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Resumo

Lucas, Caroline. Efeito da suplementacdo com tretinoina nanoencapsulada na
producdo in vitro de embrides bovinos. 2014. 66f. Dissertacdo (Mestrado) -
Programa de Pds-Graduacgdo em Biotecnologia. Universidade Federal de Pelotas,
Pelotas, 2014.

A possibilidade de aumento do padréo genético e da producdo animal torna a
producéo in vitro (PIV) de embrides uma técnica extremamente valiosa para o
desenvolvimento tecnoldgico da pecuaria. No entanto, devido a necessidade de uma
mimetizacdo do processo in vivo, que consiste em varias etapas interdependentes,
h& dificuldades em ajustar as condi¢cdes 6timas requeridas para cada situacao
reproduzida. O melhoramento dos protocolos de maturacgéo in vitro (MIV) através da
suplementacdo com diferentes moléculas permite aumentar a eficiéncia dos meios
de cultivo e melhorar a competéncia de odcitos para a fertilizacdo e embriogénese.
Uma abordagem altamente promissora é a realizacdo da entrega de moléculas
mediada por nanocarreadores. A tretinoina (TTN, &acido retindico all-trans - ATRA) é
um retindide natural e metabdlito ativo da vitamina A, com acdo importante na
proliferacdo e diferenciacdo celular, e no desenvolvimento embrionario tanto em
condicbes in vivo como in vitro. A TTN age no processo de maturacdo
citoplasmatica, no desenvolvimento inicial embrionario e competéncia oocitaria
melhorando a qualidade dos embrides gerados. A associacdo da tretinoina a
nanoparticulas poliméricas surge como alternativa para melhorar a solubilidade e
estabilidade quimica desta molécula, possibiltando uma liberacdo controlada e
reducdo da degradacdo. O objetivo deste trabalho foi avaliar os efeitos da
suplementacdo com nanocapsulas de nudcleo lipidico associadas a tretinoina (TTN-
LNC) no meio de MIV, nas concentracfes de 0,25, 0,5 e 1 uM, através da analise do
desenvolvimento embrionario até o estagio de blastocisto, producdo de espécies
reativas de oxigénio (EROs) e expressao de genes relacionados a apoptose e
pluripoténcia. Como principais resultados, a TTN-LNC a 0,25 yM aumentou a taxa
de producédo de blastocistos e reduziu a producao de EROs. Além disso, TTN e TTN-
LNC induziram uma menor expressdao dos genes Bax e SHC1 sugerindo efeitos
benéficos sobre o desenvolvimento embrionario. Os resultados indicam que a
nanoencapsulacdo permite a utilizacdo de uma menor dose de TTN-LNC com
consequente obtencdo de maiores porcentagens de producdo de blastocistos e
diminuicdo da produgédo de EROs, tornando a nanoembriologia uma ferramenta
potencial para a melhora da técnica de PIV de embrides bovinos.

Palavras-chave: odcitos bovinos; maturacdo in vitro (MIV); espécies reativas de
oxigénio (EROs); nanoembriologia;



Abstract

Lucas, Caroline. Effects of supplementation with tretinoin nanocoated in bovine
embryos in vitro produced. 2014. 66f. Dissertacao (Mestrado) - Programa de Pés-
Graduacao em Biotecnologia. Universidade Federal de Pelotas, Pelotas, 2014.

The possibility of increasing the genetic pattern and animal production make the in
vitro production of embryos an extremely valuable technique for the technological
development of livestock. However, due to the need for mimicking the in vivo
process, that consists in several interdependent steps there are difficulties in setting
the optimal conditions for each situation performed. The improvement of in vitro
maturation (IVM) protocols through supplementation with different molecules can
increase the efficiency of the culture medium and improve the competence of
oocytes for fertilization and embryogenesis. A promising approach is the realization
of mediated delivery of nanocarriers molecules. Tretinoin (TTN, all- trans retinoic acid
- ATRA)) is a natural retinoid and active metabolite of vitamin A with important action
in cell proliferation and differentiation and embryonic development under both in vivo
and in vitro conditions. TTN acts on the cytoplasmic maturation process, in the initial
embryonic development and oocyte competence, improving the quality of embryos
generated. The combinations of tretinoin with polymeric nanoparticles are
alternatives to enhance the solubility and chemical stability of this molecule, allowing
controlled release and decreased degradation. The objective of this study was to
evaluate the effects of IVM medium supplementation with tretinoin-loaded lipid-core
nanocapsules (TTN-LNC) at concentrations of 0.25, 0.5 and 1 uM, by analysis of
embryonic development until the blastocyst stage, production of reactive oxygen
species (ROS), and expression of genes related to apoptosis and pluripotency. As
main results, TTN-LNC 0.25 uM increased the rate of blastocyst production and
reduced ROS production. In addition, TTN and TTN-LNC induced a lower gene
expression of Bax and SHC1, suggesting beneficial effects on the development of
embryos. The results indicate that nanoencapsulation allows the use of a lower dose
of TTN-LNC with consequent obtention of higher percentages of blastocyst
production and decreased production of ROS, making nanoembriology a potential
tool for improving bovine embryos IVP.

Keywords: bovine oocytes; in vitro maturation (IVM); ROS; nanoembriology;
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1.INTRODUCAO

A utilizacdo de biotécnicas da reproducdo empregadas a bovinos tem se
expandido nos ultimos anos com a finalidade de melhorar as taxas reprodutivas de
fémeas de alto valor genético e com isso aumentar o padrdo genético do rebanho
(CAMARGO et al.,, 2003). Porém, h4 mais de duas décadas, as taxas de
desenvolvimento in vitro de blastocistos em meios de cultivo simples permanecem
baixas, variando de 20 a 40% na espécie bovina (FUKUI et al., 1991;LIU; FOOTE,
1995;LONERGAN; FAIR, 2008). Varios fatores incluindo o préprio odcito, as células
somaticas, as fontes de proteinas, os meios de cultivo, a tensdo de oxigénio e 0s
substratos energéticos podem afetar o desenvolvimento in vitro de embrides pré-
implantacionais (BAVISTER, 1995;JANG et al., 2010). Dessa forma, o melhoramento
dos protocolos de maturacgéo in vitro (MIV) através da suplementacdo com diferentes
horménios, vitaminas e outras moléculas torna-se necessario para aumentar a
eficiéncia dos meios e permitir que odcitos imaturos adquiram competéncia para a
fertilizacdo e embriogénese (ABE; HOSHI, 2003;DUQUE et al., 2002;HIDALGO et
al., 2003;TAHAEI et al., 2011).

A suplementacdo com &cidos retindicos (ARs) vem demonstrando efeitos
benéficos na producéo in vitro (PIV) de embries. A tretinoina (TTN, acido retindico
all-trans, ATRA), metabdlito ativo da vitamina A (SOPRANO; QIN; SOPRANO,
2004), é considerada um dos mais importantes retindides na embriogénese de
vertebrados, tanto em condi¢cdes in vitro como in vivo (MORRISS-KAY; WARD,
1999;TANG; GUDAS, 2011). A adicdo de TTN em meios para a PIV demonstrou
gerar maiores taxas de maturacéo de oocitos desnudos de camundongos (NASIRI
et al., 2011,TAHAEI et al.,, 2011) e de blastocistos bovinos (GOMEZ et al.,
2003;RODRIGUEZ et al., 2006). Adicionalmente, estudos confirmam a presenca de
subtipos a e B do receptor retindide X (RXRa, RXRB) para a TTN no odcito, nas
células do cumulus (MOHAN; THIRUMALAPURA; MALAYER, 2003) e em
blastocistos eclodidos (MOHAN et al., 2001;MOHAN et al., 2002;MOHAN;
THIRUMALAPURA; MALAYER, 2003).



15

Apesar de existirem pesquisas relacionadas a funcdo dos ARs, ainda pouco
se conhece sobre a atividade da TTN na MIV dos complexos cumulus-o04citos
(CCOs) bovinos. A fim de avaliar a acdo deste composto nessas condicdes, a
utilizacdo de nanocapsulas de nucleo lipidico associadas a tretinoina (TTN-LNC)
surge como alternativa para a suplementacdo do meio de MIV. O
nanoencapsulamento permite otimizar a eficacia de muitos agentes terapéuticos,
protegendo-os da ocorréncia de degradacdo e aumentando a biodisponibilidade
intracelular e estabilidade quimica do composto (OURIQUE et al., 2010;SHAH et al.,
2007).

Aliado a essa nova estratégia de nanoembriologia, a fim de investigar os
efeitos da suplementacdo com TTN-LNC em meio de MIV, avaliamos as taxas de
desenvolvimento embrionario, a producdo de espécies reativas de oxigénio (EROS)
em embrides de 2 a 4 células, e 0s niveis transcricionais de genes relacionados a

apoptose e pluripoténcia em blastocistos.



2.REVISAO BIBLIOGRAFICA

2.1. PIV de embrides bovinos

A possibilidade de aumento do padréo genético e da producdo animal tornam
a PIV de embrides uma técnica extremamente valiosa para o desenvolvimento
tecnolégico da pecuéria, principalmente na area de reproducédo (ABADIA, 2006).
Dados recentes indicam que mundialmente em 2011 foram realizadas
aproximadamente 374 mil transferéncias utilizando embrides produzidos in vitro
(STROUD, 2012). No entanto, devido a necessidade de uma mimetizacdo do
processo in vivo, que consiste em varias etapas interdependentes, ha dificuldades
em ajustar as condi¢des 6timas requeridas para cada situacao reproduzida.

A PIV compreende trés estagios, os quais consistem na MIV do odcito,
fertilizacdo in vitro (FIV) e cultivo in vitro (CIV) de embrides. A MIV envolve a coleta
de odécitos em profase | de foliculos antrais, em conjunto com as células do cumulus
(CC), e cultura durante 22 a 26h (GALLI et al., 2003). Apoés, a FIV é realizada
através da co-incubacdo dos CCOs com 0s espermatozoides capacitados, em um
periodo de 18 a 22h. Neste intervalo deve ocorrer ligacdo e penetracdo da célula
espermatica a zona peldcida do odcito, através da reacdo acrossbmica para
posterior ativacdo do gameta feminino e formacdo dos pr6-ndcleos (SCHULTZ,;
KOPF, 1995). No cultivo embrionario os odcitos fertilizados, previamente
desnudados, sdo incubados até os embrides atingirem o estagio de blastocisto e
posteriormente sdo transferidos para as fémeas receptoras (MACHATY; PEIPPO,;
PETER, 2012). Entretanto, a proporcdo de embrides que alcancam o estagio de
blastocisto é raramente superior a 40% (DALVIT et al., 2005;FUKUI et al., 1991;LIU;
FOOTE, 1995;LONERGAN; FAIR, 2008).



Segundo os dados presentes na literatura, embrides produzidos in vitro sao
inferiores em termos de qualidade quando comparados aos gerados in vivo
(LONERGAN; FAIR, 2008) com base em dados de criotolerancia, morfologia,
metabolismo, perfis de expressdo génica, ocorréncia de apoptose e taxas de
prenhez apoés a transferéncia (LONERGAN et al., 2006;POMAR et al., 2005). Dessa
forma, o aprimoramento dos protocolos de PIV, através da modificacdo de condi¢des
de cultivo e realizacdo de suplementacdo com diferentes moléculas, surge como
alternativa para aumentar a eficiéncia desta técnica (ABE; HOSHI, 2003;LIMA et al.,
2006).

2.2. Maturacao oocitaria

A etapa de maturacdo oocitaria € caracterizada pela ocorréncia de
transformacdes nucleares e citoplasmaticas, nas quais o odcito finaliza sua primeira
divisdo meidtica, progredindo do estagio de vesicula germinativa (VG) até metafase
I, redistribui as organelas e armazena RNAs mensageiros (MRNAS), proteinas e
fatores transcricionais (FERREIRA et al., 2009).

Na maturacao nuclear, ocorre a condensac¢ao da cromatina e rompimento da
VG. Os centriolos sdo duplicados e ocorre migracdo dos cromossomos em pares
diploides para a regido equatorial, caracterizando a metafase I. Apds, o citoplasma é
dividido assimetricamente formando duas células filhas de tamanhos diferentes, uma
contendo maior parte do citoplasma, constituindo o odcito secundario, e outra
menor, expulsa para o espaco perivitelino, conhecida como corpusculo polar (CP).
Os cromossomos ainda contendo duas cromatides sdo novamente submetidos a
meiose I, que progride até metafase Il, permanecendo o odécito secundario em
repouso. Se ocorrer fertilizagdo, o oocito é estimulado a finalizar a meiose I,
gerando duas células, que correspondem ao 6ocito maturo e ao segundo CP, ambos
apresentando um numero hapldide de cromossomos (HYTTEL et al., 1997,
GOTTARDI; MINGOTI, 2009).
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A maturacdo nuclear é insuficiente para garantir um o0cito capaz de ser
fecundado e de sustentar o desenvolvimento embrionario, exigindo a ocorréncia da
maturacao citoplasmatica, em que o odcito sofre alteracdes estruturais e biolégicas
que o torna apto para ativacdo, formacdo do pronucleo e desenvolvimento pré-
implantacional (IZADYAR et al., 1998). Essas modificacdes podem ser resumidas
em trés eventos principais que séo: a redistribuicdo das organelas citoplasmaticas, a
dindmica dos filamentos no citoesqueleto e a maturacdo molecular (FERREIRA et
al., 2009)

Na redistribuicdo das organelas, a localizacdo de mitocondrias em éareas de
alto consumo de energia (FERREIRA et al., 2009), o aumento trés vezes maior da
sintese de proteinas pelos ribossomos (TOMEK; TORNER; KANITZ, 2002), a
exocitose de granulos corticais (GC), que permitem através da sua migracdo a
avaliacdo da maturacéo citoplasmatica em odécitos de mamiferos (BEZARD, 1997) e
blogueio da polispermia (HOSOE; SHIOYA, 1997), e a regulagdo da homeostase de
calcio pelo complexo de Golgi (MACHACA, 2007), sao consideradas alteracdes
estruturais e biolégicas indispensaveis. O movimento de organelas citoplasmaticas e
a separacdo dos cromossomos durante a meiose e mitose sdo responsaveis pela
capacitacdo do odcito, permitindo a aquisicdo da competéncia nuclear
(ALBARRACIN et al., 2005). A presenca no citoesqueleto celular de trés tipos de
filamentos garante a resisténcia celular em resposta ao estresse, a modulacdo da
expressao génica e a producao de proteinas em células transcricionalmente inativas,
como o0citos e embriBes nos estagio inicial de desenvolvimento (GANDOLFI;
BREVINI, 2010).

A maturacdo molecular ird permitir a transcricdo, armazenamento e
processamento dos mMRNAs expressos pelos cromossomos (FERREIRA et al.,
2009). Os principais transcritos produzidos durante a maturagdo molecular do CCO
codificam para reguladores do ciclo celular como o fator promotor da maturagéo
(MPF), a proteina proto-oncogénica c-mos (MOS) e a proteina cinase ativada por
mitogeno (MAPK) (FERREIRA et al., 2009). Adicionalmente, outras moléculas
importantes para o desenvolvimento e progressdo da maturacdo e desenvolvimento
embrionarios sédo sintetizadas e acumuladas dentro do o6cito, passando a serem
consideradas marcadores da maturagdo citoplasmatica. A enzima glutationa,

juntamente a outras moléculas antioxidantes, é responsavel pela protecéo celular
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contra danos oxidativos causados pela formacdo de EROs durante o metabolismo
mitocondrial, e moléculas de adenosina trifosfato (ATP) parecem estar em
guantidades maiores em od0citos morfologicamente competentes (ALl; BILODEAU,;
SIRARD, 2003;TARAZONA et al., 2006).

Em relacdo ao processo de MIV, a retirada dos CCOs interrompe 0 processo
natural de manutencdo do bloqueio meiético, levando a uma insuficiente aquisicao
de competéncia oocitaria e consequente maturacdo precoce. Segundo
pesquisadores, o monofosfato ciclico de adenosina (AMPc) e monofosfato ciclico de
guanosin (GMPc) estdo diretamente envolvidos neste processo. Um estudo de
Zhang et al. ( 2010) confirmou que a interacdo das células da granulosa com as CC
e 0 consequente aumento dos niveis de GMPc no o0d4cito, sdo responsaveis por
manter o bloqueio meibtico. A onda de hormoénio luteinizante (LH), ao induzir a
interrupcdo da transferéncia de GMPc ao o0cito, torna ativa a enzima
fosfodiesterase-3 (PDE3), responsavel por hidrolisar AMPc, que em niveis
reduzidos leva ao reinicio da meiose. Esta cascata de sinalizacbes, ao mesmo
tempo em que caracteriza a maturacdo induzida pelo LH, justifica o porqué da
maturacdo esponténea, acionada pela remocéao fisica dos CCOs, ndo ser definida
como um processo fisiolégico e sim como um mecanismo gque ocorre na tentativa de

substituir o sinal normalmente associado com a onda de LH (SIRARD, 2011).

2.3. Suplementacado de meios para a maturacdo in vitro de o6citos bovinos

O comprometimento da competéncia dos odcitos bovinos quando submetidos
a condicdes artificiais de cultivo é considerado um entrave para o desenvolvimento
das biotecnologias reprodutivas. Os meios de cultivo utilizados para a MIV, por
serem formulagdes complexas originalmente produzidas para sustentar as
necessidades metabdlicas de células somaticas e tecidos, ainda nédo fornecem as
condicbes necessarias para se atingir os niveis de eficacia obtidos no processo in
vivo (CHIAMENTI et al., 2010;MINGOTI et al., 2009). Assim, as pesquisas ha area

de PIV de embrides bovinos estdo concentrando seus esfor¢cos no melhoramento
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dos protocolos de MIV testando diferentes hormonios, vitaminas, fatores de
crescimento, antioxidantes e outras moléculas objetivando alcancar maior eficiéncia
na fertilizacdo e embriogénese (ELAMARAN et al., 2012;LIMA et al., 2006).

O meio de cultivo tecidual 199 (TCM-199) é o mais comumente usado no
procedimento in vitro (FUKUI, 1989), porém, alguns grupos de pesquisa utilizam o
synthetic oviductal fluid (SOF) destinado para o cultivo de embrides (ALI; SIRARD,
2002). O meio SOF é capaz de promover a MIV sem a presenca de
macromoléculas, porém, a qualidade dos embrides gerados € inferior aos originados
de odcitos cultivados em TCM-199 (LONERGAN et al., 2003;RUSSELL et al., 2006).
Estes meios servem como base para a suplementacdo com cisteamina, B-
mercaptoetanol, fontes protéicas como soro fetal bovino (SFB) e albumina sérica
bovina (BSA), gonadotropinas (LH, FSH e hCG- Human Chorionic Gonadotropin),
fatores de crescimento (IGF, TGF, EGF e FGF), progesterona, liquido folicular, e
antioxidantes (BUKOWSKA et al., 2012;MINGOTI et al., 2009).

Em virtude da importante acdo da glutationa (GSH) contra o estresse
oxidativo, tem sido proposto a suplementacdo com substratos ou precursores desta
molécula, como a cisteamina e o B- mercaptoetanol (ANAND et al., 2008;0YAMADA,
FUKUI, 2004). Foi observado o aumento da sintese de GSH e melhores indices de
MIV e FIV na espécie bovina apés a suplementacdo com cisteamina ou B-
mercaptoetanol (DE MATOS; FURNUS, 2000).

As macromoléculas BSA e SFB aumentam a maturacdo e o desenvolvimento
embrionério, agindo como quelantes de ions, estabilizantes de pH, surfactantes e
sequestradores de EROs (STEIN, 2007). Entretanto, por serem de origem animal e
apresentarem risco de transmissdo de patdgenos e alteracdes entre produtores e
lotes, h& variabilidade nos sistemas de cultivo e nos resultados obtidos (MINGOTI et
al., 2009). Como alternativa, aditivos sintéticos, como o alcool polivinilico (PVA) e a
polivinil pirrolidona (PVP), estdo sendo empregados em substituicdo aos
convencionalmente utilizados, porém muitos estudos indicam a producdo de
menores taxas de blastocistos viaveis (SORIA, 2005).

Em relacdo as gonadotropinas, seus efeitos sao resultantes de suas acodes
fisiologicas na comunicacdo 00cito-CC e na maturacdo oocitaria (CHA; CHIAN,
1998;CHIAN et al., 2002;DE et al., 1999). Ja os hormbnios de crescimento aceleram

a maturacdo nuclear e aumentam a expansdo das CC, a taxa de blastocistos e
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embrides devido a melhor distribuicdo dos GC (IZADYAR et al.,, 1998). A
progesterona possui participacdo na capacitacdo oocitaria aumentando a
competéncia dos odcitos em primatas (ZHENG et al., 2003), com acédo direta nos
odcitos ou nas CC circundantes (LARSON; KRISHER; LAMB, 2011).

A adicdo em meio MIV de fluido folicular bovino (FFb), também demonstra
atuacao no processo de crescimento oocitario. Foi observado que 5% (v/v) de FFb
reforcou a translocacao mitocondrial, niveis intracelulares de ATP e a expansao das
CC. Além disso, foi visto uma maior protecdo ao estresse oxidativo gerado pela
possivel presenca de melatonina, que junto a outras moléculas antioxidantes como
mercaptoetanol, cisteina, vitaminas A, C e E ou cétions quelantes divalentes, como o
EDTA, taurina, hipotaurina e transferrina, surge como uma alternativa de
suplementacdo em varios estudos (SOMFAI et al., 2012). A capacidade de
preservacdo da viabilidade celular durante a manipulacdo in vitro, protegendo a
célula do mecanismo de estresse oxidativo, torna essas moléculas valorizadas
funcionalmente (EL-RAEY et al., 2011).

Adicionalmente a essas suplementacfes, outros compostos e abordagens
surgem para tentar suprir as necessidades nutricionais e fisiologicas dos odcitos. A
utilizacdo de substancias que retém o processo de meiose como a roscovitina e
butirolactona-1, o controle das condi¢cbes de pH, temperatura, osmolaridade do meio
e tensdo de O, também estédo sendo estudados na tentativa de melhorar e aumentar
0 sucesso da MIV (GILCHRIST; THOMPSON, 2007).

2.4. Tretinoina

A TTN, um retindide natural, € metabdlito ativo da vitamina A (OURIQUE et
al., 2008;SOPRANO; QIN; SOPRANO, 2004) e desempenha sua funcéo através da
interacéo ligante-receptor, auxiliando no estabelecimento do plano corporal durante
as fases iniciais do desenvolvimento, na visdo, na proliferacdo e diferenciacao
celular, na funcéo imunolégica e neuronal (TANG; GUDAS, 2011). Os isdbmeros AR

all-trans e 9-cis se ligam a receptores AR (RAR; a, B e y) e AR X (RXR; a, B e y)
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respectivamente, porém, sob condi¢des in vitro, AR 9-cis pode ativar ambos, RXR e
RAR. Quando ativados, os receptores nucleares RAR-RXR formam heterodimeros,
gue sao capazes de se ligarem a sequéncias de DNA especificas, chamadas de
elementos responsivos ao &cido retindico (RARES), as quais estdo presentes nas
regides promotoras de seus genes alvos, controlando a expressdo génica. Além
disso, os RXRs podem formar homodimeros e outros heterodimeros com o receptor
da vitamina D, do horménio tireodiano e com o0 receptor ativado por
proliferador peroxissomal (CHAMBON, 1996; MANGELSDORF; EVANS, 1995),
assim podendo explicar os efeitos pleiotropicos dos retindides.

A presenga de subtipos RARa, RARy, RXRa, RXRB em odcitos, em
blastocistos eclodidos e CCs (MOHAN et al., 2001;MOHAN et al., 2002), sugerem
gue os ARs podem estimular desenvolvimento inicial embrionéario (DEB et al., 2011)
e a competéncia oocitaria (HIDALGO et al., 2003). Os retindides podem melhorar a
qualidade e o processamento de mMRNA durante a maturacao através do aumento da
poliadenilacdo (GOMEZ et al., 2004), e agir na expressao dos receptores de FSH e
LH, como demonstrado nas células da granulosa de murinos (MINEGISHI et al.,
2000) e suinos (HATTORI et al., 2000). Além disso, também exercem protecao
contra os danos oxidativos, mantendo os niveis adequados de compostos e enzimas
antioxidantes (GUERIN; EL; MENEZO, 2001) e induzem maior expressao de midkine
(MK), fator de crescimento ligante de heparina, que parece aumentar a capacidade
de desenvolvimento de embrides e odécitos (IKEDA et al., 2000). Duque e
colaboradores (2002) demonstraram que a suplementacdo com AR 9-cis, na
presenca de roscovitina, melhorou a maturacdo citoplasmatica; Barekati e
colaboradores (2008) observaram o aumento das taxas de maturacdo e
competéncia em odcitos imaturos desnudos de camundongos (NASIRI et al.,
2011;TAHAEI et al., 2011) e maiores obtencéo de blastocistos bovinos (GOMEZ et
al., 2003;RODRIGUEZ et al., 2006).

Os efeitos benéficos que os ARs exercem sobre a MIV sdo evidentes, no
entanto, ha poucos dados referentes a acdo da TTN nas CC e no odcito bovino, o
qual é amplamente utilizado em estudos que servem como base para o0
entendimento das necessidades e do comportamento deste gameta em outras

espécies, como a humana.
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2.5. Nanotecnologia

Uma abordagem altamente promissora que vem aumentando o interesse de
pesquisadores da area de biologia reprodutiva é a realizacdo da entrega de
moléculas mediada por nanocarreadores. A estrutura especializada e o papel
funcional dos gametas e tecidos reprodutivos requerem o uso de ferramentas de
pesquisas que sejam minimamente invasivas e que nao interfiram na fertilidade ou
afetem o desenvolvimento dos embrides (BARKALINA et al., 2013).

A nanotecnologia pode melhorar a seguranca bioldgica e a eficacia de muitas
metodologias experimentais existentes (ARVIZO et al.,, 2012;LAMMERS et al.,
2011). A versatilidade das nanoparticulas facilita grandemente a sua utilizacdo como
sistemas de distribuicdo para a maioria dos tipos de compostos biolégicos, incluindo
pequenas moléculas, peptideos, proteinas e acidos nucleicos (BARKALINA et al.,
2013).

Os nanomateriais utilizados na medicina reprodutiva devem ser incapazes de
causarem toxicidade aguda e de induzir efeitos transgeracionais a longo prazo. Além
disso, ndo devem afetar a viabilidade e a funcionalidade de gametas e/ou embrides,
a integridade do DNA, os perfis de expressdo génica, a sintese de proteinas, a
producdo de energia, a divisdo celular, a inducdo de apoptose, a liberacdo de
espécies reativas de oxigénio, ou promover mecanismos alternativos de colapso
celular (BARKALINA et al., 2013). A andlise de nanotoxicidade representa um
desafio, pelo fato de que 0s mecanismos que governam a interacdo dos
nanomateriais com as células e os seus efeitos finais, dependem de uma
combinacdo de fatores incluindo propriedades fisicas e quimicas do nanocarreador
(tamanho, superficie, carga, revestimento, presenca de grupos funcionais) e
caracteristicas morfolégicas e fisiolégicas das células alvo (BARKALINA et al.,
2013). Até o presente momento, apenas estudos relacionados a biocompatibilidade
de nanomaterias com espermatozoides tem sido reportados utilizando-se
nanoparticulas magnéticas de ferro (KIM et al., 2010;MAKHLUF et al., 2006), pontos

guanticos com nucleo de seleneto de cddmio e coroa de sulfeto de zinco
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(FEUGANG et al., 2012), nanotubos de haloisita e nanopolimeros comerciais
(CAMPOS et al., 2011).

Com relacdo aos efeitos das nanoparticulas sobre o desenvolvimento
embrionério inicial, publicacdes sustentam a biocompatibilidade do quitosano (EMA
et al., 2010;SUWANSA-ARD et al., 2009) e nanoparticulas de poliestireno ( YANG et
al., 2011).

Muito utilizada para tratamentos de doencas de pele e no tratamento anti-
tumoral, pesquisadores vém buscando associar TTN a nanoparticulas poliméricas
para melhorar a sua solubilidade, estabilidade quimica, biodisponibilidade e/ ou
eficacia. Darmanin et al. (2007) sugeriram que o AR pode melhorar a migracdo de
células dendriticas do tumor para os ganglios linfaticos de drenagem, aumentando a
imunidade anti-tumoral, porém a solubilidade em agua e a estabilidade baixas do
AR sdo as principais desvantagens das suas formula¢des. O uso clinico de AR foi
associada com uma rapida diminuicdo da sua concentracdo sérica apos a continua
administracdo oral ou injecao intravenosa (ACHKAR et al.,, 1994). No entanto, a
nanoencapsulacdo de AR pode ultrapassar estas limitacbes e, portanto, oferece
maiores vantagens. Ourique et al. (2008) mostraram que a utilizacdo de
nanocapsulas reforca duas vezes mais a fotoestabilidade do AR em relacédo a
solucéo metandlica.

O nanoencapsulamento de AR demonstra um perfil de liberagéo prolongada e
uma maior estabilidade (ALMOUAZEN et al., 2012), oferecendo uma nova estratégia
no tratamento anti-tumoral e de doencas de pele, e para os estudos relacionados ao

desenvolvimento embrionario, possibilitando o surgimento da nanoembriologia.



3. OBJETIVOS

Geral:

O presente trabalho teve como objetivo analisar os efeitos da suplementacdo com
tretinoina associada a nanocapsulas de nucleo lipidico (TTN-LNC) quando

adicionada na maturacéo in vitro de CCOs bovinos.

Especificos:

1 — Testar concentracbes diferentes de tretinoina livre (TTN) e TTN-LNC

suplementadas no meio de MIV;

2 — Testar a suspensao de nanocépsulas (LNC), para averiguar se ha interferéncia
de sua acédo na funcdo do composto;

3 — Avaliar os efeitos de uma formulacao ja caracterizada de TTN-LNC na taxa de

desenvolvimento embrionario até o estagio de blastocisto;

4 — Avaliar a expressdo dos genes relacionados a apoptose (BAX, MCL-1,
CASPASE-3 e SHC1) e a pluripoténcia (NANOG, SOX2 e OCT4);

5 — Verificar a formacdo de EROs em embrides produzidos in vitro de 2 a 4 células;



4. ARTIGO

O presente artigo foi formatado com as normas do periodico

Reproductive Toxicoloy



1

27

Effects of tretinoin-loaded polymeric nanocapsules in in vitro-produced bovine
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Abstract

The improvement of in vitro maturation (IVM) protocols through
supplementation with different molecules improves the efficiency of the culture
media. Tretinoin is considered one of the most important retinoids in vertebrate
embryogenesis and its association with lipid-core nanocapsules (TTN-LNC) is an
alternative to improve solubility and chemical stability. We evaluated the effects of
supplementation with TTN-LNC in IVM medium, through the analysis of rates of
embryonic development, production of reactive oxygen species (ROS) and
expression of genes related to apoptosis and pluripotency. The lowest dose of TTN-
LNC (0.25 uM) generated higher blastocyst production and reduced ROS production.
Even, lower expression of BAX and SHC1 was observed in TTN and TTN-LNC
group, suggests beneficial effects on the development of embryos. Our results
suggest that nanoencapsulation allows the use of smaller doses, thus reducing the

interference supplementation in IVM media and improve the blastocyst rates.

Keywords: bovine oocytes; in vitro maturation (IVM); tretinoin; nanocapsules;

supplementation.
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1.Introduction

The development of studies of in vitro production (IVP) of bovine embryos,
have been promoting an improvement in genetic pattern and animal production.
Therefore, despite many reports about successful in vitro maturation and in vitro
development of mammalian immature oocytes, the proportion of embryos reaching
the blastocyst stage is rarely higher than 40% with compromised embryo quality and
competence (1-4).

Improving the protocols of in vitro maturation (IVM) through supplementation
with different molecules has become an alternative to increase the efficiency of the
culture medium and allow that immature oocytes acquire competence for fertilization
and embryogenesis (5-7). Supplementation with retinoic acid (all-trans RA and 9-cis
RA) has demonstrated beneficial effects for a number of reproductive processes (8-
12). The presence of nuclear retinoic acid receptors (RAR) and retinoid X receptors
(RXR), in the oocyte until hatched blastocyst stages and in cumulus cells have been
indicated important roles of RA during early embryonic development (13-15).

Tretinoin (TTN, all-trans retinoic acid, ATRA), an active metabolite product of
vitamin A, is considered one of the most important retinoid in cell proliferation,
differentiation and embryonic development under in vivo as well in vitro conditions
(16). Recently, TTN has been shown to increase maturation of immature oocytes in
vitro and improve the development of resultant mice and bovine embryos (17;18).
Also used for treatment of skin disorders and in anti-tumor treatment, studies have
been conducted to associate TTN, a poorly water soluble drug, with polymeric
nanoparticles to protect them from degradation and improve its chemical stability,

aqueous solubility and efficacy (19-21).
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Drug delivery systems have received considerable attention for applications in
biology and medicine (22). Polymeric nanoparticles have been extensively studied as
drug carriers, providing a therapeutic agent of interest embedded or encapsulated
within a polymer matrix, adsorbed or conjugated on its surface (23). They are used to
modify the release profile and the distribution of active compounds, allowing more
efficient molecule delivery or site-specific molecule delivery, especially those that act
through cytoplasmic receptors (24) reducing toxic effects (25). Recently, a new
particle it was proposed, called as lipid-core nanocapsules, as efficient drug
nanocarriers. Whereas conventional nanocapsules present an oil core, lipid-core
nanocapsules present a core composed of a liquid lipid dispersion capric/caprylic
(26). In order to investigate the action of tretinoin- loaded lipid-core nanocapsules
(TTN-LNC) in embryonic development, this molecule have been tested on in vitro
maturation with the aim of analyze the effects in embryo development, production of
reactive oxygen species (ROS) and in transcriptional level of genes related with

apoptosis and maintenance of pluripotency.

2.Materials and methods

2.1 Nanocarrier preparation

TTN-LNC were prepared as previously reported (26) by interfacial deposition

of polymer, using poly(e-caprolactone) at 1% (w/v) as biodegradable polymer. Briefly,

250 mg of polymer, 0.77% (w/v) of sorbitan monostearate, 3.3% (v/v) of

capric/caprylic triglyceride mixture and 0.05% (wi/v) of tretinoin were dissolved in 67
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mL of acetone. This organic solution was poured in to 134 mL of an aqueous phase
containing 0.77% (w/v) of polysorbate 80 under magnetic stirring during 10 minutes.
Acetone was then eliminated and the aqueous phase concentrated by evaporation at
40°C under reduced pressure to a final volume of 25 mL. The concentration of
tretinoin was set to 0.5 mg.mL™. In order to verify the action of polymeric layer, blank
lipid-core nanocapsules (LNC) were prepared in a similar way, but without the
addition of the drug into organic phase. All formulations were stored protected from

light during all the time.

2.2 Nanocarrier characterization

Nanocarrier characterization was previously performed for three independent
batches (26). For this study we confirm the following characteristics: particle size,
polydispersity index, zeta potential and drug content. The particle size and
polydispersity index (PDI) were measured using photon correlation spectroscopy
(PCS) (Zetasizer® Nanoseries ZEN3600, Malvern Instruments, Worcestershire,
England) using nanopatrticle suspension diluted (1:500, v/v) in filtered water (0.45
um, Millipore, Bedford, USA). Zeta potential ({-potential) were measurements using
the same instrument at 25 °C according to the electrophoretic mobility principle, after
the dilution (1:500, v/v) of the samples in a filtered (0.45 um, Millipore, Bedford, USA)
10 mM NaCl aqueous solution. The drug content was assayed by high performance

liquid chromatography (HPLC) after dissolution of nanocapsules in acetonitrile.
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2.3 Experimental design

The concentration-dependent effect of TTN-LNC and TTN added in oocyte
maturation were tested. Selection of concentration was based on preliminary results
and previous reports (9;27-30). The experimental groups were established and for
groups TTN-LNC and TTN the cumulus-oocyte complexes (COCs) were matured in
oocyte in vitro maturation medium supplemented with 0.25, 0.5 and 1 uM of TTN-
LNC or TTN. Control group of COCs matured without treatment and a control treated
with 1 uM of LNC were also examined. The suspensions of TTN-LNC and LNC were
routinely prepared. The TTN was dissolved in dimethyl sulfoxide (DMSO) and
aliquoted at a final concentration of 50 yM. In vitro fertilization assay was conducted
to verify the effects of treatments on embryo development, ROS production and gene

expression.

2.4 Oocyte collection and in vitro maturation (IVM)

Bovine ovaries were collected from a local abattoir and transported to the
laboratory with temperature controlled. A total of 870 COCs were aspirated from
follicles (2—8 mm in diameter) with a sterile 18-gauge needle attached to a
disposable syringe. Only COCs with a homogeneous cytoplasm and with at least
three layers of surrounding cumulus cells were selected for IVM. Prior to IVM, COCs
were washed three times in TCM-199 HEPES (Gibco Life Technologies, Grand
Island, NY, USA) supplemented with 10% FCS and 50 g gentamycin sulfate, and
were washed once in bicarbonate TCM-199 (Gibco Life Technologies) supplemented

with 10% FCS, 5 pg LH (Ayerst, Rouses Point, NY, USA), 0.5 ug FSH (Folltropin,
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Vetrepharm, Belleville, ON, Canada), 1 ug estradiol (estradiol-173, Sigma E-8875),
2.2 ug pyruvate (Sigma P-4562), and 50 ug gentamycin/mL of medium. Group of 20
COCs were placed into 100 ul drops of in vitro maturation medium, with treatment
applied according to the experimental design, covered with mineral oil and in vitro

matured for 24 h at 38.5 °C, 5% CO, in air with maximum humidity.

2.5 In vitro fertilization (IVF) and Culture

To IVF, COCs were washed twice times in pre-fertilization medium of TCM-
199 supplemented with 25 mM HEPES (Gibco Life Technologies, Grand Island, NY,
USA) and 0.3% BSA (Sigma A-9647), and were washed once in TALP fertilization
medium, supplemented with heparin and penicillamine, hypotaurine, and
epinephrine (PHE) solution (31;32). Groups of at least 25 matured COCs were
transferred for each 100 pL IVF droplet under mineral oil at 38.5 °C, 5% CO, in air
with maximum humidity. Straws of frozen bovine semen were thawed in a water bath
at 35 °C for 30 s and the semen were washed two times by centrifugation for 5 min at
700 x g in pre-fertilization and TALP fertilization medium, respectively. Final
concentration of sperm in fertilization droplets was adjusted to 10° cells/droplet.
Twenty hours after IVF, presumptive zygotes were denuded from cumulus cells by
repeated pipetting and were transferred to 100 uL droplets of culture medium of
embryos, a modified oviduct synthetic fluid (SOFaa BSA, containing 8 mg/mL BSA
[free of fatty acid] and 1 mM glutamine) and cultured for 7 d at a temperature of 38.5
°C in an atmosphere of 5% CO; in air with maximum humidity. The cleavage rate
was evaluated after 72 h of fertilization (Day 3), and 50 yL of medium was renewed

with 50 uL of fresh medium. After 120 h of fertilization (Day 5), 50 yL of medium was
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again replaced, with the addition of 1 pg/mL glucose. The rate of blastocyst, based

on the total number of presumed zygote was recorded at day 7.

2.6 Measurement of ROS production

In order to evaluate the ROS production, two-to-four cell stage embryos were
staining with fluorescent probe 2’,7’ dichlorodihydrofluorescein diacetate (DCHFDA)
as previously described by (33) with some modifications. Briefly, embryos were
incubated with DCFA dye (Sigma #4091-99-0) in phosphate buffered saline (PBS-
Nutricell, Campinas, SP, Brazil) for 30 min in a dark chamber at 38.5 °C. After
staining, all samples were washed three times in PBS to remove the traces of the
dye and mounted on glass slides covered with cover slips for fluorescence
microscopic evaluation. At 480 nm of excitation and 510 nm of emission filter, images
were acquired using a digital camera (Nikon, Tokyo, Japan) attached to a
fluorescence microscope (DP 12; BX 51; Olympus, Tokyo, Japan). The photographs
were analyzed using Cell"F software (Olympus, New York, USA), measuring the
pixels intensity. The experiment was replicated three times with 15-20 embryos in

each replicate.

2.7 Gene expression Analysis

For each group, total RNA was isolated from pools of seven embryos in
blastocyst stage using TRIzol Reagent (Invitrogen, Carlsbad, USA). The RNA
extracted was quantified using the NanoVue spectrophotometer (General Eletrics

Healthcare Limited, UK) and first-strand cDNA synthesis was performed using High
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Capacity cDNA Reverse Transcription kit (Applied Biosystems, Carlsbad, USA). All
steps described were performed according to the manufacturer’s instructions.
Real-Time PCR reactions were performed on a Stratagene Mx3005P Real-Time PCR
System (Agilent Technologies, Santa Clara, CA, USA) using SYBR Green PCR
Master Mix (Applied Biosystems, UK) and the primer sequences described in Table 1
to amplify four genes related with apoptosis: caspase-3 (CASP-3), Bcl-2-associated
X protein (BAX), Myeloid cell leukemia-1 (MCL-1) and (Src homology 2 domain
containing) transforming protein 1 (SHC1 SHC, also known as P66); and three genes
related to pluripotency: RY-related HMG-box containing factor (SOX2), octamer-
binding protein 4 (OCT4, also know POUF51), NANOG. The B-actin gene (9;34) was
used in parallel with genes of interest as an endogenous control for PCR reaction
efficiency. A negative control reaction, lacking template cDNA, was run in parallel as
a control against the formation of primer—dimers. The real-time PCR data were

analyzed using the 272! method, according to Pfaffl (2001) (35).
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201

202  Table 1. Oligonucleotide primer sequences

203 Gene Sequence (forward, reverse) Anneling temp (°C)
TGTGGCCAAACACTTGAAGAGT
204 MCL-1 60
CCTTACGAGAACATCTGTGATGCTT
205 SHC-1 AAGTCAACGGGGACTTCCTT 60
GGCAAGTGATTGTCCATGTG
206 oCT4 GGTTCTCTTTGGAAAGGTGTTC 55
ACACTCGGACCACGTCTTTC
207 SOX2 CGAGTGGAAACTTTTGTCCG 55
GGTATTTATAATCCGGGTGTT
208 BAX CTACTTGCCAGCAAACTGG 56
TCCCAAAGTAGGAGAGGA
209
NANOG TTCCCTCCTCCATGGATCTG 58
510 ATTTGCTGGAGACTGAGGTA
CASPASE- 3 GGACCCGTCAATTTGAAAAA 55
211 CATGTCATCCTCAGCACCAC
B-actin CTAGGCACCAGGGCGTCATG 60
212 CTTAGGGTTCAGGGGGGGCCT
213
214
215
216

217 2.8 Data Analysis

218

219 Data sets were analyzed using a factorial ANOVA followed by a Tukey test for
220 multiple comparisons. Three treatments were considered: TTN, LNC and TTN-LNC.
221  Significance was considered at P value < 0.05 in all analyses. Chi-square analysis
222  was performed to compare cleavage, blastocyst formation and hatching/hatched

223  rates.All data were expressed as mean + SEM.
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3. Results

3.1 Production and characterization of lipid-core nanocapsules

Formulations of TTN-LNC were previously described (26). Each preparation
used in the present study was evaluated for its drug content, showing values
between 0.45 and 0.55 mg/mL, in accordance with the theoretical value (0.5 mg/mL).
Mean patrticle sizes were below 250 nm (225 + 2 nm and 208 = 2 nm for TTN-LNC
and LNC, respectively). Low polydispersity indices (0.08 = 0.01 and 0.15 + 0.01 for
TTN-LNC and LNC) showed an adequate homogeneity of the particle sizes. Zeta
potentials were negative, regardless of the presence of the drug (-12.7 + 0.9 mV and
-11.0 £ 0.6 mV for TTN-LNC and LNC. Encapsulation efficiency of tretinoin in lipid-

core nanocapsules was previously reported as higher than 99.9% (26).).

3.2 Embryo development

As shown in Table 2, the presence of TTN-LNC in IVM showed improved
cleavage, blastocyst and hatching rates comparable to those embryos derived from
oocytes matured in the presence of TTN and in controls. The supplementation with
0.25 uM of TTN-LNC improved (p < 0.05) blastocyst formation. Moreover, cleavage
and hatched rates were positively affected by the addition of 1 uM TTN-LNC. In all
treatments, embryos that reached to the blastocyst stage maintained normal

morphological aspects. The pellucid zone were intact and their thickness was
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252

appropriate for expanded embryos, inner cell masses were well identifiable at one

pole and blastomeres and trophoblastic cells appeared normal.
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Table 2. In vitro embryo development of bovine oocytes in vitro maturated with different concentration of free tretinoin (TTN) and
tretinoin-loaded lipid-core nanocapsules (TTN-LNC).

Treatment Oocyte Presumed zygote Cleaved (%)" Blastocysts (%)”  Hatched blastocysts (%)”
Control 125 96 59 (61,5)° 26 (27,1)° 12 (46,2)°
LNC 64 57 45 (78,9)° 15 (26,3)% 6 (40,0)°
TTN-LNC 0,25uM 92 79 68 (86,1)° 37 (46,8)° 20 (54,1)°
TTN-LNC 0,5uM 79 73 57 (78,1)° 21 (28,8)% 11 (52,4)°
TTN-LNC 1,0uM 72 67 61 (91,0)° 26 (38,8)* 17 (65,4)°
TTN 0,25uM 78 70 58 (82,9)° 23 (32,9) 8 (34,8)°
TTN 0,5uM 95 90 69 (76,7)° 25 (27,8) 5 (20,0)
TTN 1,0uM 76 65 48 (73,8)° 20 (30,8)? 8 (40,0)°

2C\Within a column, rates without a common superscript differed (P < 0.05). * Rates of cleavage, blastocyst formation and
hatched blastocysts are expressed as a percentage of the initial number of oocytes. LNC: blank lipid-core
nanocapsules; TTN-LNC: tretinoin-loaded lipid-core nanocapsules; TTN: tretinoin.
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3.3 ROS production

The effect of TTN and TTN-LNC on ROS generation in embryos is shown in
Fig 1. A significant decrease (p < 0.05) in ROS production was detected in presence
of TTN-LNC compared with the controls. In TTN and TTN-LNC group, there no was
difference between the concentrations. Compared with the control group, ROS levels
were lower in embryos derived from oocytes matured in the presence of TTN or TTN-
LNC. Both TTN-LNC as TTN protect the cell more effectively against oxidative

damage reducing ROS production.

a b
} 80 E=E 0.25 uM }

- P 0.5 uM

= A =] BT

£ 60- . .

%‘ T

s B

E 40 Ea 2 B Ca

% Ca C —

2 - = c)

o 204

&

Contral LNC TN TTN-LNC

Figure 1. Reactive oxygen species levels (ROS) in in vitro-produced bovine 2-4cell stage
embryos. a) Evaluation of fluorescense intensity in bovine embryos produced in in vitro
maturation media supplemented with free tretinoin (TTN) and tretinoin-loaded lipid-core
nanocapsules (TTN-LNC). b) e c) fluorescent photomicrographs of 2-4 cell stage embryos
with DCHFDA correspond respectively to control, and 0,25 yM of TTN-LNC.*®€ Treatments
without a common superscript differ (P <0.05). # Within concentration of 0,25, 0,5 and 1 uM
with a common superscript no differ (P < 0.05).
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3.4 Gene expression

An evaluation of gene expression profile was performed to assess which
pathway was involved in TTN-LNC action. The mRNA expression profiles are show in
Fig.2 , for apoptosis-related genes; Fig. 3 for plutipotency-related genes . The
expression level of 5 out of 7 genes analyzed (BAX,MCL-1, CASP-3, SHC1, SOX2,
NANOG, OCT4) did not differ among the treatments. Only, BAX and SHC1

abundance was decreased (p < 0.05) in presence of TTN or TTN-LNC.
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Figure 2. Relative abundance transcripts of apoptosis-related genes BAX, SHC1,MCL-1 and CASP-3 (a, b, c and d respectively) in bovine
blastocysts produced in in vitro maturation media supplemented with free tretinoin (TTN) and tretinoin-loaded lipid-core nanocapsules (TTN-
LNC). " Difference among groups (P <0.05). There were no differences (P < 0.05) among concentrations.
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321 Figure 3. Relative abundance transcripts of pluripotency-related genes OCT4, SOX2 and
322 NANOG (a,b and c respectively) in bovine blastocysts produced in in vitro maturation media
323  supplemented with free tretinoin (TTN) and tretinoin-loaded lipid-core nanocapsules (TTN-
324 LNC).
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4. Discussion

The present study elucidated by the first time the effects of tretinoin-loaded
lipid core nanocapsules (TTN-LNC) formulation on bovine embryo development,
ROS production and in the transcriptional level of genes related with apoptosis [BAX,
MCL-1 ,CASPASE-3 (36) and SHC1 (37)] and pluripotency [SOX2, OCT4 and
NANOG (38)].

The lowest concentration (0,25 uM) of TTN-LNC demonstrated significant
improved blastocyst rates comparable to those embryos derived from oocytes
matured in the presence of TTN and in controls. Moreover, the presence of TTN-LNC
in IVM showed improved cleavage, blastocyst and hatching rates. The roles of
retinoic acid in improvement of developmental competence of oocytes and embryo
viability have been related (9-12;39). Improved blastocyst development was obtained
with TTN 1 uM (10;30). The effects of 0.25 pM, 0.5 uM, 1 yM, 2 uM, 5 yM and 10 uM
of TTN on oocytes mouse maturation have been previously investigated. Mouse
oocytes which exposed to 2 uM concentrations of TTN have shown subsequent
blastocyst development (40). Taking into consideration the importance of an accurate
and reduced dose, we demonstrated that the nanoencapsulation increases the
efficacy of active molecules because its biodistribution follows that of the carrier,
rather than depending on its own physicochemical properties.

Previously study suggest that retinoids can act directly on the oocyte or
adjacent cumulus cells or through both paracrine and autocrine manner (11). RA
induces the cortical granule migration before maturation blocking polyspermy and

improving oocyte developmental competence (18). Similarly, it has been suggested
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that retinoic acid may improve mRNA quality and processing through polyadenylation
(41), and increase the expression of midkine mRNA (42). Midkine, a member of the
heparin-binding growth/differentiation family, can suppress apoptosis in cumulus cells
during IVM of bovine COCs with beneficial effects on oocyte cytoplasmic maturation
(10).

In addition, we observed significant decrease in ROS production in the
presence of TTN-LNC, compared with the TTN and controls. Both TTN-LNC as TTN
protect the cell more effectively against oxidative damage reducing ROS production.
A number of studies (43-46) have shown that retinoids may promote development
through participation on antioxidant defense mechanism and have been implicated
as important regulators of redox signaling pathways (17;44;46-48).

A high-level oxygen tension during in vitro embryo production induces an
oxidative stress by generating hydrogen peroxide, single oxygen, superoxide anion
and peroxyl hydroxyl, and alkoxyl radicals (2), which are highly harmful for oocyte
and embryo development (43;49). Retinol derivatives can quench oxygen molecules
and maintain adequate levels of antioxidant compounds and enzymes (43). TTN
inhibits the glutathione depletion induced by staurosporine in neuronal cell, sustained
adequate levels of this compost that has been described as being essencial for in
vitro embryo production preventing oxidative damage (50).

The expression of genes related with apoptosis (BAX, CASPASE-3, MCL-1
and SHC1) and maintenance of pluripotency (SOX2, OCT4 and NANOG) were
compared among the groups. The analysis of relative mMRNA abundance showed no
significant difference in the expression of 5 genes. Only for BAX and SHC1 a
difference between the groups was observed. Treatment of oocytes with TTN-LNC

and TTN downregulates SHC1 and BAX expression. The SHC1 gene is involved in
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the induction of the apoptosis by altering the BAX gene expression pattern (51). The
MRNA and protein levels of SHC1 were significantly elevated in 2—4 cell bovine
embryos with arrested development as compared to in embryos with normal
development (52). In adition, elevated levels of SHC1 were found to be associated
with oxidative damage and the production of ROS (53). BAX is a pro-apoptotic BCL-
2 family member that promotes cell death releasing cytocrome ¢ from mitochondria.
The higher transcriptional levels of BAX gene were correlated with an attenuated rate
of development (54) and morphologically poor quality as compared with good quality
embryos in the same developmental stage (36;54;55). The effect on BAX expression
also may have been due the induction of midkine, an RA-inducible growth and
differentiation factor which is associated with the occurrence of beneficial effects on
cytoplasmic maturation and suppression of COCs apoptosis (10).

Our results demonstrated that nanoencapsulation of tretinoin probably
improved its biodisponibility and intracellular drug delivery, thereby increasing the
rate of blastocyst production, reducing the production of reactive oxygen species in

the presence of a lower dose and dowregulating BAX and SHC1 expression.

5.Conclusion

We conclude that the nanoencapsulation allowed that a lowest tretinoin dose
may be added to the maturation medium, improving quality and embryo production
and reducing ROS production making nanoembriology a potential tool for increasing

rates of in vitro embryo production.
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5.CONCLUSAO

Neste trabalho demonstramos que a adicdo da menor concentracdo de
nanocapsulas de nucleo lipidico associadas a tretinoina (TTN-LNC) foi capaz de
gerar as maiores taxas de producéo de blastocisto e reduzir a producao de espécies
reativas de oxigénio. Os resultados sugerem que o0 nanoencapsulamento,
proporcionou uma liberagdo mais lenta e menor degradabilidade do composto,
aumentando a eficiéncia da suplementacdo. Estando de acordo com estudos
anteriores relacionados aos efeitos dos retinddeis na PIV de embrides, nosso
trabalho evidenciou um possivel potencial dessa nova abordagem, chamada de
nanoembriologia, para a suplementacédo dos meios de MIV e melhora da producéo in

vitro de embrides bovinos.
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