, Casp6, Bax, and Bcl2, when compared with control
medium. Follicles cultured for 6 days in medium supplemented with frutalin had significantly
lower levels of mRNA for pro-apoptotic genes (Casp3, Casp6 and Bax), when compared with
follicles cultured in presence of doxorubicin. The mRNA level for Bc/2 (anti-apoptotic gene) was
significantly higher in follicles cultured in medium supplemented with frutalin than in follicles

cultured in presence of doxorubicin (Figure 25).

Discussion

The present study demonstrated as first that frutalin has lower toxic effects than
doxorubicin on goat secondary follicles. This finding opens new possibilities for the use of this
lectin, in view of its toxic effects on various types of cancer cells [5, 6] Previous studies
demonstrated that frutalin induced alterations in morphology and reduced the number of HelLa
cells in vitro [6]. On the other hand, Brando-Lima et al. [4] reported frutalin is a potent mitogenic
activator of healthy cells, like human lymphocytes, through the PI3K/Akt pathway. Regarding the
effects of other lectins on ovarian follicles, it was previously reported that phytohemagglutinin

(PHA) stimulates antrum formation, helps to keep ultrastructure integrity and increases the
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expression of FSHR and proliferating cell nuclear antigen (PCNA) in caprine preantral follicles
cultured in vitro [24]. Association of the lectin jacalin and FSH promoted primordial follicle
activation after 6 days of culture [25]. Additionally, Portela et al. [26] demonstrated that
concanavalin A (Con A) were effective in maintaining the percentage of normal follicles and in
promoting primordial follicle activation, in goats, after 6 days of culture. In contrast, Velasquez
et al. [27] indicated that Con A reduces follicular viability in culture of rat follicles. Besides that,
Con A may also induce granulosa cell death and follicle atresia [27]. Despite doxorubicin exhibit
cytotoxicity on various types of cancer, such as, cervical cancer [28], endometrial cancer [29],
breast cancer [30] and uterine cancers [31], it also induces apoptosis and necrosis in healthy
tissue causing toxicity in the brain, liver, kidney and heart [32]. Recently, an in-vitro study
showed that doxorubicin reduces the number of caprine morphologically normal preantral
follicles [33], which is in accordance with our present results.

Despite frutalin and doxorubicin increase mRNA levels for the anti-and pro-apoptotic
genes, caprine secondary follicles cultured in presence of frutalin had reduced levels of mRNA
for pro-apoptotic genes (Bax, Casp3 and Casp 6) and increased for gene anti-apoptotic (Bcl2),
when compared to those cultured in doxorubicin. Apoptosis is regulated by balance between the
genes promoting and those inhibiting apoptosis, inducing or accelerating apoptosis. The Bax
protein exerts an important effect in the regulation of cell apoptosis, while Bc/2 is the key cell
apoptosis inhibitory protein [34]. Variations in the expression of Bax alter the balance between
the promoting and inhibiting apoptosis genes. For example, high Bax expression levels and
formation of homo- or heterodimers with Bc/2 may lead to cell death [35, 36]. In this way, Bcl-
2/Bax ratio is also considered a key factor for cell survival [34]. When the Bcl-2/Bax ratio

increases, cell apoptosis is inhibited and when the ratio is decreased, apoptosis is promoted [34].
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Caspases, such as 3 and 6, are normally found in cytoplasm as inactive proenzymes and, when
activated, promote proteolytic disintegration of cells [37, 38].

Pani et al. [39] indicated that there are evidences to suggest mitogenic and death-
promoting effects induced by lectins. More recently, we have demonstrated that the presence of
frutalin increased the mRNA expression of TNF-a, TNFR1, TNFR2, Casp3, Casp6, Bax and Bcl2
in goat ovarian follicles in [19]. The literature suggests that lectins, such as frutalin and Con A,
possess proapoptotic, proautophagic, and antiangiogenic properties in cancer cell lines [6, 27, 40,
41]. In lymphocytes, frutalin and jacalin stimulate the expression of /L-2 and /L-2R, which can
serve as a growth and differentiation factor to regulate cell death [4, 42, 43, 44]. Oliveira et al. [6]
indicated that frutalin increased the rate of cellular apoptosis in Hela cells. Agrocybe aegerita
lectin, an a-D-galactose-binding protein, is translocated into the HeLa cell nucleus and induce
cell apoptosis [45].

In conclusion, frutalin has lower toxic effects than doxorubicin on caprine secondary
follicles cultured in vitro. Compared with doxorubicin, frutalin increases the expression of Bc/2
(anti-apoptotic gene), while its effects on expression of pro-apoptotic genes (Casp3, Casp6 and

Bax) is less intense than doxorubicin.
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Target gene Primer sequence (5°>37) Sense Position GenBank
(s) accession no.
anti-
sense(s)
CACGGAAGCAAATCAGTGGAC S 73-93 '
CASP3 CGACAGGCCATGCCAGTATT as 181200 Gl 379067369
ACTCCGTGGCAGAAGGTTATTA S 589-610 '
CASP6 TGAGAAACCTTCCTGTTCACCA as 712-733 O 548469419
GCCCTTTTCTACTTTGCCAGC S 334-354 '
BAX GGCCGTCCCAACCACCC as 465-481 Ol 41386763
GGTAGGTGCTCGTCTGGATG S 2317-2336 '
BCL2 GGCCACACACGTGGTTTTAC as 24212440 0122652876
ACCACTGGCATTGTCATGGACTCT S 187-211 '
B-ACTIN  1CCTTGATGTCACGGACGATTTCC  as 386410 Ol 28628620
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Table 5. Percentage of morphologically normal secondary follicles, and antrum formation after
in-vitro culture for 6 days in o-MEM" alone or supplemented with doxorubicin or different

concentrations of frutalin (0.6, 6.0 and 60.0 pg/mL)

Treatments (n) % Morphologically normal % Antrum formation
follicles
a-MEM* (n=46) 95.65 (44/46) A 58.69 (27/46) A
Doxorubicin (n=42) 16.66 (7/42) B 0.00 (0/42) B
Frutalin [0.6 pg/mL] (n=39) 74.35 (29/39) C 7.69 (3/39) B
Frutalin [6.0 pg/mL] (n=38) 71.05 (27/38) C 5.26 (2/38) B
Frutalin [60.0 pg/mL] (n=43) 46.51 (20/43) D 0.00 (0/43) B

A, B, C, D Distinct capital letters represent significant differences among experimental treatments (P < 0.05).

n=Total number of analyzed follicles per treatment
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Table 6. Follicular diameter (on day 0 and 6) of isolated secondary follicles after in-vitro culture
in a-MEM+ or supplemented with, doxorubicin or different concentrations of frutalin (0.6, 6.0

and 60.0 pg/mL).

Treatments DO D6
o-MEM* 200.55+4.21 Ab 232.40+5.51 Aa
Doxorubicin 196.65+ 5.08 Aa 203.85+ 5.48 Ba

Frutalin [0.6 pg/mL] 196.99+ 4.26 Ab 219.79+ 6.09 Aa
Frutalin [6.0 pg/mL] 198.01+ 4.85 Ab 212.23+£6.75 Aa

Frutalin [60.0 ng/mL] 200.30+4.45 Ab 210.57+4.74 Aa

A,B Distinct capital letters represent significant differences among treatments within the same day of culture. a,b
Different lowercase letters represent significant differences between days of culture within the same treatment. (P <

0.05).
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Figure 24. Viable goat secondary follicles cultured for 6 days evaluated by light mircroscopy
(100x magnification) and after staining with calcein-AM (green) and ethidium homodimer-1
(red). Secondary follicle cultured in a-MEM™ alone (A, B) or supplemented with doxorubicin (C,
D) or frutalin at concentrations of 0.6 (E, F) 6.0 (G, H) and 60.0 pg/mL(I, J). Scale bars represent

100 pm.
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Figure 25. Levels of mRNA for BAX(A); CASP3(B), CASP6(C) and BCL2(D) in secondary

follicles (mean + SD) cultured in vitro for 6 days. **¢ Significant difference between treatments

(P < 0.05).
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8 CONCLUSOES

¢ A frutalina ndo influencia a ativacao dos foliculos primordiais caprinos in vitro e, em baixas
concentragdes (1 e 10 pg/mL), mantem uma elevada percentagem de foliculos saudaveis
(> 60%).

e Apesar da auséncia de um efeito dose-resposta na expressdo de genes pro- e anti-
apoptoticos, a frutalina aumenta a expressio de RNAm de genes pro-apoptoticos (7NF-a,
TNFRI, TNFRII, CASP3, CASP6 ¢ BAX).

e A frutalina é menos toxica do que a doxorrubicina durante o cultivo de foliculos
secundarios caprinos in vitro.

e Em comparacdo coma doxorrubicina, a frutalina aumenta a expressdo de BCL2 (gene
anti-apoptético) e reduz a expressdo de genes pro-apoptoticos (CASP3, CASP6 e BAX)

durante o cultivo de foliculos secundarios caprinos in vitro.
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9 PERSPECTIVAS

O presente estudo demonstrou que o tecido ovariano caprino apo6s seis dias de cultivo
em meio contendo frutalina apresenta cerca de 60% de foliculos primordiais normais e que esta
lectina ndo influencia na ativacdo dos foliculos primordiais. Além disso, a reducdo na
citotoxicidade da frutalina em relacdo a doxorrubicina sobre a foliculogénese abre novas
perspectivas para o emprego da referida substancia no tratamento de cancer em mulheres. No
entanto, mais testes utilizando novas concentra¢des de frutalina, distintos intervalos de tempo e
células de diferentes linhagens cancerigenas sdo necessarios para um melhor entendimento da

atuagdo desta substancia e seus efeitos sobre a reproducdo.
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