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Ultrastructural analysis (A) of non-cultured preantral follicle (control; original
magnification 4400x); (B) and follicle cultured for 7 days in medium

containing 10 ng/mL hFSH (original magnification 4400x). Note the large
nucleus of the granulosa cells in the control follicles and follicles cultured in
10 ng/mL of hFSH. O: oocyte; Nu: oocyte nucleus; GC: granulosa cells; m:

mitochondria; arrow-oocyte plasma membrane. (A and B =5.um)......91
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Figura 1.

Figura 2.

Histological sections of ovarian fragments after Periodic Acid Schiff-
hematoxylin staining showing morphologically normal follicles (A, control
fresh; B and C of 100 ng/mL IGF-I after 1 and 7 days of culture respegtively
and degenerated (@;MEM™ with 1 day of culture; E and F of 50 ng/mL
IGF-1 after 1 and 7 days of culture respectivamente). O: oocyte; Nu: oocyte
nucleus; GC: granulosa cell (Original magnification 400x). arrow-oocyte

retracted of granulosa CellS..........uueeviiiiiiiiiiii e 110

Percentage (mean + SEM) of (A) primordial and (B) developing follicles
(intermediate, primary and secondary) in non-cultured (fresh control) and
tissues cultured for 1 or 7 days in the absence or presence of IGF-
(concentrations in ng/mL). Differs significantly from control follicles
(P<0.05);*compared withu-MEM"* (P<0.05);*" differs significantly among
concentrations in each day of culture (P<0.0%)differs significantly with

the progression of the culture period from day 1 to 7 in the same treatment
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Figura 3.

Ultrastructural analysis of normal preantral follicles from fresh control
(4400X) (a) and cultured for 1 (3000X) (b) and 7 days (3000X) (c) in
medium containing like growth factor insulin-1 (100 ng/mL). Homogeneous
cytoplasm and mitochondria rounded is characteristic of non-cultured
follicles (3 a). Extreme vacuolization and great holes are present in the
cytoplasm, indicative of degeneration (3 b and 3 c; solid arrow). (Nu) Oocyte
nucleus; (GC) Granulosa cells; (m) Mitochondria; (er) Endoplasmic

reticulum; (V) VACUOIES..........coooiiviieeecie e 115
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Figura 2.
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Representative image of normal preantral follicles from the fresh control (a)
and after 1 or 7-day culture in the presence of 10 and 20 ng/mk (bf ©

and of degenerated follicles cultured for 7 days-MEM+ alone (d) or in

50 ng/mL of T, (e). Degenerated preantral follicles often displayed oocyte
retraction (e, arrow) and disorganization of granulosa cell layers (d, arrow).
Scale bars represent 20n (a,b,c,d,e). o: oocyte; nu: oocyte nucleus; gc:

granulosa cells (x400), PAS HematoXilin.............cccoovvvviiiiiiiiiiiieeeeeeeeeee 134

Percentage (mean + SEM) of (A) primordial and (B) developing follicles
(intermediate, primary and secondary) in non-cultured (fresh control) and
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Figura 4.Ultrastructure of preantral follicles fresh control (A, 4.400x) and cultured for a
(B, 3.000x) and seven days (C, 3.000x) in medium containing the hormone
thyroxine (10 and 20 ng/mL). It is noted homogeneous cytoplasm and
mitochondria rounded characteristic of the fresh control follicles (A). Intense
vacuolization are present in the cytoplasm, indicating degeneration (B). O:
oocyte, Nu: nucleus of the oocyte, GC: granulosa cells, m:
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Figura 1.Histological sections of ovarian fragments tissue after staining Periodic Acid-
Schiff's hematoxylin showing morphologically normal follicles (A, fresh
control), (B, W/FSH 20/10ngim) e (C, T/IGF-l 20/100ng/m). The degenerate
follicles were represented in the letters (BMEM™); (E, IGF-I/FSH
100/10ng/ml) e (F, T/IGF-I/FSH 20/100/10ng/m).O: oocyte, Nu: nucleus of the
oocyte, GC: granulosa cells (Original magnification 400x). Scale bars
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Figura 2. Percentage (mean + SEM) of primordial and developing follicles
(intermediate, primary and secondary) in non-cultured control (A) and
culturedin vitro for 1 or 7 days in the absence or presence of interaction
TJ/IGF-I/FSH (concentrations in ng/mL)Differs significantly from control
follicles (P<0.05);* differs significantly among concentrations in each day
of culture (P<0.05);*® differs significantly with the progression of the
culture period from day 1 to 7 in the same treatment
(PRO.05).... e 158

Figura 3.Ultrastructural analysis of preantral follicles from fresh control (A, 4.400x)
and cultured for seven days (B, 3.000x) in medium containig§SH
(20/10ng/mL). Note homogeneous cytoplasm and mitochondria rounded,
characteristic of the fresh control follicles (A and B). O: oocyte; Nu: oocyte

nucleus; GC: granulosa cells; M: mitochondria. (A and B = 5
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Capitulo VII

Figura 1.Histological sections of ovarian fragments tissue after staining Periodic Acid-
Schiff's hematoxylin showing morphologically normal follicles (A, fresh
control), (B, TW/FSH - D7) e (C, JFSH - D14). The degenerate follicles
were represented in the letters (BMEM™ - D28); (E, T/FSH - D21) e (F,
T4/FSH - D28).0: oocyte, Nu: nucleus oocyte, GC: granulosa cells (Original

magnification 200x). Scale bars represent 20

Figura 2.Ultrastructural analysis of preantral follicles from fresh control (A, 3.000x)
and cultured for seven days (B, 4.400x) in medium containig§SH
(20/10ng/mL). Note homogeneous cytoplasm and mitochondria rounded,
characteristic of the fresh control follicles (A and B). O: oocyte; Nu: oocyte
nucleus; GC: granulosa cells; M: mitochondria. (A and B = 5
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RESUMO

CALIMAN, Sanely Lourenco da Costa, D.Sc., Universidade Federal de Vigosa,
fevereiro de 2014hFSH, T4 e IGF-1 no desenvolvimento in vitrode foliculos pré-
antrais caprinos. Orientador: Eduardo Paulino da Costa. Coorientadores: José
Domingos Guimardes, Laércio dos Anjos Benjamin, Isabel Bezerra Lima Verde e
Marcelo Teixeira Rodrigues.

O objetivo deste estudo foi avaliar o efeito da[GF-lI e hFSH, isoladamente ou em
associacdo, bem como o periodo de cultivo (1, 7, 14, 21 e 28 dias) sobre a
sobrevivéncia, ativagcdo e crescimeimaitro de foliculos ovarianos pré-antrais (FOPA)
caprinos. Para a Fase I, Il e lll, um fragmento/foliculo foi retirado para histologia
classica e Microscopia Eletrénica de Transmisséo (MET) constituindo o controle fresco.
Em seguida, os demais fragmentos/foliculos foram cultivaclositu (inclusos em
fragmentos de tecido ovariano) por 1 e 7 dias (Fases l e ll) e 1, 7, 14, 21 e 28 dias (Fase
), (a 39°C em estufa e 5% de @0em o-MEM™ na auséncia ou presenca de
diferentes concentragcOes dg(€tapa 1), IGF-1 (etapa 2) e hFSH (etapa 3). Na Fase I,

os fragmentos/foliculos foram cultivados em placas conterMtEM™ suplementado

com T4, IGF-1 e FSH, em associacdo nas melhores concentracdes definidas na Fase I.
Na Fase lll, os fragmentos/foliculos foram cultivados &@MEM™ ou no (s) melhor

(es) meio (s) obtido (s) na Fase Il por 1, 7, 14, 21 e 28 Bas 0Ss experimentos
realizados na Fase I, os resultados mostraram que apos sete dias de cultivo, 10 ng/mL de
hFSH foi capaz de promover a ativacao de foliculos primordiais e naintegridade
ultraestrutural dos foliculos cultivados por até sete dias. A adicao de 100 ng/mL de IGF-

| ao meio cultivo ativa os foliculos em desenvolvimento com um dia de cultivo. Além
disso, a utilizacao de 20 ng/mL dgd eficaz na manutencao da sobrevivéncia, ativacao

e crescimento de foliculos, durante sete dias de cultivo. Na Fase Il, a interagdo de T
hFSH e IGF-I realizada durante o cultivo, demonstrou que a combinacagh&&SH
(20/10ng/mL) é benéfica para o desenvolvimenito vitro de foliculos pré-antrais,
durante a sobrevivéncia, o crescimento e aspectos ultraestruturais. Os resultados
apresentados na Fase Ill demonstram que o cultivo de longa duracéo na concentracao de
20/10 ng/mL de FhFSH promoveu a sobrevivéncia, a ativagdo de foliculos primordiais

e o crescimento folicular durante sete dias de cultivo. Os resultados deste estudo
mostraram que a utilizacdo de hFSH (10ng/mL), IGF-1 (100ng/mL) €0ng/mL)

promovem a manutencao da sobrevivéncia folicular e o desenvolvimento dos foliculos
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pré-antrais caprinos e que a associagao ,de IFSH assegurou a sobrevivéncia dos
foliculos e manteve o crescimento folicular. Os foliculos cultivados por um periodo de
longa duracdo (28 dias) se faz necesséario para o conhecimento dos meios a serem
utilizados durante o cultivin vitro, demonstrando a necessidade de mais interacdes
entre as substancias, para a descoberta de um meio de cultivo que permita o

desenvolvimento dos foliculos durante a foliculogénese na fase pré-antral e antral.
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ABSTRACT

CALIMAN, Sanely Lourenco da Costa, D.Sc., Universidade Federal de Vicosa,
february, 2014hFSH, T4 e IGF-I in the in vitro development of caprine preantral
follicles. Adviser: Eduardo Paulino da Cos@o-advisers José Domingos Guimaraes,
Laércio dos Anjos Benjamin, Isabel Bezerra Lima Verde and Marcelo Teixeira
Rodrigues.

The aim of this study was to evaluate the effect 9fIGF-1 and hFSH, alone or in
combination, as well as the culture period (1, 7, 14, 21 and 28 days) on survival,
activation andn vitro growth of caprine preantral ovarian follicles (PAOF). For Phase

I, I and Ill, a fragment/follicle will be removed for classic histology and Transmission
Electron Microscopy (TEM) constituting the fresh control. Then, the remaining
fragments/follicles will be culturedh situ (included in ovarian tissue fragments) for 1

and 7 days (Phase | and Il) and 1, 7, 14, 21 and 28 days (Phase lll), (at 39°Qhin a kil
and 5% of CQ) in a-MEM" in the absence or presence of different concentrations of T
(stage 1), IGF-1 (stage 2) and hFSH (stage 3). In Phase I, the fragments/follicles will
be cultured on plates containisgMEM™ supplemented with 4] IGF-I and FSH, in
combination at the best concentrations defined in Phase I. In Phase Ill, the
fragments/follicles will be cultured in-MEM™ or in the best medium (media) obtained

in Phase Il for 1, 7, 14, 21 and 28 days. For the experiments conducted in Phase I, the
results showed that after seven days of culture, 10 ng/ml of hFSH is able to promote the
activation of primordial follicles and to maintain the ultrastructural integrity of follicles
cultured for up to seven days. The addition of 100 ng/ml of IGF-I to the culture medium
activate the developing follicles with one day of culture. Furthermore, the use of 20
ng/ml of T, is effective in maintaining the survival, activation and growth of follicles
during seven days of culture. In Phase II, the interaction 40fhFSH and IGH-
performed during the culture showed that the combination/6FEH (20/10ng/mL) is
beneficial for then vitro development of preantral follicles, during the survival, growth
and ultrastructural aspects. The results presented in Phase Ill demonstrate that the long-
duration culture at the concentration of 20/10 ng/ml ghFSH promoted the survival,
activation of primordial follicles and follicular growth during seven days of culture. In
conclusion, the results of this study showed that the use of hFSH (10ng/ml), IGF-
(100ng/ml) and T (20ng/ml) promotes the maintenance of follicle survival and the

development of caprine preantral follicles. Moreover, the association ahd hFSH
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ensured the survival of follicles and maintained follicular growth. Follicles cultured for

a long duration period (28 days) is necessary for the understanding of the media to be
used during thé vitro culture, demonstrating the need for further interactions between
substances, for the discovery of a culture medium which allows the development of

follicles during folliculogenesis in the preantral and antral stage.
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1. INTRODUCAO

Véarias pesquisas tém sido realizadas na area da reproducdo animal, visando
aumentar o potencial reprodutivo de caprinos e ovinos de alto valor zootécnico ou em
vias de extingdo. Segundo Figueiredo et (2008), para maximizar a eficiéncia
reprodutiva de um determinado rebanho é necesséario o desenvolvimento e a aplicacao
de biotécnicas da reproducdo. Neste sentido, varias biotécnicas reprodutivas tém sido
amplamente utilizadas, dentre elas podemos citar a Inseminacdo Artificial (I1A), a
Transferéncia de Embrides (TE) e a Fecundagaotro (FIV). Mais recentemente, a
biotécnica de Manipulacdo de Odcitos Inclusos em Foliculos Ovarianos Pré-Antrais
(MOIFOPA) vem sendo desenvolvida, tendo esta biotécnica importancia na pesquisa
fundamental, sendo portanto, fundamental para compreenséo da fisiologia ovariana e
elucidagédo dos mecanismos e fatores envolvidos na foliculogénese na fase pré-antral.

A biotécnica de MOIFOPA tem como objetivo principal a recuperacdao de
foliculos pré-antrais (FOPA) do ovario para o cultivo vitro até o estadio de
maturacao, prevenindo-os portanto, do processo de atresia que ocorre natuialmente
vivo. Neste sentido, varios pesquisadores tém testado diferentes substancias, como
hormonios (CORTVRINDT et al., 1997; FLAWS et al., 1997; MATOS et al., 2007a) e
fatores de crescimento (SILVA et al., 2004c; MATOS et al., 2007b), com a finalidade
de definir um sistema de cultivo que permita o crescimento e garanta a viabilidade
folicular pré-antraln vitro. a proposta para o desenvolvimento de um sistema de cultivo
folicular bem estabelecido é de fundamental importancia. Esse sistema de cultivo
permitira a manutencao da fertilidade das fémeas, através do fornecimento de odcitos
para tecnologias de reproducédo assistida, bem como para aprofundar a compreenséo das
interacdes odcito/células somaticas em espécies de crescimento folicular prolongado
(McLAUGHLIN et al., 2010).

A identificacdo de fatores produzidos localmente em foliculos ovarianos
caprinos, bem como a avaliacdo do efeito destes fatores sobre o crescimento e a
maturacdo oocitaria podera contribuir para uma melhor compreenséo da foliculogénese.
Sabe-se que em sistemas vivo horménios e fatores de crescimento agem
harmonicamente controlando os mecanismos envolvidos na foliculogénese prée-antral.
Dentre estes, deve-se citar o Horménio Foliculo Estimulante (FSH) e o Fator de
Crescimento Semelhante a Insulina-1 (IGF-I). Experimeimtadtro tém revelado que o

FSH é indispensavel para o desenvolvimento de foliculos antrais, e que seu papel sobre
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a foliculogénese inicial ainda néao esta claro (FORTUNE, 2003). O cultivo de pequenos
FOPA bovinos (30-7Qum) por 7 dias utilizando o FSH aumentou a degeneracéo
oocitaria (NUTTINCK et al., 1996). No entanto, o FSH durante o cuitivaitro de

FOPA caprinos, manteve o crescimendoativacdo dos foliculos primordiais a
integridade ultra-estrutural, observando-se entdo, que os resultados utilizando este
horménio ainda sdo controversos (MAGALHAES et &008). Entretanto, estudos
utilizando o hormoénio foliculo estimulante humano (hFSH) em cultivo de FOPA
caprinos sdo escassos. O IGF-I, adicionado durante o cintwitro de foliculos pré-
antrais, estimulou o crescimento folicular em ratos (ZHAO gt2801) e bovinos
(VELAZQUEZ et al., 2009) em um experimento realizadwivo.

Outro horménio importante, que também tem sido estudado com relacdo a
reproducdo, é a tiroxin@l,), sendo de grande importancia no desenvolvimento dos
foliculos ovarianos (DICKSON, 1996).Entretanto, verifica-se que o efeito deste
horménio no cultivan vitro de FOPA caprinos, e sua possivel interagdo com od=SH
IGF-1 ainda ndo é bem conhecida.

No decorrer deste trabalho, serdo abordados aspectos relacionados ao ovario
mamifero, oogénese e foliculogénese, classifica¢do dos foliculos ovarianos, populagéo e
atresia folicular, cultivan vitro de foliculos ovarianos, importancia da composicédo do
meio de cultivo sobre o desenvolvimento folicular, com enfoque para os fatores e
hormbnios avaliados na presente tese, que serdo melhor detalhados nos capitulos

subsequentes.



2. REVISAO DE LITERATURA

2.1. Ovéario mamifero

O ovério dos mamiferos é o 6rgéo funcional primario do sistema reprodutor das
fémeas e desempenha duas fungbes, uma enddcrina (producgéo e liberacdo de hormonios
esterbides e diversos peptideos), e outra exdcrina ou gametogénica (producdo e
liberacdo de odcitos) exercida pela interacdo de dois fendmenos que ocorrem no ovario,
a oogénese e a foliculogénese (SAUMANDE, 199 )constituido pelas regides
vasculosa e parenquimatosa e ¢ circundado por um epitélio superficial, conhecido como
epitélio germinal (SILVA, 2005). Na regido vasculosa, localizada mais internamente,
estdo contidos nervos, vasos sangiiineos e linfaticos responsaveis pela nutricdo e
sustentacdo do ovario. J& na regido parenquimatosa estdo contidos foliculos ovarianos e
corpos luteos em diferentes estddios de desenvolvimento (HAFEZ, 2004). A fungdo
deste o6rgdo durante a vida reprodutiva das fémeas depende de uma associa¢do entre
alguns fatores paracrinos e endocrinos, que atuam coordenando o processo da

foliculogénese ovariana.

2.2. Oogénese e foliculogénese

Os estédios iniciais do desenvolvimento ovariano em mamiferos, ainda no
periodo intra-uterino, sdo desencadeados pela migracdo das células germinativas
primordiais (CGP) para a gdnada primitiva e sua posterior coloniza¢do (BRISTOL-
GOULD e WOODRUFF, 2006). Imediatamente apds a diferenciacdo das gbdnadas,
ocorre a transformacédo das CGP em oogbnias meioticamente ativas, marcadas pela
replicacdo final do DNA durante o estadio de pré-leptéteno, preparando a célula para
divisdo meiotica. Posteriormente, estas oogbnias se diferenciam em odcitos primarios
ou imaturos, os quais sofrem uma parada no seu desenvolvimento (SUH et al., 2002) em
profase | no estadio de dictidteno ou vesicula germinal.

Os oocitos primdrios sdo circundados por uma camada de 4-8 células da pré-
granulosa, de formato pavimentoso, formando os foliculos primordiais, iniciando assim
a foliculogénese (FIGUEIREDO et al., 2008). Ap6és a formagdo dos foliculos
primordiais, alguns podem ser estimulados a crescer imediatamente ou, na maioria

destes, as células da pré-granulosa param de se multiplicar e entram num periodo de
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quiescéncia até receberem sinais para entrapaw de crescimento (McGEE &
HSUEH, 2000). Os odcitos primarios inclusos nesses foliculos encontram-se na fase de
profase | da meiose. A progressdo da divisdo meiotica ocorre somente na puberdade,
com a liberacdo do pico pré-ovulatério de FSH e LH, originando assim os od0citos
secundarios ocorrendo uma nova parada, da meiose na fase de metafase Il. A meiose
sera retomada novamente somente apds a fecundacdo do odcito pelo espermatozoide,
originando o oocito hapldide fecundado, marcando assim o fim da oogénese
(FIGUEIREDO et al., 2008).

No que se refere a foliculogénese, conforme anteriormente citada, esta inicia-se
com a formacao do foliculo primordial e culmina com o estadio de foliculo de DeGraaf

ou pré-ovulatorio (VAN DEN HURK & ZHAO, 2005).

2.3 Classificacéo dos foliculos ovarianos

O foliculo ovariano € a unidade morfofuncional do ovério e é formado por vérios
tipos celulares, sendo composto por um odcito circundado por células somaticas
(granulosa e tecais) (MAGOFFIN, 2005). Esses dois tipos celulares sao responsaveis
pela sintese de numerosos hormdnios que promovem a complexa regulacdo do
desenvolvimento folicular (SKINNER, 2005). Este processo pode ser dividido nas
seguintes fases de desenvolvimento: 1) fase pré-antral, que € subdividida em ativacao
dos foliculos primordiais e crescimento de foliculos priméarios e secundarios; 2) fase
antral, subdividida em crescimento inicial e terminal dos foliculos terciarios e formacéao
do foliculo pré-ovulatério (SILVA et al., 2004a).

2.3.1 Formacao e inicio do crescimento de foliculos primordiais in vivo

Na espécie caprina, por volta do 62° dia de vida fetal, uma camada de células
somaticas planas, conhecidas também como células da pré-granulosa, originarias do
epitélio celébmico, circundam os oécitos formando assim os foliculos primordiais
(BEZERRA et al., 1998). Os foliculos primordiais possuem diametro médio de 35,23
um; 18,00 um e 33,00um em bovinos (BRAW-TAL & YOSSEFI, 1997), ovinos
(AMORIM et al, 2000) e caprinos (BEZERRA et al., 1998), respectivamente. E
importante ressaltar que estes foliculos (primordiais) representam 95% do total de
foliculos pré-antrais presentes no ovario (ERICKSON, 19&MITZ &
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CORTVRINDT, 2002). Apos a formacéo dos foliculos primordiais, alguns podem ser
estimulados a crescer imediatamente ou estas células da pré-granulosa podem parar de
se multiplicar e entrar num periodo de quiescéncia até receberem sinais para entrar no
pool de crescimento (McGEE & HSUEH, 2000). O inicio do desenvolvimento dos
foliculos primordiais pode ocorrer dias, meses ou anos apos a sua formacao (VAN DEN
HURK & ZHAO, 2005).

O inicio do crescimento folicular, também conhecido como ativagdo, é um
processo gque ocorre através da passagem dos folicyto®ktie reserva paramool de
foliculos em crescimento (primario, transicdo, secundario, terciario e pré-ovulatorio) -
(RUSSE, 1983). As caracteristicas morfoldgicas que marcam o inicio do crescimento
dos foliculos primordiais séo: aumento do didmetro oocitario, proliferacdo das células
da granulosa e transformacdo da morfologia destas células de achatada para cubica.
Durante esta fase, os foliculos que apresentam células da granulosa achatadas e cubicas
sdo denominados foliculos de transicdo (SILVA et al., 2004a). Quando o odcito é
circundado por uma camada completa de células da granulosa de morfologia cubica, o0s
foliculos sdo denominados primarios (GOUGEON & BUSSO, 2000). Os fatores e
mecanismos responsaveis pela ativacdo de foliculos primordiais sdo pouco conhecidos.
Provavelmente, acredita-se que a sua ativagao seja regulada por um balangco entre
fatores inibitérios e estimulatoérios originarios do ovéario (VAN DEN HURK & ZHAO,
2005).

2.3.2 Crescimento de foliculos primérios e secundarios

Os foliculos primarios de caprinos possuem diametro de aproximadamente 50
um e sdo primeiramente observados em ovarios caprinos por volta do 71° dia de vida
fetal (BEZZERRA et al.,, 1998). Durante o crescimento dos foliculos primarios, as
células da granulosa sofrem proliferacdo e ha um aumento do o6cito no seu tamanho e
conteudo protéico (PICTON et al., 198IGHT & GLISTER, 2006). Quando duas ou
mais camadas de células da granulosa se desenvolvem e as células da teczmpodem
evidenciadas do estroma circundante, os foliculos secundarios sdo formados (VAN
DEN HURK & ZHAO, 2005).

Os foliculos secundarios sdo formados em ovarios de fetos de cabras
aproximadamente no 80° dia de gestacdo (BEZERRA et al., 1998). Os fatores locais

que tém sido envolvidos na transicdo de foliculos primarios para secundarios sdo: Fator
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de Diferenciacdo e Crescimento 9 (GDF-9)camundonga: DONG et al., 1996),
Proteina Morfogenética Ossea 15 (BMB-15(ovelha: GALLOWAY et al., 2000),
Fator de Crescimento de Fibroblastos Basico (FGRbaca: NUTTINCK et al., 1996),
Fator de Crescimento Transformaftg§ TGF{3) — (camundonga: LIU et al., 1999) e
Fator de Crescimento Epidermal (EGRyvaca: WANDJI et al., 1996b).

Os foliculos secundarios, com duas camadas de células da granulosa completas
até a formacéo do antro inicial possuem diametros de 80 arn3@espectivamente
(BEZERRA et al., 1998). Dentre os componentes locais, incluindo os fatores intra-
foliculares os quais estdo envolvidos com o desenvolvimento dos foliculos secundarios
destacam-se: ativina-A (rata: ZHAO et al.,, 2001, ovelha: THOMAS et al.,, 2003),
Hormoénio do Crescimento (GH) (rata: LIU et al.,, 1998), EGF e IGF-I (vaca:
GUTIERREZ et al., 2000), GDF-9 (camundonga: HAYASHI et al., 1999) e BMP-15
(ovelha: JUENGEL et al., 2002a). Gonadotrofinas como FSH (vaca: GUTIERREZ et
al., 2000) e LH (camundonga: WU et al., 2000) podem também promover o crescimento

de foliculos secundarios.

2.3.3 Formagcéo dos foliculos antrais

A proxima fase da foliculogénese, em que os foliculos passam a ser
denominados terciarios ou antrais, é caracterizada pelo crescimento dos foliculos
secundérios e pela organizacdo das células da granulosa em véarias camadas com a
formacao de uma cavidade repleta de liquido folicular, entre as camadas de células da
granulosa, denominada antro. O fluido folicular que preenche esta cavidade contém
agua, eletrdlitos, proteinas séricas e alta concentracdo de hormonios esterbides
secretados pelas células da granulosa (BARNETT et al., 2006).

Os foliculos antrais (>130 pum) sdo primeiramente observados em ovarios
caprinos no 110° dia de desenvolvimento fetal (BEZERRA et al.,, 1998). O
desenvolvimento dos foliculos antrais € caracterizado por uma fase de crescimento,
recrutamento, selecdo e dominancia (VAN DEN HURK & ZHAO, 2005) sendo a
formacao de foliculos pré-ovulatérios um pré-requisito para a ovulacéo e formacao do

corpo luteo, bem como manutencgéo da fertilidade (DRUMMOND, 2006).



2.4. Populacao e atresia folicular

Os Foliculos Ovarianos Pré-Antrais (FOPA) representam cerca de 90% da
populacao folicular ovariana e constituem o estoque de gametas femininos (LIU et al.,
2001). Entretanto recentemente, trabalhos tém questionado se esse estoque € finito, haja
vista que alguns autores sugeriram a formacao, apdés o nascimento, de novas células
germinativas em mulheres (BUKOVSKY et al., 2004) e camundongas (JOHNSON et
al., 2004) adultas. Independente disso, a populacao folicular difere entre as espécies,
além de ser observada uma forte variacdo individual (KATSKA-KSIAZKIEWICZ,
2006), sendo de aproximadamente 1.500 foliculos na camundonga (SHAW et al., 2000);
35.000 na cabra (LUCCI et al., 1999); 114.000 na gata (LIMA, 2006); 160.000 na
ovelha (DRIANCOURT, 1991); 235.000 na vaca (BETTERIDGE et H089) e
2.000.000 na mulher (ERICKSON, 1986). Apesar da grande populacdo folicular
presente no ovario mamifero, a maioria dos foliculos (99,9%), ndo chega a ovulacao,
sendo eliminados por um processo natural denominado atresia (FIGUEIREDO et al.,
2002). Esse processo de morte folicular pode ocorrer por via apoptética
(MARKSTROM et al., 2002) ou degenerativa (BRAS et al, 2005).

A atresia por apoptose, também conhecida como morte celular programada, é
um processo determinado geneticamente, ou seja, depende da expresséo de genes pré e
anti-apoptéticos e tem como caracteristica marcante a fragmentacdo do DNA
(HUSSEIN, 2005). De acordo com o estimulo apoptotico inicial, a apoptose pode
ocorrer através de receptores de superficie celular, constituindo a via extrinseca, ou
ainda através da mitocondria, constituindo esta a via intrinseca (JOZA et al., 2002).
Duas familias importantes regulam o processo apoptotico: a familia das caspases e a
familia Bcl-2. As caspases sdo consideradas as executoras principais da via apoptoética e
atuam ativando DNAses, que sdo endonucleases responsaveis pela fragmentacdo do
DNA internucleossomal a cada 180-200 pares de bases. A familia Bcl-2 compreende
tanto membros anti-apoptoticos, como o Bcl-2 e membros pro-apoptéticos, incluindo
Bax, Bid, Bik(MARKSTROM et al., 2002).

Ja no que se refere ao processo degenerativo (necrose), este é iniciado por uma
perda da homeostase celular e é caracterizado pela lise e desintegracdo da célula
(WIEGELE et al., 1998; BRAS et al., 2005). Geralmente, a degeneracéo ¢€ iniciada por
mecanismos nao celulares como isquemia, deficiéncia de niveis de adenosina trifosfato

— ATP (BATHIA, 2004) ou trauma, que levam a danos irreversiveis na célula
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(McCULLY et al., 2004).

A atresia, seja por meio da apoptose ou por degeneracdo, € um processo que
pode acometer qualquer estaddio de desenvolvimento folicular, sendo, no entanto,
predominante na fase antral (MARKSTROM et al., 2002). Em foliculos pré-antrais, as
primeiras alteracfes indicativas de atresia ocorrem no o00cito, como por exemplo,
retracdo da cromatina nuclear e fragmentacao oocitéria, 0 que desencadeia 0 processo
de eliminacédo irreversivel dos foliculos ovarianos neste estadio de desenvolvimento
(MORITA & TILLY, 1999). Isto pode ocorrer apos a formacédo da cavidade antral a
qual altera toda a estrutura do oocito e células da granulosa, sendo observado as
primeiras alteragcfes de atresia nas células da granulosa inicialmente

Apesar de ser um fendbmeno natural, a atresia reduz significativamente o numero
de odcitos que seriam ovulados, diminuindo assim o potencial reprodutivo do animal.
Diante disso, visando evitar a enorme perda folicular que ocorre naturaimente
pela atresia, nas ultimas décadas, tém sido desenvolvidos varios modelos déncultivo
vitro que possibilitam o estudo dos fatores que controlam a atresia e estimulam o

crescimento folicular.

2.5 Cultivo in vitro de foliculos ovarianos

O objetivo principal do cultivan vitro de FOPA é permitir o desenvolvimento
folicular assegurando o crescimento e maturagdo dos odcitos, bem como a multiplicacéo
e posterior diferenciagdo das células da granulosa inclusas nesses foliculos
(FIGUEIREDO et al.,, 2002). O cultivo de ovérios tem sido usado para avaliar a
importancia da vascularizacdo (FORTUNE et al., 2000), apoptose (FLAWS et al., 2001)
e fatores de crescimento (ERICKSON, 2001) para desenvolvimento de foliculos
primordiais (O BRIEN et al., 2003).

Em roedores, a pequena dimensao dos ovarios possibilita o cultivo do érgao
inteiro, o que tem sido bastante Gtil para o estudo da foliculogénese inicial em pequenos
mamiferos (FORTUNE, 2003). Em animais domésticos de médio e grande porte,
devido as grandes dimensdes dos ovarios, ndo € possivel utilizar este modelo. Para estes
animais, o cultivo de pequenos fragmentos de cortex ovariano, rico em foliculos
primordiais, tem sido realizado para o estudo da ativacdo e crescimento de foliculos
primarios caprinos (SILVA et al., 2004a), bovinos (BRAW-TAL & YOSSEFI, 1997) e
humanos (SCOTT et al., 2004 e ZHANG et al, 2004). Foliculos humanos

8



permaneceram viaveis por quatro semanas quando cultivados em sistesiba
(HOVATTA et al., 1997). Durante o cultivim vitro de FOPA caprinosir{ situ), uma

das substancias mais utilizadas € o FSH, a concentragdo de 50 ng/mL demonstrou
manter a integridade morfoldgica, além de estimular a ativacao de foliculos prisordiai

e o0 crescimento de FOPA caprinos apos 7 dias de cultivo (MATOS et al. 2007a).
cultivo de pequenos fragmentos de coértex ovariano tem a vantagem de manter a
integridade estrutural folicular e as interacdes entre as células foliculares e células do
estroma, facilitando a perfusdo do meio para o tecido ovariano (TELFER, 1996; ABIR
et al., 200%.

2.6 Estado atual do cultivo in vitro de foliculos pré-antrais

Véarios autores tém utilizado sistemas de cultivo situ para estudar o
desenvolvimento de foliculos pré-antrais em roedores e ruminantes (VAN DEN HURK
& ZHAO, 2005). A producgdo de embrides proveniente de odcitos derivados de foliculos
pré-antrais crescidads vitro foi relatada em ratas (DANIEL et al., 1989), porcas (WU
et al., 2001) e, recentemente, em bufalas (GUPTA et al., 2008), ovelhas
(ARUNAKUMARI et al., 2010) e cabras (MAGALHAES et al., 2011). Em gatas
(JEWGENOW & STOLTE, 1996), gambas (BUTCHER & ULLMAN, 1996) e macacas
(FORTUNE et al., 1998) ja foi observado o crescimento de foliculos pré-antrais apos
cultivo in vitro, porém sem a formacdo de antro. Nas espécies bovinas (ITOH et al.,
2002), ovinas (CECCONI et al., 1999), caprinas (HUANMIN & YONG, 2000), humana
(ROY & TREACY, 1993a) e canina (SERAFIM et al., 2010) observou-se apenas o
desenvolvimento até o estadio antral a partir do cultivo de foliculos secundarios
avancados.

Os maiores avangos do cultivo folicular foram alcangados em roedores, tendo
sido obtido o nascimento de crias viaveis a partir do cultivo de odécitos provenientes de
foliculos pré-antrais de camundongas, em que o 00cito adquiriu competéncia para
maturacdo, fertilizacdo e desenvolvimento embrionario (O’ BRIEN et al., 2003;
HASEGAWA et al., 2006). Tal crescimento foi obtido por meio de dois sistemas de
cultivo (in situ eisolado) chamado de cultivo “em dois passos” (O’BRIEN et al., 2003).

O primeiro passo consistiu no cultivo de ovarios inteiros para obtencao da transicao de
primordial para primario. O segundo passo consistiu no isolamento e cultivo de

foliculos primarios e secundarios. Provavelmente essa estratégia é necessaria para

9



promover o crescimento de foliculos primordiais de espécies domésticas e primatas
(SILVA et al., 2006). Esses diferentes resultados refletem diretamente, a dificuldade da
técnica e a diferencga entre as espécies.

O limitado conhecimento sobre a regulacdo das diferentes etapas da
foliculogénese e das condigcbes necesséarias para o0 crescimento, diferenciacdo e
maturacdo dos odcitos séo as principais causas do limitado sucesso na obtencéo de crias
a partir de foliculos pré-antrais cultivadasvitro em animais domésticos. Uma revisao
mais detalhada sobre a regulacdo da foliculogénese em mamiferos é apresentada no
Capitulo 2 da presente tese. O presente desafio € determinar condi¢cdes de cultivo
apropriadas para dar suporte a transicao de foliculos primarios para secundéros
visto que esta fase apresenta alta sensibilidade a degeneracdo em virtude da alta
atividade biosintética e consumo de nutrientes, sendo a composicdo do meio um
importante fator para a obtencédo de sucesso durante o dalthtoo de foliculos pré-
antrais (WANDJI et a).1997).

2.7 Importancia da composi¢cao do meio de cultivo no desenvolvimento de foliculos pré-

antrais

A composicdo do meio de cultivo € um importante fator para o sucesso do
cultivo in vitro de foliculos ovarianos e pode ser influenciada pela adicdo de diferentes
substancias, incluindo antibiéticos, tampdes, substratos nutricionais (lipideos, proteinas,
aminoacidos, acidos nucléicos, vitaminas, monossacarideos, etc.), diferentes fontes
protéicas, antioxidantes, horménios e diversos fatores de crescimento (FIGUEIREDO et
al., 2008). Dentre os meios de cultivo de base comumente utilizados para foliculos pré-
antrais, destacam-se o Meio Essencial Minimo (MEM) simples (MATOS et al., 2007a)
ou alfa-modificado (-MEM — SILVA et al., 2011), o Meio de Cultivo Tecidual 199
(TCM199- RAJARAJAN et al., 2006), e os meios Waymouth (MURUVI et al., 2005)

e McCoy’s (TELFER et al., 2008).

Estudos tém demonstrado que a adicdo de diferentes suplementos ao meio de
cultivo, como piruvato, glutamina, hipoxantina e ITS (Insulina, Transferrina e Selénio),
aumentou o percentual de foliculos morfologicamente normais e estimulou o
crescimento folicular (SILVA et al., 2004a; DEMEESTERE et al., 2005). A insulina é

normalmente adicionada ao meio de cultivo como fator de sobrevivéncia, permitindo
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um melhor aproveitamento das fontes de energia do meio e aumentando 0s precursores
metabdlicos como aminoacidos e glicose (LIU et al., 2002). Os antioxidantes, selénio e
transferrina, sdo relatados como importantes substancias a serem adicionadas ao meio.
Alguns autores sugerem que o processo de maturacao folicular esta relacionado aos
altos niveis de transferrina e seus receptores na célula e que o selénio pode ser
adicionado ao meio de cultivo para ativar enzimas envolvidas na detoxificacdo e
eliminagdo de radicais livres (DEMEESTERE et al., 2005). Além disso, tem-se
observado que o acido ascorbico, importante antioxidante, também atua beneficamente
sobre a foliculogénese, promovendo uma reducédo da apoptose em foliculos pré-antrais
de camundongos (MURRAY et al., 2001) e estimulando a manutencao da viabilidade
folicular em caprinos (ROSSETTO et al., 2009) apés cultivo de longa duracao.

Além de todos os suplementos supracitados, estude$vo e in vitro tém
destacado a grande importancia da utilizacdo de hormonios e fatores de crescimento no
meio de cultivo folicular para a promocdo do completo e eficiente desenvolvimento dos
foliculos pré-antraisin vitro. Tais substancias podem ser adicionadas ao cultivo
isoladamente ou associadas. Nesse contexto, e com o intuito de estudar o efeito de
importantes fatores de crescimento e hormdénios no desenvolvimento folicular em
caprinos, experimentos com cultiwo vitro de foliculos pré-antrais foram realizados
nesta espécie utilizando as substancigd@F-I e hFSH, os quais serdo abordados nos

Capitulos 3 a 7 desta tese.

2.7.1. Tiroxina - ¥

A tiroxina também chamada de tetraiodotironinas),(Té um importante
hormonio tiroidal sintetizado pela glandula tiredide junto comg a Triiodotironina
(T3). Cerca de 93% do horménio liberado pela glandula tiredide consiste, normalmente,
de tiroxina, enquanto a triiodotironina responde pelos outros 7%. Toda a sintese dos
hormonios tiredideos é regulada pelo hormdnio estimulante da tiredide, ou tireotropina
(TSH), secretada pela hipoéfise anterior. Este horménio é transportado pelo sangue,
formando um complexo com as proteinas do plasma (liga-se 99% as proteinas
plasmaticas, principalmente a globulina tiredidea) e € degradada no figado. Os
hormonios tireoideanos armazenam-se no interior dos foliculos tireoideanos na forma

de tireoglobulina. Posteriormente, a tireoglobulina se fragmenta em numerosos
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fragmentos pequenos, liberande€l' T, na circulacdo. Os hormonios, entdo, ligam-se a
proteinas plasméticas e assim circulam em nossa rede vascular, atingindo quase todas as
células do nosso corpo. (GUYTON & HALL, 2002).

A influéncia da tiroxina na foliculogénese ovariana ja é conhecida (DICKSON,
1996). No entanto, seu efeito no desenvolvimento de foliculos pré-antrais de animais
domésticos, tem sido pouco investigado. TAMURA et al. (1998) relataram pela
primeira vez que a tireoidectomia quando utilizada em camundongas imaturas melhora
a secrecao de inibina e estradiol durante o desenvolvimento ovariano induzido por
Gonadotrofina Coriénica Equina (eCG). Estudosivo mostraram que sldesempenha
importante papel na regulacdo do crescimento folicular ovariano (DIJKSTRA et al.,
1996). In vitro, ARUNAKUMARI et al. (2007), verificaram que a tiroxina quando
associada ao FSH aumentou as taxas de desenvolvimento folicular, formacéo de antro e
competéncia meidtica apos cultivio vitro de foliculos pré-antrais ovinos por 6 dias
TAMILMANI et al. (2005) obtiveram o6citos meioticamente competentes pela primeira
vez a partir de pequenos e grandes foliculos pré-antrais em ovinos cuhivétdo em
meio suplementado com TGFe FSH. Entretanto, CECCONI et al. (2004) observaram
que altas concentracdes deg Mo meio de cultivo de foliculos pré-antrais de
camundongas tem uma influéncia adversa no crescimento e subsequente maturacdo dos
oocitos. Além disso, ARUNAKUMARI et al. (2007) relataram que a adicdo de T
anulou a influéncia positiva de TGFe que a resposta de grandes foliculos a tiroxina é
muito diferente que a dos foliculos pré-antrais pequenos. Diante disso, alguns autores
tém sugerido que niveis alterados dgpddem influenciar na fertilidade de mamiferos
(CECCONI et al., 2004).

2.7.2. Fator de Crescimento Semelhante a Insulin&F-1

A regulacdo do funcionamento ovariano em mamiferos envolve a participacao
de diferentes elementos que compdem o sistema de fatores de crescimento semelhantes
a insulina (IGF), a qual inclui os fatores | e Il (IGF-I e IGF-II); os receptdeetipo | e
Il IGFR-1 e IGFR-II) para os IGFs e as proteinas ligantes (transportad d&iSBPs)
para esses fatores de crescimento (ADASHI et al., IGRIDICE, 1992;LeROITH et
al., 1995). A biodisponibilidade e consequientemente a acdo dos IGFs é regulada em

parte por uma superfamilia de proteinas homologas denominadas de IGFBPs, que ligam
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as IGFs com grande afinidade, designadas de IGFBP-1 até IGFBP-6 (RAJARAM et al.,
1997).

O fator de crescimento semelhante a insulina-I (IGF-I) é um polipeptideo
composto por 70 aminoacidos, estruturalmente e funcionalmente relacionado a insulina,
conhecido por sua capacidade de promover o crescimento ¢ a diferenciacdo celular.
Embora tradicionalmente visto como um produto hepatico, o IGF-I pode ser sintetizado
em diversos tecidos, nos quais exerce importantes fungdes autodcrinas e pardcrinas
(DAUGHADAY & ROTWEIN, 1989). O IGF-I foi inicialmente denominado de
somatomedina C e identificado como um mediador da ag¢do do hormoénio do
crescimento (GH) ou somatotrofina (ST), que ativa rapidamente a transcri¢gdo do gene
do IGF-I e também regula alteragdes na estrutura da cromatina dentro do gene do IGF-I,
delineando desta forma um alvo dentro da cromatina para a agdo do GH (THOMAS et
al., 1994).

Conforme citado acima, o sistema IGF é composto por dois tipos de receptores,
0 receptor do tipo I, ou seja, IGFR-I, e o receptor do tipo Il (IGFR-II) ou IGF-
[I/manose-6-fosfato (IGF-II/M6P) (ADASHI, 1998). O IGFR-I é uma proteina tipo
tirosina quinase transmembranaria que consiste de duas subunidades o e duas [
extracelular e possui uma expressiva homologia com o receptor da insulina (SILVA et
al., 2009; IZADYAR et al., 1998LeROITH et al.,1995). Em adicdo ao IGF-I, o
receptor do tipo | de IGF também podem se ligar IGF-II e insulina, embora com menor
afinidade, bem como parece interagir com as IGFBPs (MOHSENI-ZADEH; BINOUX,
1997). As IGFBP estéo presentes em todos os fluidos biolégicos e atuam inibindo ou
potencializando a acéo dos dois tipos de IGF nas células alvo (MONGE;T2€02)).
Existem dois grupos de IGFBP: (1) IGFBP-1, -2, -4, -5, -6 (24-35 kDa) e (2) IGFBP-
(150kDa) que € a forma mais predominante no soro (MONGET et al., 30024,

2008). Os niveis de IGFBP-2, -4 e -5 em ruminantes, diminuem e aumentam

dramaticamente durante o crescimento folicular na fase terminal e atresia,

respectivamente. Em particular, a expressdo do RNAm da IGFBP-2 diminui durante o
crescimento folicular em ovarios de ovinos, bovinos e suinos e a expressdao de RNAmM
da IGFBP-5 aumenta em células da granulosa de foliculos atrésicos de bovinos e
ovinos. Em ovarios de suinos e roedores, o IGF-I tem sido localizado nas células da
granulosa de foliculos antrais saudaveis enquanto que o IGF-Il foi encontrado nas
células da granulosa de foliculos saudaveis e atrésicos (ZHOU1&94). Em ovinos,

ambos receptores de IGF estdo presentes em células da granulosa de foliculos primarios,
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secundarios e antrais (MONGET et 4989).0 IGF-I, adicionado durante o cultivo

vitro de foliculos pré-antrais, estimulou o crescimento folicular em humanos (LOUHIO
et al, 2000), bovinos (GUTIERREZ et .al2000), ratos (ZHAO et al 2001) e
camundongos (LIU et al1998) em sinergia com o FSH. Experimentos de Zhou e
Zhang (2005) mostraram que o IGF-I na concentracdo de 100 ng/L proporcionou o
crescimento e a viabilidade de odcitos inclusos em foliculos pré-antrais caprinos. Em
foliculos pré-antrais bovinos, a utilizacdo de 50 ng/mL de IGF-I, durante seis dias de
cultivo, promoveu o aumento do diametro folicular bem como a producéo de estradiol
(THOMAS et al., 2007). Em suinos, a utilizacdo dessa mesma concentracdo lde IGF-
resultou no crescimento folicular, no estimulo da proliferacdo das células da granulosa e
na prevencao da apoptose de foliculos pré-antrais cultivados por 4 dias na presenca de
soro. Em camundongos, o IGF-1 (10, 50 e 100 ng/mL) aumentou a esteroidogénese de
foliculos pré-antrais cultivados vitro por 6, 10 e 12 dias (DEMEESTERE et, al
2004). Em ratos, o IGF-I (1-100 ng/mL) estimulou o desenvolvimento de foliculos
secundéarios comprovado pelo aumento significativo do diametro folicular e do
contetdo do DNA.

2.7.3. Hormonio Foliculo Estimulante - FSH

O horménio gonadotrofico FSH é fundamental para a manutencdo da funcéo
ovariana. A interacdo deste horménio com seu receptor de superficie iniciam uma
cadeia de reacdes intracelulares caracteristicas de receptores acoplados a proteina-G,
incluindo estimulacdo de adenilato ciclase e fosforilacdo de proteinas especificas
(RICHARDS, 1994). A ligacdo do FSH ao seu receptor € restrita as células da granulosa
e resulta em uma variedade de reacdes, tais como a estimulacao da proliferacéo celular,
sintese de esterdides e expressdo de receptores para Fator de Crescimento Epidermal
(EGF) e Hormonio Luteinizante (LH).

A expressao de receptores para o0 FSH nas células da granulosa de foliculos
primarios, secundarios e antrais bovinos, bem como em odcitos de foliculos primordiais
de animais de laboratorio, reforcam a idéia da acdo do FSH sobre o crescimento dos
foliculos pré-antrais (ROY, 1993b, WANDJI et.,all992). Durante o cultivo de
pequenos foliculos pré-antrais (30-®) bovinos, 0 FSH promoveu um aumento do
diametro folicular (HULSHOF et al1995). Apos seis dias de cultivo na presenca de
FSH, foliculos priméarios e secundarios (60-119), isolados enzimaticamente de
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ovarios de fetos bovinos, aumentaram o didmetro, a sobrevivéncia folicular, bem como
a secrecao de progesterona e estradiol (WANDJI.,e1396a). Gutierrez et.al2000)
isolaram foliculos secundarios bovinos e, apds cultivo de 28 dias, observaram que o
FSH promoveu o crescimento folicular e aumentou as taxas de formacao de antro. Em
suinos, o FSH esta envolvido na proliferacao e diferenciacdo de células da granulosa de
foliculos pré-antrais (HIRAO et.all994).

Em hamsters, pequenos foliculos pré-antrais mostraram ser dependentes de FSH,
pois esse hormoénio reduziu significativamente a percentagem de foliculos atrésicos
(ROY & GREENWALD, 1989). Liu et al(1999) observaram que o FSH estimulou o
crescimento de foliculos pré-antrais {230 um) isolados de ovarios de camundongas
adultas. Nesta mesma espécie, o FSH promoveu a sobrevivéncia, a proliferacdo das
células da granulosa, a formacdo do antro e a secrecdo de estradiol e inibina em
foliculos isolados (95L42um) (CORTVRINDT et al, 1997).

Matos et al. (2007a) mostraram que 50 ng/mL de FSH adicionado ao meio de
cultivo de foliculos pré-antrais inclusos em tecido ovariano de caprinos foi responsavel
pela manutencdo da viabilidade e da integridade ultra-estrutural dos foliculos pré-
antrais, e pelo aumento dos didmetros folicular e oocitario. Contrariamente, o FSH néo
exerceu efeito sobre o didmetro folicular e oocitario, bem como sobre o niumero de
células da granulosa cultivadas em tecido ovariano de bovinos (BRAW-TAL;
YOSSEFI, 1997). Além disso, ndo foi observado o efeito da adicdo de 5 ng/ml de FSH
(DERRAR et al, 2000), ou de outras concentracdes de FSH (1, 10 ou 100 ng/ml) sobre
o desenvolvimento de foliculos pré-antrais bovinos cultivados durante 7-14 dias
(FORTUNE et al 1998).

Através da inducdo da liberacdo de fatores de crescimento pelos grandes
foliculos antrais e células do estroma, o FSH pode exercer um efeito indireto sobre o
desenvolvimento de foliculos em fases iniciais, pois estudos evidenciaram que o FSH
promove a proliferacdo de células da granulosa, aumentando a expressdo de fatores
paracrinos como o Fator de Crescimento Semelhante a Insulina-I (IGF-1) e a ativina
(VAN DEN HURK; ZHAO, 2005).
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3. JUSTIFICATIVA

Os foliculos primordiais constituempmol de reserva de foliculos quiescentes e
compreendem cerca de 95% de toda populacéo folicular presente no ovario mamifero.
No entanto, para que estes foliculos possam entrar em fase de crescimento é preciso que
sejam ativados. Neste contexto, sabendo-se do grande valor econémico que a especie
caprina representa em especial para o Nordeste Brasileiro, € de extrema importancia o
desenvolvimento de um sistema de cultivo capaz de ativar esses foliculos e assegurar
seu posterior crescimento vitro, otimizando o aproveitamento do potencial oocitario
desses animais e incrementando a eficiéncia da reproducdo animal. Os odcitos oriundos
destes foliculos crescid@s vitro poderiam ser utilizados em programas de produtao
vitro e transferéncia de embrides e/ou criopreservacao. Além disso, o desenvolvimento
de um sistema de cultivo eficiente poderd fornecer subsidios para uma melhor
compreensdo sobre os fatores que regulam a foliculogénese na fase pré-antral,
necessarios para a sobrevivéncia, a ativacado e o inicio do crescimento folicular.

Estudos referentes aos fatores e mecanismos envolvidos na regulacéo e ativacao
dos foliculos primordiais sdo escassos, especialmente em animais de producéo, como 0s
caprinos. Neste contexto, diversos autores tém investigado o efeito de diferentes fatores
de crescimento e hormonios durante o cultivo de foliculos pré-antrais de animais de
laboratoério e de animais domésticos como vaca, ovelha e cabra. Entretanto, os efeitos de
diferentes concentracbes dg, hFSHe IGF-I, que sdo importantes reguladores da
foliculogénese, bem como suas interagdes ainda n&o haviam sido testados nancultivo
vitro de foliculos pré-antrais caprinos. Para este fim, além da técnica de histologia
classica, foi empregada a microscopia eletrbnica de transmissdo para determinar a
qualidade de foliculos pré-antrais caprinos cultivatositro e, consequentemente,
melhor avaliar a eficiéncia dos meios de cultivo testados.

Com o desenvolvimento de um eficiente sistema de cultivo, sera possivel, no
futuro, a utilizacdo dos odcitos oriundos de uma numerosa populacédo de foliculos pré-
antrais crescidos vitro em diversas biotécnicas reprodutivas, dentre elas a fecundagéo

in vitro, contribuindo assim para a producao de embribes em larga escala.

16



4. HIPOTESES CIENTIFICAS

Diante do exposto, formularam-se as seguintes hipéteses cientificas:

1) A T4 IGF-l e 0 FSH, isoladamente ou em associacdo, mantém a viabilidade
folicular, influenciam positivamente a ativacdo de foliculos primordiais e o
crescimentan vitro de foliculos pré-antrais caprinos apos cultivsitu.

2) Foliculos pré-antrais caprinos crescenvitro na presenca dos referidos hormonios

e fator de crescimento, mantendo a viabilidade, apds cultivo de longa duracéo (28
dias).
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5. OBJETIVOS

5.1 Objetivos Gerais:

1)

2)

3)

Estudar o efeito da,J IGF-I e FSH sobre o cultivim vitro de foliculos pré-antrais

caprinosin situ (Fase |);

Avaliar as taxas de sobrevivéncia e desenvolvimentitro de foliculos pré-antrais
caprinos in situ utlizando T, IGF-1 e FSH em associacdo nas melhores

concentracdes determinadas na Fase | - (Fase II);

Avaliar as taxas de sobrevivéncia e desenvolvimientiiro de foliculos pré-antrais
caprinosin situ apos cultivo de longa duracdo no (s) melhor (es) meio (s) de cultivo

determinado na Fase-l(Fase IlI).

5.2 Objetivos Especificos:

1)

2)

3)

4)

5)

Estabelecer a curva dose-resposta glelGF-I e FSH tendo como parametros a

sobrevivéncia, ativacao e crescimento de foliculos pré-antrais (Fase I);

Analisar morfoldgica e ultra-estruturalmente os foliculos pré-antrais cajmisds
cultivadosin vitro com Ty, IGF-I e FSH (Fase I);

Verificar o efeito da 7, IGF-1 e FSH em associacao, sobre a sobrevivéncia, ativacdo

e cresciment@ vitro de foliculos pré-antrais caprinwssitu (Fase 11);

Analisar morfolégica e ultra-estruturalmente os foliculos pré-antrais cajmisds
cultivadosin vitro com T, IGF-I e FSH, em associacdao nas melhores concentracfes

determinadas na Fase (Fase ll);
Verificar o efeito do cultivan situ, e do periodo de cultivo, sobre a sobrevivéncia,

ativacdo e crescimentim vitro de foliculos pré-antrais caprinos apos cultivo de

longa duragéao (Fase lll);
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6) Analisar as caracteristicas morfologicas e ultra-estruturais de foliculos pré-antrais

caprinosin situapos cultivo de longa duracéo (Fase ).

Nas paginas seguintes, apés as referéncias bibliograficas serdo apresentados os
dois primeiros capitulos desta Tese, correspondendo a dois artigos de revisdo que foram
submetidos recentemente e estdo sob revisdo. Além disso, em seguida, serdo
apresentadas as metodologias e os resultados desta Tese na forma de cinco capitulos
referentes a cinco artigos cientificos. Vale salientar que os cinco artigos cientificos

encontram-se em fase de julgamento.

19



6. REFERENCIAS BIBLIOGRAFICAS

ABIR, R.; NITKE, S.; BEN-HAROUSH, A.; FISCH, Bn vitro maturation of human
primordial ovarian follicles: Clinical significance, progress in mammals, and methods

for growth evaluation. Histology and Histopathology, v. 21, p. 887-898, 2006.

ADASHI, E. Y.; RESNICK C. E.; D'ERCOLE A. J.; SVOBODA M. E.; VAN WYK J.
J. Insulin-like growth factors as intraovarian regulators of granulosa cell growth and
function. Endocrine Review, v. 6, n. 3, p. 400-420, 1985.

ADASHI, E. Y. The IGF family and folliculogenesis. Journal of Reproductive
Immunology, v. 39, p.13-19, 1998.

AMORIM, C.A., RODRIGUES, A.P.R., LUCCI, C.M., FIGUEIREDO, J.R.,
GONCALVES, P.B.D. Effect of sectioning on the number of isolated ovine preantral
follicles. J Small Rum Res, v. 37, p. 269-277, 2000.

ARUNAKUMARI, G.; VAGDEVI, R; RAO, B. S; NAIK, B. R; NAIDU, K. S;
SURESH KUMAR, R. V; RAO, V. H. Effect of hormones and growth factordnon
vitro development of sheep preantral follicles. Small Ruminant Research, v. 70, p. 93-
100, 2007.

ARUNAKUMARI, G.; SHANMUGASUNDARAM, N.; RAO, V. H. Development of
morulae from the oocytes of cultured sheep preantral follicles. Theriogenology,v.74,
p.884-94, 2010.

BARNETT, K.R., SCHILLING, C., GREENFELD, C.R., TOMIC, D., FLAWS, J.A.
Ovarian follicle development and transgenic mouse models. Hum Reprod Update, v. 12,

p. 537-355, 2006.

BHATIA, M. Apoptosis versus necrosis. American Journal of Physiology - Renal
Physiology, v. 284, p. F6068627, 2004. Review.

20



BETTERIDGE, K. J.; SMITH, C.; STUBBINGS, R. B.; XU, K. P.; KING, W. A.
Potential genetic improvement of cattle by fertilization of fetal oodytestro. Journal
of Reproduction & Fertility, v. 38, p. 87-98, 1989.

BEZERRA, M.B.; RONDINA, D.; OLIVEIRA, L.C.; LIMA, AK.F.; CECCHI, R;;
LUCCI, C.M.; GIORGETTI, A.; FIGUEIREDO, J.R. Aspectos quantitativos da

foliculogénese na fase pré-natal na espécie caprina. Ciéncia Anigql.30-41, 1998.

BRAW-TAL, R. & YOSSEFI, S. Studies in vivo amd vitro on the initiation of follicle
growth in the bovine ovary. J. Reprod. Fert, v. 109, p. 165-171, 1997.

BRAS, M., QUEENAN, B., SUSIN, S. A. Programmed cell death via mitochondria:
Different modes of dying. Biochemistry, v. 70, p. 231-239, 2005.

BRISTOL-GOULD, S.; WOODRUFF, T.K. Folliculogenesis in the domestic cat (Felis
catus). Theriogenology, v. 66, p. 5-13, 2006.

BUKOVSKY, A.; CAUDLE, M. R.; SVETLIKOVA, M.; UPADHYAYA, N. B. Origin
of germ cells and formation of new primary follicles in adult human ovaries.

Reproductive Biology and Endocrinology, v. 4, p. 2-20, 2004.

BUTCHER, L. & ULLMANN, S.L. Culture of preantral ovarian follicles in the grey,
short-tailed opossum, monodelphis domestic. Reprod Fert Develop, v. 8, p. 535-539,
1996.

CECCONI, S., BARBONI, B., COCCIA, M., MATTIOLI, MIn vitro development of
sheep preantral follicles. Biol Reprod, v. 60, p. 594-601, 1999.

CECCONI, S; ROSSI, G; COTCCHIO, G; MACCHIARELLI, G; BORINI, ;A
CANIPARI, R. Influence of thyroid hormone on mouse preantral follicle development
in vitro. Fertility and Sterility, v. 81, p. 1, 2004.

CHAVES R N, Martins F S, Saraiva M V A, Celestino J J H, Lopes C A P, Correia J C,
Lima-Verde | B, MatosM H T, Bao S N, Name K P O, Campello C C, Silva J RV,

21



Figueiredo J R. Chilling ovarian fragments during transportation improves viability and
growth of goat preantral follicles culturesh vitro. Reproduction, Fertility and
Development v.20, p. 640-647, 2008.

CORTVRINDT, R. SMITZ, J. VAN STEIRTEGHEM, A.C. Assesment of the need for
follicle stimulating hormone in early preantral mouse follicle cultareitro. Human
Reprouction., 12:59-768, 1997.

DANIEL, S. A. J.; ARMSTRONG, D. T.; GORELANGTON, R. E. Growth and
development of rat oocyt@s vitro. Gamete Res, v. 24, p. 1d21, 1989.

DAUGHADAY, W. H.; ROTWEIN, P. Insulin-like growth factors | and Il. Peptide,
messenger ribonucleic acid and gene structures, serum and tissue concentration.
Endocrine Reviews, v.10, p. 68-92, 1989.

DEMEESTERE, I.; GERVY, C.; CENTNER, J.; DEVREKER, F.; ENGLERT, Y,
DELBAERE, A. Effect of Insulin-Like Growth Factor-1 During Preantral Follicular
Culture on Steroidogenesis, In vitro Oocyte Maturation, and Embryo Development in
Mice. Biology of Reproduction, v. 70, p. 1664-1669, 2004.

DEMEESTERE, |, CENTNER, J., GERVY, C., ENGLERT, Y., DELBAERE, A.
Impact of various endocrine and paracrine factorsirowvitro culture of preantral
follicles in rodents. Reproduction, v. 130, p. 147-157, 2005.

DERRAR, N.; PRICE, C.A.; SIRARD, M. A. Effect of growth factors and co-culture
with ovarian medulla on the activation of primordial follicles in explants of bovine

ovarian cortex. Theriogenology, v. 54, p. 587-598, 2000.

DICKSON, W. M.; Endocrinology In: Swenson, M.J., Reece, W. O., Reproduction and
Lactation. Ducke’s Physiology of Domestic Animals. Panima Publishing Corporation,

New Delhi, p. 629-710, 1996.

22



DIJKSTRA, G.; DE ROOIJ, D. G.; DE JONG, F. H.; VAN DEN HURK, R. Effects of
hypothyroidism on ovarian follicular development, granulose cell proliferation and
peripheral hormone levels in the perpubertal rat. European Journal Endocrinology, v.
134, p. 649-654, 1996.

DONG, J.; ALBERTINI, D. F.; NISHIMORI, K.; KUMAR, T. R.; LU, N.; MATZUK,
M. M. Growth differentiation factor-9 is required during early ovarian folliculogenesis.
Nature, v. 383, p. 531-535, 1996.

DRIANCOURT, M. A.; WEBB, R.; FRY, R. C. Does follicular dominance occur in
ewe? Journal of Reproduction & Fertility, v. 93, p. 63-70, 1991.

DRUMMOND, A.E. The role of steroids in follicular growth. Reprod Biol Endocrinol,
v. 4, p. 1-11, 2006.

ERICKSON, G.F. Analysis of follicle development and ovum maturation. In: Seminars

in Reproductive Endocrinology, v. 4, p. 233-254, 1986.

ERICKSON, G.F. Role of growth factors in ovary organogenesis. J Soc Gynecol
Investig, v. 8, p. 13-16, 2001.

FIGUEIREDO, J.R., HULSHOF, S.C.J.,, VAN DEN HURK, R., NUSGENS, B.,
BEVERS, M.M., ECTORS, F.J., BECKERS, J.F. Preservation of oocyte and granulosa
cell morphology in bovine preantral follicles culturiedvitro. Theriogenology, v. 41, p.
1333-1346, 1994.

FIGUEIREDO, J. R.; RODRIGUES, A. P. R.; AMORIM, C. A. Manipulagdo de
oocitos inclusos em foliculos ovarianos pré-antrdidOIFOPA. In: GONCALVES, P.

B. D.; FIGUEIREDO, J. R.; FREITAS, V. J. F. Biotécnicas aplicadas a reproducao
animal. S&o Paulo: Livraria Varela, p. 227-256, 2002.

FIGUEIREDO, J.R, RODRIGUES, A.P.R, AMORIM, C.A, SILVA, J.R.V.

Manipulacdo de Odcitos Inclusos em Foliculos Ovarianos Pré-Antrais - MOIFOPA. In:

23



GONCALVES, P.B.D; FIGUEIREDO, J.R.; FREITAS, V.J.F. Biotécnicas aplicadas a
reproducao animal, Roca: S&o Paulo, 22 ed., p. 303-327, 2008.

FLAWS, J.A.; ABBUD, R.; MANN, R.J.; NILSON, J.H.; HIRSHFIELD, A.N.
Chronically elevated luteinizing hormone depletes primordial follicles in the mouse
ovary. Biology of Reproduction, v. 57, p. 1233-1237, 1997.

FLAWS, J.A., HIRSFIELD, A.N., HEWITT, J.A., BABUS, J.K., FURTH, P.A. Effects
of bcl-2 on the primordial follicle endowment in the mouse ovary. Biol Reprod, v. 64, p.
1153-1159, 2001.

FORTUNE, J. E.; KITO, S.; WANDJI, S. A.; SRSEN, V. Activation of Bovine and
Baboon Primordial Folliclem vitro. Theriogenology, v. 49, p. 441-449, 1998.

FORTUNE, J.E., CUSHMAN, R.A., WAHL, C.M., KITO, S. The primordial to
primary follicle transition. Mol Cell Endocrinol, v. 163, p. 53-60, 2000.

FORTUNE, J. E. The early stages of follicular development: activation of primordial
follicles and growth of preantral follicles. Animal Reproduction Science, v. 78, p. 135-
163, 2003.

GALLOWAY, S.M.; MCNATTY, K.P.; CAMBRIDGE, L.M.; LAITINEN, M.P.;
JUENGEL, J.L.; JOKIRANTA, T.S.; MCLAREN, R.J.; LUIRO, K.; DODDS, K.G,;
MONTGOMERY, G.W.; BEATTIE, A.E.; DAVIS, G.H.; RITVOS, O. Mutations in an
oocyte-derived growth factor gene (BMP15) cause increased ovulation rate and

infertility in a dosage-sensitive manner. Nature Genetics, v. 25, p. 279-283, 2000.

GIUDICE, L. C. Insulin-like growth factors and ovarian follicular development.
Endocrine Review, v. 13, n. 4, p. 641-69, 1992.

GOUGEON, A.; BUSSO, D. Morphologic and functional determinants of primordial
and primary follicles in the monkey ovary. Mol Cell Endocrinol, v. 163, p. 33-41, 2000.

24



GUPTA, P. S. P,; RAMESH, H. S.; MANJUNATHA, B. M.; NANDI, S.; RAVINDRA,
J. P. Production of buffalo embryos using oocytes fionvitro grown preantral
follicles. Zygote, v. 16, p. 563, 2008.

GUTIERREZ, C.G.; RALPH, J.H.; TELFER, E.E.; WILMUT, |.; WEBB, R. Growth
and antrum formation of bovine preantral follicles in long-term cultusetro. Biology
of Reproduction, v. 62, p. 1322-1328, 2000.

GUYTON, A. C. & HALL, J. E. Tratado de fisiologia médica. 10 ed, Rio de Janeiro,
guanabara koogan, pp. 973, 2002.

HAFEZ, E.S.E. Anatomy of Female Reproduction. In: HAFEZ, E.S.E. Reproduction in
Farm Animals, ¥ edition, Williams & Wilkins, USA, p. 20-58, 2004.

HASEGAWA, A.; MOCHIDA, N.; OGASAWARA, T.; KOYAMA, K. Pup birth from
mouse oocytes in preantral follicles derived from vitrified and warmed ovaries followed
by in vitro growth,in vitro maturation andh vitro fertilization. Fertility and Sterility, v.

863, n. 4, p. 1182-1192, 2006.

HAYASHI, M., McGEE, E.A., MIN, G., KLEIN, C., ROSE, U.M., VAN DUIN, M.,
HSUEH, A.J.W. Recombinant growth differentiation factor-9 (GDF-9) enhances
growth and differentiation of cultured early follicles. Endocrinology, v. 140, p. 1236-
1244, 1999.

HIRAO, Y.; NAGAI T.; KUBO, M.; MIYANO, T.; MIYAKE, M.; KATO, S. In vitro
growth and maturation of pig oocytes. Journal of Reproduction and Fertility, v. 100,
p.333-339, 1994

HOVATTA, O.; SILY, R; ABIR, R.; KRAUSZ, T.; WINSTON, R.M.L. Extra cellular

matrix improves the survival of human primordial and primary fresh and frozen-thawed

ovarian follicles in long-term culture. Hum Reprod, v.12, p. 1032-1036, 1997.

25



HULSHOF, S.C.J., FIGUEIREDO, J.R., BEKERS, J.F., BEVERS, M.M., VAN DER
DONK, J.A. Effects of fetal bovine serum, FSH and3-Eétradiol on the culture of
bovine preantral follicles. Theriogenology, 44:217-226, 1995.

HUANMIN, Z., & YONG, Z. In vitro development of caprine ovarian preahtra
follicles. Theriogenology , v. 54, p. 641-650, 2000.

HUSSEIN, M. R. Apoptosis in the ovary: molecular mechanisms. Human Reproduction
Update, v. 11, p. 162-178, 2005.

ITOH, T., KACCHI, M., ABE, H., SENDAI, Y., HOSHI, H. Growth, antrum
formation, and estradiol production of bovine preantral follicles cultured in a serum-free
medium. Biol Reprod, v. 67, p. 1099-1105, 2002.

IZADYAR, F.; HAGE, W. G.; COLENBRANDER, B.; BEVERS, M. M. The
promotory effect of growth hormone on the developmental competenae \fro
matured bovine oocytes is due to improved cytoplasmic maturation. Molecular
Reproduction and Development, v. 49, p. 444-453, 1998.

JEWGENOW, K.N. & STOLTE, M. Isolation of preantral follicles from nondomestic
cats— viability and ultrastructural investigations. Anim Reprod Sci, v. 44, p. 183-193,
1996.

JOHNSON, J.; BAGLEY, J.; SKAZNIK-WIKIEL, M.; LEE, H. J.; ADAMS, G. B,
NIIKURA, Y.; TSCHUDY, K. S.; TILLY, J. C.; CORTES, M. L.; FORKERT, R.
Oocyte generation in adult mammalian ovaries by putative germ cells in bone marrow
and peripheral blood. Cell, v. 122, p. 303-315, 2004.

JOZA, N.; KROEMER, G.; PENNINGER, J. M. Genetic analysis of the mammalian
cell death machinery. Trends Genetic, v.18, p-—149, 2002.

JUENGEL, J.L.; HUDSON, N.L.; HEATH, D.A.; SMITH, P.; READER, KL,
LAWRENCE, S.B.; O’CONNELL, A.R.; LAITINEN, M.P.E.; CRANFIELD, M,

26



GROOME, O.R.; McNATTY, K.P. Growth differentiation factor 9 and bone
morphogenetic protein 15 are essential for ovarian follicular development in sheep. Biol
Reprod, v. 67, p. 1777-1789, 2002.

KATSKA-KSIAZKIEWICZ, L. Recent achievements vitro culture and preservation

of ovarian follicles in mammals. Reproductive Biology, v. 6, p. 3-16, 2006. Review
KNIGHT, P. G. GLISTER, C. TGF-beta superfamily members and ovarian follicle
development. Reproduction, v. 132, p. 191-206, 2006.

LEROITH, D.; WERNER, H.; BEITNER-JOHNSON, D.; ROBERTS, C. T. J. R.
Molecular and cellular aspects of the insulin-like growth factor | receptor.
Endocrinology Review, v. 16, p.143-163, 1995.

LIMA, A. K. F. Determinacdo da populagao folicular, criopreservagéo e cultivo de
odcitos inclusos em foliculos ovarianos pré-antrais de gata doméstica. Fortaleza, CE,
Universidade Estadual do Cearda, Tese de doutorado, 76 p., 2006.

LIU, X.; ANDOH, K.; YOKOTA, H.; KOBAYASHI, J.; ABE, Y.; YAMADA, K;
MIZUNUMA, H.; IBUKI, Y. Effects of growth hormone, activin, and follistatin on the
development of preantral follicle from immature female mice. Endocrinology, v. 139, p.
2342-2347, 1998.

LIU, X., ANDOH, K., ABE, Y., KOBAYASHI, J., YAMADA, K., MIZUNUMA, H.,
IBUKI, Y. A comparative study on transforming growth facforand activin A for

preantral follicles from adult, immature, and diethylstilbestrol-primed immature mice.
Endocrinology, v. 139, p. 2480-2485, 1999.

LIU, J.; VAN DER ELST, J.; VAN DEN BROECK, R.; DHONT, M. Live offspring by
in vitro oocytes from cryopreserved primordial mouse follicles after sequantalo
transplantation aneh vitro maturation. Biology of Reproduction, v. 64, p. 171-178,
2001.

27



LIU, H.C., HE, Z., ROSENWAKS, Z. In vitro culture and in vitro maturation of mouse
preantral follicles with recombinant gonadotropins. Fertil Steril, v. 77, p. 373-383,
2002.

LOUHIO, H.; HOVATTA, O.; SJOBERG, J.; TUURI, T. The effects of insulin and
insulin-like growth factors | and Il on human ovarian follicles in long-term culture.
Molecular Human Reproduction, v. 6, p. 694-698, 2000.

LUCCI, C. M.; AMORIM, C. A.; BAO, S. N.; FIGUEIREDO, J. R.; RODRIGUES, A.

P. R.; SILVA, J. R. ; GONCALVES, P. B. D. Effect of the interval of serial sections of
ovarian in the tissue chopper on the number of isolated caprine preantral follicles.
Animal Reproduction Science, v. 56, p. 39-49, 1999.

MAGALHAES, D.M.; ARAUJO, V.R.; LIMA-VERDE, I|B.; MATOS,
M.H.T.; SILVA, R.C.; LUCCI, C.M.; BAO, S.N.; CAMPELLO, C.C.; FIGUEIREDO,
J.R. Different Follicle-Stimulating Hormone (FSH) sources influence caprine preantral
follicle viability in vitro. Il International Symposium on Animal Biology of
Reproduction (ISABR 2008).

MAGALHAES, D. M.; DUARTE, A. B. G.; ARAUJO, V. R.; BRITO, I. R.; SOARES,

T. G.; LIMA, I. M. T.; LOPES, C. A. P.; CAMPELLO, C. C.; RODRIGUES, A. P. R;;
FIGUEIREDO, J. Rln vitro production of a caprine embryo from a preantral follicle
cultured in media supplemented with growth hormone. Theriogenology, v.75,p. 182
88, 2011.

MAGOFFIN, D.A. Ovarian theca cell. Int J Biochem Cell Biol, v. 37, p. 1344-1349,
2005.

MARKSTROM, E., SVENSSON, E.C, SHAO, R., SVANBERG, B., BILLIG, H.

Survival factors regulating ovarian apoptosislependence on follicle differentiation.
Human Reproduction, v. 123, p. 23-30, 2002. Review.

28



MATOS, M.H.T.; LIMA-VERDE, 1.B.; LUQUE, M.C.A., MAIA Jr., J.E.; SILVA,
J.R.V.; CELESTINO, JJ.H.; MARTINS, F.S.; BAO, S.N.;, LUCCI, C.M;
FIGUEIREDO, J.R. Essential role of follicle stimulating hormone in the maintenance of

caprine preantral follicle viabilitin vitro. Zygote, v. 15, p. 173-182, 2007a.

MATOS, M.H.T.; LIMA-VERDE, I.B.; BRUNO, J.B.; LOPES, C.A.P.; MARTINS,
F.S.; SANTOS, K.D.B.; ROCHA, R.M.P.; SILVA, J.R.V.; BAO, S.N.; FIGUEIREDO,
J.R. Follicle stimulating hormone and fibroblast growth factor-2 interact and promote
goat primordial follicle developmerm vitro. Reproducton, Fertility and Development,

v. 19, p. 677-684, 2007b.

McCULLY, J.D.; WAKIYAMA, H.; HSIEH, Y-J.; JONES, M., LEVITSKY, S.
Differential contribution of necrosis and apoptosis in myocardial ischemia-reperfusion
injury. American Journal of Physiology - Heart Circulation Physiology, v. 286, p.
H1923-H1935, 2004

McGEE, E.A, & HSUEH, A.J. Initial and cyclic recruitment of ovarian follicles.
Endocr. Rev.,.21:200-214, 2000.

MCLAUGHLIN, M.; BROMFIELD, J. J, ALBERTINI, D. F. & TELFER, E. E.
Activin promotes follicular integrity and oogenesis in cultured pre-antral bovine
follicles. Mol. Hum. Reprod, v. 16, p. 64853, 2010.

MOHSENI-ZADEH, S.; BINOUX, M. Insulin-like growth factor (IGF) binding protein-

3 interacts with the type 1 IGF receptor, reducing the affinity of the receptor for its
ligand: an alternative mechanism in the regulation of IGF action. Endocrinology, v. 138,
p. 5645-5648, 1997.

MONGET, P; MONNIAUX, D.; DURAND, P. Localization, characterization and
guantification of insulin-like growth factor-I-binding sites in the ewe ovary.
Endocrinology, v. 125, p. 2486-2493, 1989.

29



MONGET, P.; FABRE, S.; MULSANT, P.; LECERF, F.; ELSEN, J.M.;
MAZERBOURG, S.; PISSELET, C.; MONNIAUX, D. Regulation of ovarian
folliculogenesis by IGF and BMP system in domestic animals. Domestical Animal
Endocrinology, v. 23, n.1-2, p. 139-154, 2002.

MORITA, Y.; TILLY, J.L. Oocyte apoptosis: Like sand through and hourglass.
Developmental Biology, v. 213, p. 1-17, 1999.

MURRAY, A. A.; MOLINEK, M. D.; BAKER, S. J.; KOJIMA, F. N.; SMITH, M. F.;
HILLIER, S. G.; SPEARS, N. Role of ascorbic acid in promoting follicle integrity and
survival in intact mouse ovarian folliclés vitro. Reproduction, v. 121, n. 1, p. 89-96,
2001.

MURUVI, W.; PICTON, H.M.; RODWAY, R.G.; JOYCE, |.MIn vitro growth of
oocytes from primordial follicles isolated from frozéimawed Ilamb ovaries.
Theriogenology, v. 64, p. 1357-1370, 2005.

NUTTINCK, F.; COLLETE, L., MASSIP, A.; DESSY. Histologic and
autoradiographic study of the in vitro effects of FGF-2 and FSH on isolated bovine
preantral follicles: preliminary investigation. Theriogenology, v. 45, p. 1235-1245,
1996.

O'BRIEN, M.J., PENDOLA, J.K., EPPIG, J.J. A revised protocol for vitro
development of mouse oocytes from primordial follicles dramatically improves their
developmental competence. Biol Reprod, v. 68, p. 1682-1686, 2003.

PICTON, H.; BRIGGS, D.; GOSDEN R. The molecular basis of oocyte growth and
development. Mol Cell Endocrinol, v. 145, p. 27-37, 1998.

RAJARAM, S.; BAYLINK, D.J.; MOHAN, S. Insulin-like growth factor-binding
proteins in serum and other biological fluids: regulation and functions. Endocrine
Reviews, v.18, p. 801-831, 1997.

30



RAJARAJAN, K.; RAO, B. S.; VAGDEVI, R.; TAMILMANI, G.; ARUNAKUMARI,

G.; SREENU, M.; AMARNATH, D.; NAIK, B. R.; RAO, V. H. Effect of various
growth factors on then vitro development of goat preantral follicles. Small Ruminant
Research, v. 63, p. 204-212, 2006.

RICHARDS, J.S. Hormonal control of gene expression in the ovary. Endocrine Review,
v. 15, p.725-751, 1994.

ROSSETO, R., LIMA-VERDE, I. B.; MATOS, M. H. T. ; SARAIVA, M. V. A. ;
MARTINS, F. S.; FAUSTINO, L. S.; ARAUJO, V. R.; SILVA, C. M.; NAME, K. P.;
BAO, S. N.; CAMPELLO, C. C.; FIGUEIREDO, J. R.; BLUME, H. Interaction
between ascorbic acid and follicle-stimulating hormone maintains follicular viability
after long-termin vitro culture of caprine preantral follicles. Domestic Animal
Endocrinology, v. 37, n. 2, p. 11223, 20009.

ROY, S.K.; GREENWALD G.S. Hormonal requirements for the growth and
differentiation of hamster preantral follicles in long-term culture. Journal of
Reproduction and Fertility, v. 87, p. 103-114, 1989.

ROY, S. K.; TREACY, B. J. Isolation and long-term culture of human preantral
follicles. Fertility & Sterility, v. 59, p. 783-790, 1993a.

ROY, S.K. Epidermal growth factor and transforming growth factor-beta moduldtion o
follicle-stimulating hormone-induced deoxyribonucleic acid synthesis in hamster
preantral and early antral follicleBiology of Reproduction, v. 48, p. 552-557, 1993b.

RUSSE, I. Oogenesis in cattle and sheep. Bibl Anat, v. 24, p. 77-92, 1983.
SAUMANDE, J. Oogénese et folliculogenese. Rec. Méd. Vét., v. 157, p. 29-38, 1991.
SCOTT, J.E., CARLISSON, I|.B., BAVISTER, B.D., HOVATTA, O. Human ovarian

tissue cultures: Extra cellular matrix composition coating density and tissue dimensions.
Reprod. Biomedicine On Line., v. 9, p. 287-293, 2004.

31



SERAFIM, M.K.B.; ARAUJO, V.R.; SILVA, G.M.; DUARTE, A.B.G.; ALMEIDA,
A.P.; CHAVES, R.N.; CAMPELLO, C.C.; LOPES, C.A.P.; FIGUEIREDO, J.R;
SILVA, L.D.M. Canine preantral follicles cultured with various concentrations of
follicle-stimulating hormone (FSH). Theriogenology, v. 74, p.749-755, 2010.

SHAW, J. M.; ORANRATNACHAI, A.; TROUNSON, A. O. Fundamental cryobiology
of mammalian oocytes and ovarian tissue. Theriogenology, v. 53;-12,52000.

SILVA, J.R.V.; VAN DEN HURK, R.; MATOS, M.H.T.; SANTOS, R.R.; PESSOA,
C.; MORAES, M.O.; FIGUEIREDO, J.R. Influences of FSH and EGF on primordial
follicles duringin vitro culture of caprine ovarian cortical tissue. Theriogenology, v. 61,
p. 1691-1704, 2004a.

SILVA, J.R.V.; VAN DEN HURK; COSTA, S.H.F; ANDRADE, E.R.; NUNES,
A.P.A.; FERREIRA, F.V.A.; LOBO, R.N.B.; FIGUEIREDO, J.R. Survival and growth
of goat primordial follicles after culture of ovarian cortical slices in media containing

coconut water. Animal Reproduction Science, 81-288, 2004b.

SILVA, J. R. V.; VAN DEN HURK, R.; VAN TOL, H. T. A.; ROELEN, B. A. J,
FIGUEIREDO, J. R. V. Expression of growth differentiation factor 9 (GDF-9), bone
morphogenetic protein 15 (BMP-15) and BMP receptors in the ovaries of goats.

Molecular Reproduction and Development, v. 70, p. 11-19, 2004c.

SILVA, J.R.V. Growth factors in gota ovarios and the role of ativina-A in the
development of esrly-staged follicles. Phd Thesis. Utrecht University, Faculty of
Veterinary Medicine, 142, 2005.

SILVA, J. R. V.; VAN DEN HURK, R.; VAN TOL, H. T. A,; ROELEN, B. A. J,
FIGUEIREDO, J. R. The Kit ligand/c-Kit receptor system in goat ovaries: gene
expression and protein localization. Zygote, v. 14, p. 317-328, 2006

SILVA, J.R.V. Growth factors in gota ovarios and the role of ativina-A in the
development of early-staged follicles.2005. 142f. Thesis (PhD) - Utrecht University,
Faculty of Veterinary Medicine, Utrecht, 2005. Silva 2008.

32



SILVA, J.R.V.; FIGUEIREDO, J.R.; VAN DEN HURK, R. Involvement of growth
hormone (GH) and insulin-like growth factor (IGF) system in ovarian folliculogenesis.
Theriogenology. In press, 2009.

SILVA, G.M.; ARAUJO, V.R.; DUARTE, A.B.G.; CHAVES, R.N.; SILVA, C.M.G.;
LOBO, C.H.; ALMEIDA, A.P.; MATOS, M.H.T.; TAVARES, L.M.T.; CAMPELO,
C.C.; FIGUEIREDO, J.R. Ascorbic acid improves the survival ianditro growth of

isolated caprine preantral follicles. Animal Reproduction, v. 8, §2442011.

SKINNER, M.K. Regulation of primordial follicle assembly and development. Hum
Reprod Update, v. 5, p. 461-471, 2005.

SMITZ, J.E.J. & CORTVRINDT, R.G. The earliest stages of folliculogenesistro.
Reproduction, v. 123, p. 185-202, 2002.

SUH, C.S.; SONNTAG, B.; ERICKSON, G.F. The ovarian life cycle: a contemporany
view. Rev. Endocr. Metab. Disord., v. 3, p. 5-12, 2002.

TAMILMANI, G; RAO, B. S; VAGDEVI, R; AMARNATH, D; NAIK, B. R;
MUTHARAO, M; RAO, V. H; Nuclear maturation of oocytes in sheep preantral
follicles cultured in vitro. Small Ruminant Research, v. 60, p. 295-305, 2005.

TAMURA, K; HATSUTA, M; WATANABE, G; TAYA, K; KOGO, H. Inhibitory
regulation of inhibin gene expression by thyroid hormone during ovarian development
in immature rats. Biochemical and Biophysical Research Communications, v. 242, p.
102-108, 1998

TELFER, E.E. The Development of Methods for Isolation and Culture of Preantral
Follicles from Bovine and Porcine Ovaries. Theriogenology, 45:101-110, 1996.

TELFER, E.E.; MCLAUGHLIN, M.; DING, C.; THONG, K.J. A two step serum free
culture system supports development of human oocytes from primordial follicles in the

presence of activin. Human Reproduction, v. 23, p. 215158, 2008.

33



THOMAS, M. J.; KIKUCHI, K.; BICHELL, D.P.; ROTWEIN, P. Rapid activation of
rat insulin-like growth factor-I gene transcription by growth hormone reveals no
alterations in deoxyribonucleic acid- protein interactions within the major promoter.
Endocrinology, v. 135, p. 1584-1592, 1994.

THOMAS, F.H., ARMSTRONG, D.G., TELFER, E.E. Activin promotes oocyte
development in ovine preantral follicles in vitro. Reprod Biol Endocrinology, v. 1, p.
76, 2003.

THOMAS, F.H.; CAMPBELL, B.K.; ARMSTRONG, D.G.; TELFER, E.E. Effects of
IGF-I bioavailability on bovine preantral follicular developméntitro. Reproduction,
v. 133, p. 11241128, 2007.

VAN DEN HURK, R., ZHAO, J. Formation of mammalian oocytes and their growth,
differentiation and maturation within ovarian follicles. Theriogenology, 63:1717-1751,
2005.

VELAZQUEZ, M. A.; ZARAZA, J.; OROPEZA, A.; WEBB, R.; NIEMANN, H. The
role of IGF1 in thein vivo production of bovine embryos from superovulated donors.
Reproduction, v.137, p.161-180, 2009.

WANDJI, S., FORTIER, M.A., SIRARD, M. Differential response to gonodotrophins
and prostaglandin E2 in ovarian tissue during prenatal and postnatal development in
cattle. Biology of Reproduction, v. 46, p. 1034-1041, 1992.

WANDJI, S.A.;. EPPIG, J.J.; FORTUNE, J.E. FSH and Growth Factor Affect the
Growth and Endocrine Function in vitro of Granulosa Cells of Bovine Preantral

Follicles. Theriogenology, v. 45, p. 817-832, 1996a.

WANDJI, S. A.; SRSEN, V.; VOSS, A. K.; EPPIG, E. E.; FORTUNE, J. E. Initiation
vitro of growth of bovine primordial follicles. Biol. Reprod., v. 55, p. 942-948, 1996b.

34



WANDJI, S.A.; SRSEN, V.; NATHANIELSZ, P.W.; EPPIG, J.J.; FORTUNE, J.E.
Initiation of growth of baboon primordial folliclea vitro. Hum. Reprod., v.12, p.1993-
2001, 1997.

WIEGELE, G., BRANDIS, M., ZIMMERHACKL, L.B. Apoptosis and necrosis during
ischaemia in renal tubular cells (LLRK; and MDCK). Nephrology Dialysis
Transplantation, v. 13, p. 1158-1167, 1998.

WU, J.; NAYUDU, P. L.; KIESEL, P. S.; MICHELMANN, H. W. Luteinizing hormone
has a stage-limited effect on preantral follicle development in vitro. Biology of
Reproduction, v. 63, p. 320-327, 2000.

WU, J., BENJAMIN, R.E., CARRELL, D.Tln vitro growth, maturation, fertilization,
and embryonic development of oocytes from porcine preantral follicles. Biol Reprod, v.
64, p. 375-381, 2001.

ZHANG, P.; LOUHIO, H.; TUURI, T.; SJOBERG, J.; HEINSSON, J.; TELFER, E.E.;
HOVATTA, O. In vitro effect of cyclic adenosine 3,5 -Monophosphate (CAMP) on
early human ovarian follicles. Journal Assisted Reproduction Genetic. v. 21, p. 301-306,
2004.

ZHAO, J.; TAVENE, M.A.M.; VAN DER WEIJDEN, G.C.; BEVERS, M.M.; VAN
DEN HURK, R. Insulin-like growth factor-1 (IGF-I) stimulates the development of
cultured rat pre-antral follicles. Molecular Reproduction and Development, v. 58, p.
287-296, 2001.

ZHOU, J.; ADESANYA, 0.0.; VATZIAS, G.; HAMMOND, J.M.; BONDY, C.M,;
Selective expression of insulin-like growth factor system components during porcine
ovary follicular selection. Endocrinology, v. 137, p. 4893, 1996.

ZHOU, H.; ZHANG, Y. Effect of growth factors om vitro development of caprine
preantral follicle oocytes. Animal Reproduction Science, v. 90, n. 3-4, p. 265-272, 2005.

35



7. CAPITULO |

Caracterizacao estrutural do Horménio Foliculo Estimulante e seu papel na

fisiologia de células ovarianas

(Structural Characterization of the Follicle Stimulating Hormone and its role in the
physiology of ovarian cells)

36



Caracterizagdo estrutural do Horménio Foliculo Estimulante e seu papel na fidogia

de células ovarianas

Structural Characterization of the Follicle Stimulating Hormone and its role in the
physiology of ovarian cells

Resumo

O hormonio foliculo estimulante (FSH) € uma glicoproteina heterodimera sintetizada e
secretada na porcao anterior da hipofise (adenohipdéfise). O FSH desempenha acbes
relevantes nos estadios mais avangados do desenvolvimento e maturacdo folicular.
Desta forma, o foco da reviséo foi examinar o papel do FSH e seu mecanismo de acao e
receptores no desenvolvimento folicular ovariano. O FSH exerce multiplas funcbes
como a ativacdo de mais de 100 genes que codificam diferentes respostas. A acéo do
FSH esta restrita as células da granulosa (CGs). Esta gonadotrofina atua por meio da
ativacdo da enzima adenilciclase ha membrana plasmatica, a qual forma AMPc a partir
de ATP. O AMPc promove as mudancas metabdlicas que caracterizam a acéo
gonadotrépica, normalmente por meio da fosforilagdo de proteinas-quinases. Durante o
processo fisiologico da ovulacdo, os estrogenos melhoram o efeito estimulador do FSH
e provocam a liberacdo de FSH/LH necesséaria para a ovulagdo. O proprio foliculo
maduro é responsavel pela ovulacao, pois secreta estradiol, hormbnio responsavel pelo
pico pré-ovulatério de LH, resultando na ovulagéo. Diante disso, a adicdo de FSH aos
meios de cultivo caracteriza agdes importantes, como, o desenvolvimento folicular e o

processo de ovulacgéao.
Palavras-chave:cultivo in vitro, FSH, ovulacao, receptores.

Abstract
The follicle stimulating hormone (FSH) is a heterodimeric glycoprotein synthesized and
secreted in the pituitary anterigoortion (adenohypophysis). The FSH performs
important actions in the later stages of follicular development and maturation. Thus, the

focus of the review was to examine the role of FSH and its mechanism of action and
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receptors in ovarian follicular development. The FSH exerts multiple functions such as
the activation of more than 100 genes encoding different answers. The action of FSH is
restricted to the granulosa cells (GCs). This gonadotropin acts through the activation of
the enzyme adenylate cyclase in the plasma membrane, which forms AMPc from ATP.
The AMPc promotes metabolic changes that characterize the gonadotropic action,
usually through the phosphorylation of protéimases. During the physiological
process of ovulation, estrogens enhance the stimulatory effect of FSH and cause the
release of FSH/LH required for ovulation. The mature follicle itself is responsible for
ovulation, as it secrets estradiol, hormone responsible for the pre-ovulatory peak of LH,
resulting in ovulation. Thus, the addition of FSH to the culture media characterizes
important actions, as the follicular development and the ovulation process.

Keywords: in vitro culture, FSH, ovulation, receptors.

Introducao

No Brasil existem aproximadamente 10 milhdes de caprinos, dos quais 93%
encontram-se na regiao Nordeste. O desenvolvimento da caprinocultura no Brasil
representa uma grande fonte de produtos comerciais que incluem a carne, o leite e a pele
(IBGE, 2009). Visando aumentar o potencial reprodutivo dessa espécie, diversas
biotecnologias reprodutivas vém sendo utilizadas, como a Inseminacéo Atrtificial (1A), a
Fecundaca vitro (FIV) e a Transferéncia de Embrides (TE). Outras biotécnicas vém
sendo desenvolvidas mais recentemente, destacando-se a Manipulacdo de Odcitos
Inclusos em Foliculos Ovarianos Pré-antrais (MOIFOPA).

Tem-se conhecimento de que os ovarios das diferentes espécies mamiferas,
como a espécie caprina, contém milhares de ovocitos imaturos inclusos em foliculos
pré-antrais, sendo esses foliculos, portanto, uma fonte potencial de gametas fertilizaveis.
Com isso, € de grande interesse assegurar 0 crescimesitim e permitir a aquisicao
da competéncia dos ovécitos provenientes destes foliculos (MCLAUGHLIN et al.,
2010).

Desta forma, a biotécnica de MOIFOPA tem por objetivo promover a
recuperacdo de um grande numero de ovocitos inclusos em foliculos pré-antrais

(FOPA), no intuito de permitir o seu crescimento e completa maturagcédo utilizando
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sistemas de cultivoin vitro (FIGUEIREDO et al., 2007a). No entanto, o
desenvolvimento de um sistema de cultivo eficiente € um ponto crucial para a ativacao,
ou seja, a transicdo dos foliculos primordiais para intermediarios, primarios e
secundarios, permitindo, assim, o desenvolvimento de um grande namero de foliculos
pré-antrais. Esse sistema podera contribuir para uma melhor compreenséao dos diversos
hormoénios e fatores de crescimento implicados na foliculogénese inicial e no processo
de atresia (FIGUEIREDO et al., 2008).

Estudos com o cultivan vitro de foliculos pré-antrais de camundongas
demonstraram que € possivel a obtencédo de crias vivas (HASEGAWA et al., 2006).
Varias pesquisas com cultivim vitro de FOPA revelaram importantes fatores de
crescimento e hormonios envolvidos no desenvolvimento folicular (PICTON et al.,
2008). Dentre as substancias que participam da foliculogénese inicial, merece destaque
o Horménio Foliculo Estimulante (FSH). Alguns estudositro demonstraram que a
adicdo de FSH no meio de cultivo promoveu a inibicdo de apoptose e a formacao de
antro em grandes foliculos secundérios isolados de diferentes espécies (murina:
MCGEE et al., 1997; humana: WRIGHT et al., 1999; ovina: CECCONI et al., 1999;
bovina: GUTIERREZ et al., 2000; suina: MAO et al., 2002).

Neste contexto, a presente revisdo de literatura destacard os aspectos
relacionados a expressdo de FSH e seus receptores no ovario, as vias de sinalizagédo
celular do FSH e o efeito deste sobre a sobrevivéncia, a ativacdo e o crescimento

folicular.

Horménio Foliculo Estimulante (FSH)

Existem diversas substancias, dentre horménios e fatores de crescimento, que
estdo envolvidas na foliculogénese. Dentre estes, destaca-se a atuacao dos hormonios
hipofisarios, como Horménio Foliculo Estimulante (FSH), Horménio Luteinizante
(LH), Hormdnio do Crescimento (GH) e Tireotropina (TSH), que desempenham efeitos
diretos ou indiretos na manutencdo da viabilidade e estimulo ao crescimento e a
maturacao folicular (MATOS et al., 2007; SARAIVA et al., 2008).

O FSH é uma glicoproteina heterodimera sintetizada e secretada pelas células
gonadotroficas (Fig.1) presentes na porcao anterior da hipoéfise (adenohipofise). Este
horménio, bem como as outras gonadotrofinas, parece apresentar maior relevancia nos

estadios mais avancados do desenvolvimento folicular (SARAIVA et al., 2010). Esta
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gonadotrofina € indispensavel para o desenvolvimento e maturacdo das gonadas na
puberdade e producao de gametas durante a fase fértil da vida, além de ser implicada na
manifestacéo do estro e na ovulagao.

Hipdfise

/Hurmﬁnins \ Neuro-Hipdfise
Liberad
Adeno-Hipdfise IT i:gs

e @

Hormanios Gonadotrdficos

(FSH e LH)

Figura 1. Estrutura esquematica da secrecéo de FSH

Mecanismo de acao do FSH na foliculogénese

A foliculogénese compreende todas as fases do desenvolvimento folicular, desde
sua formacao, ativacao e crescimento até a completa maturacdo, sendo controlada por
fatores enddcrinos, paracrinos (Fig. 2) e autdcrinos (MAGALHAES et al., 2009). Ainda
nao estdo bem elucidados os mecanismos pelos quais ocorre a regulacdo da fase inicial
da foliculogénese, mas ja € conhecido que o FSH atua sobre a ativagédo folicular
(BETTERIDGE et al., 1989).
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Sinalizag@o Autdcrina - 0 horménio produzido atua na propria célula

Sinalizacso Paracrina - 0 hormonio secretado age nas células
adjacentes

&0

Células secretora Células-alvo adjacente

Secregdo de hormanio no
vaso sanguingo

Sinalizacdo Enddcrina - 0 hormonio produzido é
transportado por meio da corrente sanguinea, agindo em
células distantes do seu local de produco.

- -
- -
Yaso sanguineo

Células-alvo distante

Figura 2. Representacdo esquematica dos fatores autdcrinos, paracrinos e enddcrinos.
Sinalizagdo Autocrina: o horménio produzido atua na propria célula. Sinalizacao

Paracrina: o hormonio secretado age nas células adjacentes. Sinalizacdo Enddcrina: o
hormonio produzido é transportado por meio da corrente sanguinea, agindo em células

distantes do seu local de produgéo.

Alguns trabalhos demonstram ainda que o FSH é capaz de regular a expressao
de diversos fatores de crescimento, tais como Kit Ligand (KL), Fator de Diferenciacao
do Crescimento 9 (GDF-9) e Proteina Morfogenética Ossea 15 (BMP-15). Estes, por
sua vez, participam da ativacdo e do crescimento folicular (THOMAS et al., 2005). A
passagem destes fatores ocorre por meio das jungdes comunicantes (gap juaons)
sdo canais de membrana que permitem a comunicagcdo entre 0 ovocito e as células da
granulosa (CGs), sendo necessarios para o crescimento do gameta e aquisicdo da
competéncia meidtica do citoplasma (CARABATSOS et al., 2000).

Apés sofrerem a ativacdo, que compreende a transi¢do do estagio de primordiais
para primarios, estes foliculos entram em um curso pré-programado de desenvolvimento

e maturacao ou entdo sofrem o processo de atresia (FAIR, 2003). O FSH também parece
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atuar neste momento, pois 0 mesmo promove a proliferacdo das CGs, a formacao do
antro e a inibicéo da atresia folicular (MAGALHAES et al., 2009).

Em células da granulosa, o FSH mimetiza algumas acdes do Fator de
Crescimento Semelhante a Insulina-I (IGF-1) através da fosforilacdo e ativacdo da
Proteina Quinase B (PKB). A ativacédo destas vias alternativas resulta em um controle
mais preciso do estimulo do FSH a proliferagcéo celular, esteroidogénese e apoptose nos
ovarios (ALAM et al., 2009).

O FSH atua por meio da sua ligacdo a seus receptores nas células alvo. No
entanto, o mecanismo de acao e de sua transducao de sinal em células germinativas do
ovario ainda ndo esta totalmente elucidado (LIU et al., 20E). sido considerado que
esta transducdo é mediada, principalmente, pela via Adenosina 3',5'-monofosfato
Ciclico (cAMP) dependente da Proteina Quinase A (PKA) (YU et al., 2003). Trata-se
de uma reacdo de primeira camada, em que o FSH controla a proliferacdo e
diferenciacao celular e a apoptose (LIU et al., 2010).

Nesta via, apoés a ligacdo do hormdnio a um receptor especifico, é desencadeada
a ativacdo de uma enzima intracelular (adenilciclase). Esta enzima converte parte da
Adenosina Trifosfato (ATP) intracelular em AMP-ciclico. Este, por sua vez, ativa a
proteina Quinase dependente de cAMP, que fosforila uma série de outras proteinas,
promovendo sua ativagdo ou inibicdo. Assim, o AMP-ciclico, direta ou indiretamente,
executa uma série de alteracdes fisiolégicas na célula, como ativacdo de enzimas,
alteracbes da permeabilidada chembrana celular, ativacdo de sintese protéica
aumento de secrec¢des (SILVA et al., 2009).

O sinal é transmitido por meio de varios mecanismos intracelulares, @omo
ativacdo de cAMP/ProteinQuinase A (PKA) e da Proteina Quinase Ativada por
Mitégeno (MAPK). O Fator de Transcricdo CRERImM dos seus substratos, o qual é
responsavel pela regulacdo da expressao de alguns genes relacionados a proliferacéo e
esteroidogénese de células da granulosa (HUNZICRBERIN & MAIZELS, 2006).

E possivel que o CREB atue como um mediador do efeitoF8B na
proliferagédo dasCGs. Neste casd;SH primeiramente estimula a producdo de cAMP
e/lou MAPK, que séo ativadores de CREB (DAS et al., 1996). Este, por sua vez, pode
ativar a proliferacdo de diferentes peptideos, como ciclina D2 e dglineesultando
na proliferacéo celular (LAUKOVA & SIROTKIN, 2007).

Durante a foliculogénese, os eventos referentes a multiplicacédo e diferenciacdo

celular sdo dependentes de energia. Em condigaetso, a glicélise é a principal fonte
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de energia disponibilizada para os foliculos pré-antrais de camundongas (BOILAND e
al., 1994). O lactato € um produto originado da glicélise, sendo prodnaiitco pelos

FOPA de camundongas. Esta substancia aumenta de forma significativa, na medida em
que os foliculos se desenvolvem para o estadio antral. Tendo em vista que o FSH
edimula a producédo de lactato, este hormdnio participa da metabolizacdo da glicose,

regulando desta forma o metabolismo energético dos FOPA (BOLAND et al., 1994).

Expressao de Receptores para FSH

Para a mediacdo da interacdo do FSH e dos fatores de crescimento com o ovario
e suas estruturas, se faz necessario um conjunto de receptores. Estes sao de extrema
importancia, pois na sua auséncia a interacdo hormonio-ovario ndo ocorre (MEDURI, et
al., 2002). A interacdo do FSH com seu receptor desencadeia varias reacfes
intracelulares que inclui a ativagdo de mais de 100 genes que codificam diferentes
respostas (HUNZICKER-DUNN & MAIZELS, 2006), tais como a estimulagdo da
proliferacdo celular, a sintese de esterdides e a expressao de receptores para o Fator de
Crescimento Epidermal (EGF), o IGF-I e o LH (VAN DEN HURK & ZHAO, 2005).

Este ultimo estimula a expressédo do gene que leva a codificagdo do receptorido FSH
vitro (MINEGISHI et al, 2000).

Os receptores de FSH (rFSH) pertencem a superfamilia dos recepteres qu
atuam pela proteina G. Esta desempenha um papel fundamental na traducéo dos sinais,
se ligando aos diversos receptores na superficie da membrana (SPIEGEL et al., 1996).
A proteina G ¢ heterodimera, sendo formada por subunidades (a, B e y), composta por
trés dominios: um extracelular, um transmembrana (composto por sete hélices
hidrofobicas) e outro intramembranario.

A familia dos receptores que atuam por meio da proteina G possui um N-
terminal extracelular e um C-terminal intracel ld®@HNSON & DHANASEDARAN,

1989). Com a ativacdo do dominio extracelular, pela ligacdo do horménio
gonadotrofico, ocorrerd a ativacdo da proteina G pelo dominio intracelular, levando
assim a uma cascata de eventos, 0s quais, ao final, determinardo os efeitos especificos
do FSH (SIMONI et al., 1997).

A expressao do rFSH em CGs de foliculos pré-antrais ja foi detectada por meio
de estudos a nivel molecular (TISDALL et al., 1995; ZHENG et al., 1996) em ovocitos
de suinos e de humanos (MEDURI et al., 2002). Nas CGs de bovinos, os rFSH ja foram
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detectados em foliculos primarios, secundarios e antrais e em ovécitos de foliculos
primordiais de animais de laboratério (ROY, 1993).

No intuito de determinar o estadio do foliculo no primeiro momento em que
ocorre a expressao do gene que codifica o rFSH, OKTAY et al. (1997) verificaram que
o inicio da expressdo do gene para este receptor ocorre em foliculos com até duas
camadas de CG. Os rFSH séo funcionais em ovérios de ratas recém-nascidas com idade
de quatro a cinco dias (SOKKA & HUHTANIEMI, 1990) e a sua transcri¢cao atinge o
apice apos 10 dias de nascimento em camundongas (O’SHAUGHNESSY et al., 1997).

Influéncia do FSH na ovulagao

O horménio gonadotréfico FSH é crucial para a manutencéo da funcdo ovariana.
A atuacdo do FSH é mais direcionada as CGs e resulta em uma variedade de reac0es,
tais como a estimulacdo da proliferacao celular e a sintese de esteroides (MARTINS et
al., 2008). A fase folicular é definida como aquele periodo desde a regressao do corpo
luteo (CL) até a ovulacdo. O comportamento e a receptividade sexual das fémeas
durante o estro ocorrem pela producéo de estradiol. Os estrégenos produzidos nestes
animais também melhoram o efeito estimulador do FSH e provocam a liberacdo de
FSH/LH necessaria para a ovulagdo (DRIANCOURT et al., 1993).

Existem receptores nas células da teca interna e da granulosa que controlam a
acdo das gonadotrofinas. A acdo do FSH esta restrita as células da granulosa. As
gonadotrofinas (FSH e LH) atuam através da ativacdo da enzima adenilciclase na
membrana plasmatica, a qual forma AMPc a partir de ATP. O AMPc promove as
mudancas metabdlicas que caracterizam a acdo gonadotropica, normalmente por meio
da fosforilacdo de proteinas-quinases. O FSH estimula o complexo aromatase para
produzir estradiol a partir de andrégenos. Entretanto, as CGs possuem baixa quantidade
de andrégenos, tendo em vista a baixa concentracdo das enzimas que sintetizam estes
horménios (17 hidroxilases e £;o liases). Assim, os andrégenos devem ser fornecidos
pelas células da teca interna, proveniente da estimulagédo pelo LH (DRIANCOURT et
al., 1993).

Muitos fatores sdo produzidos por influéncia das gonadotrofinas (THOMAS et
al., 2005), sendo que a passagem destes ocorre por meio da comunicacéo bidirecional
entre o ovocito e as CGs. Estamunicagdo ocorre durante todo o processo de

desenvolvimento folicular por meio das junc@@p (intercomunicantes; BUCCIONE
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et al, 1990). Estas permitem a transferéncia de aproximadamente 85% dos metabdlitos
para o ovocito (BUCCIONE et.all990), bem como modulam a acéo transcricional (De
La FUENTE & EPPIG, 2001) e induzem modificacdes de diversas proteinas no ovacito.

Alguns estudos tém introduzido um novo conceito de que os sistemas de
comunicacao entre ovocitos e células foliculares somaticas sdo cruciais nao apenas para
0 crescimento e a maturacdo dos ovécitos, mas também para a propria mitose e a
diferenciacdo das células foliculares circundantes (MATZUK et al.,, 2002). Neste
conceito, 0s ovocitos produzem fatores de crescimento, mais notavelmente a BMP-15, o
KL e o GDF-9, que podem agir nas ceélulas da granulosa para regular a atividade do
FSH e controlar a proliferacédo destas células (OTSUKA et al., 2005).

O crescimento do foliculo até o estadio antral independe das gonadotrofinas.
Entretanto, o foliculo cresce e se desenvolve sobre a influéncia de LH e FSH. O FSH é
o principal responsavel pela formacédo do antro, estimulando a mitose das CGs e a
secrecao do fluido folicular. O FSH também aumenta a sensibilidade das CGs para o
LH, mediante a estimulacdo da sintese de receptores para LH, 0 que prepara a
luteinizacdo das células da granulosa em resposta a onda pré-ovulatéria de LH. O
préprio foliculo maduro é responsavel pela ovulacéo, pois secreta estradiol, horménio
que provoca o pico prévulatério de LH, resultando na ovulacdo e no desenvolvimento
do CL (GINTHER et al., 1996).

Importancia do FSHdurante o cultivo in vitro

O desenvolvimento de meios de cultivos que permitam a manutencdo da
viabilidade ovocitaria € fundamental, tanto para a producdo de ovOcitos aptos a
fecundagdo “in vitro”, tanto para a compreensao da foliculogénese, mas também para a
preservacdo das células germinativas das fémeas. Diante do exposto, muitas pesquisas
tém sido realizadas no intuito de desenvolver sistemas de cultivos que possibilitem o
desenvolvimento e a sobrevivéncia de FOPA (MAO et al., 2002). Neste contexto,
algumas gonadotrofinas e fatores de crescimento tém um papel importante na regulacéo
da funcdo ovariana e vém sendo pesquisados como componentes para este meio de
cultivo folicular.

O FSH ¢ uma gonadotrofina fundamental no cultivo “in vitro” (KOBAYASHI et
al., 2009), uma vez que a sua auséncia pode comprometer a difusdo de varios fatores

guimicos e fisicos essenciais através da membrana basal. Estudos revelam que sistemas

45



de cultivo sem a presenca do FSH resultaram na extruséo do ovacito (CORTVRINDT et
al., 1997), causado por uma deficiéncia ou reducao do nimero de jungdes comunicantes
(gap junctions; HSUEH et al, 1994).

Informacgdes geradas por meio de estudos com ratos revelaram que a auséncia de
FSH no meio de cultivo resultou na morte das células foliculares e comprometimento da
vitalidade das CGs. Por outro lado, a adicdo de FSH ao meio de cultivo de FOPA
promoveu o crescimento, a sobrevivéncia e a formacao do antro (CORTVRINDT et al.,
1997). Também em humanos, o FSH promove a formacéo de antro e a producdo de
estrogeno no cultivin vitro (ABIR et al., 1997). Estes dados reforcam o papel vital
deste horménio na manutencao do crescimento saudavel do foliculo e do ovécito (MAO
et al., 2002).

Alguns estudos experimentais revelam que o cuitiveitro de foliculos preé-
antrais isolados utilizando FSH estimula a proliferacdo de células da granulosa e a
formacdo do antro (ANDRADE et al.,, 2005). MAO et al. (2002) relataram maior
crescimento e proporcdo de foliculos com antro (83,3%) em foliculos cultivados na
presenca de FSH, quando comparados aos cultivados na auséncia do hormonio.

Durante a foliculogénese, poucos FOPA entram em atresia. Porém, ao atingirem
a fase antral, a maioria deles sofre este processo. Alguns estudos sugeriram que a
apoptose (morte celular programada) € um mecanismo subjacente da atresia folicular,
sendo o FSH apontado como regulador deste processo. A apoptose pode ser induzida
por alguns fatores oxidantes, sendo que a adicdo ao meio de cultivo de FSH e de fatores
antioxidantes, como &cido ascorbico, inibem esta resposta (TILLY E TILLY, 1995,
ROSSETTO et al., 2009).

Foi relatado que o uso de FSH associad&@é estimula o crescimento dos
foliculos pré-antrais em caprinos, tendo em vista que promove o crescimento do ovécito
(SILVA et al.,, 2004; ANDRADE et al., 2005). A adicdo de EGF e FSH durante o
cultivo in vitro de FOPA reduz a porcentagem de células foliculares atrésicas e aumenta
a taxa de proliferacdo das CG (SAHA et al., 2000). Em bovinos, o rapido crescimento
de FOPA para a fase antral ocorre durante um longo periodo de cultivo de até 28 dias
(GUTIERREZ et al., 2000), com a adicao de FSH e EGF (ANDRADE et al., 2005).

O estrogeno atua como um regulador positivo na acdo do FSH durante a
diferenciagdo das CGs. Estudos em seres humanos e ratos demonstraram que as
interacdes funcionais entre a acdo estrogénica e o FSH sdo necessarias para o

estabelecimento de foliculos dominantes no ovario. No entanto, os mecanismos
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celulares e moleculares deste sinergismo permanecem desconhecidos. Pesquisas
demonstraram que a comunicagdo entre 0s ovocitos e as células foliculares sométicas é
essencial, ndo s6 para 0 crescimento e a maturagcdo do ovécito, mas também para a
mitose e diferenciacdo de células foliculares somaticas adjacentes (OTSUKA et al.
2005).

J4 foi comprovado que o FSH regula a expressdo de varios fatores de
crescimento, como o GDF-9 e a BMP-15, os quais séo produzidos pelo ovdcito e tém
um papel importante na ativacdo e no posterior crescimento folicular (OTSUKA et al.
2005). Pesquisas anteriores mostraram que o GDF-9 produzido pelo ovécito atua na
regulacdo do crescimento do foliculo pré-antralvitro (ORIZAKA et al., 2010).
Durante o periodo pré-ovulatorio, o FSH estimula as células da granulosamuas
a sintetizar acido hialurénico, resultando em efeitos dissociativos (EPPIG, 1979).
Talvez 0 FSH em excesso possa provocar uma diminuicdo prematura das juncdes
comunicantes entre as célulasaonuluse o ovoécito, o que impediria a transferéncia
de nutrientes das CGs ao ovadcito, resultando na morte do mesmo (ANDRADE et al.,
2005.

DRIANCOURT et al. (1995) pesquisaram o papel das gonadotrofinas na
regulacdo da foliculogénese na espécie suina utilizando a técnica de hipofisectomia ou o
tratamento com antagonista de GnRH, o qual blogueia a secrecdo de LH pulsétil, sem
contudo interferir na secre¢cdo do FSH. Estes autores demonstraram que 0 crescimento
de foliculos de 0,19 a 1,&am é independente de gonadotrofinas, enquanto que o
crescimento de 1,1 a 2 mm é dependente de FSH e os maiores que 2 mm dependente de
LH.

Do ponto de vista bioquimico, como os foliculos desenvolvem de duas a trés
camadas de células da granulosa e a teca interna e externa comecam ans&uifere
receptores de FSH manifestamnas células da granulosa de foliculos pré-antrais em
suinos (YUAN et al., 1996) e os foliculos se tornam dependentes de gonadotrofinas
Segundo MAO et al. (2002), os FOPA poderiam responder a quantidades crescentes de
FSH, o que implica que o cultivo destes fornece uma abordagem consistente para o
estudo da regulagéo folicular precoce pelo FSH.

Sabe-se que o FSH aumenta o crescimento folicular pré-antraitro
(ORIZAKA et al., 2010). Embora ele sozinho seja capaz de estimular o crescimento
folicular pré-antral, um aumento adicional e significativo no crescimento dos foliculos

ocorre quando os mesmos sao cultivados juntamente go(KOBAYASHI et al.,
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2009). Em um de seus trabalhos, KOBAYASHI et al. (2009) demonstraram pela
primeira vez que o 3 embora ineficaz sozinho, promove sinergismo com FSH em
foliculos pré-antrais de ratos durante o desenvolvimantibro.

Pelo exposto anteriormente, a presenca de FSH €& fundamentalopara
crescimento de foliculos pré-antrais na espécie humana (HSUEH et al., 1994) e no rato
(NAYUDU & OSBORN, 1992) por meio de diversos mecanismos de acdo. Outro fator
importante a ser considerado € a utilizacdo de uma concentracdo adequada do horménio

para que este desenvolvimento ocorra (MAO et al., 2002

Consideracdes Finais

O desenvolvimento de um sistema de cultiveitro que permita a ativacéo e o
desenvolvimento de um grande numero de FOPA é de grande interesse, por permitir a
elucidacdo de mecanismos envolvidos na foliculogénese e possibilitar a conservacéo de
material genético de fémeas com interesse econdémico.

Assim, o FSH tem sido apontado como um horménio fundamental no meio de
cultivo, por apresentar atividades como a regulacdo da expressao de diversos fatores de
crescimento que, por sua vez, participam da ativagcédo e do crescimento folicular. Todos
estes eventos sao imprescindiveis para a obtencdo de ovécitos competentes durante o
cultivo in vitro. Além disso, este horménio promove a proliferacdo das células da

granulosa, a formacéo do antro e a inibicdo da atresia folicular.
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Papel da Tiroxina (T,4) e do Fator de Crescimento Semelhante a Insulina-1 (IGFH

na regulacéo da foliculogénese em mamiferos

Role of Thyroxine () and the Insulin- like Growth Factor | (IGF-I) in the regulation of

folliculogenesis in mammals

Resumo

A foliculogénese é coordenada por diversos fatores de crescimento e hormonios
responsaveis por garantir o sucesso do desenvolvimento folicular e ovocitério. Para a
obtencéo de ovacitos competentes, € necessaria uma perfeita interacdo entre as células
somaticas foliculares e o ovécito, sendo esta potencialmente regulada por fatores
paracrinos produzidos no ovério. Dentre estes fatores, destaca-se o de crescimento
semelhante a insulina-l (IGF-1), um polipeptidio composto por 70 aminoécidos,
sintetizado nofigado, o qual exerce a funcdo de um hormdnio enddécrino sendo
conhecido por promover o crescimento e a diferenciacdo celular. Além do IGF-I, o
horménio Tiroxina (}) é importante para o crescimento e desenvolvimento de varios
tecidos e 6rgaos. Seu efeito na foliculogénese e esteroidogénese ovariana esta
relacionado a diferenciacdo das células da granulosa e estimulacdo da ovulagédo. Este
artigo de revisdo tem como objetivo verificar o importante papel do IGF-I e da Tiroxina

na foliculogénese, enfocando suas caracteristicas, sitios de expresséo, receptores e vias
de sinalizacdo, bem como a interagdo entre estas duas substancias

Palavras-chave:cultivo in vitro, foliculogénese, IGF-I, ovario,,T

Abstract

The folliculogenesis is coordinated by various growth factors and hormones responsible
for ensuring the success of the follicular and oocyte development. In order to obtain
competent oocytes, it is required a perfect interaction between the follicular somatic
cells and the oocyte, which is potentially regulated by paracrine factors produced in the
ovary. Among these factors, the insulin-like growth factor -I (Il56utstands, which is

a polypeptide consisting of 70 amino acids, synthesized in the liver, that exerts the role
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of an endocrine hormone being known for promoting cell growth and differentiation.
The Thyroxine (T) is an important hormone for the growth and development of various
tissues and organs. Its effect on folliculogenesis and ovarian steroidogenesis is related to
the differentiation of granulosa cells and stimulation of ovulation. This article reviews
the important role of IGF-I and Thyroxine in folliculogenesis, focusing on its features,
sites of expression, receptors and signaling pathways, as well as the interaction betwee

these two substances.

Keywords: in vitro culture, folliculogenesis, IGF-I, ovary,T

Introducéo

O ovario é uma das estruturas dos 6rgaos genitais das fémeas e é constituido de
diferenciados tipos de células, sendo dividido em duas regifes: uma vasculosa, que €
composta por nervos, artérias e veias; e uma parenquimatosa, que contém corpos luteos
(CL), albicans e foliculos ovarianos em varios estadios de desenvolvimento
(DELLMANN & BROWN, 1982).

Este desenvolvimento compreende a foliculogénese, um processo que se inicia
com a formacéo, crescimento e maturacao dos foliculos ovarianos. Este processo tem
inicio durante a vida pré-natal, na maioria das espécies (VAN DEN HURK & ZHAO,
2005). O foliculo é a unidade morfofuncional do ovario, sendo constituido por um
ovQcito circundado por células somaticas (células da granulosa e tecais). De acordo com
o grau de evolucao, os foliculos podem ser classificados em pré-antrais (primordiais,
primarios e secundarios) e em antrais, que séo reconhecidos pela presenca de uma area
preenchida por fluido folicular, sendo a partir desse momento subclassificados como
terciarios e pré-ovulatérios.

Os foliculos pré-antrais (FOPA) representam cerca de 90 a 95% de toda a
populacdo folicular (FIGUEIREDO et al., 2008). Na espécie mamifera, o continuo
crescimento folicular é controlado tanto por hormdnios gonadotroficos e
somatotroéficos, como por fatores de crescimento que agem direta ou indiretamente, de
forma autodcrina ou paracrina (FORTUNE, 2003).

O desenvolvimento de um meio de cultivo eficiente para a produgéo de ovécitos

viaveis a fertilizacdo € muito importante, ndo s6 para a compreensao da foliculogénese,
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mas também para a preservacdo das células germinativas das fémeas. Diante do
exposto, pesquisas recentes tém buscado desenvolver sistemas de cultivos que permitam
estabelecer o desenvolvimento e a sobrevivéncia de foliculos pré-antrais como fonte
segura de uma grande quantidade de ovocitos, a fim de serem utilizados durante o
cultivo in vitro (MAO et al., 2002).

No decorrer desta revisdo, serdo abordados aspectos relacioaados
foliculogénese de mamiferos e a importancia de horménios e fatores de crescimento no

desenvolvimento folicular ovariano e cultiwovitro.

Foliculogénese

O foliculo ovariano é considerado a unidade morfofuncional dos ovarios dos
mamiferos, responsavel por promover um ambiente adequado para o crescimento e
maturacdo do ovocito (GOSDEN et al., 1993).

Classificacdo e caracterizacao estrutural dos foliculos ovarianos

Nas fémeas, 0s gametas ficam armazenados em estado de quiescéncia na forma
de foliculos primordiais, constituidos de um ovdcito imaturo circundado por uma unica
camada de células da pré-granulosa de formato pavimentoso (HUTT et al., 2006).

A populacao de foliculos presente no ovario é bastante heterogénea. De acordo
com os aspectos morfolégicos, estes podem ser classificados como pré-antrais ou nao
cavitarios (primordiais, primarios e secundarios) e antrais ou cavitérios (terciarios, De
Graaf ou pré-ovulatorios; HULSHOF et al., 1994).

Crescimento dos foliculos ovarianos

O inicio do crescimento folicular ocorre por meio da passagem dos foliculos do
pool de reserva, ou foliculos quiescentes, parpool de foliculos em crescimento
(primérios, secundarios, terciarios e pré-ovulatorios), processo que também é conhecido
como ativacdo (RUSSE, 1983). Entende-se como o primeiro sinal de ativacdo dos
foliculos primordiais a retomada da proliferacdo das células da granulosa (CGs). Nesta
fase, estes sdo denominados foliculos de transicdo, pois apresentam CGs com ambos

formatos (pavimentoso e cubico). Logo em seguida, estas mesmas células vao se
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diferenciar em foliculos primarios, quando o ovécito passa a ser circundado por uma
camada completa de células da granulosa de formato cAbicigem e 0s mecanismos
responsaveis pela ativacdo dos foliculos primordiais, assim como os fatores envolvidos
na variacdo do periodo que da inicio ao crescimento folicular, ainda ndo foram
totalmente elucidados e representam uma das maiores questdes relacionadas a funcao
ovariana (FORTUNE et al2001).

Com a progressdo do crescimento folicular, inicia a sintese das proteinas
responsaveis pela formacdo da zona pelacida (ZP). H&4 ainda a alteragcdo na
multiplicacdo das células da granulosa, com o desenvolvimento de varias camadas
destas ao redor do ovdcito, originando assim os foliculos secundérios. Durante este
estadio, a ZP é claramente evidenciada ao redor do ovocito (PARROT E SKINNER,
1999), inicia-se a formacdo das células da teca externa a partir do estroma intersticial e
os foliculos passam a ser sensiveis ao Horménio Foliculo Estimulante (FSH) (VAN
DEN HURK & ZHAO, 2005).

A fase antral da foliculogénese é representada pela caracterizacédo e diganizag
das células da granulosa em varias camadas e com a formacao de uma cavidade repleta
de liquido folicular (antro). O fluido folicular presente no antro € composto por agua,
eletrdlitos, proteinas séricas e uma elevada concentracdo de hormonios esterodides
secretados pelas CGs (BARNETT et al., 2006). Os foliculos antrais com diametro acima
de 3 mm contém células da granulosa diferenciadas em célutasrdduse células
murais, uma grande camada de células tecais, uma grande cavidade contendo liquido
folicular e um ovaécito (VAN DEN HURK & ZHAOQ, 2005). O foliculo pré-ovulatério é
considerado a ultima etapa do desenvolvimento folicular, o qual contém um ovdcito
circundado pelas células damulus.A presenca do Horménio Luteinizante (LH) cessa
a multiplicacdo das CGs desses foliculos, iniciando assim o processo final de

diferenciagao, a luteinizagéo.

Importancia da Tiroxina (T 4), e do Fator de Crescimento Semelhante a Insulina-

(IGF-1) no controle da foliculogénese

Os aspectos da proliferacédo, da diferenciacdo e da morte celular relacionados a
foliculogénese séo resultados de um conjunto de fatores locais e enddcrinos €5ILVA
al., 2006). Nesse contexto, vale ressaltar a grande importancia da utilizacdo de

horménios, assim como fatores de crescimento, para a sobrevivéncia e crescimento dos
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foliculos ovarianos (LEVI-SETTI et al., 2004). A seguir, seréo relatados os efeitos da
T4, € IGF-I durante o processo da foliculogénese, destacando-se principalmente os seus
mecanismos de acao, os receptores e o culiwdtro de foliculos na presengdo

hormonio e do fator de crescimento ora citado.

Tiroxina ou Tetraiodotironina (T 4)

Caracteristicas estruturais e sitios de expresséao da Tiroxipa (T

Os Hormoénios Tireoidianos s&do fundamentais para o0 crescimento e
desenvolvimento de varios tecidos e oOrgdos. A Triiodotironing) (& a
Tetraiodotironina, ou Tiroxina (J circulam no plasma sanguineo ligadas a proteinas
carreadoras especificas, como a Globulina Ligante de Hormonios Tireoidianos (TBG), a
Pré-albumina Ligadora de Tiroxina (TBPA) ou transtirretina, e a albumina (SUDA et
al., 2000). Somente uma pequena fracdo corresponde ao hormoénio livre disponivel para
o tecido alvo, sendo as€onsiderada até 10 vezes mais potente qu€ZHRNG et al.,

1997).

Conforme relatado, a maior parte dos Hormonios Tireoideanos (HTS) que estao
no plasma encontram-se ligados as proteinas e apenas uma pequena parcela esta livre
para interagir com receptores na célula do tecido alvo. Isso ocorre para que haja
distribuicdo regular dos hormonios aos tecidos alvo e para aumentar a sua meia-vida
(BARRA et al., 2004).

Em humanos, 0,03% de, € 0,3% de J estdo livres, enquanto que em caes um
pouco menos que 1% de € um pouco a mais de 1% de Tsso mostra que existe
diferencas entre espécies e estas ocorrem principalmente devido a afinidade das
proteinas ligadoras (GRECCO & STABENFELDT, 2004). No tocante a importancia
desses horménios na vida adulta, estd inteiramente relacionado as funcdes de
crescimento, de diferenciacéo e de regulacdo da atividade metabdlica em varios tecidos
e orgaos (NUNES, 2003).

A hipodfise anterior é responsavel pela secrecdo do Horménio Estimulante da
Tireoide, a tireotropina (TSH). Este, por sua vez, regula a sintese dos hormonios
tiredideos, a Tetraiodotironina (Tiroxina ow)Te a Triiodotironina (3). Apos a
liberacdo na circulacdo sanguinea, estes hormonios se ligam a proteinas plasmaticas e a

partir de entdo circulam pelo organismo (GUYTON & HALL, 2002). As proteinas
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carreadoras se dissociam dos hormonios antes dos mesmos entrarem em contato com as
células-alvo (ALBERTS et al., 2004).

J4 é bem conhecida a influéncia que as gonadotrofinas possuem sobre o
desenvolvimento folicular. Entretanto, mais recentemente tem sido constatada a
participacdo dos horménios da tiredide; (& T,), na fertilidade de mamiferos
(CECCONI et al, 2004). Os efeitos destes horménios na foliculogénese e
esteroidogénese ovariana estao relacionados a promocéao da diferenciagdo das células da
granulosa (SILVA et al., 2004) e estimulacdo da ovulacdo (SERAKIDES et al., 2001).
Assim, 0 eixo hipotalamico-hipofisario-tiredideo e o eixo hipotalamico-hipofisario-
gonadal agem simultaneamente no controle da foliculogénese, sendo que os hormdnios
da tiredide podem promover diversos efeitos na funcdo ovariana (SARAIVA et al.,
2010).

O fato de que o ovacito, as célulasamnuluse as células de pequenos foliculos
expressam RNAmM para os receptores da tiredide (JIANG et al., 2000) faz com que se
acredite na participagdo da & T, na ativacao folicular. Corroborando com este fato,
estda a maior capacidade de ligacdo dagpélas CGs no inicio da maturacao folicular
(MARUO et al.,, 1992). Além disto, Slebodzinski (2005) relata que, durante o
desenvolvimento folicular, ocorre um aumento significativo nas concentracfgsde T
fluido folicular.

Além da sua influéncia no desenvolvimento, na proliferacdo e na diferenciacéo
celular, os horménios tireoidianos parecem atuar também na formacao e degradacao de
varios outros horménios e fatores de crescimento, como o Fator de Crescimento do
Nervo (NGF) e o Fator de Crescimento Semelhante a Insulina | (IGF-1) (NUNES,
2003).

A T, participa ainda na sintese do Horménio do Crescimento (GH), que pbde ser
constatada quando a deficiéncia nos receptores de GH resultou na reducdo da taxa de
ovulagcdo, na quantidade de foliculos antrais e no aumento de foliculos atrésicos
(BACHELOT et al., 2002). O GH por sua vez, € um horménio de grande importancia na
regulacdo das diversas etapas do desenvolvimento folicular (MAGALHAES et al.,
2012).

Sintese dos Hormonios Tireoideanos (HTS)
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Duas moléculas sdo essenciais para que ocorra a sintese dos HTs, a tirosina e o
iodo. O iodo da alimentacao é transformado em iodétan@ trato gastrointestinal e
entdo absorvido. Na corrente sanguinea este iodeto é eliminado por via renal, com uma
pequena quantidade também sendo eliminada por meio da expiracdo e da pele, sendo o
restante captado pela glandula tireoide. A tiredide, apds a captacdo, concentra o iodeto
dentro da mesma através de um mecanismo de bombeamento proprio, dependente de
energia e ativado pelo hormonio estimulante da tiredide (TSH). Isto permite que a
concentracao intracelular de iodeto seja de 25 a 200 vezes maior que as concentracfes
extracelulares (GRECCO & STABENFELDT, 2004).

A tirosina € um aminoécido que esté presente em uma grande molécula chamada
de tireoglobulina (TG), sendo esta formada nas células foliculares e secretada para o
interior do lume folicular. A tireoglobulina possui cerca de 140 residuos de tirosina.
Estes possuem estruturas anelares, o anel tirosil, que incorporam os iodetos através de
um processo chamado de organizacao do iodeto. Esse processo é catalizado pela enzima
tireoperoxidase em conjunto com um oxidante, o peroxido de hidrogénio (GRECCO &
STABENFELDT, 2004).

Cada anel tirosil s6 pode interagir com duas moléculas de iodeto. No entanto, se
apenas uma molécula de iodeto se acoplar, esta estrutura é chamada de
monoiodotirosina (MIT). Entretanto, se duas moléculas de iodeto vierem a se acoplar,
ele é chamado de diiodotirosina (DIT). A unido de duas moléculas de tirosina iodada
resulta na formacgéo dos principais HTs. Assim, duas moléculas de DIT forpmam T
uma molécula de MIT, juntamente com uma molécula de DIT, formam T
(JUNQUEIRA & CARNEIRO, 2004).

Receptores dese Ty

Os hormonios 7 e T, tém como uma das formas de atuagcdo o aumento do
metabolismo de diversas células, que se da por meio da sintese de proteinas e aumento
da glicolise (ALBERTS et al., 2004). Sua sinalizacdo ocorre através de Receptores
Tireoidianos (TRs) localizados no interior das células. Quando séo internalizados no
nacleo celular, ligam-se aos denominados elementos responsivos ao hormonio, que sao
sequéncias especificas de DNA (MAGLICH et al., 2001). O processo de ligacdo ao

receptor ocorre mesmo ha auséncia do ligante, sendo as respostas dos horménios
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determinadas pela natureza das células-alvo e da molécula sinalizadora (ALBERTS et
al., 2004).

O acesso dos Hormdnios Tireoidianos (HTs) as células ocorre principalmente
por meio de transportadores especificos situados na membrana plasmatica. Entretanto,
este processo ocorre em menor quantidade. Outra maneira para que este transporte
ocorra é atraveés da difusdo passiva (RIBEIRO et al., 1998). Os HTs, quando atingem o
interior da célula, se ligam a receptores especificos para os horméeids (RTsS), 0S
quais se localizam no nudcleo das células. A ativacdo destes receptores, pelos HTs é
realizada por meio da transcricdo de genes especificos do DNA, os quais regulam a
transcricdo em todos os tecidos de mamiferos (RIBEIRO et al., 1998).

J& foi detectada a presenca dos RTs em células do congpiexdus ooforus
da granulosa, em ovocitos e em CL (ZHANG et al., 1997; MARUO et al., 1992). Sendo
assim, os HTs podem interferir de maneira direta na funcédo dos ovacitos, se ligando aos
receptores presentes nos mesmos, ou entdo de forma indireta, se ligando as sélulas do
cumulus(ZHANG et al., 1997).

Maruo et al. (1992) avaliaram a afinidade e quantidade de receptores de T
presentes no cultivo de foliculos em crescimento na espécie suina. Os autores
observaram que a afinidade dos RTs nao foi alterada durante o crescimento dos
foliculos. Entretanto, o nimero de receptores parfoiTmaior em CGs de pequenos
foliculos.

A ligacdo do T ao RT provoca mudancas de conformacdo na estrutura do
receptor, favorecendo a dissociacdo das proteinas co-repressoras e a ligacdo a proteinas
co-ativadoras. Estas proteinas co-ativadoras ndo sdo especificas e associam-se a
superfamilia dos receptores nucleares. Os co-ativadores, por possuirem atividade
histona acetil transferase (HAT), estimulam a transcricdo ao acetilarem as histonas
(YEN, 2001). A hiperacetilagdo das histonas relaxa a cromatina e facilita o acesso dos
fatores de transcricdo basal ao promotor do gene alvo, estimulando a atividade
transcricional (WU et al, 2000).

Outra forma de atuacdo consiste no mecanismo ndo genémico, em que ha
independéncia de RTs nucleares, uma vez que pode interagir com receptores de
membrana. Porém, outros mecanismos também o diferem, como o tempo de
desencadeamento do efeito bioldgico que, no caso da acdo gendmica, € suficientemente
longo para permitir a transcricdo génica. Em relacdo a agdo ndo gendmica, verifica-se

que os efeitos sao desencadeados preferencialmentes,penduianto as acdes ndo
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gendmicas ocorrem tanto por acéo gpTh, como também por gle T,, que sao formas
consideradas biologicamente inativas por ndo possuirem afinidade com os RTs
(DAVIS & DAVIS, 1996).

Davis et al. (2008) salientaram que ac0fes iniciadas ndo genomicamente pelos
HTs através de receptores na superficie celular (integrina avf3), podem culminar num
evento nuclear ou celular. Assim, pode haver interagdo dos mecanismos gendmico e
ndo gendmico pelo HTs. Uma forma de interacdo € a fosforilagdo da Ser-142 da
isoforma do RTPB1, promovida pela forma ndo gendmica, resultando em alteracdo na
atividade transcricional, devido a diminuicdo de afinidade pela proteina co-repressora e
aumento pela co-ativadora (DAVIS et al.,, 2000). Dentre os eventos celulares
relacionados aos HTs através da membrana plasmética, pode-se citar a proliferacdo de
células endoteliais e certas células tumorais (DAVIS et al., 2004).

Quando as acdes dos HTs sao iniciadas dentro da célula, porém fora do nucleo, o
mecanismo ndo gendmico pode envolver um derivado citoplasmético do receptor
tireoidiano al, o RTAal, que regula o estado da actina, convertendo-a de estado soluvel
para estado fibroso, regulando entdo a motilidade celular. Esses efeitos sdo bem
caracteristicos nas células do sistema nervoso central (FARWELL et al., 1999, 2005).

Esse mecanismo e outros anteriormente citados estdo representados na Figura 1.
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Figura 1. llustracdo do mecanismo de acdo dos receptores tireoidianos. Adaptado de
Pascual & Aranda (2012).

63



Papel da § e T, na foliculogénese e fertilidade

A T3 esta diretamente ligada ao desenvolvimento de foliculos ovarianos e a
maturacdo daomplexocumulus-ovécito(COCs; ZHANG et al., 1997). Tanto & T
quanto a T estdo envolvidas no processo de poés-implantacdo de embrides por serem
conhecidas como reguladoras essenciais, sendo também detectadas no fluido folicular
de diversas espécies de mamiferos (SLEBODZINSKI, 2005) incluindo os seres
humanos (WAKIM et al., 1993). Nesse sentido, as pesquisas dos ultimos anos indicam
que estes hormoénios participam do funcionamento reprodutivo normal dos animais
(ASHKAR et al., 2010), embora alguns autores relatem que o desenvolvimento dos
orgdos genitais femininos durante a vida fetal e inicio da vida po6s-natal pareca ser
independente do uso dg(LONGCOPE, 1991).

O desenvolvimento dos foliculos presente nos ovarios de mamiferos também
pode ser regulado pela comunicacao bidirecional entre ovécitos e células foliculares
somaticas (KNIGHT & GLISTER, 2003). Mesmo sendo o FSH o hormdnio mais
conhecido por estimular o crescimento dos foliculos durante o cutftivitro, esta
resposta se torna mais elevada na presenca do Fator de Diferenciacdo do Credcimento-
(GDF-9) e & (TONETTA & DI ZEREGA, 1989). Estas pesquisas confirmam que a
adicdo de FSH eslao meio de cultivon vitro promovem o crescimento de foliculos
pré-antrais e que esta interacdo é mediada por meio do aumento na expressdo de RNAm
para receptores de FSH (rFSH) através de um mecanismo GDF-9 dep&wlediia-
se que estes dois hormoénios (FSHzgifiteragem sinergicamente inibindo a apoptose
de células da granulosa em pequenos foliculos pré-antrais (ASAHARA et al., 2003).

Apesar dos receptores de hormoénios da tiredide estarem presentes em ovQcitos,
0 mecanismo de como 0s mesmos regulam a expressdo de GDF-9 ainda ndo esta
esclarecido (KOBAYASHI et al., 2009). Além disso, ge¥ta diretamente ligada a acdo
do FSH e LH sobre a biossintese de esterdides em suinos (MARUO et al., 1987) e de
CGs em humanos durante o cultimorvitro (CECCONI et al., 1999).

As CGs, por sua vez, tém um importante papel na foliculogénese, na
esteriodogénese e na formacdo do liquido folicular. Vale ressaltar que os horménios
esteroides liberados por estas células séo essenciais para o desenvolvimento apropriado
do foliculo presente no ovario (TONETTA & DI ZEREGA989). Pesquisas
demonstraram que o0 uso de dm cultivo provoca uma queda brusca na atividade da

aromatase, estimulada pelo FSH em CGs de camundongas imaturas e adultas. E
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importante salientar que, em CGs de ovarios imaturos, esta acao inibitoria foi
evidenciada apos seis dias com o tratamento hormogglEffiretando, em CGs de
ovarios de adultos, uma inibicdo significativa da atividade da aromatase pelo uso de T
s6 foi observada ap0s dois dias de cultivo. Uma das hipoteses para este fato é a de que
0S receptores paraz $80 expressos diferencialmente em CGs imaturas em relacdo as
adultas (CECCONI et al., 1999).

Varios estudos revelaram a capacidade geerfi regular as gonadotrofinas
induzidas pela atividade esteroidogénica, no cultivo de células da granulosa. No entanto,
os resultados apresentados parecem ser bastante controversos nas diferentes espécies.
Segundo Maruo et al. (1987), foi observado que nas CGs de foliculos pequenos e
médios de suinos, existe um numero maior de sitios de ligacaomrarélacdo aos
presentes nessas células de foliculos antrais. Além disso, as diferentes espécies animais
analisadas e/ou as diferentes condi¢cdes de cultivo utilizadas podem ser responsaveis
pelas observacdes discordantes.

A T3 é responsavel por modular de maneira dose-dependente a capacidade de
resposta do FSH das células da granulosa de suinos e de seres humanos, a atividade
esteroidogénica, a morfologia celular e a expressao do receptor de hCG (MARUO et al.,
1987). A exposicdo do complexamulus-ovécitade ratos a doses crescentes de T
durante a maturacan vitro ndo afeta a expanséao domulusestimulado por FSH ou a
habilidade do ovocito de retomar e completar a maturacdo meidtica até a metafase |l
(MII), representado pela emissdo de um corpusculo polar (CECCONI et al., 2004).

Foi observado por Serakides et al. (2001) uma correlacdo positiva entre a
populacdo de foliculos primérios e as concentracdes plasmaticadivde, Tsugerindo,
portanto, uma participacdo ativa deste hormdnio no desenvolvimento dos foliculos
primordiais. Segundo Maruo et al. (1992) as células da granulosa de pequenos foliculos
apresentam maior numero de receptores pado fjue os foliculos bem desenvolvidos.
Assim, como o desenvolvimento destes até foliculos secundarios independe da acéo das
gonadotrofinas (SALHA et al., 1998), a participacdo dos horménios da tiredide no
recrutamento de foliculos primordiais ndo deve ser descartada.

A diferenciacéo celular € essencial a esteroidogénese e consequente formacéo do
antro folicular, caracteristica dos foliculos terciarios (GUYTON & HALL, 2002), sendo
altamente influenciada pelos horménios tireoidianos. Fitko & Szlezyngier (1994), ao
observarem menor peso e quantidade de receptores para FSH e LH nos ovérios de ratas

com hipertireoidismo, sugeriram que a hiperfuncdo tireoidiana induz a menor
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responsividade do ovario as gonadotrofinas, ao contrario dos resultados iobtittas
Nestes, a conclusdo foi de que o aumento da fungdo ovariana foi promovido pelo
sinergismo entre horménios da tiredide e o FSH. Assim, a correlacdo positiva das
concentracdes plasmaticas dgelivre, e o numero total de foliculos ndo atrésicos e de
foliculos primérios, secundarios e terciarios, aponta para a participacdo direta dos

hormonios tireoidianos no desenvolvimento folicular.

Fator de Crescimento Semelhante a Insulina-1 (IGH)

Caracteristicas estruturais e sitios de expresséao de IGF-I

Dentre as substancias que participam na regulacédo das funcdes ovarianas esta o
sistema de Fatores de Crescimento Semelhantes a Insulina (IGF). Este inclui os fatores
1 e 2 (IGF-1 e IGF-2), os receptores do tipo | e Il (IGFR-I e IGFR-H}s Proteinas
Ligantes para estes fatores (IGFBP-1, -2, -3, -4, -5 e -6) (ADASHI et al., 1987).

O Fator de Crescimento Semelhante a Insulina-I (IGF-1) € um polipeptidio
composto por 70 aminoacidos, sendo conhecido por sua capacidade de promover o
crescimento e a diferenciacdo celular. E produzido predominantemeritgado e
exerce a funcdo de um hormdnio enddcrino. Entretanto, ele também pode ser sintetizado
por tecidos-alvo, desempenhado suas funcbes de forma paracrina e autdcrina
(MARTINELLI & AGUIAR-OLIVEIRA, 2005).

O sistema IGF atua no crescimento folicular por estimular a proliferacdo das
células da granulosa e promover a diferenciacdo das células foliculares por meio do
sinergismo com os horménios gonadotréficos. Foi demonstrado que o IGF-I interage
com o FSH para estimular a producédo de estradiol pelas CGs (GUTIERREZ et al.,
1997). Além disso, parece também desempenhar um papel importante no recrutamento,
selecdo e dominancia folicular (LEITAO et al., 2009).

O IGF-1 originado pelas CGs estimula o desenvolvimento de foliculos nas fases
pré-antral e antral (ARMSTRONG & BENOIT, 1996). Os FOPA néo expressam 0s
ligantes (IGF-1 ou IGF-2), mas expressam receptores (IGFR-1) e proteinas ligantes
(IGFBP -2 e -3), os quais mediam a agéo e regulam a disponibilidade local de IGF-

(WEBB et al., 2003). Na maioria das espécies animais, o IGF-I parece nao ser
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necessario para a ativacao folicular. Entretanto, promove o crescimento de foliculos
secundérios e a formagéo de antro.

Séo conhecidos dois grupos de IGFBP, as IGFBP-1, -2, -4, -5, -6 e a IGFBP-3,
que é a forma que predomina no soro (MONGET et al., 2802/A, 2008). A
expressdo do RNAm da IGFBP-2 reduz durante o crescimento folicular em ovarios de
ovinos, de bovinos e de suinos. Ja a expressdao de RNAm da IGFBP-5 aumenta em CGs
de foliculos atrésicos de bovinos e ovinos (ZHOU ¢t18B6). Em caprinos, a proteina
e 0 RNAm para IGF-1 sdo expressos em todas as categorias foliculares, mas as células
da granulosa e da teca de foliculos antrais sdo as principais responsaveis pela producéo
de IGF-1 nesta categoria folicular (SILVA et al., 2007).

Ha evidéncias de que o FSH atue regulando as concentracdes de IGFBP-2 em
nivel de expressdo génica de RNAm. Isto porque este hormonio foi responsavel pela
inibicdo da expressdo de RNAmM no cultivo de CGs de foliculos bovinos
(ARMSTRONG et al., 1998). Foi observada ainda a presenca do RNAm para #5FBP-
em células da teca de foliculos antrais saudaveis, sendo estimulado pelo LH em culturas
destas mesmas células. Isto sugere que a concentracdo desta proteina (IGFBP-4) pode
ser regulada através de uma degradacéo proteolitica (FORTUNE et al., 2001).

Corroborando com estes achados, Mihm et al. (2000) observaram concentracdes
reduzidas da IGFBP-4 em foliculos dominantes de bovinos. Assim, é possivel deduzir
que isto resultou da elevada acdo proteolitica da Proteina Plasmatica Associada a
Gestacéo (PAPP-A). Esta degradacdo aumenta a biodisponibilidade de IGF que, por sua
vez, vai mediar o aumento da capacidade do foliculo dominante em produzir estradiol
(FORTUNE et al., 2001).

Assim, de maneira geral, as IGFBPs regulam as atividades dos IGFs das
seguintes formas: atuando como proteinas de transporte no plasma, prolongando a meia-
vida dos IGFs por regular sua depuracdo metabdlica e modulando diretamente a
interac&io dos IGFs com seus receptores (MAGALHAES et al., 2012).

Receptores e vias de sinalizacao celular do IGF-I

O IGFR-I é uma proteina tipo tirosina quinase transmembrana que consiste de
duas submnidades a e duas B extracelular, possuindo uma expressiva homologia com o
receptor da insulina (SILVA et al.,, 2009). Em adi¢cdo ao IGF-I, o receptor do tipo 1

também pode-se ligar a GF-2 e insulina, embora com uma afinidade menor, bem como
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parece interagir com as IGFBPs (MOHSENI-ZADEH & BINOUX, 1997). O IGFR-I &

o principal mediador das acdes semelhantes & somatomedina, tanto do ligahte IGF-
como do IGF-2 (SILVA et al., 2009). Os eventos apés a ligagdo com este receptor,
similares aos do receptor da insaliincluem a fosforilagido da tirosina da subunidade 3

do receptor e das proteinas IRS (Insulin Receptor Substrate), a interacbes com a
fosfoinositol-3 quinase e a ativacdo da MAP-quinase (LeROITH et al., 1995). Ambos
receptores de IGF estdo presentes em CGs de foliculos primérios, secundarios e antrais
(MONGET et al., 1989).

Utilizando a técnica de Real-Time PCR, Zhao et al. (2001), detectaram a
presenca do IGFR-1 nos ovocitos e em células sométicas de foliculos pré-antrais,
sugerindo que o sistema de receptores de IGF tipo 1 € o regulador local de
desenvolvimento destes foliculos. Contudo, Armstrong et al. (2000) ao realizarem uma
pesquisa semelhante, também detectaram o receptor IGF tipo 1 nas células da granulosa.

Para que as acdes dos IGF sejam exercidas, é necessario sua interacdo com 0s
receptores do tipo 1, presentes nas CGs de foliculos primérios, secundarios e antrais
(MONGET et al., 1989). Esta ligacdo aos receptores € modulada pelas IGFBP. Estas
podem ser encontradas nos fluidos biolégicos e possuem a capacidade de inibir ou
potencializar a acdo dos IGFs nas células-alvo. Desta forma, alteracdes nas
concentragbes das IGFBP no interior dos foliculos podem provocar mudancas na
biodisponibilidade de IGF e, assim, regular a acdo das gonadotrofinas nas células
foliculares (FORTUNE et al., 2001). Durante o desenvolvimento de pequenos foliculos
antrais para o estadio pré-ovulatorio, ha uma reducao progressiva nas concentracées de
IGFBP. Isto ocorre devido a alteragBes nos processos de sintese e/ou degradacdo da
mesmas (MONGET et al., 2002) por meio da atividade de enzimas especificas, as
IGFBPs proteases. Em compensacédo, em foliculos que estdo em processo de atresia, as
concentracdes de IGFBPs séo elevadas, como consequéncia da reducao do processo de
degradacédo (BESNARD et al., 1997). Esse mecanismo e outros citados anteriormente

estdo representados na Figura 2.
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Figura 2. O Sistema IGF. Este sistema possui trés componentes, os ligantes (IGF-1,
IGF-2 e insulina), receptores de superficie celular que incluem (IGFR-1), (IGFR-2) e
receptor de insulina (IR), assim como as IGFBPs. (Adaptado de Li & Geng, 2010).

Interacéo do IGF-I durante a ovogénese e o desenvolvimento folicular

Uma comparacdo entre espécies demonstra diferencas significativas na
expressdo @ IGF nos foliculos antrais (WEBB et al., 2003). Em espécies com
poliovulagdo, quando dois ou mais ovocitos séo liberados pelo ovéario, como esuinos
roedores, prevalece a producéo de IGF-1 pelas CGs. Entretanto, em mono-ovuladores,
como ruminantes e humasoo IGF-2 derivado da teca é o principal ligante
intrafolicular. Temse demonstrado que, mesmo entre duas espécies estritamente
relacionadas, como ratas e camundongas, h& diferencas significativas na expressdo de
IGFBP-2 e 4 nos foliculos antrais (ADASHI e al., 1987). Em camundongas, o IGF-1,
nas concentracdes de 10, 50 e 100 ng/mL aumenta a esteroidogénese de foliculos pré-
antrais cultivado# vitro por seis, 10 e 12 dias (DEMEESTERE et al., 2084)udos
tém demostrado qué vitro, tanto o crescimento quanto a ultraestrutura de foliculos
pré-antrais sdo regulados pelo IGEGUTIERREZ et al, 2000; LOUHIOet al, 2000;
AMSTRONG, 2002).

A participacdo do IGF-1 no desenvolvimento folicular € sugerida pela presenca
de seus receptores (IGFR-1) no ovario (DEMEESTERE et al., 2004). Em ovarios de
suinos e roedores, o IGF-1 tem sido localizado nas células da granulosa de foliculos
antrais saudaveis (ZHOU et al., 1996), estando seu receptor presente em CGs de
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foliculos primérios, secundéarios e antrais (MONGET et al., 1989). O RNAmM que
codifica o receptor de IGF-1 foi detectado no ovdcito e em CGs de foliculos antrais,
mas ndo em foliculos pré-antrais. Esses resultados sustentam a hipotese de que o IGF-1
regula o crescimento dos foliculos em crescimento através de mecanismos enddcrinos
(ARMSTRONG, 2002).

Quando adicionado durante o cultivovitro de foliculos pré-antrais, este fator
de crescimento, em sinergia com o FSH, estimula o crescimento folicular em humanos
(LOUHIO et al., 2000), bovinos (GUTIERREZ et al., 2000) e em ratos (ZHAO et al.,
2001). Em ovinos, ele estimula a proliferacdo das CGs de pequenos foliculos (1-3 mm),
mas nao de grandes (> 5 mm). Por outro lado, favorece a secrecédo de Progesgjerona (P
pelas CGs apenas de foliculos grandes (MONGET & BONDY, 2000).

Em caprinos, a proteina e o RNAmM para IGF-I sdo expressos em todas as
categorias foliculares, mas as CGs e da teca de foliculos antrais sdo as principais
responsaveis pela producédo de IGF-1 nesta classe folicular (HASTIE & HARESIGN,
2006). A adicdo de IGF-1 ao meio de cultivo mantém a sobrevivéncia dos ovocitos e
estimula o crescimentm vitro de foliculos pré-antrais de caprinos, tendo sua acao
reforcada pelo Fator de Crescimento Epidermal (EGF) (ZHOU & ZHANG, 2005). Em
equinos, o aumento da concentracdo de IGF-l estd associado ao aumento da
esteroidogénese em foliculos em desenvolvimento (SPICER et al., 2005). Além disso,
pesquisas demonstraram que a adi¢do de IGF-I ao meio de cultivo de grandes foliculos
secundarios promove o aumento da incidéncia de dominancia folicular e ovulacéo
(GINTHER et al., 2008). Também ja foi comprovado que a adicao de IGF-1 ao meio de
maturagaan vitro promove a capacidade de desenvolvimento de ovdcitos e aumenta a
producado de blastocistos, apos fertilizagéwitro em roedores (DEMEESTERE et al,
2004; LEITAO et al., 2009).

O IGF-1 estimula a proliferacdo e esteroidogénese de células da granulosa
cultivadasin vitro de diferentes espécies (GUTHRIE et al., 1998). Estes resultados
apoiam a hipétese de que o IGF-1 atua em sinergia com FSH na inducdo do
desenvolvimento das CGs, pela regulacdo da expressao de receptores para FSH. Além
disso, o FSH foi descrito como o hormbnio que estimula o aumento dos receptores de
IGF-1 durante o cultivan vitro de CGs, sugerindo que alguns efeitos de FSH poderiam
ser mediados via IGF-1 (ADASHI et al., 1985

As microvilosidades existentes entre o ovécito e as CGs, assim como as jungdes

comunicantes entre as células foliculares, também aumentaram de tamanho quando
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foram cultivados na presenca de IGF-I, sugerindo que este auxilia na promocao da
integridade funcional dos foliculos (ZHAO et al., 2001). No entanto, ainda ndo estédo
esclarecidos os efeitos do IGF-I durante o crescimento folicular pré-antral, a maturacéo
do ovocito subsequiente, o processo da fecundacdo e desenvicimento do embrido,
(DEMEESTERE, 2004). Foi observado um aumento significativo no diametro folicular
quando o IGF-1 foi adicionado ao meio de cultimovitro de FOPA de ratos em
conjunto com o FSH (LIU et al., 2010).

Um fator importante a ser considerado nos componentes de um meio de cultivo €
a concentracao ideal do fator de crescimento a ser utilizado. Neste contexto, nenhum
efeito benéfico adicional foi observado sobre a esteroidogénese quando doses elevadas
de IGF-1 (100 ng/mL) foram adicionadas durante o cultivo de foliculos pré-antrais.
Estes resultados sugerem uma saturacdo do seu efeito quando se adiciona uma dose
superior a 50 ng/mL, na presenca de FSH. Esta observacéo também foi feita por Zhao et
al. (2001), que demonstraram que o IGF-1, associado ao FSH, induz um aumento
significativo no diametro folicular quando é adicionado durante o cuhivwdtro de
foliculos pré-antrais em ratos, nas concentracées de 1 e 10 ng/mL. Entretanto, o uso de
100 ng/mL n&o apresentou efeito adicional. Em CGs de suinos, estudos mostraram que
a taxa de apoptose durante o cultivovitro diminui na presenca de IGF-1 e FSH. No
entanto, o efeito anti-apoptético de IGF-1 é elevado quando se utiliza uma dose de 50
ng/mL, sendo que nenhum efeito adicional € observado quando se utiliza concentracdes
entre 50 e 250 ng/mL (GUTHRIE et al., 1998).

Experiéncias em laboratérios com o uso de CGs de foliculos de bovinos
demonstraram um efeito dose-dependente de IGF-1 na secrecdo de varios hormdnios
(estradiol, progesterona, inibina A, activina A,). Entretanto, na presenca de FSH, a
estimulacdo da producdo hormonal diminuiu quando altas doses de IGF-1 foram
adicionadas ao meio de cultivo (GLISTER et al., 2001). Uma das hipéteses para este
efeito dose-dependente € a luteinizacdo precoce das CGs, induzida pelo aumento da
acdo de FSH por meio do IGF-I. (DEMEESTERE et al., 2004).

Segundo ZHAO et al. (2001), o numero denulusovdcito recolhido apds a
maturacdo ndo € alterado na presenca de IGF-1. No entanto, o numero de ovdcitos
degenerados apods a fertilizacdo é reduzido quando os foliculos s&o cultivados e
maturados na presenca de IGF-I. Este fato sugere que, além de um efeito estimulante
sobre o esteroidogénese, o IGF-I pode ter influéncia na taxa de sobrevivéncia dos

ovocitos. Este efeito poderia ser mediado pelas células dos granulos, possivelmente pelo
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aumento do numero de juncbes comunicantes essenciais para manutencdo da
integridade funcional dos foliculos.

Alguns fatores podem ainda influenciar a disponibilidade de IGF-1 no
organismo.O RNAmM que codifica o receptor deste fator de crescimento tem sido
detectado em foliculos pré-antrais de bovinos (ARMSTRONG et al.,, 2002). Ainda,
baixas concentracdes de IGF-1 foram associadas a diminuicdo do tamanho do foliculo
ovulatério e do CL em novilhas de corte com restricdo de nutrientes (BOSSIS et al.,
1999). Assim, percebe-se uma interacdo entre as condicbes do organismo, as
gonadotrofinas e os fatores de crescimento para o estimulo do desenvolvimento dos
foliculos ovarianos (GUTIERREZ et al., 1997).

Consideracdes Finais

A Tiroxina (Ts) e o Fator de Crescimento Semelhante a Insulina-I (IGF-1) tém
sido apontados como importantes substancias que auxiliam na regulacdo da
foliculogénese em mamiferos, durante o culiiveitro de FOPA.

Os efeitos de Fe T, sobre a foliculogénese e esteroidogénese ovariana estao
relacionados a diferenciacdo das células da granulosa e estimulacéo da ovulacdo. Além
disso, atuam na sintese e degradacdo de varios outros horménios e fatores de
crescimento. Também estdo diretamente ligadas ao desenvolvimento de foliculos
ovarianos e a maturacao demplexccumulus-ovacito

O IGF-I possui a capacidade de promover o crescimento e a diferenciacao
celular. O sistema IGF atua no crescimento folicular por estimular a proliferacdo das
células da granulosa e promover a diferenciacdo das células foliculares, por meio do
sinergismo com os hormdnios gonadotroéficos. Além disso, parece também desempenhar

uma papel importante no recrutamento, selecdo e dominancia folicular.
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9. CAPITULO Ill (Fase )

O Horménio Foliculo Estimulante Humano (hFSH) mantém a ultraestrutura

normal de foliculos pré-antrais caprinos cultivadosn vitro

(The Human Follicle Stimulating Hormone (hFSH) keeps the normal ultrastructure of

caprine preantral follicles cultured in vitro)
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O Hormonio Foliculo Estimulante Humano (hFSH) mantém a ultraestrutura

normal de foliculos pré-antrais caprinos cultivadosn vitro

The Human Follicle Stimulating Hormone (hFSH) keeps the normal ultrastructure of

caprine preantral follicles cultured in vitro

Resumo

O objetivo desse estudo foi investigar os efeitos do FSH humano (hFSH) no icultivo
vitro de foliculos pré-antrais caprinos. Fragmentos do cortex ovariano foram cultivados
em o-MEM™ suplementado com 0, 10, ou 50 ng/mL de hFSH por um ou sete dias.
Pequenos fragmentos de tecido ovariano nao cultivado bem como daqueles cultivados
foram processados para histologia classica e microscopia eletrénica de transmisséo. Os
resultados mostraram uma reducao no percentual de foliculos normais, apds um ou sete
dias de cultivo em todas as concentracdes contendo ou ndo hFSH. A taxa de
sobrevivéncia folicular foi semelhante entre si, dentro de cada dia de cultivo. O meio
contendo 10 ng/mL de hFSH reduziu o percentual de foliculos primordiais no dia um e
sete de cultivo, ndo elevando o percentual nos foliculos em desenvolvimento. Observou-
se que o diametro folicular de tecido ovariano cultivado em m&tEM™ e meio
acrescido de 10 ng/mL de hFSH néo alterou, quando comparado com o controle (ndo
cultivado). As andlises ultraestruturais confirmaram a integridade de foliculos
cultivados por sete dias em meio contendo 10 ng/mL de hFSH. Em conclusdo, o hFSH
(10 ng/mL) é capaz de promover a ativacdo de foliculos primordiais e manter a
integridade ultraestrutural de foliculos pré-antrais caprinos cultiviadesro por até

sete dias.

Palavras-chave:Caprino, foliculos pré-antrais, hFSH, sobrevivéncia.

Abstract

The aim of this study was to investigate the effects of human FSH (hFSH) am the

vitro culture of caprine preantral follicles. Fragments of the ovarian cortex were

cultured ino-MEM™ supplemented with 0, 10, or 50 ng/ml of hFSH for one or seven
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days. Small fragments of non-cultured ovarian tissue as well as those cultured were
processed for classic histology and transmission electron microscopy. The results
showed a reduction in the percentage of normal follicles, after one or seven days of
culture at all the concentrations containing or not hFSH. The follicular survival rate was
similar to each other, within each day of culture. The medium containing 10 ng/ml of
hFSH reduced the percentage of primordial follicles on the culture days one and seven,
not increasing the percentage in the developing follicles. It was observed that the
follicular diameter of ovarian tissue cultured .MEM® medium and medium
supplemented with 10 ng/mL of hFSH did not change, when compared to the control
(non-cultured). The ultrastructural analysis confirmed the integrity of follicles cultured
for seven days in a medium containing 10 ng/mL of hFSH. In conclusion, the hFSH (10
ng/mL) is capable of promoting the activation of primordial follicles and maintaining
the ultrastructural integrity of caprine preantral follicles cultureditro for until seven

days.

Keywords: Caprine, preantral follicles, hFSH, survival.

Introduction

The mechanisms which control the initiation of ovarian follicular development,
that is, the activation of the primordial follicles that are quiescent in the ovary, are still
not completely known, as well as the time necessary for its growth and differentiation
(FORTUNE et al., 2003). It is known that the follicular development is a complex
process regulated by several autocrine, paracrine and endocrine factors in the ovary
(RICHARDS, 1994). Among the endocrine factors, the Follicle Stimulating Hormone
(FSH) is one of the most cited, which is a heterodimeric glycoprotein synthesized and
secreted by gonadotropic cells present in the pituitary anterior portion (BROWN &
MCNEILLY, 1999). There are several ways of extracting FSH, as from the urine of
postmenopausal women, constituting the human menopausal gonadotropin (hMG),
highly purified urinary FSH (uFSH), pituitary extract of domestic animals, especially
swine (pFSH) and sheep (oFSH). In addition to these, recent studies have used the
recombinant DNA technology, using hamster ovary cells producing the recombinant
FSH (rFSH) (CALDER et al., 2003).
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Some researches using molecular biology techniques have confirmed the
expression of FSH receptors in granulosa cells (ZHENG et al., 1996) and in oocytes of
swine (MEDURI et al., 2002) and human follicles, in which it was observed FSH
receptors in follicles with a layer of cubic granulosa cells (OKTAY et al., 1997),
suggesting the action of FSH on the growth of preantral follicles (ROY & TREACY,
1993).

Studies about thim vitro culture of preantral follicles showed that the addition
of FSH to the culturenedium promotes the inhibition of apoptosis in large secondary
follicles isolated in different species, such as murine (MCGEE et al., 1997), human
(WRIGHT et al., 1999), ovine (CECCONI et al., 1999), bovine (GUTIERREZ et al.,
2000) and porcine (MAO et al.,, 2002). An even more recent study confirmed the
efficacy of porcine FSH to maintain the morphological integrity, promote the activation
and growth of caprine preantral follicles cultured for seven days (MATOS et al., 2007a,;
MAGALHAES et al., 2009a). However, despite several FSH sources as the porcine and
ovine have already been used for the follicular development of domestic species, little i
known about thdn vitro effects of human FSH in goats. Promising results, in the
context of thein vitro culture of caprine preantral follicles, assume a character of
importance, considering the great economic importance of this species as the production
of milk, meat and skin, providing an important protein source for the population of the
tropics (RAHMAN et al., 2008). Thereby, the aim of the present study was to
investigate the effect of human FSH on the survival, activation and growth of caprine

preantral follicles, after thie vitro culture of ovarian tissue.

Materials and Methods

Source of ovaries

Ovaries (n = 16) from 8 adult non-pregnant mixed-breed goats (1-3 years of age)
were collected from a local slaughterhouse. Immediately postmortem, the ovaries were
washed in 70% alcohol for 10 seconds and then washed again in MEM supplemented
with 100 ug/mL penicillin and 100ug/mL streptomycin. The pairs of ovaries were
transported to the laboratory in MEM at 4 °C within 1 h postmortem (CHAVES et al.,
2008). Unless otherwise mentioned, human F8td other chemicals used in the

present study were purchased from Sigma Chemical Co. (St Louis, USA).
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Experimental protocol

In the laboratory, the ovaries were stripped of surrounding fat and fibrous tissue,
and the ovarian cortex was recovered, placed in MEM supplemented with HEPES and
divided into 7 pieces/ovary of approximately 3 x 3 mm (1 mm thick) in size using a
needle and scalpel under sterile conditions. For each animal, one slice of tissue was
randomly selected and immediately fixed for histological and ultrastructural analyses
(fresh control: day 0). The remaining slices of ovarian cortex were cultured individually
in 1 mL of culture medium in 24-well tissue culture dishes and incubated at 39 °C in an
atmosphere of 5% CQOn air. The basic control medium, hereafter referred ta-as
MEM®, consisted ofi-MEM (pH 7.2— 7.4) supplemented with ITS (insulin 10 pg/mL,
transferrin 5.5 pg/mL and selenium 5 ng/mL), 2 mM glutamine, 2 mM hypoxanthine,
and 1.25 mg/mL bovine serum albumin (BSA). The medium was supplemented with
human FSH at different concentrations (0, 10 ou 50 ng/mL). Ovarian slices from each
animal were cultured for 1 or 7 days in media supplemented with different
concentrations of human FSH and each treatment was repeated eight times. The culture
media was stabilized at 39 °C for 1 h prior to use and was replenished every second day

in the tissue cultures.

Morphological analysis and assessment of in vitro follicular growth

Fresh control and cultured tissues were fixed in Carnoy for a&ndh then
dehydrated in increasing concentrations of ethanol. After paraffin embedding (Vetec,
Rio de Janeiro, Brazil), the wax blocks containing the caprine tissues were completely
and serially sectioned (fm sections), mounted on individual glass slides and stained
with Periodic Acid Schiffhematoxylin (PAS staining system; Sigma). Follicle stage
and survival were assessed microscopically on serial sections. Coded anonymized slides
were examined under a microscope (Olympus, Japan) at 100 and 400 magnification by a
single observer. Care was taken to count each follicle only once as we have previously
done in our earlier studies (MATOS et al., 2007b). Each follicle was examined in every
section and matched with the same follicle on adjacent serial sections in order to avoid
double counting, thus ensuring that each follicle was only counted once regardless of its

size.
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The developmental stages of follicles have been defined previously (SILVA et
al., 2004) as primordial (one layer of flattened granulosa cells around the oocyte) or
developing follicles. Developing follicles can be subdivided into intermediate (both
flattened and cuboidal granulose cells around the oocyte), primary (a single layer of
cuboidal granulosa cells around the oocyte) and secondary (two or more layers of
cuboidal granulosa cells around the oocyte). In the current study, follicles were
individually classified as histologically normal even when an intact oocyte was present,
and the follicle was surrounded by granulosa cells that were well organized in one or
more layers and had no pyknotic nucleus (Fig. 1A). Atretic (degenerated) follicles were
defined as those with a retracted oocyte, pyknotic nucleus, and/or disorganized
granulosa cells detached from the basement membrane (Fig. 1B). Overall, 240 preantral
follicles were evaluated for each treatment (30 follicles per treatment for one repetition
x eight repetitions = 240 follicles). The percentages of healthy primordial and
developing follicles were calculated on day O (fresh control) and after culture at each
concentration of hFSH.

To evaluate follicular activation and growth, only intact follicles with a visible
oocyte nucleus were recorded, and the proportion of primordial and growing follicles
were calculated at day O (fresh control) and after 1 or 7 days of culture in the various
culture conditions tested. In addition, using only normal follicles, major and minor axes
of each oocyte and follicle were measured using a light microscope fitted with an
eyepiece micrometer (Zeiss, Cologne, Germany) under 400x magnification. The
average of these two measurements was used to determine the diameters of each oocyte
and follicle.
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Figure 1. Histological sections of ovarian fragments after Periodic Acid Schiff-
hematoxylin staining showing morphologically normal (A) and degenerated (B)
follicles after culture with 50 ng/mL hFSH after 7 days of culture. O: oocyte; Nu:
oocyte nucleus; GC: granulosa cell (Original magnification 400%). Scale bars represent

25 pm.

Ultrastructural analysis of caprine preantral follicles

For better evaluation of follicular morphology, ultrastructural studies were
carried out on fragments of fresh control tissues and those tissues with the best results
obtained from histological analysis after 1 and 7 days of culture. Briefiynipieces
of goat ovarian tissues were fixed in 2% paraformaldehyde and 2.5% glutaraldehyde in
0.1 M sodium cacodylate buffer (pH 7.2) for 4 h at room temperature. After fixation,
fragments were post-fixed in 1% osmium tetroxide, and in 0.1 M sodium cacodylate
buffer for 1 h. Subsequently, the samples were dehydrated through an acetone gradient,
and the tissues were embedded in Epon 812 resin. For light microscopy studies, sections
of 3-um thickness were cut on an ultramicrotome (MT2-B, Sorvall, USA) and stained
with toluidine blue. Ultra-thin sections of 600 nm thickness were contrasted with
uranyl acetate and lead citrate and examined under a EM 109 Zeiss (EM, Berlin,
Germany) transmission electron microscope (TEM). The density and integrity of
ooplasmic and granulosa cell organelles, as well as vacuolization and basement
membrane integrity, were evaluated.
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Statistical analysis

The variables were submitted to Normality (Lilliefors) and Homoscedasticity
(Cochran) tests and posteriorly to the analysis of variance at a probability of 5%. In case
a significance was presented, the Tukey test was carried out (PROC ANOVA,; SAS,
2002).

Results

Effect of human FSH on follicular survival

1,680 preantral follicles were analyzed in the present study, using classic
histology. The percentages of morphologically normal follicles in fresh control (non-
cultured tissue) and after one or seven daysnovitro culture, in the absence or
presence of FSH, are presented in Table 1. Afteimtéro culture period, a reduction
(P <0.05) on the percentage of normal follicles in all the treatments was confirmed,
when compared to the fresh control (93.8%). However, there was no difference (P>
0.05) on the normal follicles rate of the different treatments (0, 10 and 50 ng/mL of
human FSH) with one and seven days of culture. With the progression iaf e
culture period from one to seven days, there was a reduction (P <0.05) on the
percentage of normal follicles at the concentrations of 10 and 50 ng/mL of FSH (72.1
and 72.1 % respectively), which did not occur for the follicles cultured in a medium
without FSH, in which the percentage of normal follicles (77.5%) was maintained (P
<0.05).
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Table 1. Percentage (mean + SEM) of morphologically normal preantral follicles in the
fresh control (non-cultured) and aftervitro culture for 1 or 7 days in the absence or
presence of hFSH (concentrations in ng/mL).

Control 93,8+1,0
Normal
Treatments Day 1 Day 7
hFSH 0 80,4 + 4,2/ 77,5+ 2,7
hFSH 10 80,8 +1,5™ 72,1+1,7®
hFSH 50 78,8 + 2, 1A 72,1+1,8°

*Differs significantly from control follicles (P<0.05" differs significantly among concentrations in
each day of culture (P<0.08)® differs significantly with the progression of the culture periodnfiday
1to 7 in the same treatment (P<Q.05

Activation of caprine primordial follicles after in vitro culture

The percentages of normal primordial and developing follicles in fresh tissues or
for one or seven days in different culture conditions are presented in Figure 2. The fresh
ovarian tissues contained predominantly primordial follicles (55.4%) and also presented
developing follicles (38.3%). There was a reduction (Fig. 2, P <0.05) in the percentage
of primordial follicles, after one day of culture, when the FSH at the concentration of 10
ng/mL was used, compared to the fresh control, occurring the same to the other
treatments, after seven days of culture. However, concerning the percentage of
developing follicles, no difference (Figure 2, P <0.05) of the treatments was observed
when compared to the fresh control.

The addition of human FSH im vitro cultured tissues had no effect on the
percentage of primordial and developing follicles when compared to the tissues cultured
in a medium without FSH (P> 0.05). With the progression of the culture period from
one to seven days, a decrease in the percentage of primordial follicles in the tissues
cultured with 10 and 50 ng/mL of FSH (Figure 2, P <0.05) was observed. However, as
for the developing follicles, no difference (P> 0.05) was observed in the different tested

treatments (Fig. 2).
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Figure 2. Percentage (mean = SEM) of (A) primordial and (B) developing follicles
(intermediate, primary and secondary) in non-cultured (fresh control) and tissues
cultured for 1 or 7 days in the absence or presence of hFSH (concentrations in ng/mL).
"Differs significantly from control follicles (P<0.057° differs significantly among
concentrations in each day of culture (P<0.05%, differs significantly with the
progression of the culture period from day 1 to 7 in the same treatment (P<0.05).
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Evaluation of oocyte and follicular cell diameters in fresh and cultured tissues

The oocyte and follicular cellliameters were measured and are presented in
Table 2. In relation to the oocyte cell diameter, there was a reduction (P <0.05) after one
and seven days of culture in all the treatments, when compared to the non-cultured
control. This decrease in the oocyte cell diameter was higher (P <0.05) irstissue
cultured with 50 ng/mL of hFSH, when compared to the other treatments. This
reduction was more accentuated (P <0.05) in the follicles cultured for seven days with
50 ng/mL of hFSH.

The tissue culture in a medium with 50 ng/mL of hFSH promoted a reduction (P
<0.05) in the follicular cell diameter, after one and seven days of culture, when
compared to the fresh control, as well as to the other treatments. With the progression of
the culture period, the addition of hFSH (10 and 50 ng/mL) led to a reduction (P <0.05)
in the follicular cell diameter, being the diameter maintained in the treatment in which
hFSH (0 ng/mL) was not added.

Table 2. Caprine oocyte and follicle diameters (mean = SEM) in non-cultured tissues
(fresh control) and in tissues cultured for 1 or 7days in the absence or presence of hFSH

(concentrations in ng/mL).

Oocyte diameter (um Follicle diameter (um)
Control 29,6 £0,8 379+14
Treatments Day 1 Day 7 Day 1 Day 7
hFSH 0 25,6 + 0,7" 25,5+ 0,8" 35,2 +1,0" 353+ 1,6"
hFSH10  27,2+0,7 25,4 +0,6" 38,2 +1,0° 343+1,F°
hFSH50 20,0 +0,5™ 18,6 + 0,5°° 27,5+0,7" 23,7+0,5®

*Differs significantly from control follicles (P<0.05)*" differs significantly among concentrations in
each day of culture (P<0.08)? differs significantly with the progression of the culture periodnfiday
1to 7 in the same treatment (P<0.05).

Ultrastructural features of cultured follicles

The ultrastructural analysis was performed on non-cultured tissues (control, day
0, Fig 3A) and in tissues cultured with 10 ng/mL of hFSH (Fig. 3B) for seven days. The

ultrastructural features of the follicles from the fresh control tissue or from tissues
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cultured for seven days with 10 ng/mL of hFSH were similar and exhibited intact
oocytes and basement and nuclear membranes (Figure 3A and 3B, respectively) and
descondensed chromatin (Fig. 3A). Furthermore, the follicles exhibited uniformly
distributed organelles in the cytoplasm, especially the endoplasmic reticulum and
mitochondria. The granulosa cells were ultrastructurally normal and well organized

around the oocyte, revealing a large and elongated nucleus.

- A
Figure 3. Ultrastructural analysis (A) of non-cultured preantral follicle (control; original

magnification 4400x); (B) and follicle cultured for 7 days in medium containing 10
ng/mL hFSH (original magnification 4400x). Note the large nucleus of the granulosa
cells in the control follicles and follicles cultured in 10 ng/mL of hFSH. O: oocyte; Nu:
oocyte nucleus; GC: granulosa cells; m: mitochondria; arrow-oocyte plasma membrane.
(Aand B =5 um).

Discussion

Many researches are conducted to elucidate all the hormonal mechanisms that
control the ovarian development. However, more recently, attention was fixed on which
substances could and should be tested and used to identify the pathways that regulate
folliculogenesis in its initial stage, promoting a suitable microenvironment for ovarian
development, thereby contributing to the reproductive competence of the animals.
However, few studies are conducted using human FSH in the addifionitb culture

media in animal research. In this study, two different human FSH concentrations (10
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and 50 ng/mL) were used during one and seven days of culture, these treatments wer
compared to evaluate the influence of this hormone on the survivah artdo growth

of goat preantral follicles. In other researches the use of porcine and recombinant FSH
were used during tha vitro culture by Matos et al. (2007a) and Magalhdes et al.
(2009a), respectively, to evaluate the influence of FSH on the survivainavitto

growth of goat preantral follicles.

With the progression of the culture period from one to seven days;NHEM *
without hFSH maintained the percentage of normal follicles. It is known that the
composition of the medium is an important factor for the success during tho
culture of preantral follicles. TheMEM™ used in the present study is one of the richest
MEM formulas and is composed by 21 essential amino acids, vitamin B complexes,
vitamins C and D, inorganic salts, and pyruvate. This medium was also supplemented
with glutamine, hypoxanthine, BSA, and ITS. According to Silva et al. (2004), the
addition of hypoxanthine and energybstrates such as glutamine and pyruvate, as well
as BSA and ITS for the base culture medium (MEM) significantly increases the follicle
cell survival in the culture. Additionally, the reduction in the percentage of normal
follicles with the progression of the culture in the presence of hFSH may have occurred
due to the type of FSH used. This hormone is obtained from human pituitary, which
may present traces of contamination of LH activity, with 15 to 20% of contamination
(BARROS & NOGUEIRA, 2005; BARUSELLI et al., 2006).

One of the most relevant factors that change the hormone bioactivity is the
purity degree after its preparation (CLOSSET & HENNEN, 1989; BOUSFIELD et al.,
2008). Then-MEM™ medium without the presence of hFSH during the culture was able
to maintain the percentage of normal follicles until the day seven of culture. According
to Magalhaes et al. (2009a), the higher the purity degree of the hormone (recombinant
FSH) to be used, the better is the efficiency of this hormone in maintaining the viability
of the preantral follicle after thim vitro culture. This suggests that the isoforms are
influenced by the presence or absence of other proteins, such as LH. It has been
reported that the LH associated to the FSH results in degeneration of caprine preantral
follicles culturedin vitro, with numerous vacuoles in the cytoplasm (SARAIVA et al.
2008). These vacuoles are the first signs of degeneration observed in atretic follicles and
can represent a dilated endoplasmic reticulum or altered mitochondrial development
(goats: SILVA et al., 2002; sheep: JORIO et al., 1991). The presence of 15 to 20% of
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LH in the FSH composition may explain why the treatments of 10 and 50 ng/mL of
FSH could not maintain the survival of preantral follicles up to seven days of culture.

As it is known, LH is indispensable for the final growth of the follicles and for
the complete maturation of oocytes, in the antral phase (MELO et al., 2004). However,
its role in the initial phase (preantral follicles) is not clearly defined (SALVETTI et al.,
2007). Corroborating with the results in the present study, researchers showed that
swine FSH induces the degeneration in small bovine preantral follicles (NUTTINCK et
al., 1996). In agreement to these observations, Silva et al. (2004) did not observe a
significant effect of pFSH on follicular survival, after five days of culture.

Unlike the found results, Magalhdes et al. (2009a), using 10 ng/mL of swine
FSH, verified that 65% of the caprine preantral follicles were morphologically normal,
after one day of culture. When 50 ng/mL of recombinant FSH was used in the culture
medium, the follicular cell survival was maintained during the culture for seven days
(71%). Similar results were found by Matos et al. (2007a) duringnthigro culture of
caprine preantral follicles with 10 ng/mL and 50 ng/mL of swine FSH (64% and 66%
respectively), for one and seven days. These contradictions may be due to differences
between the species, the hormones used during the culture, the concentrations tested, as
well as the experimental model used.

Regarding the follicular activation (that is, the transition from primordial to
developing follicles, BETTERIDGE et al., 1989), the addition of 10 ng/mL of human
FSH from one day of culture led to a decrease in the percentage of primordial follicles
compared to the fresh control. These results are in agreement with those previously
obtained inin vitro studies with goats (MAGALHAES et al., 2009b), in which the
addition of 10 ng/mL of Folltropin was able to provide satisfactory activation rates at
day one of culture. Another study also conducted by Magalhaes et al. (2009a) showed
that the addition of 10 ng/mL of recombinant FSH (rFSH) and 10 ng/mL of swine FSH
stimulated the follicular activation for one and seven days of culture. In this study it was
also verified that, with the progression of the culture from one to seven days, the
addition of FSH to the culture medium at both concentrations, that is, 10 or 50 ng/mL,
led to a decrease in the percentage of primordial follicles, which did not happen when
the a-MEM™ base medium without hFSH was used. However, in relation to the
developing follicles, no effect was observed in the different treatments when compared
to the fresh control. Studies indicate that FSH can act directly in the follicle by binding
to its receptor located in the granulosa cells (XU et al., 1995; ULLOA-AGUIRRE et al.,
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1995; O'SHAUGHNESSY et al., 1996) or indirectly (VAN DEN HURK & ZHAO,
2005), through the stimulation of some growth factors, such as Kit Ligand (KL), Bone
Morphogenetic Protein-15 (BMP-15), and Growth and Differentiation Factor-9 (GDF-
9), that are essential for the follicular activation and development (NILSSON &
SKINNER, 2001; CELESTINO et al., 2010).

Comparing the results at day seven of culture, an expected evolution would be a
decrease in the number of primordial follicles, with a conseqnergase in the number
of developing follicles. However, this condition was not found in the present
experiment. It is probable that the FSH has not been able to prevent the degeneration of
the developing follicles after their activation. According to Nuttinck et al. (1996), the
addition of FSH in a culture medium increases the oocyte degeneration rate of small
bovine preantral follicles, during seven days of culture. However, this condition was not
verified by Derrar et al. (2000), when adding 5 ng/mL of FSH. Also Fortune et al.
(1998) did not find negative effect with the addition of 1, 10 or 100 ng/mL of FSH in
the culture medium.

In the present study, the vitro culture in the different media did not provide an
increase in the oocyte cell diameter, even after seven days of culture. Furthermore, the
medium containing 50 ng/mL of hFSH led to a lower diameter when compared to the
other treatments. A decrease in the diameter with the progress of culture from one to
seven days also occurred. It is probable that this occurred due to the oocyte
degeneration in larger preantral follicles during the culture period, since in the preantral
phase, the oocyte is more sensitive to degeneration than the granulosa cells (SILVA et
al., 2002).

In addition, Joyce et al. (1999) reported that FSH stimulates the expression of
MRNA of the Kit Ligand (KL) in granulosa cells of preantral follicles. The KL has been
shown to be essential for the oocyte growth (EPPIG, 2001; NILSSON & SKINNER,
2001) during the initial stages of follicular development (mice: KLINGER & De
FELICI, 2002; rabbit: HUTT et al., 2006). However, for the oocyte growth to occur, it
is necessary the contact of the KL with the granulosa cells (THOMAS &
VANDERHYDEN, 2006), the action exerted by KL is modulated by the presence of
gap junctions (KLINGER & De FELICI, 2002) according to the phase of the oocyte.
The explanation for not occurring the oocyte growth is that the FSH used in the present
experiment has failed to stimulate the mRNA for the KL, for the action to happen. It is

possible that the lack of human FSH effect on the oocyte growth occurred due to the
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deficiency of some substance produced by the ovary, needed for the signal of the
follicular development. During the conditions of the culture system, this substance may
be absent or its expression changed, not succeeding to increase the oocyte size (EPPIG,
2001).

In relation to the follicular diameter (Table 2), the addition of hFSH (10 and 50
ng/mL) to the culture medium led to a reduction in this diameter, with the progression
of culture from one to seven days. Moreover, this diameter was lower than the control,
with the addition of 50 ng/mL of hFSH to the medium. These results differ from the
results observed by Magalhées et al. (2009a) and Matos et al. (2007a), which showed an
increase in the growth of follicles and oocytes in goats cultured for seven days at the
concentrations of 50 ng/mL of recombinant FSH (rFSH) and 50 ng/mL of pFSH,
respectively. Other authors have also shown that rFSH increased the diameter of
follicular and oocyte cells in cattle, after 13 days of culture (ITOH et al., 2002). In
addition, it was reported that the expression of FSH receptors developed progressively
during the transition from primordial to primary and secondary follicles (OKTAY et al.,
1997). Méduri et al. (2002) detected the presence of FSH receptors in oocytes from
porcine and human follicles. Since there are FSH receptors in oocytes, it is possible that
FSH has to act in both cell types for promoting follicular development and growth
(MEDURI et al. 2002).

Previous studies have reported that, after the culture with human preantral
follicles, it was found that FSH increased the follicular cell diameter, suggesting that
this hormone has an antiapoptotic and mitogenic effect (WRIGHT et al., 1999). The
reduction of the follicular and oocyte cell diameter observed in the present experiment
may be attributed to the culture medium employed, that may not be adequate enough to
maintain the survival of larger preantral follicles. Consequently, as only the
morphologically normal follicles were considered for the diameter evaluation, the
reduction in the number of larger follicles by the end of the culture period leads to a
decrease in the average value for this parameter. Another possible explanation would be
the fact that, even the FSH receptors being expressed in oocytes and granulosa cells in
humans, it is believed that the same receptors that are expressed in humans do not make
the same effect as those expressed in goats.

Several studies have demonstrated that the TEM analysis, aftém th&o
culture of preantral follicles, is an important tool for the knowledge of the ultrastructural
features of the follicles (ZHAO et al., 2000; SALEHNIA et al., 2002), because it reveals
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more information about the quality of follicles and oocytes and can detect damage to
cell membranes and organelles (LUCCI et al., 2001). In this study, TEM revealed that
the follicles cultured for seven days éAMEM™ with 10 ng/mL of hFSH presented an
ultrastructurally normal aspect, which confirms the results observed in the light
microscopy analysis. Using the TEM, it was observed that only the tissues of the fresh
control and tissues cultured for seven days in the presence of 10 ng/mL of hFSH were
preserved. Thereby, it was observed that mitochondria, endoplasmic reticulum and
granulosa cells were intact, as well as the basal membranes and nuclear envelope. The
normal follicles in this study showed an ultrastructure similar to the caprine follicles
previously described (LUCCI et al., 2001), as well as bovine and ovine follicles (CRAN
et al., 1980).

Conclusions

The results found in the present experiment permit to conclude that several FSH
preparations affect differently thie vitro culture performance of caprine preantral
follicles. This study with caprine preantral follicles showed that the concentration of 10
ng/imL of hFSH is capable of promoting the activation of primordial follicles.
Moreover, the results showed the vital role of hFSH in the maintenance of the
ultrastructural integrity of caprine preantral follicles culturedvitro for until seven

days.
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10. CAPITULO IV (Fase 1)

Influéncia do Fator de Crescimento Semelhante a Insulina-1 (IGF-I) sobre a

sobrevivéncia e o desenvolvimenta vitro de foliculos pré-antrais caprinos

(Influence of Insulin-like Growth Factor | (IGF-1) on the survival and the in vitro
development of caprine preantral follicles)
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Influéncia do Fator de Crescimento Semelhante a Insulina-1 (IGF-I) sobre a

sobrevivéncia e o desenvolvimenta vitro de foliculos pré-antrais caprinos

Influence of Insulin-like Growth Factor | (IGF-1) on the survival and the in vitro

development of caprine preantral follicles

Resumo

O objetivo do presente estudo foi investigar os efeitos do fator de crescimento
semelhante a insulina-I (IGF-1) na sobrevivéncia, ativacdo (transicdo de foliculos
primordiais para primarios) e crescimento de foliculos pré-antrais caprinos culfivados
vitro. Fragmentos de cortex ovariano foram cultivados por um e sete dias na auséncia ou
presenca de IGF-1 (0, 50 e 100 ng/mL). Os tecidos nédo cultivados e cultivados foram
processados e analisados por histologia e microscopia eletrénica de transmissao. O
cultivo por um dia em meio com 100 ng/mL de IGF-I apresentou 86,7% de foliculos
morfologicamente normais. Estes resultados foram semelhantes (P>0,05) ao percentual
de foliculos normais encontrados no controle (96,7%). Verificou-se ainda que este meio
aumentou o percentual de ativacdo folicular (foliculos em desenvolvimento) com um
dia de cultivo. Os diametros ovocitario e folicular mantiveram-se semelhantes ao
controle ao cultivar por um dia em meio contendo 100 ng/mL de IGF-I. As andlises
ultraestruturais ndo confirmaram a integridade folicular dos fragmentos em meio
contendo IGF-1 (100 ng/mL) ap6s um e sete dias de cultivo. Em concluséo, esse estudo
demonstrou que a adicdo de 100 ng/mL de IGF-I no meio de cultivo ativa o
desenvolvimento de foliculos pré-antrais de caprinos com um dia de cultivo. Entretanto,
nao é suficiente para manter a integridade folicular e a taxa de sobrevivéncia folicular

apos sete dias de cultivo.

Palavras-chave:Caprino, cultivo, foliculos pré-antrais, IGF-1, ovario.

Abstract
The aim of this study was to investigate the effects of the insulin-like growth factor -
(IGF-I) on survival, activation (transition from primordial to primary follicles) and

growth of caprine preantral follicles culturedvitro. Fragments of ovarian cortex were
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cultured for one and seven days in the absence or presence of IGF-1 (0, 50 and 100
ng/ml). The non-cultured and cultured tissues were processed and analyzed by histology
and transmission electron microscopy. The culture for one day in a medium with 100
ng/ml of IGF-I showed 86.7% of morphologically normal follicles. These results were
similar (P> 0.05) to the percentage of normal follicles found in the control (96.7%). It
was also found that this medium increased the percentage of follicular activation
(developing follicles) with one day of culture. The oocyte and follicular diameters
remained similar to the control by culturing for one day in a medium containing 100
ng/ml of IGF-I. The ultrastructural analysis did not confirm the integrity of the follicular
fragments in a medium containing IGF-1 (100 ng/ml) after one and seven days of
culture. In conclusion, this study demonstrated that the addition of 100 ng/ml d¢f IGF-

in the culture medium enables the development of preantral follicles of goats with one
day of culture. However, it is not sufficient to maintain the follicular integrity and the

follicular survival rate after seven days of culture.

Keywords: Caprine, culture, preantral follicles, IGF-I, ovary.

Introduction

The mechanisms which control the initiation of follicular development (the
activation of primordial follicles) and the time required for their growth and
development are still poorly known (Fortune, 2003). Therefore, it is necessary to
develop an efficient culture system that allows the activation and the development of
preantral follicles to later stages of growth. Furthermore,itheitro culture may
provide a better understanding of the factors involved in folliculogenesis in the initial
(preantral) phase. Among these factors, the insulin-like growth factor | (IGF-I) can be
highlighted.

Some growth factors involved in the process of preantral follicular growth have
already been studied during time vitro culture. Thus, Armstrong et al. (1998) and
Woad et al. (2000) showed the role of IGF-I in the control of follicular growth. The
action of IGF-I is controlled by its association with IGF binding proteins (IGFBPS),
which can inhibit or facilitate the action of IGF (Monget & Bondy, 2000). The IGF-

acts as an amplifier of the hormonal action of the gonadotropins. This growth factor
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enhances the binding between the granulosa, theca and interstitial cells (Adashi, 1998),
assuming a greater effect on follicular development (Monget et al., 2002). The IGF type
| receptor (IGF-IR) is expressed in the theca and granulosa cells in preantral and antral
follicles of cattle, being the expression in granulosa cells higher in comparison to the
theca cells (Armstrog et al., 2000). It occurs also the expression of IGF-IR in the corpus
luteum, which is not influenced by the estrous cycle phase (Woad et al., 2000). In cattle
and sheep follicles an expression of significant levels of IGF was not found (Perks et al.,
1995). However, in goats the mRNA for IGF-I was expressed in all the follicular
categories, being the granulosa and the theca cells of antral follicles the main
responsible for the IGF-I production in this follicular class (Hastie & Haresign, 2006).

The responsiveness of IGF-1 in the follicles has been demonstrated through
severalin vitro studies. The addition of IGF-I during tive vitro culture maintains the
oocyte survival and stimulates the growth of bovine (Gutierrez et al., 2000), human
(Louhio et al., 2000) and murine (Zhao et al., 2001) preantral follicles. Durinig the
vitro culture of preantral follicles of mice it was observed a significant increase in the
follicular diameter when IGF-I was added to the culture medium, along with FSH. In
addition, a synergism between IGF-I and FSH was also observed in the follicular
inhibin secretion (Liu et al., 1998). These results support the hypothesis that IGF-I acts
in synergy with FSH in inducing the development of granulosa cells, by the regulation
of the expression of receptors for FSH. Additionally, FSH was described as the
hormone that stimulates the increase of IGF-I receptors during thiéro culture of
granulosa cells (Pawshe, 1998), suggesting that some FSH effects could be mediated via
IGF-I (Adashi, 1985). Although IGF-I has a stimulatory effect on follicular growth in
the preantral phase, McCaffery et al. (2000) highlighted the importance of its regulatory
mechanism, showing that the inadequate exposure of IGF-I in bovine preantral follicles
has a negative effect on the oocyte development.

However, very little is known about the involvement of IGF-I in the regulation
of preantral follicular development of goats. The present study was designed in order to
investigate the possible influence of IGF-I in the culture medium, at different
concentrations (0, 50 and 100 ng/mL), on survival, activation and growth of preantral

follicles enclosed in caprine ovarian tissue.
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Materials and Methods
Ovaries

Ovaries (n=16) from eight adult (1 3 years old), non-pregnant mixed breed
goats were collected at a local slaughterhouse. The animals were cyclic and in good
body condition. Immediately after death of the animals, the ovaries were washed in 70%
alcohol for10 seconds and then washed again in MEM supplemented with 100 pg/mL
penicillin and 100 pg/mL streptomycin. The pairs of ovaries were transported to the

laboratory in MEM at 4 °C within 1 h postmortem (Chaves et al., 2008).
In vitro culture of ovarian tissue

In the laboratory, the ovarian cortex of each pair of ovaries was divided in to 7
fragments of approximately 3 x 3 mm (1 mm thick). One fragment (non-cultured
control) was immediately fixed in Carnoy’s fluid for 4 h for histological studies, while a
smaller fragment (1 mih was randomly collected and subsequently fixed in
paraformaldehyde 2% and glutaraldehyde 2.5% in sodium cacodylate buffer 0.1 M (pH
7.2) for ultrastructural examination. The other fragments of ovarian cortices were
individually in vitro cultured in 1 mL of culture medium for one or seven days at 39°C
with 5% CQ in air using a 24-well culture dish. The control medium was MEM
supplemented with ITS (insulin 10 pg/mL, transferrin 5.5 pg/mL and selenium 5
ng/mL), 2 mM glutamine; 2 mM hypanthine and 1.25 mg/mL BSA, called a-MEM+.

This control medium was tested alone (cultured control) or supplemented with different
concentrations (50, 100 ng/mL day 1, 50 and 100 ng/mL day 7) of IGF-1. All chemicals
used in the present study were purchased from Sigma Chemical Co., unless otherwise
indicated. Every 2 days, the culture medium was replaced by fresh medium and each

treatment was repeated eight times.
Histological evaluation of preantral follicles

After either 1 or 7 days of culture in each media, the ovarian fragments from
each treatment, including the fresh control, were fixed individually in Carnoy for 4 h.

After fixation, tissues were dehydrated in increasing concentrations of ethanol, clarified
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with xylene, and embedded in paraffin wax. Serial sections (7 um) were cut, and
mounted on a glass slide and stained with Periodic Acid SeHi#matoxylin (PAS
staining system, Sigma, Inc., St. Louis, MO, USA). Coded anonymized slides were
examined using a microscope (Olympus, Japan) under 400x magnification.

Preantral follicles were individually classified according to the shape and
number of granulosa cell layers around the oocyte: as either primordial, with one layer
of flattened granulosa cells; or as developing follicles, which were further classified as
intermediate, with one layer of both flattened and cuboidal granulosa cells; primary,
with a single layer of cuboidal granulosa cells; or secondary, with two or more layers of
cuboidal granulosa cells (Silva et al., 2004). Primordial and developing follicles were
individually determined to be morphologically normal when they showed a healthy
oocyte (without a pyknotic nucleus) with granulosa cells organized in layers. Otherwise,
degenerated follicles were defined as those with a retracted oocyte, with a pyknotic
nucleus, or disorganized granulosa cells detached from the basement membrane.
Overall, 240 follicles were evaluated for each treatment (each medium and each culture
period). The percentages of healthy primordial and developing follicles were calculated
on day 0 (fresh control) and after culture in the various media tested. In addition, oocyte
and follicular diameters were measured with the aid of an ocular micrometer, using only
normal follicles from day O anuh vitro cultured follicles thereafter. Two perpendicular
diameters were recorded for each follicle and the averages for each of these two values
were reported as follicle and oocyte diameters, respectively. Care was taken to count
each follicle only once (Matos et al., 2007a). Only follicles with a visible oocyte

nucleus were evaluated in order to avoid counting the same follicle twice.
Ultrastructural analysis of caprine preantral follicles

For a more in-depth evaluation of follicular morphology after histological
analysis, ultrastructural studies were performed on fragments of fresh control tissue and
treatment groups that maintained follicular survival and promoted growth after seven
days of culture. A portion with a maximum dimension off® was cut from each
fragment of ovarian tissue and fixed in Karnovsky solution (2% paraformaldehyde and
2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer at pH 7.2) for 4 h at room
temperature (RT). After three washes in sodium cacodylate buffer, specimens were

post-fixed in 1% osmium tetroxide and in 0.1 M sodium cacodylate buffer for 1 h at RT.
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The samples were then dehydrated through a gradient of acetone solutions, and
thereafter, they were embeddedtpon 812 resinAfterwards, semihin sections (3 um)

were cut, stained with toluidine blue and analyzed by light microscopy at 400x
magnification. Ultra-thin sections (600 nm)were obtained from preantral follicles,
which were classified as morphologically normal in semi-thin sections according to the
criteria adopted in histology. Subsequently, ultra-thin sections were contrasted with
uranyl acetate and lead citrate, and they were examined urieldr 209 Zeiss (EM,

Berlin, Germany)ransmission electron microscope (TEM). The density and integrity of
ooplasmic and granulosa cell organelles as well as vacuolization and membrane

integrity were evaluated.

Statistical analysis

The variables were submitted to Normality (Lilliefors) and Homoscedasticity
(Cochran) tests and posteriorly to the analysis of variance at a probability of 5%e In cas
a significance was presented, the Tukey test was carried out (PROC ANOVA,; SAS,
2002).

Results
Effect of IGF-I on preantral follicle survival

The histological analysis showed that in the culture of ovarian cortex fragments
normal (Fig. 1 A, B, C) and degenerated (Fig. 1 D, E, F) follicles were found. In the
degenerated follicles oocytes with cytoplasmic retraction, pyknotic nucleus and

disorganized granulosa cells were observed. A total of 1,680 preantral follicles were

counted to evaluate the follicular morphology, activation and growth.
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Figure 1. Histological sections of ovarian fragments after Periodic Acid Schiff-
hematoxylin staining showing morphologically normal follicles (A, control fresh; B and
C of 100 ng/mL IGF-I after 1 and 7 days of culture respectively) and deged&D,o-

MEM™ with 1 day of culture; E and F of 50 ng/mL IGF-I after 1 and 7 days of culture
respectively). O: oocyte; Nu: oocyte nucleus; GC: granulosa cell (Original

magnification 400x). Arrow-oocyte retracted of granulosa cells.

Table 1 shows the percentages of normal follicles in the non-cultured control
(day zero) and after one and seven days of culture in ovarian cortex fragments in
different media. After one day of culture, the addition of 100 ng/mL of IIGF-
maintained the percentage of morphologically normal follicles, when compared to the
non-cultured control (86.7% and 96.7 %, respectively, P> 0.05). However, a significant
reduction in the rate of normal follicles occurred, after the culture in a medium without
IGFI or with 50 ng/mL (P<0.05). However, after seven days of culture, none of the
media maintained the percentage of normal follicles, when compared to the control.

The addition of IGF-1 at both concentrations (50 and 100 ng/mL) enabled a
greater percentage (P<0.05) of normal follicles, after one day of culture, when

compared to the cultured contratfMEM). However, after seven days, the media used
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behaved similarly (P>0.05). With the progress of the culture from one to seven days,
there was a decrease in the percentage of normal follicles (P<0.05) using a medium with
100 ng/mL of IGFk

Table 1. Percentage (mean £ SEM) of morphologically normal preantral follicles in the
fresh control (non-cultured) and aftervitro culture for 1 or 7 days in the absence or
presence of IGF-I (concentrations in ng/mL).

Control 96,7 +0,6
Normal
Treatments Day 1 Day 7
o-MEM”* 67,9 + 3 1A 64,2 + 6,44
IGF-1 50 79,6 + 3,84 75,4 + 3,24
IGF-1 100 86,7 + 2,07 66,7 + 3,1°®

*Differs significantly from control follicles (P<0.05}iffers significantly among concentrations in each
day of culture (P<0.05)*Bdiffers significantly with the progression of the culture periwdrfday 1 to 7
in the same treatment (P<0.05).

Follicular activation and growth after in vitro culture

In fresh tissues (non-cultured control), the percentages of primordial and
developing follicles were 43.3 and 53.3%, respectively. After seven days of culture,
there was a reduction in the percentage of primordial follicles in all treatments (Fig. 2A,
P<0.05) when compared to the fresh control. However, there was not an increase
(P>0.05) in the percentage of developing follicles (Fig. 2B). After one day of culture,
there was a reduction (P<0.05) in the percentage of developing follicles when cultured
in a medium without IGF-lo-MEM™).

On day one of cultivation, it was verified that the IGF-I at the concentration of
100 ng/mL presented a higher percentage (P<0.05) of developing follicles, when
compared to the-MEM®, demonstrating that there was follicular activation already

from the first day of culture, with the use of IGF-I at this concentration.

111



Primordial follicles (%0)

Developing follicles (%)

100

90

80

70

60

50

40

30

20

10

100
90
80
70
60
50
40
30
20
10

®Control WDay1 BDay?7

Control o-MEM (0 ng'mL) IGF-I (30 ngfmL) IGF-I (100 ngfmL)

Treatments

HMControl MDay 1 MDay7

Control o-MEM (0 ng'mL) IGF-I1 (50 ng/mL) IGF-1 (100 ngfmL)

Treatments

112



Figure 2. Percentage (mean + SEM) of (A) primordial and (B) developing follicles
(intermediate, primary and secondary) in non-cultured (fresh control) and tissues
cultured for 1 or 7 days in the absence or presence of IGF-1 (concentrations ir).ng/m
"Differs significantly from control follicles (P<0.05)'compared with o-MEM*
(P<0.05);*differs significantly among concentrations in each day of culture (P<0.05);
AB differs significantly with the progression of the culture period from day 1 to 7 in the
same treatment (P<0.05).

The follicular and oocyte cell diameter were measured and are presented in
Table 2. When compared to the fresh cortical fragments (non-cultured control), both the
follicular and the oocyte cell diameters were reduced (P<0.05) after the culture for one
and seven days, except when the follicles were cultured for one day in the presence of
100 ng/mL IGF-l. When the-MEM™ (cultured control) was compared to the other
treatments (50 and 100 ng/ml of IGF-I), the concentration of 50 ng/ml IGF-I reduced
(P<0.05) the follicular and oocyte cell diameters, after the culture for one or seven days.

However, after one day of culture, the concentration of 100 ng/mL presented
higher diameters (P<0.05) when compared toohéEM™. When the treatments were
compared to each other, the concentration of 50 ng/ml of IGF-lI presented lower
diameters (P<0.05) after one and seven days of culture, when compared to the other
treatments. With the progression of the culture from one to seven days, there was a
reduction (P<0.05) in both diameters, in the follicles cultured in a medium with 100
ng/ml of IGFA.
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Table 2. Caprine oocyte and follicle diameters (mean + SEM) in non-cultured tissues
(fresh control) and in tissues cultured for 1 or 7days in the absence or presencd of IGF-

(concentrations in ng/mL).

Oocyte diameter Follicle diameter
(um) (um)
Control 27,4+0,6 37, 7+1,1
Day 1 Day 7 Day 1 Day 7
o-MEM* 225+ 09" 228+ 0,7 31,2 +1,54 29,8 + 0,9
IGF-150 19,8 + 0,54 19,0 + 0,54 25,7 + 0,84 24,6 +0,7"

IGF-1 100 27,4+ 0,84 23,5+ 0,58 37,2 +1,84 30,0+ 0,77

*Differs significantly from control follicles (P<0.05§"differs significantly among concentrations in each
day of culture (P<0.05)*Bdiffers significantly with the progression of the culture peridrf day 1 to 7
in the same treatment (P<0.05).

Ultrastructural features of cultured follicles

The ultrastructural analysis was performed in follicles of the control group (non-
cultured) and of the group that presented the best results aftém th&o culture
(medium with 100 ng/ml of IGF-I). The figure (3a) illustrates the morphologically
normal follicle of the non-cultured control, with the nuclear envelope and cytoplasmic
membrane intacts, as well as a small number of vacuoles and various organelles with no
signs of degeneration, including mitochondria and endoplasmic reticulum.

The figures (3b and 3c) present follicles cultured for one and seven days in a
medium containing 100 ng/ml of IGF-I. IGF-I affected the ultrastructure of the cultured
follicles, since evident signs of degeneration were observed. In these follicles, it was
observed a large number of vacuoles and a low density of organelles in the cytoplasm.
Although the follicles cultured for one day in a medium supplemented with IGF-I were
morphologically normal in the histological analysis (optical microscopy), evident
ultrastructural signs of degeneration were verified, including irregular retraction of the

nuclear envelope and cytoplasmic membran
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Figure 3. Ultrastructural analysis of normal preantral follicles from fresh control
(4400X) (a) and cultured for 1 (3000X) (b) and 7 days (3000X) (c) in medium
containing like growth factor insulin-1 (100 ng/mL). Homogeneous cytoplasm and
mitochondria rounded is characteristic of non-cultured follicles (3 a). Extreme
vacuolization and great holes are present in the cytoplasm, indicative of degeneration (3
b and 3 c; solid arrow). (Nu) Oocyte nucleus; (GC) Granulosa cells; (m) Mitochondria;

(er) Endoplasmic reticulum; (v) Vacuoles.

Discussion

The present study evidenc#tat IGF-1 promotes the survival and development
of ovarian follicles of goats during the vitro culture. Thus, the addition of IGF-I to the
culture medium promoted a positive effect on the follicular survival rate in fragments of
ovarian tissues cultured for one day. However, none of the concentrations tested in the
present study was able to maintain the follicular survival during seven days of culture.

In contrast, other authors reported that the concentration of 100 ng/ml of IGF-1 is
able to promote the maintenance of the follicular viability in goats, during nine days of
culture (Zhou & Zhang, 2005). Similar results were observed by Martins et al.,) (2010

who reported that IGF-I, at the concentration of 50 ng/ml, is capable of promoting the
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follicular viability in the caprine species. Previous studies showed that IGF-I is able to
suppress the DNA fragmentation by apoptosis in the follicles of rats cultunatio,

then acting as an antiapoptotic factor (Chun et al., 1994), beyond mitogenic (Hill,
1989). In the present experiment, the media containing IGF-l allowed a greater
percentage (P< 0.05) of normal follicles, after one day of culture, when compared to the
cultured control ¢-MEM). Similar results were observed by Martins et al. (2010) in
which the concentrations of 50, 100 and 200 ng/mL present higher percentages of
morphologically normal follicles, when compared to tIEM*, after one day of
culture. However, the addition of IGF-I in the media was not able to maintain the
follicular survival rate after seven days of culture, reducing the percentage of normal
follicles, effects also noticed in recent studies (Martins et al., 2010).

Regarding the follicular activation (that is, the transition from primordial to
developing follicles), it was verified that the addition of 100 ng/ml of IGF-I promoted
higher percentages of developing follicles after one day of culture, when compared to
the a-MEM™ (cultured control). Although treatments did not differ in relation to the
percentage of developing follicles at the end of the culture, the use of 100 ng/ml of IGF-
| promoted an early activation, already on the first day of cultivation. Recent studies
showed similar results during vitro culture of ovarian tissue of goat, after one and
seven days, using 100 ng/ml of IGF-I in the medium (Martins et al., 2010). It was
verified a reduction in the percentage of primordial follicles after seven days of culture,
regardless of the addition or not of IGF-I. Similar results were obtained in previous
studies with ovaries of cattle (Wandji et al., 1996; Braw-Tal & Youssefi, 1997),
baboons (Fortune et al., 1998) and goats (Martins et al., 2005; 2008; Silva et al., 2006;
Matos et al., 2007b), in which the number of primordial follicles was dramatically
reduced with the concomitant increase in the number of developing follicles, afier the
vitro culture of ovarian tissue. However, the results of the present experiment differed
from other researchers, since there was no increase in the number of developing
follicles, after the culture for seven days.

Yang & Fortune (2002) suggested that high doses of insulin present in the ITS
(3.12 and 6.25 pg/mL), a component added to the culture medium, promotes greater
activation of primordial follicles of cattle and increases their survival rate. Although the
addition of 100 ng/ml of IGF-I has promoted greater follicular activation, then
decreasing the percentage of primordial follicles on day seven of culture, the culture

conditions were not efficient to allow further growth of these activated follicles. This
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may be due to the absence of pyruvate in the culture medium. This is an organic
compound responsible for the production of energy in the form of ATP at the
mitochondria level. The more the cell needs energy to perform its vital functions, it will
produce more mitochondria. The addition of pyruvate (0.23 mM) to the culture medium
has been frequently performed in several researches, with positive results (Araujo et al.,
2010; Martins et al., 2010). Studies have demonstrated that the activation of primordial
follicles can occur "spontaneously”, that is, without the addition of growth factors or
hormones (Eppig & O'Brien, 1996). Therefore, thevitro conditions used nowadays
have facilitated the development of follicles from the culture of ovarian tissues, possibly
through the release of stimulating factors or preventing the production of inhibitory
factors of the oocyte or stroma, granulosa or pre-theca ireide the ovarian cortical
tissue (Osman et al., 2007). Fortune (2003) confirms in his studies the negative and
positive effects of IGF-I, demonstrating that this growth factor has negative effects on
bovine primordial follicles and positive effects on secondary follicles in the same
species, during follicular activation. Demeestere et al. (2004) observed that the
concentrations of 1, 10 and 100 ng/mL of IGF-I did not stimulate the transition from
primordial to primary follicles during thén vitro culture of bovine ovarian cortex.
Similar results were observed in the present study, when only the primordial follicles
were activated, which did not occur in developing follicles.

The culture media tested were not sufficient to promote follicular and oocyte cell
growth. However, the culture for one day in a medium with 100 ng/mL ofIGF-
maintained the diameter of oocytes and follicles equivalent to the non-cultured control
and superior ta-MEM™ (cultured control). However, there was a reduction in both
diameters, after seven days of culture, regardless of the medium used. These results
differ from the results observed by Martins et al. (2010), in which the concentrations of
50 and 100 ng/mL of IGF-I increased the follicular and oocyte cell diameter after seven
days of culture, when compared to the non-cultured control. Also Thomas et al. (2007)
verified that the addition of 50 ng/ml of IGF-I during the culture for six days promoted
an increase in the follicular diameter in ovarian tissue of cattle. Likewise, Itoh et al.
(2002) reported that the addition of 20 ng/mL of IGF-I to the culture medium increased
the follicular and oocyte cell diameter of preantral follicles in cattle. In ovarian tissue of
goats, Lorenzo & Carneiro (2003) found a positive influence of IGF-1 on the maturation
of oocytes using concentrations above 100 ng/mL of the medium. In a study using

ovaries of prepubescent goats, the concentration of 100 ng/mL of IGF-I promoted the
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growth of oocytes enclosed in preantral follicles, after the culture for nine days (Zhou &
Zhang, 2005). However, it has already been proved that the use of IGF-I in the cultur
does not influence the growth of primary and secondary preantral follicles in the cortical
tissues of cattle (Derrar et al., 2000) and rats (Liu et al., 1998).

In the present study, the reduction of the follicular and oocyte cell diameter
observed during the culture for seven days might have ocurred due to a decrease in the
mitosis rate in granulosa cells associated with a reduction in the oocyte size. Another
explanation is that two groups of binding proteins for IGF-1 and 2 growth factors are
known, the IGFBP (IGFBP-1, -2, -4, -5, -6 and the IGFBP-3), which is the form that
predominates in serum (Monget et al., 2002; Silva et al., 2008). The mRNA expression
of the different proteins has differentiated functions in the follicles of some species,
such as IGFBP-2, which decreases during follicular growth in ovaries of sheep, cattle
and pigs. On the other hand, the expression of IGFBP-5 mRNA increases in granulosa
cells of atretic follicles of cattle and sheep (Zhou et al., 1996). In goats, the protein and
the mRNA for IGF-I are expressed in all follicular categories, but the granulosa and
theca cells of antral follicles are the main responsible for the production of IGF-I in this
follicular category (Silva et al., 2007). The mRNA encoding the IGF-I receptor was
detected in oocytes and GCs of antral follicles of cattle. However, this mMRNA was not
detected in preantral follicles (Armstrong et al., 2002). These results support the
hypothesis that IGF-I regulates the growth of follicles through endocrine mechanisms
(Armstrong et al.,, 2002). In this research, the evaluated follicles were preantral
(primordial, intermediate, primary and secondary), which is why the addition of IGF-
in the culture medium has not promoted the increase of follicular and oocyte cell
diameter, by the seven days of culture.

The contradictory results of this study with previous studies can be explained by
the differentiated sensitivity of each follicle to the treatment used, the species studied,
the size of the follicle at the moment of culture, culture time, as the composition of the
media used. Arunakumari et al. (2010) in one of his researches reports that the
differences observed in the IGF-1 synthesis pattern duringirnth@tro culture can
influence in the growth of preantral follicles of mice and domestic species. This can be
attributed to different action mechanisms and size of preantral follicles (Schams et al.,
1999).

Although follicles cultured with 100 ng/mL of IGF-I have presented similarities

with the non-cultured control (rate of non-degenerated follicles) in the examination by
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light microscopy, evident signs of atresia in transmission electron microscopy were
observed. Several studies have emphasized the importance of ultrastructural analysis
after thein vitro culture of preantral follicles (cow: Van Den Hurk et al., 1998; mouse:
Salehnia et al.,, 2002; goat: Matos et al., 2007a, Aradjo et al., 2010). In the present
study, the cultured follicles were characterized by a large number of vacuoles, absence
of organelles in the cytoplasm, as well as the nuclear envelope and the cytoplasmic
membrane presenting irregularities or fragmentation.

Similar results were observed after the culture of caprine preantral follicles in a
medium containing indole-3-acetic acid (Matos et al., 2006). Fortune et al. (2004)
reported that the addition of IGF-I to the culture medium increased the atresia of
preantral follicles in cattle after the vitro culture. According to Silva et al. (2006), the
apoptosis in primordial follicles cultureth vitro can be induced by the oxygen

reduction and the diffusion of nutrients to preantral follicles in the ovarian cortex.

Conclusions

The results found in this work permit to conclude that the addition of 1@€Lng/
of IGF-I in the culture medium activates the development of preantral follicles &f goat
with one day of culture. However, it is not sufficient to maintain the follicular survival

rate after seven days of culture.
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11. CAPITULO V (Fase I)

Hormonio Tiroxina (T4) promove a sobrevivéncia, ativacdo e o crescimento

durante o cultivo in vitro de foliculos pré-antrais caprinos por sete dias

(Thyroxine Hormone () promotes the survival, activation and growth during the in

vitro culture of caprine preantral follicles for seven days)
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Hormonio Tiroxina (T4) promove a sobrevivéncia, ativacao e o crescimento

durante o cultivo in vitro de foliculos pré-antrais caprinos por sete dias

Thyroxine Hormone () promotes the survival, activation and growth during the in

vitro culture of caprine preantral follicles for seven days

Resumo

O objetivo desse estudo foi investigar os efeitos da Tiroxigan@ sobrevivéncia, a
ativacdo e crescimento de foliculos pré-antrais de caprinos, apés 0 Qulthitoo.
Fragmentos do cértex ovariano foram cultivadosceliEM™ (controle cultivado) e-

MEM™ suplementado com 10, 20 ou 50 ng/mL dep®r um ou sete dias. Pequenos
fragmentos de tecido ovariano néo cultivado ou cultivados foram processados para
histologia classica e microscopia eletrbnica de transmissdo. Os resultados mostraram
que apos um dia de cultivo, apenas o0 meio contendo 10 ng/mjnaenTeve a taxa de
sobrevivéncia folicular. Entretanto, com sete dias de cultivo todos os meios testados
foram semelhantes ao controle ndo cultivado. O percentual de foliculos em
desenvolvimento foi maior nos meiosMEM™ e no meio contendo 20 ng/mL dg T

apos sete dias de cultivo. Adicionalmente, o cultivo por um e sete dias em meio
contendo 20 ng/mL de sThao alterou o diametro folicular (P>0,05). As andlises
ultraestruturais confirmaram a integridade dos foliculos cultivados por sete dias em
meio com 20 ng/mL de T Pode-se concluir que, a adicdo de 20 ng/mL gdeoTmneio

de cultivo é eficaz na manutencdo da sobrevivéncia, ativacéo e crescimento de foliculos

pré-antrais, durante sete dias de cultivo.

Palavras-chave: Ativacdo,Caprino, foliculos ovarianos 4, Tsobrevivéncia.

Abstract

The aim of this study was to investigate the effects of thyroxing ¢f survival,
activation and growth of preantral follicles of goats, afterirthgtro culture. Fragments
of the ovarian cortex were cultured iwMEM® (cultured control) andu-MEM”*
supplemented with 10, 20 or 50 nd/of T, for one or seven days. Small fragments of

non-cultured or cultured ovarian tissue were processed for classic histology and
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transmission electron microscopy. The results showed that after one day of culture, only
the medium containing 10 ng/ml of Maintained the follicular survival rate. However,

with seven days of culture all the media tested were similar to the non-cultured control.
The percentage of the developing follicles was greater in-¥M&EM* media and in the
medium containing 20 ngnl of T, after seven days of culture. Additionally, the culture

for one and seven days in a medium containing 2éningf T, did not change the
follicular diameter (P> 0.05). The ultrastructural analysis confirmed the integrity of
follicles cultured for seven days in a medium with 20migsf T,4. It can be concluded

that the addition of 20 ngyl of T, in the culture medium is effective in maintaining the

survival, activation and growth of preantral follicles, during seven days of culture.

Keywords: Activation, Goat, ovarian follicles,sJ survival.

Introduction

Ovarian folliculogenesis is a process of fundamental importance, having as the
main mechanism to influence on the proliferation and differentiation of the cells present
in developing follicles (Hirshfield, 1991). Primordial follicles are stimulated to grow,
developing for the stages of primary and secondary follicles, before the development of
the antrum (McGee & Hsueh, 2000; Fair, 2003).

During this growth, follicular morphology changes, the growing oocyte and the
surrounding cells multiply and differentiate (Bristol-Gould & Woodruff, 2006). To
control these changes, different hormones and growth factors are involved in this action,
acting synchronously, in order to regulate all the procedures that occur during follicular
development. However, despite of the importance that this regulation has on female
fertility, the substances involved in the aspects related to the folliculogenesis in the
preantral stage, are poorly elucidated (Hutt et al., 2006).

The Thyroid Hormones (TH), Thyroxine {iTand Triiodothyronine (3) have the
function of increasing the metabolic activities of most body tissues except the brain,
retina, testis, spleen and lungs (Guyton , 2001). Cecconi et al. (2004) concludegd that T
added to the culture medium of preantral follicles of mice had an adverse effect on the
growth and maturation of the oocyte. The effects of these hormones on ovarian
steroidogenesis and folliculogenesis are related to the differentiation of granulosa cells

(Silva et al., 2004) and ovulation stimulation (Serakides et al., 2001). Furthermore , it
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was proved that the addition of, in the culture medium, along with FSH and IGF-I,
increases the rates of follicular growth, antrum formation and meiotic competence after
thein vitro culture of ovine preantral follicles (Arunakumari et al., 2007; Arunakumari
et al., 2010).

In vitro studies suggest that the TH are expressed in cells @uthalus cells
from small follicles and oocytes (Jiang et al., 2000; Arunakumari et al., 2007),
indicating the participation of sTand T, in the follicular activation, comprising the
passage of primordial follicles into tip@ol of developing follicles (Pepe et al., 2006).
Among these hormonesz has higher binding capacity by granulosa cells in the early
follicular maturation (Maruo et al., 1992). Furthermore, Slebodzinski (2005) reported
that, during the follicular development, a significant increase in the concentrations of T
in the follicular fluid occurs. Manyesearches were performed usinga$ a reference in
order to clarify the mechanism of folliculogenesis in the initial phase. However, little is
known about the effect of;in anin vitro culture medium of caprine preantral follicles
Thus, the objective of this study was to investigate whetherafl different
concentrations (10, 20, 50 ng/ml) promotes the survival and growth of preantral follicles

after thein vitro culture of goat ovarian tissue.

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, USA).

Source of ovaries

Ovarian cortical tissues (n=10 ovaries) were collected at a local slaughterhouse
from five adult (1 to 3 years old), cross-breed go&apfa hircu3. Immediately
postmortem, the ovaries were washed in 70% alcohol for 10 seconds followed by two
washes in minimum essential medium (MEM) supplemented withu@G6L penicillin
and 100pg/mL streptomycin. The ovary pairs were transported within 1 hour to the
laboratory in MEM at 4°C (Chaves et,&008).
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Experimental protocol

The organ culture system utilized herein was previously described in detail
(Matos et al. 2007; Celestino et al., 2010). In the laboratory, the ovaries from each
animal were stripped of surrounding fat tissue and ligaments. Subsequently, ovarian
cortex tissue samples from each ovarian pair were cut into 9 slices (approximate size: 3
x 3 mm, with 1 mm thickness) using a scalpel under sterile conditions. The tissue pieces
were then either fixed for histological and ultrastructural analysis (fresh control) or
placed in culture for 1 (d1) and 7 (d7) days. Caprine tissues were transferred to 24-well
culture dishes containing 1 mL of culture media. Culture was performed at 39°C in 5%
CO; in a humidified incubator and all the media were incubated for 1 hour prior to use.
The basic culture medium consistedoefEM (pH 7.2 to 7.4) supplemented with ITS
(10 pg/mL insulin, 5.5ug/mL transferrin and 5 ng/mL selenium), 2 mM glutamine, 2
mM hypoxanthine, 1.25 mg/mL bovine serum albumin (BSA), which was caHed
MEM™ (culture control).

For the experimental conditions, the medium was supplemented with different
concentrations (10, 20, 50 ng/mL di, 10, 20, 50 ng/mL d7) jofFig. 1). Each
treatment was repeated five times and every 2 days, the culture medium was replaced by

fresh medium.

o-MEM™ supplementation Treatment identification
Day 1 Day
: ! .k
none, - N o-MEM”*
T4 (10ng/mL) T4 (10ng/mL) o-MEM™/T,
T4 (20ng/mL) T4 (20ng/mL) oa-MEM¥/T 4
T4 (50ng/mL) T4 (50ng/mL) oa-MEM*/T,

Fig. 1. Tested treatments according to supplementation of the medium for teo

culture of caprine ovarian tissues.
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Morphological analysis and assessment of in vitro follicular growth

Before culture (fresh control) and after 1 and 7 days in culture, all tissue pieces
were fixed in Carnoy’s solution for four hours and then dehydrated in increasing
concentrations of ethanol. After paraffin embedding (Vetec, Rio de Janeiro, Brazil), the
caprine ovarian cortex tissues were cut into 7 pm sections, which were mounted on
glass slides and stained by Periodic Acid Schiff (PAS) - hematoxylin. Follicle stage and
morphology were assessed microscopically on serial sections. Coded anonymized slides
were examined by a microscope (Olympus, Japan) under 400x magnification.

The developmental stages of follicles have been defined previously (Silva et al.,
2004) as primordial (one layer of flattened granulosa cells around the oocyte) or
growing follicles (intermediate: one layer of flattened and cuboidal granulosa cells;
primary: one layer of cuboidal granulosa cells; and secondary: two or more layers of
cuboidal granulosa cells around the oocyte). Only the preantral follicles (primordial,
intermediate, primary and secondary) were considered in the analysis, and the antral
stage was not included because of the very small number of antral follicles present in
the ovarian fragments. The preantral follicles were also 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 lacked a pyknotic nucleus.
Degenerated follicles were defined as those with a retracted oocyte, pyknotic nucleus,
and/or disorganized granulosa cells detached from the basement membrane. Overall,
150 follicles were evaluated for each treatment (30 follicles per treatment in one
repetition x five repetitions = 150 follicles).

To evaluate follicular activation, the percentages of healthy primordial and
growing follicles were calculated before (fresh control) and after culture in each
medium. In addition, follicle and oocyte diameters were measured in healthy follicles
only. Follicle diameter was recorded from edge to edge of the outer layer of granulosa
cells or from the outside edge of the theca cell layer when present. Oocyte diameter was
recorded from edge to edge of the oocyte membrane. Two perpendicular diameters were
recorded in each measurement and the average of these two values was calculated. Each
follicle was examined in every section in which it appeared and matched with the same
follicle on adjacent sections to avoid double counting, thus ensuring that each follicle

was only counted once.
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Ultrastructural analysis of caprine preantral follicles

To better evaluate follicular morphology, ultrastructural analysis was performed
on preantral follicles from non-cultured tissue (fresh control), follicles cultured in the
treatments that had the best results for morphology, activation and growth. Briefly,
small pieces (1 mfy of caprine ovarian tissues were fixed for 4 hours at room
temperature in karnovsky fixative (2.5% glutaraldehyde and 4% formaldehyde in 0.1 M
cacodylate buffer, pH 7.2). After fixation, the samples were washed twice in 0.1 M
cacodylate buffer, post-fixed in 1% osmium tetroxide, dehydrated in acetone, and
embedded in Epon 812 resin. Afterwards, sétimi-sections (3 um) were cut using an
ultramicrotome (MT2-B, Sorvall, USA), stained with toluidine blue and analyzed b
light microscopy under 400x magnification. Ultra-thin sections (60 to 70 nm) were
obtained from preantral follicles classified as morphologically normal in semi-thin
sections, according to the criteria adopted for histological analysis. Subsequenatly, ult
thin sections were contrasted with uranyl acetate and lead citrate, and examined under a
transmission electron microsco® 109 Zeiss (EM, Berlin, Germaphypperating at 80
Kv (Donato et al., 2009). Parameters such as the density and integrity of ooplasmic and
granulosa cell organelles, vacuolization and integrity of the basement membrane were

evaluated.
Statistical analysis

The variables were submitted to tests of Normality (Lilliefors) and
Homoscedasticity (Cochran) and later to analysis of varianee5ét probability. In

case a significance was presentdte Tukey test was carried out (PROC ANOVA;
SAS, 2002).
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Results

Caprine preantral follicle survival before and after in vitro culture

A total of 1,350 preantral follicles were analyzeg dlassic histology. The
Figures (2a, b, ¢) show normal follicles from fresh control and after culturdiEM*
supplemented with 10 and 20 md/ of T, on day one and seven, respectively, while the
Figures (2 d, e) illustrate degenerated follicles after culture-MEM™ (cultured
control) or in the treatment with 50 ng/mL of; Tafter seven days of culture,
respectively. In degenerated follicles, retracted oocytes and disorganization of granulosa

cells were observed.
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Fig. 2. Representative image of normal preantral follicles from the fresh control (a) and
after 1 or 7-day culture in the presence of 10 and 20 ng/mL4ofb,Tc) and of
degenerated follicles cultured for 7 days#vMEM+ alone (d) or in 50 ng/mL of 4[(e).
Degenerated preantral follicles often displayed oocyte retraction (e, arrow) and
disorganization of granulosa cell layers (d, arroWgale bars represent 20 pm

(a,b,c,d,e). o: oocyte; nu: oocyte nucleus; gc: granulosa cells (x400), PAS Hematoxilin.

134



The percentage of morphologically normal preantral follicles in the fresh control
and after than vitro culture is shown in Table 1. After one day of culture, it was
verified a reduction (P<0.05) on the percentage of morphologically normal follicles in
the ovarian tissel cultured in the media with or withouts,Tcompared to the fresh
control (96.7%), except in tissues cultured in medium containing 1@Lnhgf T,
(94.7%, P>0.05). However, the percentage of normal follicles was similar (P>0.05) to
the fresh control, after seven days of culture (P>0.05). When the treatments were
comparedijt was verified a lower rate of normal follicles when cultured for one day in
medium with 50 nghL of T, (P<0.05), which did not happen on day seven of culture
(P>0.05). With the progrelss of culture from one to seven days, all media tested
maintained (P<0.05) the percentage of normal follicles.

Table 1. Percentage (mean + SEM) of morphologically normal preantral follicles in the
fresh control (non-cultured) and aftervitro culture for 1 or 7 days in the absence or
presence of J(concentrations in ng/mL).

Treatments

Control 96,7 £ 0,0

Normal
Day 1 Day7

a-MEM* 88,7 + 2,3% 89,3 + 2,94
T, 10 ng/mL 94,7 + 1,74 90,7 + 1,6
T4 20 ng/mL 88,7 +1 7% 92,7 + 2,44
T, 50 ng/mL 85,3 + 2 5PA 88,0+ 2,0

*Differs significantly from control follicles (P<0.05)*" differs significantly among concentrations in
each day of culture (P<0.08)® differs significantly with the progression of the culture periodnfiday
1 to 7 in the same treatment (P<0.05).

Activation of caprine primordial follicles after in vitro culture
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The percentages of primordial and developing follicles in fresh ovarian tissue
were 59.3% and 37.3%, respectively (Figure 3). After seven days of culture, the
percentage of primordial follicles was reduced in tissues cultured in médiEM ™ and
o-MEM™ with the addition of T at the concentration of 20 ng/mL (Figure 3A, P<0.05),
concomitant with an increase in the percentage of developing follicles (Figure 3B,
P<0.05) when compared to the fresh control. However, no differences between the
treatments (P>0.05) on the rate of primordial and developing follicles were observed,
both in the culture of one and seven days. With the progression of the culture period
from one to seven days, no differences on the percentages of primordial and developing

follicles were observed (P> 0.05).
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concentrations in each day of culture (P<0.05%; differs significantly with the

progression of the culture period from day 1 to 7 in the same treatment (P<0.05).
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In vitro growth of caprine preantral follicles

According to Table 2, there was a reduction (P<0.05) of the oocyte diameter,
right after the culture for one and seven days in all media tested, when compared to the
non-cultured control. However, this conditiond chot occur when the follicles were
cultured for one day in medium containing 20mgof T, (P>0.05). As for the follicular
diameter, the tissue cultured for one or seven days in medium with 20 ng/mL of T
remained similar (P>0.05) to the non-cultured control, unlike the tissues cultured in
other media (P<0.05). WhemMEM" (cultured control) was compared to the othe
treatments (10, 20 and 50 ng/mL qf),Tit was verified that the addition of, &t the
concentrations of 10 and 50 ng/mL reduced (P<0.05) the oocyte and follicular
diameters, both with one and seven days of culture.

However, the medium containing 20 ng/mL preseraeagteater follicular and
oocyte diameter with one day of culture (P<Q.0Hen compared to-MEM®, being
similar on day seven (P>0.05). With the progression of the culture from one to seven
days, only thea-MEM® showed no difference in the oocyte diameter (P>0.05).

However, the follicular diameters were similar (P>0.05).

Table 2. Caprine oocyte and follicle diameters (mean + SEM) in non-cultured tissues
(fresh control) and in tissues cultured for 1 or 7 days in the absence or presence of T

(concentrations in ng/mL).

Control 29,0+0,7 Control 38,1+1,0
Oocyte diameter Follicle diameter
(um) (pm)
Treatments Day 1 Day 7 Day 1 Day 7
o-MEM* 24.4 + 0,87 252 + 0,84 335+1,8" 332+1,2
T4 10 21,5+ 0,5 20,3+0,4™  26,3+05° 256+05""
T4 20 28,6 + 0,94 26,0 + 0,8° 37,8+1,3 359+ 1234
T4 50 20,4+0,5° 206 +04™8 26,5+0,6" 27,0+04™

*Differs significantly from control follicles (P<0.05)‘compared witha-MEM* (P<0,05); *differs
significantly among concentrations in each day of culture (P<0/0%jiffers significantly with the
progression of the culture period from day 1 to 7 in the samteneea (P<0.05).
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Ultrastructural features of caprine preantral follicles

The ultrastructural analysis was performed on preantral follicles of the non-
cultured control and follicles cultured for one and seven days in medium containing 10
and 20 ng/mL of T (Fig. 4A , B and C). These treatments were chosen for

ultrastructural analysis because they presented satisfactory results in all the parameters

evaluated by the histological analysis.

Fig. 4. Ultrastructure of preantral follicles fresh control (A, 4.400x) and cultured for a

(B, 3.000x) and seven days (C, 3.000x) in medium containing the hormone thyroxine
(10 and 20 ng/mL). It is noted homogeneous cytoplasm and mitochondria rounded
characteristic of the fresh control follicles (A). Intense vacuolization are present in the
cytoplasm, indicating degeneration (B). O: oocyte, Nu: nucleus of the oocyte, GC:

granulosa cells, m: mitochondria.
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The follicles of the control non-cultured and cultured in 20 ng/mL of T4
revealed an intact nuclear envelope, with a large nucleus of the oocyte. Moreover, the
organelles, particularly the mitochondria, evenly distributed in the cytoplasm. The
flattened and cubic granulosa cells were well organized around the oocyte (Fig. A and
C). Both the control and follicles cultured in 20 ng/mL qfWere similar.

When cultured for one day in medium containing (10 ng/mL gf The
histology of the follicles appeared to be well preserved in the semi-thin sections stained
with toluidine blue. However, TEM studies revealed some subtle changes in their
ultrastructure, which indicate initial degeneration. These follicles generally have an
oocyte with a large number of vesicles scattered throughout the cytoplasm. In addition
other signs were seen as lack of integrity of the basement membrane, disorganization of
granulosa cells presenting low density of cytoplasmic organelles. The granulasa cell

were in fewer contact with each other and exhibited less junctionB(fig.

Discussion

Although previous studies have been performed using theinT the
supplementation dhe culture medium of preantral follicles (Arunakumari et al., 2010),
the evaluation of different concentrations, as used in this study, can be considered a
pioneering study. Additionally, studies have been very optimistic due to the positive
effects of these media on the survival, activation and growth of caprine preantral
follicles

The action of thyroid hormones {&nd T;) on the reproductive functions of
domestic animals seem to be well established due to several studies. Rats that exhibit a
disturbance in the functioning of the thyroid can block the effect of equine chorionic
gonadotropin. Moreover, it also delays the first ovulation due to the decrease of LH
surge (Tamura et al. 1998), and may even lead to infertility, due to changes in patterns
of secretion of sexual hormones, as demonstrated in women (Pope et al. 2008). After the
identification of the thyroid hormones in the follicular fluid of domestic animals
(Slebodzinski, 2005), a large number of studies have been directed to the effect of T
and T, in oocytes and embryos. Therefore, it has been reported the importance of these
on the maturation of theumulus-oocytecomplex (Zhang et al. 1997), and in the
inhibition of apoptosis of small granulosa cells, without, however, affecting the

proliferaive potential of these cells (Asahara et al. 2003). It also improves the rate of
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morulae achievement, from preantral follicles cultunedvitro (Arunakumari et al.
2010).

In this study, the concentration of 10 mjj/of T, made possible percentages of
follicular survival similar to the non-cultured control. This result may have been
different from the others due to the low concentration afised duringn vitro culture.
According to Wan et al. (1975) serum doncentrations are higher in pigs on the estrus
phase (4.36 mg/dl) than those in the diestrus phase (3.62 mg/dL). Similar results were
observed by Toniollo et al. (1998) in swine, in which the lowest value was observed on
day 16 of the estrous cycle (2.42 mg/dl) and the higher values were observed on day 6
of the estrous cycle (3.74 mg/dl). However, in the present work, a large number of
primordial and intermediary follicles was observed during the histological analysis.
These are considered the smallest preantral follicles when compared to primary and
secondary follicles. A possible explanation for a higher rate of normal follicles cultured
for one day in medium containing 10 nmd/of T4 (similar to the non-cultured control)
would be the conversion of,To T3 by thedaodination process. This event is possible
because 3 shows the greatest amount of receptors in granulosa cells from small
follicles, enabling to express the effect of maintaining the survival of the follicles.

However, on day seven of culture all the follicles could maintain the follicular
survival similar to the non-culturezbntrol. During a study in humani was observed
that the T, stays in a latency period after its administration, demonstrating that its effect
on target cells takes a while to occur. It was confirmed that this latency period lasts
from two to three days, reaching its maximum activity with 10 to 12 days after its
administration, and some metabolic activities persist for six weeks to two months
(Guyton & Hall, 2006). In addition, the administration of L-thyroxine in pubescent rats,
at a concentration of 50 mcg/5 mL of distilled water, maintains the plasma
concentration of free 4Thigh in the ovaries of the animdly 30 days, remaining even
higher by 60 and 90 days (Serakides et al. 2001).

Regarding the follicular activation process (that is, the transition from primordial
follicles to developing follicles; Betteridge et al., 198R)was verified that on day
seven of culture the-MEM™ (cultured control) and the medium containing 20w gif
T, caused a decrease in the percentage of primordial follicles and an increase in the
developing follicles, compared to the fresh control. Thyroxine increases the metabolic
activities and modulates oxygen consumption, metabolism of lipids, carbohydrates and

proteins (Boelaert & Franklyn, 2005). The concentration of 20 ng/ml was able to
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maintain follicular activation during seven days of culture in developing follicles, thus
confirming the involvement of jTin follicular growth and development, in agreement
with the findings in goats (Rajarajan et al. 2006) and sheep (Tamilman et al. 2005;
Arunakumari et al. 2007). Also according to Boelaert & Franklyn (2005), the biological
response of F on cel development and differentiation are a result of hormonal
modulation of the metabolism. The best results obtained with the use of medium
containing 20ng/mL of 7 may have occurred by the interaction of other endocrine
autocrine and paracrine factors that coordinate ovarian changes during folliculogenesis
(Magalhaes et al., 2009). In this study, no significant effect,0f20 ng/ml) on the
follicular activation was observed, when compared to the tissues cultusellii ™.

This may be due to the fact thetMEM™ is a medium rich in nutrients (amino acids,
carbohydrates and vitamins) and DNA precursors, which promote cell division
(Hartshorne, 1997).

In the present study, the effect of the medium containing 2€lma§/T, on the
oocyte diameter was non-existant, since, after culturing for atd&mained similar to
the non-cultured control, fact not occurred on day seven. It is possible that on day one
of culture, this concentration of, has stimulated the synthesis of essential substances
for oocyte growth, which probably did not occur during the seven days of culture. In
preantral follicles, the first changes indicative of atresia occur in the oocyte.
Importantly, during the preantral stage the oocyte is more sensitive to the process of
atresia (Morita & Tilly, 1999).

With respect to follicular diameter, there was no growth of the follicles in
culture compared to the non-cultured control, except when fragments of ovaries were
cultured in medium containing 20 nd/f T4. This result may suggest that 20mbbf
T, was able to maintain follicular structure, but without the development of preantral
follicles. According to Tamilmani et al. (2005), high concentrations of @an
compensate for the absence of FSH in ovine preantral follicles cuituxelo. These
results differ from the present study, since the use of 50ng/mL, @f The culture
medium had no beneficial effectas it decreased both the oocyte and follicular
diameter.

Another important result observed in this study was related to the progression of
the culture from day one to day seven, in which all media maintained the follicular
diameter. This fact may be due to the swelling of granulosa cells that increased the

amount of intracellular water resulting in an increase of the follicle (Matos et al., 2006).
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However, to evidence those observations, it would be necessary the use of a more
accurate technique, such as transmission electron microscopy),(T&®valuate the
density of cell organelles, as well as the ultrastructural conditions of follicles cultured
vitro (Matos et al., 2006).

Other authors have emphasized the importance of ultrastructural analysis after
thein vitro culture of preantral follicles (mouse: Salehnia et al., 2002; goat: Araujo et
al., 2010). The ultrastructural integrity of the follicles was observed in follicles cultured
for seven days in medium containing 20mif T,. Similar results were observed after
the culture of caprine preantral follicles in medium containing FSH (Matos et al. 2007).
However, the follicles cultured in medium containing 10wmgif T, were characterized
by a large number of vacuoles, absence of organelles in the cytoplasm, as well as
irregular or fragmented nuclear and cytoplasmic membranes. These same changes were
observed by Matos et al. (2006) after the culture of preantral follicles in a medium

containing indole-3-acetic acid.
Conclusions

The results found in this experiment permit to conclude that the addition of 20
ng/mL of T, in the culture medium is effective in maintaining the survival, activation
and growth of preantral follicles, during seven days of culture.
Acknowledgements

To CNPq for the financial support to the research. To CAPES for providing the
scholarship to the Doctorate studeht. the core of Microscopy and Microanalysis of
UFV for the support on the ultrastructural analysis.
Referéncias
Araljo, V. R,; Silva, C. M. G.; Magalhades, D. M.; Silva, G. M.; Bao, S. N.; Silva, J. R.
V.; Figueiredo, J. R. & Rodrigues, A. P. R. Effect of Bone Morphogenetic Protein-7

(BMP-7) onin vitro survival of caprine preantral follicles. Pesq. Vet. Bras, v.30, p. 305-
310, 2010.

143



Arunakumari, G.; Vagdevi, R.; Rao, B. S.; Naik, B. R.; Naidu, K. S.; Kumar, R. V. S. et
al. Effect of hormones and growth factors ianvitro development of sheep preantral
follicles. Small Ruminant Res, v.70, p.-9®0, 2007.

Arunakumari, G.; Shanmugasundaram, N.; Rao, V. H. Development of morulae from
the oocytes of cultured sheep preantral follicles. Theriogenology, v.74, p8®884
2010.

Asahara, S.; Sato, A.; Ali Aljonaid, A, and Maruo, T. Thyroid Hormone Synergizes
with Follicle Stimulating Hormone to Inhibit Apoptosis in Porcine Granulosa Cells
Selectively from Small Follicles Kobe J. Med. Sci, v. 49, p. 107-116, 2003.

Betteridge, K. J.; Smith, C.; Stubbings, R. B.; Xu, K. P.; King, W. A. Potential genetic
improvement of cattle by fertilization of fetal oocytesvitro. J Reprod Fertil, v.38,
p.87-98, 1989.

Bristol-Gould S, Woodruff TK. Folliculogenesis in the domestic cat (Felis catus).

Theriogenology, v.1, p. 5-13, 2006.

Boelaert, K & Franklyn, J. A. Thyroid hormone in health and disease. J. Endocrinol, v.
187, p. 1-15, 2005.

Cecconi, S.; Rossi, G.; Coticchio, G.; Maccharelli, G.; Borini, A.; Canipari, R.
Influence of thyroid hormone on mouse preantral follicle developnmewitro. Fertil
Steril, v. 81, p. 919924, 2004.

Chaves, R.N., F.S. Martins, M.V. Saraiva, J.J. Celestino, C.A. Lopes, J.C. Correia, 1.B.
Verde, M.H. Matos, S.N. Bao, K.P. Name, C.C. Campello, J.R.V. Silva, J.R.
Figueiredo. Chilling ovarian fragments during transportation improves viability and
growth of goat preantral follicles cultur@uvitro. Reprod Fertil Dev, v. 20, p. 640-647,
2008.

Fair, T. Follicular oocyte growth and acquisition of developmental competence. Anim
Reprod Sci, v.78, p.203-216, 2003.

144



Guyton, A. C. Tratado de Fisiologia Médica. 10? edicdo. Interamericana. Rio de Janeiro,
2001.

Guyton, A. C., Hall, J. E. Fisiologia Médica. 112 edic&o. Elsevier. Edicdo Internacional.
2006.

Hartshorne, G.MIn vitro culture of ovarian follicles. Rev Reprod, v. 2, p. 94-104,
1997.

Hirshfield, A. N.Development of follicles in the mammalian ovary. Int. Rev. Cytol, v.
124, p. 43101, 1991.

Hutt KJ, Mclaughlin EA, Holland MK. Kit ligand and c-Kit have diverse roles during

mammalian oogenesis and folliculogenesis. Mol. Hum. Reprod, v.12, p.61-69, 2006.

Jiang, J. Y.; Umezu, M.; Sato, E. Improvement of follicular development rather than
gonadotrophin secretion by thyroxine treatment in infertile immature hypothyroid rats.
Journal of Reproduction and Fertility. 119, p.193199, 2000.

Magalhédes, D. M.; Fernandes, D. D.; Araujo, V. R.; Almeida, A. P.; Matos, M. H. T.;
Figueiredo, J. R. Papel do Hormonio Foliculo Estimulante na foliculogémes® e in
vitro. Rev. Bras. Reprod. Anim., Belo Horizonte, v.33, n.4, p.171-182, 2009.

Maruo, T. et al. Increase in the expression of thyroid hormone receptors in porcine
granulosa cells early in follicular maturation. Acta Endocrinol, v. 127152-160,
1992.

Matos, M. H. T.; Van Den Hurk, R.; Martins, F. S.; Santos, R. R.; Lugue, M. C. A;;
Silva, J. R. V.; Celestino, J. J. H.; B4o, S. N.; Figueiredo, J. R.. Histological and
ultrastructural features of caprine preantral follicles aftesitro culture in the presence

or absence of indole-3-acetic acid. Animal Reproduction, v.3, p. 415-422, 2006.

Matos, M. H. T., I. B. Lima-Verde, M. C. A. Luque, J. E. Maia, J. R. V. Silva, J. J. H.

Celestino, F. S. Martins, S. N. Bao, C. M. Lucci, J. R. Figueiredo. Essential role of

145



follicle stimulating hormone in the maintenance of caprine preantral follicle viaioility
vitro. Zygote, v. 15 p. 17382, 2007.

McGee, E. A, Hsueh, A. Jnitial and cyclic recruitment of ovarian follicles. Endocr
Rev, v. 21, p. 20@14, 2000.

Morita, Y.; Tilly, J. L. Oocyte apoptosis: Like sand through an hourglass.
Developmental Biology, v.213, p.1-17, 1999.

Pepe, G. J.; Billiar, R. B.; Albrecht, E. D. Regulation of baboon fetal ovarian
folliculogenesis by estrogen. Molecular and Cellular. Endocrinology, v. 247, p. 41-46,
2006.

Salehnia, M.; Moghadam, E. A.; Velojerdi, M. R. Ultrastructure of follicles after
vitrification of mouse ovarian tissue. Fertil. Steril, v. 78, p. 644-45, 2002.

SAS Institute Inc 2002: SAS/STAT.0 Wser’s guide. Cary, NC: SAS Institute Inc.

Serakides, R.; Nunes, V. A.; Nascimento, E.; Ribeiro, A. F. C.; Silva C. M.;
Foliculogénese e esteroidogénese ovarianas em ratas adultas hipertiredideas. Arquivo

Brasileiro de Endocrinology e Metabologia, v. 45, p. 258-264, 2001.

Silva, J. R. V.; Van Den Hurk, R.; Matos, M. H. T.; Santos, R. R.; Pessoa, C.; Moraes,
M. O.; Figueiredo, J. R. Influences of FSH and EGF on primordial follicles diring
vitro culture of caprine ovarian cortical tissue. Theriogenology, v.61, p.1691-1704,
2004.

Slebodzinski, A. B. Ovarian iodide uptake and triiodothyronine generation in follicular
fluid The enigma of the thyroid ovary interaction. Domestic Animal Endocrinology, v.
29, p. 97103, 2005.

Tamilmani, G.; Rao, B. S.; Vagdevi, R.; Amarnath, D.; Naik, B. R.; Mutharao, M.; Rao,
V. H. Nuclear maturation of ovine oocytes in cultured preantral follicles. Small
Ruminant Research, v. 60, p. 295-305, 2005.

146



Tamura, K.; Hatsuta, M.; Watanabe, G. Blockage of gonadotropin-induces first
ovulation caused by thyrodectomy and its possible mechanism in rats. Am. J. Physiol.,
v.275, p. 380-385, 1998

Toniollo, G. H.; Vicente, W. R. R.; Oliveira, C. A.; Malheiros, E. B.; Carvalho, M. B.
Avaliacdo dos niveis séricos de Triiodotironing)(€ Tiroxina (T) durante o ciclo
estral em marras. Braz. J. Vet. Res. Anim. Sci, v. 35, p. 210-214, 1998.

Wan, W. C.; Wung, S. C.; Li, P. H.; Tai, C. T.; Koy, Y. H.; Koh, F. K. Serum thyroxine
concentration in sow housed in a subtropical area. Journal of Animal Science, v. 41, p.
124-128, 1975.

Zhang, S. S., Carrillo, AJ., Darling, D. S.. Expression of multiple thyroid hormone

receptor mMRNAs in human oocytes, cumulus cells, and granulosa cells. Molecular
Human Reproduction, v.3 n.7 p. 5552, 1997.

147



12. CAPITULO VI (Fase II)

Associacédo entre Fator de Crescimento Semelhante a Insulina-I, Tiroxina e
Hormonio Foliculo Estimulante Sobre a Sobrevivéncia e o Desenvolvimerito

vitro de Foliculos Pré-antrais Caprinos

(Association between Insulin-like Growth Factor-I, Thyroxine and Follicle Stimulating
Hormone on the Survival and in vitro Development of Caprine Preantral follicles)
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Associacao entre Fator de Crescimento Semelhante a Insulina-I, Tiroxina e
Horménio Foliculo Estimulante Sobre a Sobrevivéncia e o Desenvolvimerito

vitro de Foliculos Pré-antrais Caprinos

Association between Insulin-like Growth Factor-1, Thyroxine and Follicle Stimulating
Hormone on the Survival and in vitro Development of Caprine Preantral follicles

Resumo

O objetivo deste estudo foi investigar a influéncia da interagdo entre Horménio Foliculo
Estimulante obtido da pituitaria Humana-hFSH (10 ng/mL), IGF-1 (100 ng/mL) e
Tiroxina-T4 (10, 20 ng/mL) na sobrevivéncia, ativacdo e crescimento de foliculos pré-
antrais cultivadosn vitro. Fragmentos do cOrtex ovariano cultivado ou ndo foram
processados para histologia classica e microscopia eletrbnica de transmissdo. Os
resultados mostraram uma reducdo no percentual de foliculos normais, ap6s um e sete
dias de cultivo nos meios a-MEM™ (controle cultivado), Zio/IGF-lwoo, Taeoy/IGF-
l100yFSHu0) € nos meios a-MEM™, IGF-laooyFSHu0), TaeofIGF-laooyFSHu1o0), TaeofIGF-
l200/FSH10) quando comparados ao controle ndo cultivado. Entretanto, o meio contendo
Taeo/FSHi0apresentou taxa de sobrevivéncia folicular superior aos demais tratamentos,
quando cultivado por sete dias. Observou-se ainda, que o diametro folicular quando
cultivado neste meio ndo se alterou, quando comparado ao controle (néo cultivado). As
andlises ultraestruturais confirmaram a integridade de foliculos cultivados em meio
contendo Feo/FSH10. Em conclusédo, o meio com@by/FSHaio0) apresentou os melhare
resultados, quando se avaliou sobrevivéncia, crescimento e aspectos ultraestruturais de

foliculos pré antrais de caprinos cultivadositro.

Palavras-chave:Caprino, foliculos pré-antrais, hFSH, IGF-}, T

Abstract

The aim of this study was to investigate the influence of the interaction between follicle
stimulating hormone obtained from Human Pituitary-hFSH (10 ng/mL), IGF-I (100
ng/mL) and thyroxine-T4 (10, 20 ng/mL) on survival, activation and growth of preantral
follicles culturedin vitro. Fragments of cultured or non-cultured ovarian cortex were
processed for classic histology and transmission electron microscopy. The results

showed a reduction in the percentage of normal follicles, after one and seven days of
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culture in mediax--MEM™ (cultured control), Zuo/IGF-lwoo, TaeoyIGF-laooyFSHu0 and

in media o-MEM”*, 1GF-laooyFSHu10), TaeoyIGF-laooyFSHu1o), Taeoy|GF-laooyFSHuo)

when compared to the non-cultured control. However, the medium containing
Taeo/FSH10 showed a follicular survival rate higher than the other treatments, when
cultured for seven days. It was also observed that the follicular diameter did not change
when cultured in this medium, when compared to the control (non-cultured). The
ultrastructural analysis confirmed the integrity of follicles cultured in a medium
containing Teo/FSHu0). In conclusion, the medium withydoyFSHa10) showed the best
results, when evaluating the survival, growth and ultrastructural aspects of caprine

preantral follicles cultureth vitro.

Keywords: Caprine, preantral follicles, hFSH, IGF-L. T

Introduction

In order to maximize the reproductive potential of the ovarian tissue, it is
necessary to develop culture strategies that support the activation and sustaitrtbe
growth of primordial follicles, in view of the abundance of this class of follicles in the
ovarian tissue (Picton et al., 2008). The development of ovarian follicles, oocytes and
embryos depend on the spatial and temporal expression of specific genes and a
continuous supply of energy, hormones and growth factors (Fouladi-Nashta &
Campbell, 2006). The progress in culture systems that can support the growth and
development of preantral follicles in domestic species has been slow when compared to
results in mice, for which a complete growth can be obtained, resulting in a production
of live mice (O’Brien et al., 2003).

Although the mechanisms that regulate the activation and subsequent growth of
primordial follicles remain unexplained, what is known is that follicular development is
dependent on the presence of the oocyte, granulosa cells and the secretion of a variety of
growth factors, such as Growth Differentiation Factor-9 (GDF-9), Insulin-like Growth
Factor | (IGF-I) and EpidermaGrowth Factor (EGF) (Webb et al., 2004). Recent
studies have demonstrated that IGF-1 plays an important role in the development of
preantral follicles and inhibits the process of follicular atresia. When added during the
vitro culture of preantral follicles, IGF-I stimulates follicle growth of human (Louhio et
al., 2000), cattle (Gutierrez et al., 2000), rats (Zhao et al., 2001) and mice (Liu et al.,
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1998) ovarian tissue, in synergy with Follicle Stimulating Hormone (FSH). In rats, IGF-
| significantly increases follicular diameter and DNA content, when added durimg the
vitro culture of preantral follicles (Zhao et al., 2001).

Among the substances that participate in early folliculogenesis directly or
indirectly, FSH and Thyroxine deserve to be highlighted. Somevitro studies
demonstrated that the addition of FSH to the culture medium promotes apoptosis
inhibition and antrum formation in large secondary follicles of different species (ovine:
Cecconi et al., 1999; bovine: Gutierrez et al.,, 2000; swine: Mao et al., 2002). Some
studies also demonstrate that FSH is capable of regulating the expression of various
growth factors such as Kit Ligand (KL), GDF-9 and Bone Morphogenetic Protein-15
(BMP-15). These, in turn, participate in the activation and follicular growth (Thomas et
al., 2005). More recently, it has been noted the participation of thyroid hormones (T
and Ty) in the fertility of mammals (Cecconi et al., 2004). The effects of these hormones
on ovarian folliculogenesis and steroidogenesis are related to the differentiation of
granulosa cells (Silva et al., 2004) and ovulation stimulation (Serakides et al., 2001).
Thus, the hypothalamic-pituitary-thyroid axis and the hypothalamic-pituitary-gonadal
axis act simultaneously in the control of folliculogenesis, and thyroid hormones can
promote various effects on ovarian function (Saraiva et al., 2010a). The present study
was designed with the aim to investigate the influence of the interaction between
Follicle Stimulating Hormone obtained from Human pituitary-hFSH (10 ng/mL),IIGF-
(100 ng/mL) and Thyroxine4I{10, 20 ng/mL) on the survival, activation and growth of
preantral folliclesculturedin vitro. These concentrations were used after a previous

study performed by our team, in which showed promising results when cutiunégh.

Materials and Methods

Source of ovaries

Ovaries (n = 34) from 17 adult non-pregnant mixed-breed goats (1-3 years of
age) were collected from a local slaughterhouse. Immediately postmortem, the ovaries
were washed in 70% alcohol for 10 seconds and then washed again in MEM
supplemented with 10Qg/mL penicillin and 100ug/mL streptomycin. The pairs of
ovaries were transported to the laboratory in MEM at 4 °C within 1 h postmortem

(Chaves et al., 2008). Unless otherwise mentioned, Like Growth Factor Insulin-I (IGF-
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), human FSH (hFSH), Thyroxine {Tand other chemicals used in the present study

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

Experimental protocol

The organ culture system utilized herein was previously described in detail
(Matos et al. 2007; Celestino et al.,, 2010). In the laboratory, the ovaries from each
animal were stripped of surrounding fat tissue and ligaments. Subsequently, ovarian
cortex tissue samples from each ovarian pair were cut into 9 slices (approximate size: 3
x 3 mm, with 1 mm thickness) using a scalpel under sterile conditions. The tissue pieces
were then either fixed for histological and ultrastructural analysis (fresh control) or
placed in culture for 1 (d1) and 7 (d7) days. Caprine tissues were transferred to 24-well
culture dishes containing 1 mL of culture media. Culture was performed at 39°C in 5%
CO; in a humidified incubator and all the media were incubated for 1 hour prior to use.
The basic culture medium consistedoeEM (pH 7.2 to 7.4) supplemented with ITS
(10 pg/mL insulin, 5.5ug/mL transferrin and 5 ng/mL selenium), 2 mM glutamine, 2
mM hypoxanthine, 1.25 mg/mL bovine serum albumin (BSA), which was caled
MEM™ (culture control).

For the experimental conditions, the ovarian cortex fragments were cultured in
a-MEM+ alone (culture control) and o-MEM+ supplemented with different
concentrations of FSH (10 ng/mL), IGF-l1 (100 ng/mL) ar (LO, 20 ng/mL) in
association as showed in the Table 1. Each treatment was repeated seventeen times and
the culture media was changed every 2 days.

Table 1. Different media tested for thi vitro culture of caprine preantral follicles.

Culture medium Abbreviation
a-MEM™ (culture control) o-MEM™
o-MEM™ (IGF-I + FSH) IGF-I/FSH
a-MEM* (T4 + FSH) TJFSH
a-MEM* (T4 + IGFA) TJIGF-I
o-MEM™ (T4 + IGF-1 + FSH) TJIGF-I/FSH
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Morphological analysis and assessment of in vitro follicular growth

Before culture (fresh control) and after 1 and 7 days in culture, all tissue pieces
were fixed in Carnoy’s solution for four hours and then dehydrated in increasing
concentrations of ethanol. After paraffin embedding (Vetec, Rio de Janeiro, Brazil), the
caprine ovarian cortex tissues were cut into 7 pm sections, which were mounted on
glass slides and stained by Periodic Acid Schiff (PAS) - hematoxylin. Follicle stage and
morphology were assessed microscopically on serial sections. Coded anonymized slides
were examined by a microscope (Olympus, Japan) under 400x magnification.

The developmental stages of follicles have been defined previously (Silva et al.,
2004) as primordial (one layer of flattened granulosa cells around the oocyte) or
growing follicles (intermediate: one layer of flattened and cuboidal granulosa cells;
primary: one layer of cuboidal granulosa cells; and secondary: two or more layers of
cuboidal granulosa cells around the oocyte). Only the preantral follicles (primordial,
intermediate, primary and secondary) were considered in the analysis, and the antral
stage was not included because of the very small number of antral follicles present in
the ovarian fragments. The preantral follicles were also 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 lacked a pyknotic nucleus.
Degenerated follicles were defined as those with a retracted oocyte, pyknotic nucleus,
and/or disorganized granulosa cells detached from the basement membrane. Overall,
510 follicles were evaluated for each treatment (30 follicles per treatment in one
repetition x seventeen repetitions = 510 follicles).

To evaluate follicular activation, the percentages of healthy primordial and
growing follicles were calculated before (fresh control) and after culture in each
medium. In addition, follicle and oocyte diameters were measured in healthy follicles
only. Follicle diameter was recorded from edge to edge of the outer layer of granulosa
cells or from the outside edge of the theca cell layer when present. Oocyte diameter was
recorded from edge to edge of the oocyte membrane. Two perpendicular diameters were
recorded in each measurement and the average of these two values was calculated. Each
follicle was examined in every section in which it appeared and matched with the same
follicle on adjacent sections to avoid double counting, thus ensuring that each follicle

was only counted once.
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Ultrastructural analysis of caprine preantral follicles

To better evaluate follicular morphology, ultrastructural analysis was performed
on preantral follicles from non-cultured tissue (fresh control), follicles cultured in the
treatments that had the best results for morphology, activation and growth. Briefly,
small pieces (1 mmf of caprine ovarian tissues were fixed for 4 hours at room
temperature in karnovsky fixative (2.5% glutaraldehyde and 4% formaldehyde in 0.1 M
cacodylate buffer, pH 7.2). After fixation, the samples were washed twice in 0.1 M
cacodylate buffer, post-fixed in 1% osmium tetroxide, dehydrated in acetone, and
embedded in Epon 812 resin. Afterwards, sétimi-sections (3 um) were cut using an
ultramicrotome (MT2-B, Sorvall, USA), stained with toluidine blue and analyzed by
light microscopy under 400x magnification. Ultra-thin sections (60 to 70 nm) were
obtained from preantral follicles classified as morphologically normal in semi-thin
sections, according to the criteria adopted for histological analysis. Subsequently, ultra-
thin sections were contrasted with uranyl acetate and lead citrate, and examined under a
transmission electron microsco® 109 Zeiss (EM, Berlin, Germangperating at 80
Kv (Donato et al., 2009). Parameters such as the density and integrity of ooplasmic and
granulosa cell organelles, vacuolization and integrity of the basement membrane were

evaluated.

Statistical analysis

The variables were submitted to Normality (Lilliefors) and Homoscedasticity
(Cochran) tests and posteriorly to the analysis of variance at a probability of 5%. In case
a significance was presented, the Duncan test was carried out (PROC ANOVA; SAS,
2002).

Results
Caprine preantral follicle survival before and after in vitro culture
A total of 5,610 preantral follicles were analyzed by classic histology. Figures

(1A, B and C) show normal follicles of control ovarian tissue (non-cultured), and after
the culture for seven days in a-MEM™ supplemented with JFSH (20/10 ng/mL) and
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cultured for one day, in medium containing/IGF-1 (20/100 ng/mL), respectively.
Figures (1 D, E and F) illustrate degenerated follicles afe culture in o-MEM™ for
seven days (cultured control) or follicles of ovarian tissue cultured for seven days in
medium containing IGF-I/FSH (100/10 ng/mL) and medium containyis¥-1/FSH
(20/100/10 ng/mL), respectively. In degenerated follicles retracted oocytes and

disorganization of granulosa cells were observed.

Figure 1. Histological sections of ovarian fragments tissue after staining Periodic Acid-
Schiff's hematoxylin showing morphologically normal follicles (A, fresh control), (B,
T4/FSH20/10ng/ml) € (C, T/IGF-I 20/100ng/ml). The degenerate follicles were represented
in the letters (D, a-MEM™); (E, IGF-I/FSH 100/10ngm) e (F, T/IGF-I/FSH
20/100/10ng/m).O: oocyte, Nu: nucleus of the oocyte, GC: granulosa cells (Original

magnification 400x). Scale bars represent 20 pm.
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The percentages of morphologically normal preantral follicles in the fresh
control and after then vitro culture are presented in Table 2. After one day of culture,
there was a reduction (P<0.05) in the percentage of morphologically normal follicles in
tissues cultured in a-MEM™ (control), in medium containing IGF-I (10/100ng/mL)
and TJ/IGF-I/FSH (20/100/10ng/mL) compared to the fresh control (96.7%). The
cultures in the other media maintained the percentage of normal follicles, when
compared to the fresh control (P>0.05).

However, on day seven of culture, the media supplemented witFSH
(10/10ng/mL), TWFSH (20/10ng/mL), 7IGF-I (10/100ng/mL) and JFIGF-I
(20/100ng/mL) maintained the percentage of normal follicles equivalent to the fresh
control (P>0.05). When the media were compared among themselves, there was no
difference (P>0.05) in the rate of normal follicles, when culturing the tissues for one
day. However, with seven days of culture, the media containj€sH (20/10ng/mL)
was superior (P<0.05) to the a-MEM”, IGF-I/FSH (100/10ng/mL) and JIGF-I/FSH
(10/100/10ng/mL) media. With the progression of culture from one to seven days, all

treatments maintained (P>0.05) the percentage of normal follicles.

Table 2. Percentage (mean = SEM) of morphologically normal preantral follicles in the
fresh control (non-cultured) and aftervitro culture for 1 or 7 days in the absence or

presence of FJIGF-I/FSH (concentrations in ng/mL).

Control 96.7+0.5
Normal
Treatments Day 1 Day 7
a-MEM”* 87.3+1.5 83.1+1.8"
IGF-laooyFSHuo) 88.9+2.9" 85.642.2°4
T4a0/FSHuo) 93.3+1% 89.2+2 #*
T 420/FSHu0) 88.3+4.6" 94.2+0.8*
T 420/ IGF-l(200) 86.7+38" 03.3+1.3*
T 420l GF-l(200) 91.7+1.6 02.5+1.68*
T4a0/IGF-l00y FSHuo) 88.9+22 85.6+4.8A
T 420/ IGF-l00y FSHuo) 84.4+9.1 87.8+2 200

*Differs significantly from control follicles (P<0.05§;differs significantly among concentrations in each
day of culture (P<0.05)*® differs significantly with the progression of the culture periodnfday 1 to 7
in the same treatment (P<0.05).
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Activation of caprine primordial follicles after in vitro culture

The percentages of primordial and developing follicles in fresh ovarian tissue
were 59.8% and 36.9%, respectively (Figure 2). After the culture, all media tested were
similar to the non-cultured control in primordial follicles and developing follicles
(P>0.05). When the media were compared among themselves, no difference (P>0.05)
was observed in both primordial and developing follicles. Additionally, with the
progression of the culture period from one to seven days, no differences in the

percentages of primordial and developing follicles were observed (P>0.05).
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Figure 2. Percentage (mean = SEM) of primordial and developing follicles
(intermediate, primary and secondary) in non-cultured control (A) and cultuketio
for 1 or 7 days in the absence or presence of interaciid@H-1/FSH (concentrations

in ng/mL). "Differs significantly from control follicles (P<0.05}"differs significantly
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among concentrations in each day of culture (P<0.0B\)liffers significantly with the
progression of the culture period from day 1 to 7 in the same treatment (P<0.05).
In vitro growth of caprine preantral follicles

There was a reduction (P<0.05) in the oocyte diameter in all media, when the
ovarian tissues were cultured for seven days (Table 3), except for the medium
supplemented with JFSH (20/10ng/mL, P>0.05). Regarding the follicular diameter,
the culture for one day in a-MEM™ (cultured control) and AFSH (20/10ng/mL) media
remained similar (P>0.05) to the non-cultured control. When the media were compared
among themselves on day one of culture, the concentratiog/l68H (20/10ng/mL)
was supsor (P<0.05), except for the a-MEM™ (cultured control) in oocyte and
follicular diameter. However, on day seven of culture, only the medium supplemented
with T4/FSH (20/10ng/mL) remained similar to the non-cultured control (P>0.05).

However, when comparing the media among themselves on day seven of
culture, the medium supplemented with/ASH (20/10ng/mL) remained superior
(P<0.05) than the other treatments, both in oocyte and follicular diameter. With the
progression of the culture from one to seven days, the medium containing IGF-I/FSH
(100/10ng/mL) showed a decrease (P<0.05) in the oocyte and follicular diameter, while
the medium supplemented with/IIGF-1 (10/100ng/mL) made possible an increase in
the oocyte diameter (P<0.05).
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Table 3. Caprine oocyte and follicle diameters (mean = SEM) in non-cultured tissues

(fresh control) and in tissues cultured for 1 or 7days in the absence or presence of

interaction T/IGF-I/FSH (concentrations in ng/mL).

Control 27.9+0.4 37.1+0.7
Oocyte diameter Follicle diameter
(pm)
Treatments Day 1 Day 7 Day 1 Day 7
a-MEM™ 24.1+0.4%°A 23.4+0.5°A 33.6+0.7°A 31.4+0.8°"
IGF-laooy FSHu0) 21.2+0.6°%A 18.8+0.6%8 28.4+1.0°A 24.7+0.7%®
T 410/FSHu0) 21.5+0.5°%A 20.7+0.4°A 29.3+1.3%0A 27.0+0.5%A
T a0/ FSHu0) 25.4+1.6% 26.8+1.34 35.3+1.4 36.61£2.24
T 400/ IGF-l(100) 20.2+0.5%8 22.5+0.6" 27.5+1 4% 29.1+1.0°
T 420/ IGF-l(100) 22.7+0.4°°A 21.6+0.3°A 30.6+0.8°A 28.7+0.6°°%A
T 400/ IGF-1(100fFSHu10) 20.1+0.5%A 21.3+0.7°¢9A 26.6+0.7°A 26.5+0.8%A
T 40/ IGF-l100/FSHu0) 19.1+0.5%* 18.8+0.6% 25.9+0.7% 24.7+0.7%

*Differs significantly from control follicles (P<0.05)" differs significantly among concentrations in
each day of culture (P<0.08)? differs significantly with the progression of the culture periodnfiday
1 to 7 in the same treatment (P<0.05).

Ultrastructural features of caprine preantral follicles

The ultrastructural analysis was performed on preantral follicles of the non-

cultured control and follicles cultured in medium containingF$H (20/10ng/mL),

considering that this medium showed the best results in the parameters evaluated by

histological analysis.
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Figure 3. Ultrastructural analysis of preantral follicles from fresh control (A, 4.400x)
and cultured for seven days (B, 3.000x) in medium containgigSH (20/10ng/mL).

Note homogeneous cytoplasm and mitochondria rounded, characteristic of the fresh
control follicles (A and B). O: oocyte; Nu: oocyte nucleus; GC: granulosa cells; M:

mitochondria. (A and B =5 pm).

The follicles of the non-cultured control revealed an intact nuclear envelope,
with a large nucleus of the oocyte. Moreover, the organelles, particularly the
mitochondria and endoplasmic reticulum, were evenly distributed in the cytoplasm.
Additionally, the granulosa cells were well arranged around the oocyte, showing a large
and elongated nucleus (Fig. 3A). When cultured for seven days in medium#8SHT
(20/10ng/mL, Fig 3B), the ultrastructural characteristics of the follicles were similar to

the non-cultured control (Fig. 3B).

Discussion

The composition of the culture medium is an important factor for the
development of preantral follicles and can mainly determine their survival. By
demonstrating that the percentage of morphologically normal follicles in a-MEM”
(cultured control), ZIGF-I (10/100ng/mL) and #IGF-I/FSH (20/100/10ng/mL) media
was lower than the fresh control (non-cultured tissue) on day one of culture, it is

understood that the absence of hormonal supplementation in the control medium a-
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MEM® and the low concentration of thyroxine)Tin the T/IGF-I (10/100ng/mL)
treatment may have been insufficient to ensure the survival of follicles in the first place.

This fact can be justified mainly due to the fundamental role, ah The fertility
of animals (Pope et al., 2008; Cheng et al., 2010), more specifically in preantral
follicles. The importance of 4Tin thein vitro development of these has already been
demonstrated in caprine (Rajarajan et al., 2006) and ovine (Arunakumari et al., 2007)
species. In another extreme, the reduction in the percentage of normal follicles on day
one in medium containing JIGF-I/FSH (20/100/10ng/mL) corroborates with the
findings by Arunakumari et al. (2010), in which the effect of the FSHarid IGF#
combination did not provide an increase of matured oocytes (MIl stage), although it had
considerably elevated the proportion of preantral follicles showing growth, antrum
formation andn vitro ovulation.

The base culture medium used in the culture of preantral follicles is commonly
supplemented with various factors and substances, but the effectiveness of these
additional factors on follicular survival and growth depends on the species studied, the
concentrations used, the culture system and the number of days of culture (Rodrigues et
al., 2010). In the face of this, the requirement of components for a culture medium of
preantral follicles during seven days is greater, considering that it should ensure
favorable growth conditions for this structure during its different stages of development
and requirements.

Therefore, the superiority of the/FSH (20/10ng/mL) combination on a-MEM*
and IGF-I/FSH (100/10ng/mL), demonstrated in this study, makes clear the
fundamental role of 4 during the culture of preantral follicles over a longer periad. T
has an effect not only in follicular development, as demonstrated in mice (Jiang et al.,
2000), but also in the maturation of oocytes cultunedtro (Arunakumari et al., 2007).
Therefore, the inferiority of the only two media that did not haveil their
composition o-MEM® and IGF-I/FSH (100/10ng/mL) confirms its necessity in the
culture media, in order to ensure the follicular viability under these conditions.

Regarding the superiority of the rate of normal follicles observed in medium
containing T/FSH (20/10ng/mL), when compared to the medium supplemented with
T4/IGF-I/FSH (10/100/10ng/mL), it can be associated to an overgrowth of the follicle of
the latter treatment, by the synergistic action fFISH and IGF-I, not guaranteeing the
survival of the follicle. It is believed that this synergism elevates growth rates, antrum

formation and diameter increase, in a proportion in which the medium is not capable of
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promoting an adequate nutritional support for the developing follicles, especially when
they are cultured for a prolonged period. This fact has been previously described by
Arunakumari et al. (2010) in media containing FSH, IGF-1 and GH, and also by
Zhao et al. (2000) in media containing GH.

Despite the uncertainties inherent to the factors responsible for the onset and
resumption of follicular growth of the primordial follicles, event called follicular
activation, it is known that the growth is controlled by both hormones (gonadotropic
and somatotropic), and growth factors that act directly or indirectly, in an autocrine
and/or paracrine (Fortune et al., 2003; Martins et al.,, 2010) form. Thus, the
identification and knowledge about the role of these substances could result in the
development of culture systems that are efficient to the follicular activation, allowing
the development of a large number of preantral follicles (Demeestere et al., 2005).

This experiment shows that, after the 1st and 7th day of culture, all media
maintained a similar number of primordial and developing follicles, when compared to
the medium without the addition dformones (a-MEM™), showing no effect of the
media on follicular activation. Corroborating with the found results, Silva et al. (2006)
also found no effect on follicular activation of media containing FSH, despite having
reported an increase in follicular and oocyte diameter. However, this finding differs
from other studies (Magalhées et al., 2009; Martins et al., 2010; Saraiva et al., 2010b)
which, although they have worked with different culture media, they showed a
reduction in the percentage of primordial follicles, concomitant with the increase in the
percentage of developing follicles after one day of culture. These same authors showed
that, after the 7th day of culture, this reduction of primordial follicles and the elevation
of developing follicles were even more striking and expressive. The data, found by
these authors, allowed them to conclude that the growth factor present in the tested
media was able to induce follicular activation (Martins et al. 2010). Similar results were
found in goats (Martins et al., 2005; Silva et al., 2006; Matos et al., 2007). However, in
this study, although no significant difference was found, this event was noted, on day
one and seven of culture, in thg/HSH (20/10 ng/mL), #IGF-1 (20/100 ng/mL)and
T4/IGF-I/FSH(10/100/10 ng/mL) media. Thus, it can be affirmed that the culture media
tested in this study do not represent the essential factor for the activation of caprine
preantral follicles cultureah vitro.

A set of morphological criteria are used to characterize the onset of the growth

of primordial follicles, which consists of an increase in the oocyte diameter,
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proliferation of granulosa cells and transformation of the format of these cells form flat
to cubic (Silva et al., 2006). Given the results previously presented, in which it was
observed no difference (P>0.05) in the percentage of follicular activation of preantral
follicles cultured for one or seven days, with different media, it was expected a
reduction or maintenance of oocyte diameter, which actually happened in all cultures,
except in the medium containing/FSH (20/10ng/mL).

In domestic animals, FSH has the property of increasing the oocyte diameter and
promoting the growth of preantral follicles, as well as stimulating the antrum formation
and estrogen secretion (Cecconi et al., 1999; Silva et al., 2006). However, some authors
reported that the presence of FSH inith&itro culture medium induces an increase of
the follicular diameter and antrum formation, but not of the oocyte growth (Gutierrez et
al., 2000). However, the 4JFSH (20/10ng/mL) association, evaluated in this
experiment, was not able to increase the oocyte diameter after seven days of culture.
However, this culture medium enabled a greater follicular diameter after the culture,
when compared to the other media. These results corroborate with Arunakumari et al.
(2010), who verified that the association of FSH withalthough not promoting oocyte
maturation, contributes to a significant increase for antrum formation, growth and
ovulation of preantral follicles.

By comparing the media individually in accordance with the progression of the
days of culture, from one to seven, there was a reduction in oocyte and follicular
diameter with the use of the medium supplemented with IGF-I/FSH (100/10ng/mL).
However, the medium containing4/IGF-1 (10/100ng/mL) showed an increase in
oocyte diameter. From the results found it can be suggested that IGF-I has a relevant
participation in the increase of follicular diameter, corroborating the results found
earlier by Demeestere et al. (2005) and Martins et al. (2010). This effect seems to be
linked to an increase of the mitotic rate of granulosa cells and an increase in oocyte size.
Furthermore, it was demonstrated that IGF-I has a participation in the increase of DNA
content, promoting functional integrity and stimulating steroidogenesis during the
culture of preantral follicles of mice (Demeestere et al., 2005).

The increase in the follicular diameter due to the stimulation by IGF-I, in
preantral follicles, has been shown in other species, like rats (Zhao et al., 2001) and
cattle (Thomas et al., 2007). However, although it has a stimulatory effect on early
follicular growth, McCaffery et al. (2000) highlighted the importance of the regulation

mechanism, since, in cattle, inadequate exposure of preantral follicles to IGF-1 has a
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negative effect on oocyte development. However, despite the beneficial effect shown in
this study, there are still few studies regarding the issue, and the real role of IGF-I in the
development of preantral follicles remains unclear.

According to Matos et al. (2007), ultrastructural evaluation is an efficient
method for evaluating the morphodynamics of the ovarian follicle and can be
considered an essential assessment to predict follicular quality afier\tte culture
of preantral follicles. Thus, after the evaluation by the transmission electron microscopy
used in this work it can be seen that the follicles of the cultured control, as well as the
cultured for seven days in medium containing=BH (20/10ng/mL) presented similar
characteristics to the control, characterizing them as morphologically normal
structurally. This fact can also be confirmed by comparing the characteristics found in
the present study to those described by Magalhdes et al. (2009), Celestino et al. (2009)
and Lima et al. (2012), who outlined standards of normality and atresia to caprine

preantral follicles cultureah vitro.

Conclusions

The results found in this study permit to conclude that the additionsof T
associated with FSH is beneficial for timevitro development of preantral follicles of
goats. Among the evaluated concentrations, the medium containyigSH
(20/10ng/mL) showed the best results, when survival, growth and ultrastructural aspects
of caprine preantral follicles culturén vitro for one and seven days were evaluated.
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13. CAPITULO VI (Fase IlI)

Meio contendo Hormonio Foliculo Estimulante Humano (hFSH) e Tiroxina (1)
mantém a sobrevivéncia e promove o crescimeniio vitro de foliculos pré-antrais

caprinos em cultivo de longa duracéo
(Medium containing Human Follicle Stimulating Hormone (hFSH) and Thyroxife (T

maintains the survival and promotes in vitro growth of caprine preantral follicles in

long duration culture)
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Meio contendo Hormonio Foliculo Estimulante Humano (hFSH) e Tiroxina (7)
mantém a sobrevivéncia e promove o crescimenio vitro de foliculos pré-antrais

caprinos em cultivo de longa duracao

(Medium containing Human Follicle Stimulating Hormone (hFSH) and Thyroxife (T
maintains the survival and promotes in vitro growth of caprine preantral follicles in

long duration culture)

Resumo

O objetivo desse estudo foi investigar a influéncia da interacdo do FSH humano (10
ng/mL) com T, (20 ng/mL) na sobrevivéncia, ativacéo e crescimento de foliculos pré-
antrais cultivadosn vitro, por um periodo de longa duracdo (28 dias). Pequenos
fragmentos de tecido ovariano nao cultivado e cultivados foram processados para
histologia classica e microscopia eletrbnica de transmissdo. Os resultados mostraram
uma reducdo na taxa de sobrevivéncia de foliculos em todos os meios testados (um a 28
dias) quando comparado ao controle fresco. Entreta2®)IFSH(10) manteve a taxa

de semelhante ao controle, apos sete dias de cultivo. Os meios testados por um e 28
dias, reduziram o percentual de foliculos primordiais em todos os periodos de cultivo.
Contudo, o meio contendq,(R0)/FSH(10) no dia um de cultivo manteve-se semelhante

ao controle fresco. Entretanto nenhum dos meios testados foram capazes de manter o
percentual dos foliculos em desenvolvimento. Observou-se que o didmetro folicular no
meio com T(20)/FSH(10) manteve-se semelhante ao controle fresco. As andlises
ultraestruturais confirmaram a integridade de foliculos cultivados por sete dias em meio
acrescido de J20)/FSH(10). Em conclusao, o meio con{ZD)/FSH(10) é capaz de
manter a sobrevivéncia, promover a ativacdo dos foliculos primordiais e manter a
integridade ultraestrutural de foliculos pré-antrais caprinos, quando cultivasibs

por até sete dias.

Palavras-chave:Ativacéo, caprino, foliculos pré-antrais, hFSH, T
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Abstract

The aim of this study was to investigate the influence of the interaction of human FSH
(20 ng/ml) with T, (20 ng/mL) on survival, activation and growth of preantral follicles
culturedin vitro, for a period of long duration (28 days). Small fragments of non-
cultured and cultured ovarian tissue were processed for classic histology and
transmission electron microscopy. The results showed a reduction in the survival rate of
follicles in all the media tested (one to 28 days) when compared to the fresh control.
However T,(20)/FSH(10) maintained the rate similar to the control, after seven days of
culture. The media tested by one and 28 days reduced the percentage of primordial
follicles in all periods of culture. However, the medium containip@d)/FSH(10) on

day one of culture remained similar to the fresh control. However none of the tested
media were able to keep the percentage of the developing follicles. It was observed that
the follicular diameter in the medium with(20)/FSH(10) remained similar to the fresh
control. The ultrastructural analysis confirmed the integrity of follicles cultured for
seven days in a medium supplemented wiif2d)/FSH(10). In conclusion, the medium

with T4(20)/FSH(10) is able to maintain the survival, promote the activation of
primordial follicles and maintain the ultrastructural integrity of caprine preantral

follicles when culturedn vitro for until seven days.

Keywords: Activation, caprine, preantral follicles, FSH, T

Introduction

The limitation in the supply of fertilizable mature oocytes represents an
important obstacle to increase the success of assisted reproduction techniques.
Accordingly, the use ofn vitro oocytes of cultured and matured follicles is an
alternative to the improvement of these techniques (Telfer et al., 2008). Over the last
decades, some advances have been achieved durimg ¥iteo culture of preantral
follicles. However the rate of embryo production is still low in domestic animals
(Arunakumari et al., 2010; Saraiva et al., 2010; Magalhéaes et al., 2011). This low

efficiency can be caused by the composition of the media used during the culture
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period. These are unable to withstand the constant evolution of the developing follicle
needs (Peng et al., 2010).

During the reproductive life of the female, a large number of primordial follicles
are stimulated to grow, in a process known as follicular activation, and the vast majority
(99.9%) can become atretic before ovulation (Skinner, 2005). Despite the high rate of
atresia that occurs in primordial follicles durimgvivo growth and during maturation,
these can be a valuable source for studies about theo development of oocytes and
the production of embryos (Carroll et al., 1990; O'Brien et al., 2003). However, until
recently, little is known about how the primordial follicles are activated and stimulated
to grow and develop. Furthermore, it is known that, in domestic mammals, early
follicular development follows a very rigorous and complex process (Gougeon, 1996).
Therefore, a long period of culture may be required for the development of preantral
follicles. However, few studies of long-term vitro culture have obtained follicular
activation rates (sheep: Muruvi et al., 2005; human: Sadeu et al., 2006; goat: Rossetto et
al., 2009). This may be related to the use of simple culture media, without the addition
of a series of growth factors or hormones that can satisfy the demands required by the
follicles during the different stages of growth.

Among the most commonly used hormones in the culture media the Follicle
Stimulating Hormone (FSH) outstands for its role in early folliculogenesis in mammals.
FSH is a gonadotropin known for regulating the proliferation and differentiation of
granulosa cells during the beginning (antraljrof/ivo follicle development (Gutierrez
et al., 1997; Hillier, 2001). In goats, the addition of 50 ng/ml of FSH to the culture
medium of preantral follicles maintained the survival and ultrastructural integrity of the
follicles (Matos et al., 2007).

The Thyroxine hormone (J has also been noted for its participation in the
fertility of mammals (Cecconi et al., 2004). The effects of these hormones on ovarian
folliculogenesis and steroidogenesis are related to the differentiation of granulosa cells
(Silva et al., 2004) and stimulation of ovulation (Serakides et al., 2001). Researches
have confirmed that the addition of FSH andd thein vitro culture medium promotes
the growth of preantral follicles and that this interaction is mediated through the
increase in the expression of mMRNA to FSH receptors (rfFSH) through a GDF-9
dependent mechanism. It is believed that these two hormones (FSHs)amtefiact
synergistically inhibiting the apoptosis of granulosa cells in small preantral follicles
(Asahara et al., 2003).

174



The present study was designed with the aim to investigate the influence of the
interaction between human FSH (10 ng/mL) and (ZO ng/ml) on the survival,
activation and growth of preantral follicles cultun@dvitro, for a long duration period
(28 days). These concentrations were selected considering previous studies conducted

by our team, which showed promising results with the use of these hormones.

Material e Métodos

Source of ovaries

Ovaries (n = 10) from 5 adult non-pregnant mixed-breed goats (1-3 years of age)
were collected from a local slaughterhouse. Immediately postmortem, the ovaries were
washed in 70% alcohol for 10 seconds and then washed again in MEM supplemented
with 100 ug/mL penicillin and 100ug/mL streptomycin. The pairs of ovaries were
transported to the laboratory in MEM at 4 °C within 1 h postmortem (Chaves et al.,
2008). Unless otherwise mentioned, human FSH (hFSH), Thyroam& other
chemicals used in the present study were purchased from Sigma Chemical Co. (St
Louis, USA).

Experimental protocol

The organ culture system utilized herein was previously described in detail
(Matos et al.,, 2007; Celestino et al., 2010). In the laboratory, the ovaries from each
animal were stripped of surrounding fat tissue and ligaments. Subsequently, ovarian
cortex tissue samples from each ovarian pair were cut into 9 slices (approximate size: 3
x 3 mm, with 1 mm thickness) using a scalpel under sterile conditions. The tissue pieces
were then either fixed for histological and ultrastructural analysis (fresh control) or
placed in culture for 1 (d1), 7 (d7), 14 (d14), 21 (d21) and 28 (d28) days. Caprine
tissues were transferred to 24-well culture dishes containing 1 mL of culture media.
Culture was performed at 39°C in 5% £1@ a humidified incubator and all the media
were incubated for 1 hour prior to use. The basic culture medium consisied Y]

(pH 7.2 to 7.4) supplemented with ITS (1@/mL insulin, 5.5ug/mL transferrin and 5
ng/mL selenium), 2 mM glutamine, 2 mM hypoxanthine, 1.25 mg/mL bovine serum
albumin (BSA), which was calleedkMEM™ (culture control).
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For the experimental conditions, the ovarian cortex fragments were cultured in
a-MEM+ alone (culture control) and a-MEM+ supplemented with concentrations of
hFSH (10 ng/mL) in association, {20 ng/mL) as showed in the Table 1. Each

treatment was repeated five times and the culture media was changed every 2 days.

Table 1. Different means tested duringyvitro culture of long duration

Culture medium Abbreviation
a-MEM (culture control for 1, 7, 14, 21 and 28 day o-MEM”
o-MEM™ (T4 + FSH for 1, 7, 14, 21 and 28 days) T4/FSH

Morphological analysis and assessment of in vitro follicular growth

Before culture (fresh control) and after 1, 7, 14, 21 and 28 days in culture, all
tissue pieces were fixed in Carnoy’s solution for four hours and then dehydrated in
increasing concentrations of ethanol. After paraffin embedding (Vetec, Rio de Janeiro,
Brazil), the caprine ovarian cortex tissues were cut into 7 pm sections, which were
mounted on glass slides and stained by Periodic Acid Schiff RPAgmatoxylin.
Follicle stage and morphology were assessed microscopically on serial sections. Coded
anonymized slides were examined by a microscope (Olympus, Japan) under 400x
magnification.

The developmental stages of follicles have been defined previously (Silva et al.,
2004) as primordial (one layer of flattened granulosa cells around the oocyte) or
growing follicles (intermediate: one layer of flattened and cuboidal granulosa cells;
primary: one layer of cuboidal granulosa cells; and secondary: two or more layers of
cuboidal granulosa cells around the oocyte). Only the preantral follicles (primordial,
intermediate, primary and secondary) were considered in the analysis, and the antral
stage was not included because of the very small number of antral follicles present in
the ovarian fragments. The preantral follicles were also 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 lacked a pyknotic nucleus.
Degenerated follicles were defined as those with a retracted oocyte, pyknotic nucleus,

and/or disorganized granulosa cells detached from the basement membrane. Overall,
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150 follicles were evaluated for each treatment (30 follicles per treatment in one
repetition x five repetitions = 150 follicles).

To evaluate follicular activation, the percentages of healthy primordial and
growing follicles were calculated before (fresh control) and after culture in each
medium. In addition, follicle and oocyte diameters were measured in healthy follicles
only. Follicle diameter was recorded from edge to edge of the outer layer of granulosa
cells or from the outside edge of the theca cell layer when present. Oocyte diameter was
recorded from edge to edge of the oocyte membrane. Two perpendicular diameters were
recorded in each measurement and the average of these two values was calculated. Each
follicle was examined in every section in which it appeared and matched with the same
follicle on adjacent sections to avoid double counting, thus ensuring that each follicle

was only counted once.

Ultrastructural analysis of caprine preantral follicles

To better evaluate follicular morphology, ultrastructural analysis was performed
on preantral follicles from non-cultured tissue (fresh control), follicles cultured in the
treatments that had the best results for morphology, activation and growth. Briefly,
small pieces (1 mf of caprine ovarian tissues were fixed for 4 hours at room
temperature in karnovsky fixative (2.5% glutaraldehyde and 4% formaldehyde in 0.1 M
cacodylate buffer, pH 7.2). After fixation, the samples were washed twice in 0.1 M
cacodylate buffer, post-fixed in 1% osmium tetroxide, dehydrated in acetone, and
embedded in Epon 812 resin. Afterwards, s#im-sections (3 um) were cut using an
ultramicrotome (MT2-B, Sorvall, USA), stained with toluidine blue and analyzed by
light microscopy under 400x magnification. Ultra-thin sections (60 to 70 nm) were
obtained from preantral follicles classified as morphologically normal in semi-thin
sections, according to the criteria adopted for histological analysis. Subsequently, ultra-
thin sections were contrasted with uranyl acetate and lead citrate, and examined under a
transmission electron microscop® 109 Zeiss (EM, Berlin, Germangperating at 80
Kv (Donato et al., 2009). Parameters such as the density and integrity of ooplasmic and
granulosa cell organelles, vacuolization and integrity of the basement membrane were

evaluated.
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Statistical analysis

The variables were submitted to Normality (Lilliefors) and Homoscedasticity
(Cochran) tests and posteriorly to the analysis of variance at a probability of 5%. In case
a significance was presented, the Tukey test was carried out (PROC ANOVA,; SAS,
2002).

Results

Caprine preantral follicle survival before and after in vitro culture

A total of 1,650 preantral follicles were analyzed by classic histology. Figures
1A, B and C show normal follicles from theesh control and after the culture in o-
MEM® supplemented with JFSH (day seven) or jJFSH (day 14), respectively.
Figures 1D, E and F illustrate degenerated follicles after the culture in a-MEM”®
(cultured control, day 28) or in media containingFBH (day 21) or FFSH (day 28),
respectively. In degenerated follicles retracted oocytes and disorganization of granulosa

cells were observed.
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Schiff's hematoxylin showing morphologically normal follicles (A, fresh control), (B,
T4JFSH - D7) e (C, TFSH - D14). The degenerate follicles were represented in the
letters (D,a-MEM™ - D28); (E, T/FSH - D21) e (F, FFSH - D28).0: oocyte, Nu:
nucleus oocyte, GC: granulosa cells (Original magnification 200x). Scale bars represent

20 um.

The percentages of morphologically normal preantral follicles in the fresh
control and after one, seven, 14, 21 and 28 dayswfro culture are shown in Table 2.
In relation to the progression of culture from one to 28 days, there was a reduction
(P<0.05) in the percentage of morphologically normal follicles in almost all treatments,
compared to the fresh control (97.3%). However, with seven days of culture, the
medium supplemented with,/FSH (20/10ng/mL, P>0.05), showed a rate of normal
follicles similar to the non-cultured control.

When theoa-MEM™ medium (cultured control) and the medium containing
T4/FSH were compared among themselves, for one to 28 days of culture, there was no
difference (P>0.05) in the percentage of normal follicles. With the progression of the

culture from one to 28 days, all media were able to maintain (P> 0.05) the percentage of
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normal follicles during 21 days. However, the rate of normal follicles reduced when

extending the culture for 28 days (P< 0.05).

Table 2. Percentage (mean £ SEM) of morphologically normal preantral follicles in the
fresh control (non-cultured) and aftervitro culture for 1, 7, 14, 21 or 28 days in the
absence or presence of HSH (concentrations in ng/mL).

Treatments
Control 97,3+1,1

Day 1 Day 7 Day 14 Day 21 Day 28

a-MEM* 83,3+2,0" 82,7+19" 78026 80,7+1,6" 66,746

Tie0/FSH10y 90,0 +0,6* 90,7+1,6° 80,7+45"® 727+26® 66,0+62°

*Differs significantly from control follicles (P<0.05f*" differs significantly among concentrations in
each day of culture (P<0.08)® differs significantly with the progression of the culture periodnfiday
1 to 7 in the same treatment (P<0.05).

Activation of primordial follicles of goats after the in vitro culture

The percentages of primordial and developing follicles in fresh ovarian tissue
were 71.3% and 31.3%, respectively (Table 3). After one, seven, 14, 21 and 28 days of
culture, there was a reduction in this rate (P<0.05) in all media used, except in the one
that contained #FFSH (20/10ng/mL, P>0.05) on day 1 of culture compared to the non-
cultured control in primordial follicles. However, the rates of developing follicles of all
media were similar to the non-cultured control (P>0.05), regardless of the time of
culture. When the media were compared among themselves, no difference (P>0.05) was
observed in both rates of primordial and developing follicles. With the progression of
the culture period from one to 28 days, no differences in the percentages of primordial

and developing follicles were observed (P>0.05).
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Table 3. Percentage (mean = SEM) of primordial follicles and developing
(intermediate, primary and secondary) in control (non-cultured) andraftgro culture

for 1, 7, 14, 21 or 28 days in the absence or presence/l6SH (concentrations in
ng/mL).

Primordial follicles

Treatments
Control 71,3142

Day 1 Day 7 Day 14 Day 21 Day 28

a-MEM* 427+598% 347+3%* 420+3™ 32,0+2,6”* 38,0+33"

Ti20/FSHuw0) 48,7+6,%* 38,0+81 447+84" 380+44* 333x79"

Developing follicles

Treatments
Control 31,3+7,4

Day 1 Day 7 Day 14 Day 21 Day 28

a-MEM* 40,7+7,% 48,0+38 36,047 48,7 + 3,7 28,7 +3,9"

Ti20/FSHu0) 41,3+6,#* 527+94 36,0+81 34,7+38  32,7+86"

*Differs significantly from control follicles (P<0.05f" differs significantly among concentrations in
each day of culture (P<0.08)® differs significantly with the progression of the culture periodnfiday
1 to 7 in the same treatment (P<0.05).

In vitro growth of caprine preantral follicles

According to Table 4, there was a reduction in the oocyte diameter (P<0.05)
throughout the culture in all media used, except when the follicles were cultured for one
day in medium supplemented wit@ FSH. However, the-MEM™ (cultured control) on

day one of culture and the supplemented wiitk-$H cultured up to seven days media
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maintained the follicular diameter (P>0.05) when compared to the non-cultured control.
When the media were compared among themselves, there was no difference (P>0.05) in
oocyte and follicle diameters. With the progression of culture from one to seven days,
the 0o-MEM™ and the supplemented with/FSH media maintained oocyte and follicular
diameter (P>0.05), occurring later a reduction of both, when extending the culture up to
28 days.

Table 4. Caprine oocyte and follicle diameters (mean = SEM) in non-cultured tissues

(fresh control) and in tissues cultured for 1, 7, 14, 21 or 28 days in the absence or

presence of interactiony/FSH (concentrations in ng/mL).

Oocyte diameter (um)

Treatments
Control 26,0+0,6

Day 1 Day 7 Day 14 Day 21 Day 28

a-MEM* 242 +0,8 227+0,7”%® 212+06" 20,8+1,0® 20,3+0,5°

Ta20/FSHiy 24,7+0,8" 237+06*° 207+0&% 21,7+0%% 19,6+0,6C

Follicle diameter (um)

Treatments
Control 33,4+0,8

Day 1 Day 7 Day 14 Day 21 Day 28

a-MEM* 325+1,9" 302+1,2"® 278+0,F° 278+1,3%® 276+0,7®

Ti20/FSHu0) 33,2+1,6° 30,7+0,7® 275+0,%% 290+11® 255+0,6°

*Differs significantly from control follicles (P<0.05)'compared witha-MEM* (P<0,05); *%iffers
significantly among concentrations in each day of culture (P<00%jiffers significantly with the
progression of the culture period from day 1 to 7 in the samenieas (P<0.05).
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Ultrastructural features of caprine preantral follicles

The ultrastructural analysis was performed in preantral follicles of the non-
cultured control and of follicles cultured for one and seven days in medium wit
T4FSH (20/10ng/mL). This medium with hormones was selected for presenting

satisfactory results on the parameters evaluated by the histological analysis.

Figure 2. Ultrastructural analysis of preantral follicles from fresh control (A, 3.000x)
and cultured for seven days (B, 4.400x) in medium containgigSH (20/10ng/mL).
Note homogeneous cytoplasm and mitochondria rounded, characteristic of the fresh

control follicles (A and B). O: oocyte; Nu: oocyte nucleus; GC: granulosa cells; M:

mitochondria. (A and B =5 um).

The follicles of the non-cultured control revealed an intact nuclear envelope,
with a large oocyte nucleus. Moreover, organelles, particularly the mitochondria and
endoplasmic reticulum, were uniformly distributed in the cytoplasm. The granulosa
cells were well organized around the oocyte (Fig. 3A). When cultured for seven days in
medium with T/FSH (20/10ng/mL, Fig 3B) the ultrastructural characteristics of the
follicles were similar to the non-cultured control, showing ultrastructural normality in
the oocytes, basal membranes, nuclear envelope, as well as in the large oocyte nucleus
(Fig. 3A and 3B, respectively). In addition, the follicles exhibited uniformly distributed
organelles in the cytoplasm, particularly the endoplasmic reticulum and the
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mitochondria. The granulosa cells were normal and well organized around the oocyte,

presenting also a large and elongated nucleus (Fig. 3B).

Discussion

The addition of hormones and growth factors is essential to the success of
vitro culture of preantral follicles (PAF) of domestic animals as demonstrated by several
authors (Figueiredo et al.,, 2008; Jewgenow et al., 1998; Wu & Tian., 2007;
Arunakumari et al., 2010; Magalhées et al., 2011). In this context, the development of
anin vitro culture system is fundamental for the achievement of a greater number of
oocytes included in preantral follicles (Figueiredo et al., 2008). Therefore, a better
comprehension of the different substances that regulate follicular and oocyte
development is fundamentally important for the success wafro culture systems, with
the final objective of producing a greater number of viable embryos.

There are several hormones and growth factors that are tested and used in
experiments at the present time. In this study the Follicle Stimulating Hormone (FSH)
and Thyroxine (I) were used. FSH is outstanding for carrying out an important
participation in early folliculogenesis in mammals, in addition to stimulating the
growth, survival and antrum formation in vitro culture systems (Cortvrindt et al.,
1997). The thyroid hormonesz &nd T,, demonstrated the capacity to influence in cell
differentiation and in the formation of the follicular antrum in PAF submitted tatro
culture (Guyton & Hall, 2006). The association of thyroid hormones with FSH
demonstrated in other opportunities to be effectivm ivitro development of preantral
follicles of rats (Kobayashi et al., 2009) and in the development, antrum formation and
ovulation of sheep PAF cultured vitro (Arunakumari et al., 2010). This association
was also beneficial in the present study, from the evidence that this association (FSH +
T,4) showed a satisfactory effect by keeping the oocyte diameter after 1 day of culture
and promote the activation of primordial follicles on days 1, 7, 14, 21 and 28 of culture.

When analyzing the survival rate of the cultured preantral follicles in the present
work, we note that the group cultured in the a-MEM™ medium supplemented with the
hormones TFSH practically maintained the survival rate of the follicles when
compared to the o-MEM™ medium without supplementation, during the culture for
seven, 14, 21 and 28 days. These data corroborate those found by Alves (2012) that

using a similar culture medium, maintained the follicular survival for a period of eight
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days. Apparently the o-MEM™ allows follicular survival considering that it is a
compound constituted of amino acids and vitamins, essential for follicular development
(Colonna & Mangia, 1983; Rossetto et al., 2009). Additionally, the enrichment of this
medium with the hormones,;Tand FSH may contribute even more to the follicular
development and survival, due to the direct effect of these in either the stimulation of
granulosa cells and growth factors as in the proliferation of FSH and LH receptors and
in follicular maturation (Cecconi et al., 2004; Rajarajan et al., 2006; Magalhaes et al.,
2009a).

During the day 7 (D7) of culture it was possible to observe that this
supplemented medium (a-MEM™ + T, + FSH) was also able to maintain the viability
rate of the follicles when compared to the non-cultured control. This situation can be
explained due to the latency period of thehdrmone, as it is believed that it stays in a
latency period of 2 to 3 days after its administration, and its action reaches its maximum
peak after 10 days of culture (Guyton & Hall, 2006). Therefore, due to the delay in the
adivation of this hormone, the positive effect of the associatighSH can be noted
only on the 7th day of culture.

However, when comparing the culture progression of the media used in our
study, it was verified that the percentage of normal follicles significantly reduced
(P<0.05) from D21 to D28 and from D7 to D28 days, in the a-MEM™ and T/FSH
media, respectively. When working with long duration cultures, it should be
emphasized that this type of culture has some limitations in relation to survival, growth
and differentiation of preantral follicles due to the prolonged culture period. However, it
has been found that the addition of substances to the medium can contribute to the
improvement of the survival rates after the culture. It is believed that during long culture
periods of preantral follicles, the addition of antioxidant substances to the culture
medium, such as ascorbic acid, is essential to maintain cellular integrity (Rossetto et al.,
2009). This author also reports that the combination of FSH and ascorbic acid is able to
promote a synergetic effect providing a significant increase in oocyte and follicular
diameter after seven days of culture. Therefore, the reduction of viable follicles from
day 21 to 28 of culture observed in our work could be avoided by adding some
substance with a similar effect to the described.

Moreover, as found in other studies, the low concentration of FSH used in the
present study may have made the follicular survival unviable during a prolonged period

of culture. This fact can be previously verified by other researchers, as Silla et a
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(2004), who found no significant effect of FSH on the survival of follicles after 5 days
of culture, possibly due to a high concentration of FSH (100ng/mL) used. Conversely,
Matos et al. (2007) were able to maintain follicular survival after seven days of culture
with the addition of 50ng/mL of FSH to the culture medium. Therefore, we can evaluate
that the concentration of FSH used in this study was sufficient to maintain the survival
until the seventh day of culture, however, it is suggested that after this period this
concentration was insufficient, because it was not able to maintain follicular survival in
the long duration culture.

Different results obtained using FSH in the culture of preantral follicles can be
justified due, especially, to its origin and purity level. Despite the use of FSH from the
pituitary extract of domestic species such as pigs (pFSH) and sheep (oFSH) as well as
of humans (hFSH) in several studies, it is believed that the recombinant FSH (rFSH)
produced from the recombinant DNA technique is the purest and most homogeneous
(Magalhaes et al., 2009b). However, its high cost makes its use in scientific research
unviable. It is believed that due to the use of hFSH in the present work, the results
achieved in the long duration cultures may have been damaged, mainly by its purity
level and heterogeneity, that directly interfere in cultures for prolonged periods.

The follicular activation is measured by the ability of differentiation of granulosa
cells, resulting in the transition of primordial follicles to intermediate, primary, and
secondary follicles (Vitt et al., 2000). However, the knowledge about the factors and
mechanisms involved in the activation of primordial follicles is scarce, mainly because
of the difficulty of isolating these follicles (Campbell, 2009). The evidence of follicular
activation in preantral follicles cultured vitro is noted for the reduction of the number
of primordial follicles and consequent increase of developing follicles along the days of
culture (Martins et al., 2010; Saraiva et al., 2010b). In all media tested in this study (a-

MEM™ and T/FSH) there was activation of primordial follicles on days 1, 7, 14, 21 and
28 of culture, except on day 1 of thg/HSH medium. This fact can be observed by the
reduction of primordial follicles compared to the control, however, a concomitant
increase in developing follicles throughout the days of culture that was expected did not
occur, since in all treatment the rates of developing follicles were similar to the non-
cultured control. These findings disagree with the one found by Matos et al. (2007), in
which by working with the same concentration of FSH (10 ng/mL), they observed that
there was not a reduction of primordial follicles and concomitant increase of developing

follicles on day 1 of culture. However, at higher concentrations (50 and 100 ng/mL),
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this author obtained results similar to ours. However, the source of FSH used differed
between studies, in the work in question the porcine FSH was used, different from that
used in our work, human FSH.

Nevertheless, in the present study despite the reduction of primordial follicles
during all days of culture, the increase in the developing follicles was not observed on
any day of culture, in any researched media. Thus, it can be inferred that none of the
tested media were able to sustain follicular activation initiated by them in primordial
follicles on days 1, 7, 14, 21 and 28 of culture, mainly by the similarity between the
rates of developing follicles to the non-cultured control and the media tested during all
days of culture. These results contradict with the results of Matos et al. (2007), in which
after seven days of culture, the follicles maintained their development. Combining our
data with follicular survival, herein presented, we suggest that the development of the
follicles in question was not continuous after the 1st day of culture due to the rise of
their mortality rate.

Despite the considerable anti apoptotic effect of gonadotropic hormones (LH
and FSH) (Markstrom et al., 2002) mediated by the action of IGF-I (Chun et al., 1994),
in our study it was not possible to observe their activation and development after day 1
of culture, reflecting in high mortality rates in the tested media and similarity between
the developing follicles to the nandtured control and o-MEM™ and T/FSH media.

This may have occurred due to the gaseous atmosphere of the culture kiln by not
providing a suitable environment for the culture of the follicles. Furthermore, it is
possible that the proposed media were not totally sufficient to supplement and sustain
the development of the follicles, since the growth factors and hormones are fundamental
for the development of the follicle in each stage of its development and occasionally
small differences of concentrations or synergism between the two hormones can
negatively contribute to follicular survival.

In relation to the diameter of the oocyte and the follicle, none of the tested media
were capable of maintaining the growth of the follicles through the culture, except for a-

MEM™ on day 1 of culture, andJFSH on days 1 and 7 of culture. In contrast, studies
have already proved that the addition of FSH to the culture medium was able to promote
the increase of preantral follicles culturiedvitro (Itoh et al., 2002; Matos et al., 2007,
Arunakumari et al., 2010). In the presence of 10 and 50 ng/mL of FSH, Matos et al.
(2007) observed an increase in the diameter of both the oocyte and the caprine follicle

on day 7 of culture. Itoh et al. (2002) also demonstrated that 50ng/mL of FSH increased
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both the diameter of the oocyte and of bovine follicles cultured for 13 days. These
authors are based on the concept of the existence of FSH receptors during the
progressive development of PAF, in both the transition from primordial to primary
follicles and to secondary follicles (Oktay et al., 1997). Therefore, it is possible that
FSH acts on both cell types to promote growth and follicular development (M'eduri et
al., 2002).

In agreement with these authors Arunakumari et al. (2010) reported an increase
in the diameter in sheep PAF but using other inducers of growth as IGF-I and GH and
also the combination of FSH #.THowever, it is not always that the/FSH association
can be considered capable of stimulating the development of caprine PAF. Wongbandue
et al. (2013) also did not achieve satisfactory results with the addition @UTthey
used the hormone at the concentrations of 0.5, 1.0 andg2rl. added in base culture
medium M199 supplemented with 2.18ymL of FSH, besides growth factors and
antibiotics. At none of these concentrations there was a difference or gain in the
diameter in feline follicles cultured for 0, 3, 7 and 14 days. This study is in agreement
with those found in our study, and the most coherent explanation is that the expression
of T, receptors in granulosa cells possibly develops in stages of follicular development,
different from what was used in this study. Although follicular diameter did not increase
in our work through the culture, it did not present a reduction on days 1 and 7 of culture
of the T/FSH medium, if it happened indeed it could indicate a process of atresia. Thus,
the observation of the similarity of the diameter in relation to the non-cultured control
group greatly showed the viability of the medium tested in the initial period of culture.

Ultimately, in our work we used the TEM for a better ultrastructural evaluation
of the quality of the follicles. This tool has been used in several studies to prove the
existence of possible ultrastructural damage caused by culture systems that may not be
morphologically perceptible (Van den Hurk et al., 1998; Zhao et al., 2000; Salehnia et
al., 2002). In the present study, the ultrastructural features of the follicles cultured in the
presence of FSH and, Tor seven days were maintained similar to the non-cultured
control. The cellular structures, such as endoplasmic reticulum and mitochondria, were
evenly distributed in the cytoplasm and the granulosa cells were ultrastructurally normal
and well organized around the oocyte. Other studies also demonstrate that FSH
maintains the ultrastructure of caprine PAF after ithevitro culture for seven days
(Matos et al., 2007; Martins et al., 2008). Matos et al. (2007) also demonstrated that the

ultrastructural integrity of the follicles was maintained after 1 day of culture in a-MEM”*
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medium and after 7 days in ae-MEM™ + FSH (50ng/mL). On the other hand, Rossetto et
al. (2009) demonstrated the integrity of follicles cultured after 14 days in media
containing ascorbic acid and FSH.

In the case of a culture for a prolonged time, the ultrastructural integrity of PAF
was also observed by Gutierrez et al. (2000), that evaluated culture media for bovine
PAF with the addition of FSH, EGF and IGF-I for 28 days. In this system, most follicles
maintained their morphology throughout the culture, in the presence of a layer of theca
and basement membrane surrounding the granulosa cells. Moreover, these authors also
observed the antrum formation, which occurred between the days 10 and 28 of culture.
However, because our study was conducted with other species, the chronological
comparison of these events is not possible.

Given the anteriorly presented and discussed results we note that although it has
not provided a substantial growth in the follicular and oocyte diameter, the medium
tested in this experimentsdo/FSH10) did not impair the activation and viability of
caprine preantral follicles culturad vitro for a period of seven days. The synergistic
effect between Jand FSH can be explained by the action of thyroid hormones in the
amplification of FSH effect on the differentiation of granulosa cells, fact demonstrated
by Maruo et al. (1987) and experimentally proved later by Arunakumari et al. (2010).
The action of thyroid hormones on the expression of mMRNA of FSH receptors in
granulosa cells is still very controversial and needs to be studied and defined more

precisely.
Conclusion

The medium tested in this experimenfedyFSHi0) is able to maintain the
survival, follicular activation and ultrastructural integrity preantral follicles of goat

culturedin vitro for a period of up to seven days, which validates and enables the use of

the medium tested in culture systems for this species.
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14. CONCLUSOES

Os resultados deste estudo permitem concluir que:

A adicdo de 10 ng/mL de hFSH ao meio de cultivo promove a ativagao
integridade ultraestrutural de foliculos pré-antrais caprinos cultiviedggro

por até 7 dias.

A utilizacdo de IGF-I no meio de cultivo, na concentracdo de 100 ng/mL,
mantém a ativagdo dos foliculos em desenvolvimento com 1 dia de cultivo. No
entanto, ndo é suficiente para manter a sobrevivéncia folicular por 7 dias.

T4, na concentragcédo de 20 ng/mL no meio de cultivo, promove a manutencéo da
sobrevivéncia, ativacao e crescimento de foliculos pré-antrais, durante 7 dias de
cultivo.

A associacdo de JFSH (20/10ng/mL), no meio de cultivo, estimuia
sobrevivéncia, crescimento e manutencdo dos aspectos ultraestruturais de
foliculos pré-antrais cultivados durante 1 e 7 dias.

Durante o cultivoin situ de longa duracdo (28 dias), a utilizacdo de T
(20ng/mL) associado ao hFSH (10ng/mL) adicionado ao meio base, mantém
morfologia, bem como a viabilidade e a ultraestrutura de foliculos pré-antrais

caprinos por 7 dias e, ainda, estimula a ativacao folicular.
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15. PERSPECTIVAS

Para a maximizacdo do potencial reprodutivo, especialmente de fémeas
domésticas, € importante estudar a foliculogénese a fim de compreender os mecanismos
e fatores envolvidos nesse processo. Até os dias atuais, muitos esforcos tém sido
concentrados nesse sentido, visando a busca por sistemas deircudiikm eficientes,
capazes de permitir o adequado e completo desenvolvimento folicular. Apesar do
estabelecimento de meios e condicbes de cultivo jA bastante promissores, ainda é
limitado o conhecimento acerca da foliculogénese em caprinos, bem como os resultados
alcancados até o momento, o que tem sido considerado um desafio para as equipes que
trabalham com estes animais. Além disso, a completa maturacdo dos odécitos oriundos
de foliculos pré-antrais, principal alvo da biotécnica de MOIFOPA, ainda atinge indices
insatisfatorios nesta espécie.

InUmeros fatores de crescimento e/ou hormbnios, bem como seus receptores e
suas vias de sinalizagdo tem sido identificados trabalhando em conjunto para o
desenvolvimento folicular através de mecanismos enddcrinos, autocrinos e paracrinos.
Os resultados desta Tese também evidenciaram a participacaol@&-Te hFSH no
desenvolvimento de foliculos pré-antrais caprinos cultivadastu. Desta forma, as
informagdes aqui obtidas poderdo ser utilizadas para aperfeicoar a elaboragdo e o
fornecimento de meios de cultivo capazes de propiciar 6timas condi¢cdes para um
completo crescimento folicular, preservando a viabilidade celular e revolucionando a
producdoin vitro de embrides. No entanto, estudos complementares poderdo ser
realizados visando a utilizacdo destas substancias em associacdo e em diferentes
momentos de adicdo, caracterizando um meio de -cultivo eficiente, sobre o

desenvolvimento de foliculos pré-antrissitu e/ou isolados.
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