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RESUMO
O objetivo deste estudo foi investigar o efeito de diferentes concentracdes do extrato de Aloe

vera no crescimento, morfologia, viabilidade, formacdo de antro e os niveis RNAm para
SOD, CAT, GPX1 e PRDX6 em foliculos secundarios bovinos cultivados in vitro. Para
isso, osovarios de vacas multiparas foram obtidos em um abatedouro local. No laboratério, o
cortex ovariano foi fragmentando e os foliculos secundarios (150 a 250um) foram isolados e
cultivados individualmente a 38,5°C, CO> a 5%, por 18 dias em meio controle
constituido pelo TCM-199 suplementado com BSA, insulina, transferrina, selénio, FSH,
penicilina e estreptomicina, acido ascorbico, glutamina e hipoxantina. Os tratamentos
consistiram da adicdo de 2,5, 5, 10 ou 20% do extrato de Aloe vera ao meio de cultivo. A cada
6 dias, avaliou-se o crescimento folicular (diametro e crescimento diario), a morfologia e a
formagdo do antro. Ao final do cultivo, a viabilidade folicular (fluorescéncia com
calceina/etideo) e a expressdo de transcritos para enzimas antioxidantes SOD, CAT, GPX1 e
PRDX6, por PCR em tempo real, foram avaliadas. Os dados referentes ao crescimento
folicular e da taxa de crescimento diaria foram submetidos ao teste de Kolmogorov- Smirnov,
seguido do teste Kruskal-Wallis. Para analisar a sobrevivéncia e formacdo de antro foi
utilizado o teste Qui-quadrado. O teste t de Student foi utilizado para avaliar os niveis de
intensidade luminosa para Calceina- AM e Homodimero-etidio. Os niveis de mMRNA foram
analisados pelo teste de Kruskal-Wallis, seguido do teste post hoc ndo paramétrico. As
diferencas foram consideradas significativas quando P <0,05. Os resultados mostraram que 0
Aloe vera manteve a morfologia folicular semelhante ao grupo controle. Os foliculos
cultivados na presenca de Aloe vera apresentaram um aumento progressivo do didmetro
folicular até o dia 12 de cultivo. Um aumento na taxa de crescimento diario foi observado do
dia 0 ao dia 6 no tratamento com 5% de Aloe vera quando comparado ao grupo de controle.
Foliculos cultivados com 2,5% de Aloe vera tiveram maior taxa de formacéo de antro do que
aqueles cultivados no grupo controle. Quanto a viabilidade, foliculos cultivados com 2,5 e 5%
de Aloe vera apresentaram maior taxa de viabilidade do que foliculos cultivados em meio
controle. A presenca de 2,5, 5 e 20% de Aloe vera no meio de cultura manteve os niveis de
MRNA para SOD, CAT e PRDX6 nos foliculos semelhantes ao grupo controle. Em
concluséo, a Aloe vera mantém a morfologia de foliculos secundéarios cultivados in vitro por
18 dias, sendo que 2,5% de Aloe vera promove a formacdo de antro, aumenta a viabilidade

folicular e mantém a expressao de MRNA para SOD e PRDX6 ap0s o cultivo.

Palavras- chave: Crescimento folicular. Aloe vera. Foliculogénese. Vaca.



ABSTRACT
The aim of this study was to investigate the effect of different concentrations of Aloe vera

extract on growth, morphology, viability, antrum formation and mRNA levels for SOD, CAT,
GPX1 and PRDX6 in vitro cultured bovine secondary follicles. For this, the ovaries of
multiparous cows were obtained from a local slaughterhouse. In the laboratory, the ovarian
cortex was fragmented, and the secondary follicles (150 to 250um) were isolated and cultured
individually at 38.5°C, CO: at 5%, for 18 days in a control medium consisting of TCM-199
supplemented with BSA, insulin, transferrin, selenium, FSH, penicillin and streptomycin,
ascorbic acid, glutamine and hypoxanthine. The treatments consisted of adding 2.5, 5.0, 10.0
or 20.0% of the Aloe vera extract to the culture medium. Every 6 days, Follicular growth
(diameter and daily growth), morphology and antrum formation was evaluated. At the end of
the culture, follicular viability (fluorescence with calcein / ethidium), and the expression of
transcripts for antioxidant enzymes SOD, CAT, GPX1 and PRDX®6, by real-time PCR, were
evaluated. Data on follicular growth and daily growth rate were submitted to the
Kolmogorov-Smirnov test, followed by the Kruskal-Wallis test. To analyze survival and
antrum formation, the Chi-square test was used. The Student's t-test was used to assess the
levels of luminous intensity for Calceina-AM and homodimer- ethidium. The mRNA levels
were analyzed by the Kruskal-Wallis test. Differences were considered significant when P
<0.05. The results showed that Aloe vera maintained follicular morphology similar to the
control group. Follicles cultured the presence of Aloe vera showed a progressive increase in
follicular diameter until the 12 day of culture. An increase in daily growth rate was observed
from day O to day 6 in treatment with 5.0% Aloe vera when compared to the control group.
Follicles cultured with 2.5% Aloe vera had higher rate of antrum formation than those
cultured in the control group. Regarding viability, follicles cultured with 2.5 and 5.0% Aloe
vera showed a higher viability rate than follicles cultured in control medium. The presence of
2.5, 5.0 and 20.0% Aloe vera in the culture medium maintained the levels of mMRNA for
SOD, CAT and PRDX®6 in follicles similar to the control group. In conclusion, Aloe vera
maintains the morphology of secondary follicles cultured in vitro for 18 days, and 2.5% of
Aloe vera promotes antrum formation, increases follicular viability and maintains mRNA
expression for SOD and PRDX®6 after cultivation.

Key-words: Follicular growth. Aloe vera. Folliculogenesis. Cow.
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1. INTRODUCAO

A utilizacdo de biotécnicas ligadas a reproducdo animal sdo ferramentas
essenciais para aumentar os indices reprodutivos de diferentes rebanhos, como os de bovinos
gerando impactos significativos para a econémia mundial, atuando como fonte de renda para
criadores, além de produzir alimento de alto valor nutricional (SANTOS et al., 2012).
Dentre as biotécnicas, a Manipulacdo de Odcitos Inclusos em Foliculos Pré- antrais
(MOIFOPA) tem se tornado promissora, dado o potencial em maximizar o uso de foliculos
pré-antrais (FOPAs) (CANDENAS et al., 2018). Desse modo pode contribuir na
multiplicacdo de animais geneticamente superiores, na elucidacdo dos mecanismos
envolvidos na regulacdo da foliculogénese inicial ainda pouco compreendida, e para
restaurar ou preservar a funcdo reprodutiva de mulheres que enfrentam problemas de
infertilidade (FIGUEIREDO et al., 2019, ANTONINO et al., 2019). Através desta técnica, é
possivel resgatar FOPAs do ambiente ovariano e cultivar in vitro até a sua maturacdo
evitando assim, a morte folicular que ocorreria in vivo (ARAUJO et al., 2014). Contudo,
apesar do amplo desenvolvimento ja alcancado, sistemas de cultivo in vitro ainda enfrentam
desafios. Um dos entraves para o sucesso dessa técnica € o estresse oxidativo (EO) induzido
pelo acimulo de espécies reativas de oxigénio (EROS) e deplecdo do sistema antioxidante
(ANDRADE et al., 2019).

A producdo de EROS durante o cultivo in vitro de foliculos pré-antrais esta
relacionada a algumas variaveis como, a exposi¢cdo a concentracdes de oxigénio superiores
as fisioldgicas (20%), exposicdo aos comprimentos de onda de luz, excesso de manipulacao,
substancias que compde o meio de cultivo e auséncia da protecdo antioxidante materna, que
podem afetar o desenvolvimento folicular e limitar o sucesso do cultivo (SOVERNIGO et
al., 2017, VON MENGDEN et al., 2020). Todos estes fatores podem comprometer o sistema
de defesa antioxidante da célula, através da inativacdo de enzimas antioxidantes, como
glutationa peroxidase (GPX), catalase (CAT), superoxido dismuntase (SOD) e
peroxirredoxinas (PRDX) (MORAIS et al., 2019). Além disso induz a peroxidacdo lipidica
danos mitocondriais, a membrana plasmatica, a0 DNA, e a oxidacdo de proteinas,
carboidratos e lipidios, resultando em diminuicdo da qualidade oocitaria e dos embribes
produzidos (LINS et al., 2017).

Desse modo, os meios de cultivo necessitam ser suplementados com antioxidantes

gue possam contrabalancear os efeitos induzidos pelas EROS a fim de aumentar a eficiéncia
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do cultivo (KHAN et al., 2018). Os antioxidantes sdo moléculas estaveis que impedem a
oxidacdo de outros compostos (HES et al., 2019). Atuam doando um elétron a um radical
livre carregado e finaliza a reacdo em cadeia antes que as moléculas vitais sejam
comprometidas (KUMAR et al., 2017). Além disso, agem na remocdo de biomoléculas
danificada e na reconstituicdo das estruturas bioldgicas lesionadas (PISOSCHI E POP,
2015). Assim, considerando a importancia dos agentes antioxidantes, a utilizagcdo de novas
substancias, em especial aquelas de origem natural, que sejam capazes de atenuar 0s danos
causados pelas EROS durante o cultivo apresenta-se como uma alternativa promissora.

Neste sentido, o extrato vegetal da Aloe vera, que possui vastas propriedades
farmacoldgicas, como antioxidante apresenta-se como potencial substancia a ser adicionada
ao meio de cultivo de foliculos pré-antrais bovinos. A atividade antioxidante da Aloe vera é
atribuida a sinergia diferentes compostos fenolicos, como catequina, &cido sinapico,
quercitrina, acido gentisico, carotendides, a-tocoferol, epicatequina e flavondides presentes
no gel mucilaginoso (RADHA E LAXMIPRIYA, 2015; HES et al., 2019). Estudos in vitro
ja relataram a eficiéncia do extrato de Aloe vera na eliminacdo de varios radicais livres
(CESAR et al., 2018). Haritha et al. (2014), demonstraram que o extrato de Aloe vera pode
reduzir EROS altamente reativas que causam danos extensivos aos lipidios da membrana
celular de espermatozoides (BEHMANESH et al., 2018). Uma investigacdo recente
demonstrou que o extrato de Aloe vera regulou positivamente a expressdo das enzimas
SOD2 e CAT em células epiteliais da cornea humana (CEVAROLO et al., 2021). Sumi et al.
(2019) demonstraram que o gel Aloe vera aumentou a atividade de enzimas antioxidantes,
como CAT e SOD, além de aumentar o GSH no tecido cardiaco de ratos. Simultaneamente,
uma diminuigdo significativa do malondialdeido (MDA) também foi observada. Nossa
equipe relatou que a adicdo do extrato de Aloe vera no meio de cultivo in vitro de tecido
ovariano bovino, aumentou a expressdo da enzima antioxidante PRDX6, melhorou a
integridade morfoldgica dos foliculos pré-antrais, induziu a ativagdo e o desenvolvimento
folicular, bem como manteve os niveis de colageno no tecido (COSTA, 2020). Entretanto,
os efeitos da Aloe vera sobre odesenvolvimento folicular apés cultivo in vitro de foliculos

pré-antrais isolados bovinos ainda ndo sdo conhecidos.

Nesse contexto, tendo em vista que 0s extratos vegetais possuem inimeras moléculas
bioativas na sua composicdo que podem influenciar as funcdes celulares, a compreenséo
acerca do potencial de agdo do extrato de Aloe vera no controle do estresse oxidativo em

foliculos cultivados in vitro poderd expandir uma perspectiva de sua utilizacdo, como
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suplemento ao meio de cultivo de foliculos ovarianos isolados. Para um melhor
esclarecimento a cerca da relevancia desta proposta, a seguir serdo abordados aspectos
relacionados: (1) oogénese e foliculogénese, (2) comunicacdo celular durante o
desenvolvimento folicular, (3) manipulacdo de foliculos pré- antrais, (4) espécies reativas

de oxigénio e estresse oxidativo, (5) antioxidantes, (6) Aloevera.

2. REVISAO DE LITERATURA

2.1. Oogénese e foliculogénese

O processo de oogénese consiste na formacao e diferenciacdo das células germinativas
primordiais (CGP), culminando com a formacédo do odcito hapléide fecundado (VAN DEN
HURK; ZHAO, 2005). Este processo biolégico ocorre de forma sincronica ao da
foliculogénese, dado pelo crescimento e maturacdo dos foliculos, estes processos iniciam-se
ainda durante a vida fetal na maioria das espécies, incluindo primatas e ruminantes
(MCLAUGHLIN et al., 2010).

Em mamiferos, ao final do primeiro més de desenvolvimento embrionario, CGP
migram das paredes do saco vitelinico até os primérdios gonadais, sofrendo extensiva
proliferacdo mitogénica e redistribuicdo das organelas citoplasmaticas, transformando-se em
oogodnias, as quais sdo envolvidas por uma camada de células somaéticas, consideradas
precursoras das células da granulosa (HIRSHFIELD, 1991, OKTEM E OKTAY, 2008).
Essa divisdo é bastante intensa, existindo no segundo més de vida intrauterina,
aproximadamente 600 mil oogbnias e, por volta do quinto més, mais de 7 milhGes. As
oogonias proliferam-se por mitose, entrando em seguida em meiose e, entdo, diferenciam-se
em o0citos primarios quesao envolvidos por uma camada de células da granulosa achatadas
(foliculos primordiais), os quais passam pelos estagios da préfase | (leptéteno, zigdteno,
paquiteno e dipl6teno) da primeira divisdo meiotica por volta do terceiro més. No estagio de
diploteno ou vesicula germinativa, ocorre a primeira interrupcdo da divisdo meidtica e 0s
odcitos permanecem neste estagio até a puberdade (JUNQUEIRA E CARNEIRO, 2013).

Com o pico do horménio foliculo estimulante (FSH) e do horménio luteinizante (LH)
durante a puberdade, ocorre a retomada da meiose, onde os odcitos crescidos e o nicleo
passam do estdgio de vesicula germinativa para diacinese. Logo em seguida, ocorre a
ruptura da vesicula germinativa, progressao para metafase I, anafase I, telofase I, expulséo
do primeiro corpusculo polar e assim, a formagdo do odcito secundario que marca o inicio

da segunda divisdo meidtica. Nessa etapa, 0 nicleo do odcito evolui até alcangar o estagio
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de metéfase Il, entrando na segunda interrupcdo meidtica (SANCHEZ E SMITZ, 2012). O
odcitopermanece neste estagio até ser fecundado pelo espermatozoide, onde vai completar a
meiosee expulsar o segundo corpusculo polar, formando o odcito haploide fecundado (VAN
DEN HURK E ZHAO, 2005).

A foliculogénese ¢é o processo fisiologico de desenvolvimento folicular
(FIGUEIREDO et al., 2018). Em sua fase inicial compreende as etapas de ativacéo,
crescimento e maturacgéo folicular, inicia com a ativacao dos foliculos primordiais e continua
com o crescimento de foliculos primarios, secundarios e antrais, culminando em um foliculo
totalmente maduro (FIGUEIREDO et al., 2019; JONES E SHIKANOV, 2019). Esse
processo € influenciado pelo eixo hipotdlamo-hipéfise- gonadal que regula a secrecdo de
horménios, como o hormonio liberador de gonadotrofina (GnRH) do hipotalamo, além dos
horménios a jusante, FSH, LH, estrogénio, progesterona e outros, responsaveis por causar
alteracdes ciclicas no ovario (JONES E SHIKANOQV, 2019).

Durante a foliculogénese, a morfologia folicular é alterada devido ao crescimento
oocitario, a proliferacdo e diferenciacdo das células da granulosa, bem como ao
aparecimento das células da teca, da zona pellcida e da formacdo de uma cavidade folicular,
denominada antro, com presenca de fluido folicular (BRISTOL-GOULD E WOODRUFF,
2006). Nesse contexto, os foliculos sdo caracterizados como complexos em fases
transitorias, apresentam um od6cito circundado por células somaticas (células da teca interna
e externa, células da granulosa e do cumulus) e sdo responsaveis por determinar o ciclo
reprodutivo (SPITSCHAK E HOEFLICH, 2018). Na Tabela 1 é apresentada a cronologia da
foliculogénese em bovinos ecaracterizacao dos estagios folicular.

Baseado nos aspectos morfolégicos dos foliculos ovarianos, duas fases distintas
podem ser definidas durante a foliculogénese: 1) fase pré-antral, ocorre a ativacdo dos
foliculos primordiais e o crescimento dos foliculos primérios e secundarios 2) fase antral,
que consiste no crescimento dos foliculos terciarios, com a formacgédo da cavidade antral, e
finalmente, a diferenciacdo destes em foliculos pré-ovulatorios (SAUMANDE et al., 1981,
RIMON-DAHARI et al., 2016).

Os foliculos primordiais representam a grande maioria da populacéo folicular presentes
em ovarios mamiferos formando o pool de reserva de foliculos em estado quiescente
(HICKEY et al., 2005, MORAES, 2014). Ao longo de toda a vida da fémea, um pequeno
grupo de foliculos primordiais é gradualmente estimulado a crescer, constituindo a etapa de

ativacao folicular. Apos esta fase, os foliculos ddo origem aos demais estagios de foliculos em
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crescimento (transicdo, primario, secundario, terciario e pré-ovulatério) (VAN DEN HURK E
ZHAO, 2005, PEPE et al., 2006). A retomada da proliferacdo das células da granulosa

marca 0 inicio da ativacdo folicular. Em seguida, passam por um processo sequencial de

crescimento que € regulado por diversos horménios e fatores de crescimento (HICKEY et al.,

2005). Assim, foliculos primordiais adquirem gradualmente células da granulosa em formato

cubdide, tornando-se foliculos de transicdo que sdo caracterizados pela presenca de células da

granulosa com ambos os formatos pavimentoso e cubico (GOUGEON E BUSSO, 2000).

Tabela 1. Cronologia da foliculogénese em bovinos e caracterizacdo folicular

Classe - Dias de Média A
. Caracteristicas ~ A Referéncias
Folicular Gestacdo  Diametro
Odcito esférico ou ovoide; uma Aradjo et al.
. o (2010); Lucci et
camada de células da pré- ]
. : : _ al. (2001);
Primordial granulosa de formato pavimentoso; 130 40um Benedites:
membrana basal; sem zona . .
eliicida Baruselli (2011);
P Morais, 2014
Odcito esférico; uma camada de Konig; Liebiche
o células da granulosa de formato (2011); Lima-
Primario cubico; membrana basal; inicio de 140 100um Verde et al.
formagdo da zona pelucida (2011)
Odcito esférico; duas ou mais Honda et al.
camadas de células da granulosa (2007); Almeida
- de formato cubico; inicio da (1999); Fair et
Secundario formacdo das células da teca 210 81-250um al. (1997); Lima-
(interna e externa); zona pellcida Verda et al.
bem definida (2011)
Odcito esférico; varias camadas de
células da granulosa (murais e i
cumulus) e da teca (interna e Rodgers e Irving
Terciario k , 230 0,5-3mm  (2010); Leitdo et
externa); membrana basal; zona
A < al. (2009)
pellcida; inicio da formagdo do
antro
Odcito maduro; formacdo
complexo cumulus odcito;varias
. . Adona et
camadas de células células da ,
, - i al.(2013);
Pré-ovulatorio  granulosa (murais e cumulus) e da 272 18mm
; . Fortune et al.
teca interna e externa; membrana (2001)

basal; zona pellcida; antro de
grande tamanho

FONTE: Autor
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Em bovinos a comunicagdo entre o odcito e as células da granulosa de foliculos
primordiais e primarios se da atraves de endocitose. A membrana plasméatica do odcito
apresenta projecdes que penetram entre as células da granulosa adjacentes tendo algumas
microvilosidades aparecendo na superficie oocitaria (LUCCI et al., 2001). Enquanto em
foliculos secundarios e estagios subseqlentes, essa interagdo acontece por juncgdes
intercomunicantes do tipo gap, estas tém como fungbes a passagem de aminoécidos,
nucleotideos, hormonios, fatores de crescimento, ions inorganicos, segundos mensageiros,
dentre outros que contribuem para o crescimento e desenvolvimento folicular (SILVA et al.,
2002, GOUGEON, 2010).

Alguns eventos que ocorrem durante a foliculogénese pre-antral, como 0s mecanismos
envolvidos na inibicdo ou ativacdo folicular, bem como aqueles envolvidos no controle do
crescimento de foliculos priméarios e secundarios, ainda se encontram ndo elucidados
(FIGUEIREDO et al., 2007). A ativacdo folicular é um processo extremamente complexo,
fazendo-se necessario a compreensdo dos fatores envolvidos na regulacdo do funcionamento
celular, os quais possuem papel essencial na reproducdo. Assim, a compreensdo desses
eventos permite elevar a reproducdo em animais domeésticos, além de contribuir no
desenvolvimento de métodos diagnosticos para casos de infertilidade e no incremento de
métodos contraceptivos mais eficientes e seguros (DE CESARO, 2011).

Com o crescimento dos foliculos secundéarios e organizacdo das células da granulosa
emvérias camadas, ocorre a formacdo da cavidade antral. Os foliculos passam entdo a ser
classificados em terciarios ou antrais (RODGERS E IRVING, 2010). A formacdo do antro
durante o desenvolvimento folicular € intensificada pela atividade secretora das células da
granulosa, aumento da vascularizacdo folicular e permeabilidade dos vasos sanguineos, 0s
quais estéo fortemente relacionados com o aumento do tamanho folicular (VAN DEN HURK
E ZHAO, 2005, RODGERS E IRVING, 2010).

Em bovinos, o desenvolvimento de foliculos antrais segue um padrdo conhecido
como onda de crescimento folicular que constitui trés diferentes fases: recrutamento, selecdo
e dominancia, ovulacdo (SOUZA et al, 2019). Na fase de recrutamento os foliculos seguem o
crescimento sob o controle das gonadotrofinas, enquanto, na fase seguinte, selecdo e
dominéncia, um foliculo destaca-se dos demais em relacdo ao tamanho e assim, se torna
dominante e responsavel pela producdo de quantidade elevada de estrdgeno, vale ressaltar
ainda, que durante essa fase o crescimento folicular é dependente da presenca de FSH e LH

(GIGLI et al., 2006). A terceira fase, diz respeito ao processo de ovulacdo, que acontece em
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consequéncia do pico elevado de LH liberado pela hipofise, além disso, 0 aumento nos niveis
de estrogenos e a diminuicdo dos niveis de progesterona fazem-se necessério para que
aconteca a fase ovulatoria. Dessa forma, havendo a presenca de um corpo lateo funcional, o
qual é responsavel pela producdo de progesterona, ndo havera ovulacdo. Apos a ovulacédo, 0s
foliculos que ndo ovularam serdo mortos por atresia (OLIVEIRA; SARAPIAO; QUINTAO,
2014).

2.2. Comunicacao celular durante o desenvolvimento folicular

Durante o desenvolvimento folicular ocorre uma intensa comunicacdo bidirecional
entre o odcitos e as células somaticas, que permite a formagdo de um microambiente Unico ao
redor do odcito, essencial para o crescimento folicular e competéncia oocitaria (GREEN E
SHIKANOV, 2016). A principio, a proliferacdo e diferenciacdo celular durante a
foliculogénese é administrada por vias enddcrinas, paracrinas e autocrinas, no entanto, a
comunicacdo intercelular faz-se essencial na transmissdo de informacdes no ambiente
folicular (AVILA, 2019, HUGH, 2018). Tal comunicacdo pode acontecer através de varios
mecanismos, como as projecdes transzonais (TZPs) que por meio da zona peltcida fornecem
suporte na comunicacdo entre o cumulus e o odcito, e a comunicacdo através de vesiculas
extracelulares (VE) (CLARKE, 2018).

A comunicacdo mediada por vesiculas extracelulares vem ganhando grande destaque
cientifico ap6s relatos de que sdo secretadas por diversas células e encontradas também em
fluidos corporais (CLARKE, 2018). Essas pequenas estruturas carregam em seu interior
moléculas bioativas, como lipidos, proteinas, RNAmM, DNA e miRNAs que modulam o
funcionamento de células alvo mesmo em condigdes fisioldgicas ou patologicas. Os miRNAs
carregados por VE sdo alvos de estudos que envolvem a fisiologia ovariana, pois sé@o
responsaveis por modular transcritos envolvidos em processos reprodutivos (AVILA,
2019). No ovario as VE sdo produzidas nas células da granulosa e trafegam para o fluido
folicular ou da extremidade principal das TZPs para o odcito, e assim regulam vias que
atuam no controle do crescimento folicular, na resposta hormonal, na maturacédo
citoplasmatica dos odcitos, na retomada da meiose, bem como na expressdo génica pos-
transcricional (Figura 1) (CLARKE, 2018, NAVAKANITWORAKUL et al., 2016).



25

Mecanismo agio VE:
1- Fusdo de membrana
2 - Mediada por proteina

3- Endocitose
Legenda
o - VE células da granulosa
0 - VE células do cumulus
-~ Jungdes
@ Ingdes Gap
@ - Lipidios
++ = Moléculas de sinalizagdo paracrina

# ~ Transportador de acido graxo
& - JuncBesaderentes
< - RNAmensageiro

Figura 1. Comunicacdo celular no microambiente do foliculo ovariano. TZPs: projecoes
transzonais; VE: vesiculas extracelulares; ZP: zona peltcida. Modificado de ANDRADE et
al., 2019.

Os principais tipos de VE compreendem as microvesiculas (100 a 1000nm), que sao
brotadas na membrana plasmatica e do tipo exossomos (50 a 200nm), sdo pequenas estruturas
que surgem de invaginacOes endocitdticas no compartimento endossémico, gerando corpos
multivesiculares (MVBs) que incluem multiplos exossomos (CLARKE, 2018). Para alcancar
células alvo, as VE atuam através: 1) interacdo entre as proteinas de membrana que ativam
células alvo; 2) ligacdo de produto de clivagem de proteinas de membrana das VE em
receptores de células alvo; 3) transferéncia de moléculas a partir da fusdo de VE e célula alvo
(MATHIVANAN E SIMPSON, 2010).

Em células da granulosa bovina foi observada a captacdo de VE do fluido folicular e
sua presenca em projecdes citoplasmaticas entre células do cumulus e o odcito em estagio
inicial, confirmando assim, seu papel como mediadora de sinalizacdo, além disso,
identificaram 280 miRNAs, alguns capazes de regular a via do fator de crescimento
semelhante a insulina 2 (IGF2) envolvida no crescimento folicular e no controle da
esteroidogénese (SPITSCHAK E HOEFLICH, 2018). VE originadas de foliculos de
tamanhos diferentes estimulam de formadistinta a proliferacdo de células da granulosa, 0
que corrobora com o fato de que ha diferente contetdo ou do envolvimento destas VE de

acordo com o tamanho do foliculo ovariano (HUNG et al., 2017). Assim, essas pequenas
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estruturas podem contribuir no esclarecimento acerca dos mecanismos envolvidos na
foliculogénese pré-antral, podendo atuar como biomarcadores e veiculo de substancias de
interesse (AVILA, 2019). Dessa forma, o desenvolvimento de sistemas de cultivo in vitro que
suportem o crescimento oocitario forneceria uma visdo abrangente sobre os eventos
associados ao desenvolvimento folicular, e assim, contribuir no avango da pesquisa basica que

envolve a fisiologia ovarina.

2.3. Isolamento folicular

Para o0 sucesso do cultivo in vitro é necessario o emprego de métodos eficazes que
permitam um isolamento adequado, evitando danos estruturais e garantindo a sobrevivéncia
folicular (ROSSETO et al., 2011).

O processo de isolamento consiste na dissociagdo ou separacdo dos foliculos pré-
antrais dos demais componentes do estroma ovariano (fibroblastos, fibras colégenas e
elasticas, fibronectina), utilizando-se para isto, digestdo enzimatica, instrumentos mecanicos
ou a associacao dos dois (FIGUEIREDO et al., 2008). Para 0 método enzimatico, utiliza-se
enzimas digestivas, como colagenase, tripsina e DNAse, que digerem o estroma ovariano
possibilitando o isolamento de um elevado nimero de foliculos. No entanto, este método pode
ser danoso as celulas da teca ou a membrana basal, principalmente, quando o tempo de
incubacdo ndo é rigorosamente controlado o que pode comprometer a estrutura folicular
(DEMEESTERE et al., 2005). Ja para o método de isolamento mecanico utiliza-se
equipamentos como, tesouras cirargicas, tissue chopper, micro forceps e/ou agulhas
dissecantes para isolamento dos foliculos contidos nos fragmentos ovarianos, e, apesar de o
método mecanico resultar em menor nimero de foliculos isolados em relacdo ao método
enzimatico, ele preserva melhor a estrutura das células da teca e da membrana basal, além de
ser mais econdmico e de maior facilidade de execugdo (ROSSETO et al., 2011). Além disso,
é possivel preservar também por esse metodo, os receptores de superficie, bem como a
interacdo entre os diferentes compartimentos foliculares (KURUVILLA, 2010).

O método mecéanico de isolamento folicular tem sido aplicado com sucesso em
foliculos pré-antrais de bovino (ITOH et al., 2002, VASCONCELOS et al., 2021), primata
(DOMINGUES, 2003), humano (MARTINEZ-MADRID et al, 2004), ovino
(TAMILMANI et al., 2005), bubalino (SHARMA et al., 2009), canino (ALVES et al., 2012),
equino (HAAG et al., 2013) e murino (ZHANG et al., 2016). Ainda, a associac¢do desses dois
métodos, enzimatico e mecanico vém se tornando uma alternativa para o isolamento de

foliculos pré- antrais, o qual possibilita o resgate de muitos foliculos quando comparado
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com a aplicagdo dos métodos isolados (FIGUEIREDO et al., 1993). A associacdo dos
métodos tem sidoaplicado com sucesso em bovinos (FIGUEIREDO et al., 1993, OKTAY et
al., 1997), humanos (DONG et al., 2014) e ovinos (SADEGHNIA et al., 2016).

2.4. Cultivo in vitro de foliculos pré-antrais

O cultivo in vitro de foliculos pré-antrais tem sido amplamente pesquisado com o
intuito de testar e avaliar o efeito de diferentes substancias (hormonio, fatores de
crescimento e antioxidantes), e por tanto, estimular o desenvolvimento folicular in vitro,
mimetizando os eventos que ocorrem in vivo, permitindo assim, a obtencdo de odcitos
maturos, aptos a serem utilizados em outras biotécnicas (MAO et al., 2002). Diversos
sistemas de cultivo in vitro com foliculos pré-antrais inclusos em fragmentos do cértex
ovariano (in situ) ou na forma isolada, tém sido experimentados, a fim de obter um protocolo
ideal e bem estabelecido que permita um excelente crescimento e maturagdo folicular,
seguido da producdo de embrides e crias vidveis (FIGUEIREDO E LIMA, 2017).

No cultivo in situ, os foliculos pré-antrais permanecem inclusos no cortex de tecido
ovariano, permitindo a manutencdo da integridade estrutural dos foliculos, bem como as
interacOes entre as células foliculares e as células adjacentes, como as do estroma, da teca e da
granulosa (O’BRIEN et al., 2003). De acordo com Aguiar et al (2016), o cultivo in situ
favorece de maneira significativa o crescimento folicular, visto que o ambiente nessas
condigdes aproxima-se do ambiente ao qual o foliculo esté inserido in vivo, evitando ainda a
exposicdo prolongada das células ao meio externo e facilitando uma melhor perfuséo do meio
de cultivo para o tecido ovariano.

No tocante ao cultivo de foliculos isolados, os foliculos pré-antrais devem ser
desprendidos do tecido ovariano que o envolve (PAES et al., 2016).0 isolamento propicia
um acompanhamento individual durante o desenvolvimento folicular em condiges in vitro
sob o contato do meio de que possui a substancia de interesse, outro parametro favoravel é
qgue se caso o foliculo sofra atresia durante o cultivo, as substancias produzidas em
decorréncia deste processo, ndo afetardo outros foliculos (MBEMYA, 2019). O cultivo de
foliculos isolados pode serfeito utilizando o sistema bidimensional, tridimensional ou ambos
(ARAUJO et al., 2014a).

O cultivo bidimensional é a estratégia mais amplamente utilizada no estudo da
fisiologia ovariana (FELGUEIRAS et al., 2020). Nesse sistema de cultivo o foliculo é
colocado diretamente sobre a placa de cultivo (ARAUJO et al., 2014a, SILVA et al.,
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2015), ou sobre uma camada de células somaticas ou de matriz extracelular, como o alginato,
tendo acesso a meios e fatores de crescimento (VANACKER E AMORIM, 2017).
Estudos em diferentes espécies domésticas demonstraram que foliculos secundarios isolados
sdo capazes de crescer e formar antro nesse tipo de sistema de cultivo (caprino: MBEMYA et
al., 2018; ovino: CAVALCANTE et al., 2017; suina: WU E TIAN, 2007; bovinos:
PAULINO et al., 2020, VASCONCELOS et al., 2021).

No sistema de cultivo tridimencional, o foliculo é inserido dentro de uma
monocamadade substrato, constituida por matriz extracelular (colageno; fibrina e alginato) ou
componentes do estroma ovariano (células da granulosa e fibroblastos), com a finalidade de
manter a morfologia tridimensional dos foliculos, bem como as interacdes célula-célula e
célula-matriz, importantes para a regulacio do desenvolvimento folicular (ARAUJO et al.,
2014a). Apesar dos resultados com esse tipo de sistema tenham sido promissores, o Unico
relato de nascimento obtido a partir de foliculos pré-antrais desenvolvidos in vitro foi obtido
utilizando o sistema de dois passos (EPPIG E O'BRIEN, 1996, O'BRIEN et al., 2003). Nesse
sistema de cultivo € realizado primeiro o cultivo in situ, que permitira a ativacdo e o
desenvolvimento do foliculo primordial ao estagio subsequente (secundario), para em seguida
ser isolado e cultivado até o estagio antral (FIGUEIREDO et al., 2018).

Desse modo, ambos os sistemas de cultivo ndo apenas fornecem modelos de cultivo
ideais para investigar a fisiologia ovariana, mas também apoiam a pratica clinica para obter
o0citos competentes para outras biotécnicas, como a fertilizagéo in vitro (FIV) (SHOOREI et
al., 2017, BRITO et al., 2014).

2.4.1.Meio de cultivo in vitro para foliculos pré-antrais

Para assegurar o sucesso do cultivo in vitro é essencial um meio que mimetize as
condigdes encontradas in vivo. Dessa forma, os meios de cultivo devem fornecer condig0es
adequadas de pH e osmolaridade, bem como substancias capazes de influenciar a
sobrevivéncia e o crescimento folicular (MORAES et al., 2008, BRUNNER et al., 2010).
Neste sentido, muitos estudos tém proposto a utilizagdo de diversos meios de cultivo que
atenda os requisitos nutricionais de varias células, como o Meio Essencial Minimo Alfa (a-
MEM), Meio de Eagle Modificado de Dulbecco (DMEM) (PHELAN E MAY, 2015) ou o
Meio de Cultivo Tecidual-199 (TCM-199) (ROSSETTO et al., 2013). Destes, 0 TCM-199 é
bastante utilizado no cultivo de foliculos isolados (PAULINO et al., 2018, VASCONCELOS

et al., 2021), o qual apresentou mais eficAcia em promover o crescimento folicular, formagdo
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do antro, manutengdo da morfologia, viabilidade e funcionalidade folicular quando
comparado a0 a-MEM e McCoy em foliculos pré-antrais isolados de ovarios bovinos
(ROSSETTO et al2013).No entanto, além dos componentes ja contidos na formulagédo
original desse meio, incluindo sais inorganicos, vitaminas, aminoacidos essenciais e nao
essenciais (LIN et al., 2014) outros compostos favoraveis ao desenvolvimento de foliculos
pré-antrais podem ser adicionados, tais como antibidticos (penicilina/estreptomicina),
antioxidantes (transferrina, selénio e acido ascérbico), tampdes (Hepes), substancias
energéticas (glutamina e hipoxantina) e protéicas (albumina sérica bovina), além de
horménios (insulina e FSH) (Tabela 2) (KAMALAMMA, et al. 2016).

Tabela 2: Substancias associadas ao meio base de cultivo para foliculos pré-antrais
bovinos isolados

Tipos de suplementos Funcao Autores

Jin et al. (2009);
Mehta e Kiessling
(1990); Otsuki et al.
(2012)

Quelante de metais pesados; previne a
Albumina sérica bovina aderéncia das células as superficies
plasticas ou de vidro; seqliestra EROS

Evita contaminagdes por

Penicilina/Estreptomicina . .
microorganismos

Bucher et al. (2009)

Fonte de energia secundaria para o Freshney (2005);
Glutamina metabolismo; fonte de Carbono e Figueiredo et al.
Nitrogénio (2002)
. : . . . « Biasibetti-Brendler
Hipoxantina Purina relacionada a formacdo de ATP et al. (2018)
insulina Transposta glicose; anti-apoptética; Augustin et al.
mitogénica (2003); Lee et al.
(2005)

Van Der Valk et al.
(2010); Cordova et
al. (2010)

Carreadora de ferro intracelular;

Transferrina quelante de radical hidroxila

. - . Lima e Hansel
Quelante de ions metalicos; estimula a

Selénio 4 R (2000)Silva et
sintese de GSH; elimina EROS al.(2011):Vega et
al., 2016
Reduz EROS; aumenta os niveis Moraes et al.
Acido Ascorbico intracelulares de GSH; cofator na (2008);Kere et al.,
sintese de colageno 2013
Hormdnio Foliculo Impulsiona a proliferacdo e Magalhaes et al.
Estimulante diferenciacdo de células da granulosa (2009)

FONTE:Autor.
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2.5. Espécies reativas de oxigénio e estresse oxidativo durante o cultivo folicular in vitro

As EROS representam uma categoria de moléculas que incluem os radicais livres e
ndoradicais, derivados da reacdo de reducdo do oxigénio (O2). Sdo eletricamente instaveis e
altamente reativas, caracterizadas pela perda de um ou mais elétron em sua Ultima camada
eletronica (ALVES et al., 2010). Em organismos aerobicos a producdo de EROS ocorre de
forma natural por meio de diversas vias metabdlicas e enzimaticas, tendo a fosforilagdo
oxidativa como a principal via e as mitocondrias como as principais fontes endogenas de
producdo, além dos peroxissomos, lisossomos e da membrana plasmatica (AGARWAL et al.,
2014, MARTELLI E NUNES, 2014, IDELCHIK et al., 2016). Os trés principais tipos de
EROS com funcdes fisioldgicas séo anion superoxido (O2™), peroxido de hidrogénio (H20) e
radical hidroxila (OH") (LU et al., 2018).

Em niveis basais as EROS desempenham papéis importantes na producéo de energia,
fagocitose, na regulacdo do crescimento e sinalizacdo celular, na sintese de substancias
bioldgicas importantes, além de atuar como mensageiros secundarios em diversas cascatas de
sinalizacdo intracelular (BARREIROS et al., 2006, RATHEE et al., 2006). No ovario as
EROS contribuem para diversas fungoes fisioldgicas, como a génese de esterdides ovarianos,
maturacdo de od0citos, ovulacdo, formacdo de blastocistos, implantacdo, lutedlise e
manutencdo lGtea na gravidez (LU et al., 2018). No entanto, quando ha um desequilibrio entre
a producdo desses compostos oxidaveis e a capacidade dos sistemas de defesa antioxidante,
ocorre 0 estresse oxidativo (SAHEBKAR et al., 2015). Este, por sua vez é responsavel por
alterar diversas moléculas intracelulares e causar diversos efeitos deletérios, afetando varias
funcBes e processos celulares, oxidando proteinas, induzindo danos ao DNA, a peroxidacédo
delipidios, as mitocondrias, podendo levar a morte celular por necrose ou apoptose (JIANG E
JAMESYIN, 2019, HALLIWELL et al., 2006, SILVA et al., 2011).

Em resposta ao estresse oxidativo as células podem responder de diversas maneiras,
como, transcricionalmente, por meio da ativacdo do fator nuclear eritroide 2 relacionado ao
fator 2 (Nfr2), responsavel por desempenhar papel chave na expressao de genes relacionados
as enzimas antioxidantes (Figura 2) (SOHEL et al., 2017).
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A ativacdo de Nrf2 pode ser mediada por vesiculas extracelulares (exossomos) que

atuam na regulacdo das funcdes fisiologicas (ELDH et al., 2010). Porém, em situacdes de
estresse oxidativo, essas vesiculas sdo liberadas do espaco extracelular para as células
receptoras, transportando diferentes macromoléculas citosolicas (MRNA,miRNA e proteinas),
que leva a modificacdes nos seus mecanismos de defesa e evita a morte celular (SOHEL etal.,
2013). Saeed-zidade, et al. (2017) observou que durante o desenvolvimento folicular em
bovinos os exossomos sdo essenciais, pois participam da comunicacdo bidirecional entre as

células da granulosa e o0 odcito, protegendo as células em condi¢des de estresse oxidativo.

Figura 2. Esquema ilustrativo da via de sinalizacdo Nrf2/Keapl. Fonte: HAHN; OLIVEIRA;
BOCK (2017).

De acordo com a Figura 2 em condigdes basais 0 Nrf2 é mantido no citoplasma das
células por meio de duas proteinas inibitorias Keapl, (Kelch-like ECH-associated Protein 1),
que funcionam como intermedidrias para a ligagdo do complexo Cul3-Rbx1 (E3-ubiquitin
ligase complex/Ring box protein 1) responsavel por marcar aubiquitinacdo do Nrf2 para
degradacéo via proteossoma 26S (MIMURA E ITOH, 2015, SAEED-ZIDANE et al., 2017).
Sob condigdes de estresse oxidativo, residuos reativos de cisteina sdo oxidados em Keapl,

promovendo modificagdes na conformacédo de Keapl e, por conseguinte, a liberagdo do Nrf2.
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Uma vez livres, as moléculas de Nrf2 posicionam-se no nucleo celular associando-se as
proteinas sMaf (small aponeurotic fibrosarcoma). Esse complexo liga-se no elemento de
resposta antioxidante (ARE) ou ao elemento de resposta eletrofilica (EpRE), situados na
regido promotora dos genes alvos. Dessa forma, o complexo Nrf2/sMaf, ao se ligar em ARE
ou EpRE, promove o inicio do processo de transcricdo dos genes, bem como aqueles
relacionados a defesa antioxidante, incluindo peroxiredoxina-1(PRDX1), catalase (CAT),
superéxido dismutases (SODs) e tioredoxina-1 (TXN), sendo assim considerado, o
regulador chave da resposta antioxidante no organismo, desempenhando papel critico para
protecdo e sobrevivéncia celular (SOHEL et al., 2017, NITURE; KHATRI; JAISWAL,
2014). Os riscos de desenvolvimento de EO sdo maiores em condigdes in vitro do que in vivo
(GUPTA et al., 2009).

Durante o metabolismo folicular in vitro o estresse oxidativo é observado, devido um
aumento nos niveis de EROS provocadas por alguns fatores, como a exposicdo a
concentracfes de oxigénio superiores as fisioldgicas (20%), variacBes na temperatura
(GRUPTA et al., 2009), exposicdo aos comprimentos de onda da luz visivel (TAKENAKA;
HORIUCHI; YANAGIMACHI, 2007), alteracbes de pH e diferentes composi¢cdes do meio
(MARTIN-ROMERO et al., 2008) podendo os foliculos apresentarem menor capacidade de
desenvolvimento quando comparado aqueles cultivados in vivo e com isso, limitar o sucesso
do cultivo (VON MENGDEN et al., 2020).

Mitocondrias, reticulo endoplasmaético e membrana celular sdo as principais estruturas
celulares afetadas pela oxidacdo produzida durante as reacfes de busca por estabilidade das
EROS (GUPTA et al.,, 2010). O dano provocado as mitocéndrias pelas EROS leva a
degeneracédo das células da granulosa e a uma diminuicdo na qualidade do foliculo ovariano
bem como na competéncia do odcito (SHI et al., 2016). Durante o desenvolvimento folicular
as células da granulosa podem apresentar um crescimento irregular e perda da fungédo devido
oestresse oxidativo, levando a apoptose dessas células e, por conseguinte, a atresia folicular,
resultando em disfuncao oocitaria (ZHANG et al., 2016, LI et al., 2016, LEE et al., 2013).

Chaube et al. (2014) demonstraram que o estresse oxidativo foi capaz de interromper a
comunicagdo entre oocitos e células da granulosa promovendo uma diminui¢do da qualidade
dos odcitos. Tal evento promove uma reacdo inflamatdria acentuada que ocorre tanto no
odcito como nas células da granulosa induzindo a um desequilibrio no fator de crescimento e
na producédo de citocinas, levando assim a um efeito prejudicial na reprodugéo (CHAUBE et
al., 2014, AGAWAL E GUPTA, 2006).
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Dessa forma, o desequilibrio na produgdo de EROS que ocorre durante as condi¢des
de cultivo in vitro pode ser controlado por meio do uso de substancias antioxidantes, que
mesmo em pequenas concentracdes possuem a funcao de atenuar a oxidacdo de um substrato
(IDELCHIK et al., 2016).

2.6. Antioxidantes como suplemento do meio de cultivo

Os antioxidantes sdo fatores chave para manter o equilibrio entre a producéo e a
eliminacdo de EROS. Atuam doando elétrons aos radicais livres, convertendo-os em agua
afim de prevenir a superproducdo e inibir os efeitos deletérios (BALL et al., 2001). Uma
interrupcdo nos sistemas antioxidantes pode induzir consequéncias patologicas no ovario
mamifero, influenciando assim, a foliculogénese, a maturacdo do o0cito, ovulacao,
fertilizacdo, implantacéo, desenvolvimento embrionario, bem como no sucesso da gravidez
(WANG et al., 2017).

As substancias antioxidantes sdo responsaveis por controlar a autoxidacao, e assim,
interromper a propagagao de radicais livres ou inibir a formacéo destes, podem agir por meio
de trés diferentes mecanismos: prevencao, varredura e reparo (TAN et al., 2018). A prevencao
atua contra o dano oxidativo interferindo na producdo de EROS, a varredura consiste em
neutralizar as EROS, impedindo sua acdo, aceitando ou doando elétrons, visto que a estrutura
dos antioxidantes permite que elétrons desemparelhados se mantenham estaveis sem acometer
outras moléculas, j& 0 mecanismo de reparo age na remocao de biomoléculas danificadas,
antes que estas levem a modificagdes no metabolismo celular, atuando na reconstituicdo das
estruturas bioldgicas lesionadas (BARBOSA et al., 2010, PISOSCHI E POP, 2015). Este
ultimo mecanismo opera através da acdo de enzimas lipoliticas (lipases), proteoliticas
(peptidases ou proteases) e outras enzimas (enzimas de reparo do DNA, ligases, nucleases,
polimerases, proteinases, fosfolipases e transferases) (SURAI; FISININ; KARADAS, 2016).

Como protecdo, as celulas possuem dois sistemas de defesa antioxidante, divididos em
enzimatico e ndo enzimatico, presentes tanto no meio intra como extracelular (GUPTA et al.,
2009, CHEESEMAN E SLATER, 1993). Os antioxidantes enzimaticos, S0 0s primeiros a
agirem, participacdo na quebra e remogéo de EROS, além de serem essenciais na prevencao a
peroxidacdo lipidica e no funcionamento adequando da célula (NIMSE E PAL, 2015,
COMBELLES et al., 2009). Dentre as enzimas que compdem este sistema, incluem: SOD,
CAT, PRDX, glutationa peroxidase (GPX) e glutationa redutase (GR). Enquanto, o sistema
ndo enzimatico € composto por uma variedade de substancias de baixo peso molecular

adquirida principalmente de fontes exdgenas ou naturais, como acido ascorbico (vitamina
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C),0 a-tocoferol (vitamina E), diferentes compostos de selénio, ubiquinonas (coenzima Q),
carotenoides (carotenos e xantofilas), polifendis (flavonoides, flavondis, flavonas, flavanonas,
antocianinas, isoflavonas, acidos fenolicos, taninos, estilbenos e lignanas) e os extratos de
plantas (MAIA, 2006).

No tocante as altas taxas de compostos oxidaveis que sdo produzidas durante o cultivo
in vitro de foliculos pré-antrais, enzimas antioxidantes, como SOD, CAT, GPX e PRDX
acabam sendo afetadas por operarem em conjunto a fim de manter os niveis de EROS dentro
dos limites fisioldgicos e, desta forma, sdo utilizadas para medir os niveis de estresse
oxidativo (LUSHCHAK, 2014).

2.6.1. Mecanismo de acdo das enzimas antioxidantes SOD, CAT, GPX1 e PRDX6 no ovario
mamifero

Em condigBes de estresse oxidativo as células implantam um sistema de defesa
antioxidante baseado em componentes enzimaticos, dentre os quais, pode destacar a SOD,
CAT, GPX1 e PRDXE.

A superdxido dismutase (SOD) age transformando dois anions de superéxido em
oxigénio e peroxido de hidrogénio (ANDRADE et al., 2010). Essa enzima apresenta trés
isoformas que diferem entre si quanto a natureza do centro ativo do metal, composicdo de
aminoéacidos, co-fatores e outras caracteristicas (SHENG et al., 2014). Os trés diferentes tipos
de SOD, incluem a dependente de sodio e zinco (Cu/Zn-SOD) a dependente de manganés
(Mn-SOD) e a extracelular (Ec-SOD) (ZELKO; MARIANI; FOLZ, 2002). A atividade
enzimatica da SOD esta positivamente relacionada com os niveis de estradiol no fluido
folicular (WANG et al., 2017). Estudos demonstraram que a atividade de SOD é maior em
foliculos pequenos e médios quando comparado aos antrais grandes (EL-SHAHAT, 2012,
COMBELLES et al,, 2010, HOZYEN et al.,, 2014). Em odcitos bovinos uma grande
guantidade Mn-SOD ¢ localizada nas mitocéndrias, sendo assim a principal enzima
eliminadora de O>™ mitocondrial (JOHNSON E GIULIVI, 2005).

No que diz respeito a CAT, trata-se de uma enzima antioxidante que desempenha papelchave
no metabolismo de EROS, € encontrada principalmente nos peroxissomos. Sua acao
enzimatica é dependente da concentracdo de H20., este em niveis elevados faz com que a
CAT atue catalisando H>O> e formando agua e oxigénio, ja em concentracfes baixas e na
presenca de um doador de hidrogénio adequado, como etanol, metanol, fenol e outros, agem
removendo H.O>, porém oxidando seu substrato através de uma reagdo peroxica (ALI et al.,

2020). A CAT protege os odcitos do estresse oxidativo gerado pelos processos metabolicos
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fisioldgicos, como a esteroidogénese no ovario (WANG et al., 2017). Em camundongos, foi
reportado alguns defeitos cromossémicos no nucleo oocitario apos inibigdo da enzima CAT,
como desalinhamento cromossémico e dano ao DNA, além disso, foi demonstrado que
durante a maturacdo oocitaria a catalase protege o genoma de danos oxidativos (PARK et al.,
2016). Em ratos a expressdo de CAT é relativamente baixa no odcito quando comparado a
outro tipo de células foliculares, como a da granulosa e teca (ENDERS E NELSON, 1973).

A GPX1 é uma enzima dependente de selénio, atua como catalisador da reducédo do
H2O2 ou hidroperoxidos organicos para a dgua e oxigénio ou os alcoois correspondentes,
respectivamente, por meio da glutationa como redutora (FLOHE; TOPPO; COZZA, 2011).
Em mamiferos é localizada no citosol e nas mitocondrias exercendo funcdo antioxidante
(MARGIS et al., 2008). Tal enzima ja demonstrou papel importante de protecdo aos acidos
graxos poliinsaturados de membrana (GATHWALA E AGGARWAL, 2016). Abedelahi e
Salehnia (2010) ao adicionarem selénio de s6dio no meio de cultivo in vitro de foliculos pré-
antrais murinos relataram um aumento significativo na expressao de GPX1 e
consequentemente uma diminuicdo de EROS, potencializando a taxa de desenvolvimento
folicular.

A PRDX6 (Prdx6, 1-cys peroxiredoxin) é a Unica das peroxiredoxinas que possui
apenas um grupo cisteina, utilizando por tanto a GPX para concluir sua reacdo peroxidatica
catalitica (KANG et al., 1998, MANEVICH et al., 2004). A PRDX6 atua na reducdo de H20-,
hidroperdxidos fosfolipidicos e hidroperdxidos de cadeia curta através da acdo da GPX. Além
de suas atividades ja conhecida a PRDX6 também expressa a fosfolipase A2 independente de
calcio e acido (aiPLAZ2) e atividades de lisofosfatidilcolina acil transferase (LPCAT) em sitios
cataliticos distintos, sendo regulada através da localiza¢do subcelular de proteinas, ligacdo ao
substrato e modificacbes pos-traducionais (HUANG et al., 2011, FISHER et al., 2016).
Leyens et al. (2004) relataram que as células do cumulus de odcitos bovinos controlam a
expressdao de PRDX6 através das jungdes gap durante a maturacdo in vitro, além disso
relataram que GDF-9 aumenta a expressdo de PRDX6, confirmando assim o envolvimento

desta enzima no processo de maturag&o oocitéaria.

2.6.2. Antioxidantes naturais

Na tentativa de atenuar os altos niveis de EROS produzidos durante o cultivo in
vitrode foliculos ovarianos, diferentes antioxidantes sintéticos tém sido adicionados ao meio

de cultivo, como transferrina, selénio e o acido ascorbico, no entanto outras substancias, as de
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origem natural, como os extratos vegetais vem sendo bastante explorados para tal finalidade.
Os antioxidantes naturais sdo moléculas encontradas livremente na natureza seja em frutas,
sementes ou em plantas (BAUER et al., 2001). As plantas medicinais apresentam diferentes
compostos bioativos que podem atuar atraveés de sua capacidade de eliminar as EROS
(HARBORNE, 1999). Nesse contexto, muitos extratos vegetais com capacidade antioxidante
tém sido extraidos e utilizados em associacdo ao meio de cultivo de foliculos ovarianos
(BARBERINO et al.,, 2015; GOUVEIA et al., 2016, CAVALCANTE et al., 2017a,
MBEMYA et al., 2018, SEGHINSARA et al., 2019). Mais informaces sobre os principais
efeitos antioxidantes dos extratos vegetais utilizados como suplementos ao meio de cultivo de
células reprodutivas femininas e no desenvolvimento embrionario encontram-se compiladas

no artigo de revisdo (Capitulo 1), que compde a presente dissertacao.

2.7. Aloe vera

Aloe vera é uma planta que apresenta ampla aplicagdo na medicina tradicional,
popularmente conhecida como babosa e bastante utilizada pela populacédo brasileira para fins
alimenticios, farmacéuticos ou cosméticos (GAMBOA-GOMEZ et al., 2015). Aloes s&o
xeréfitos que crescem em climas tropicais, semitropicais e aridos em todo o mundo,
pertencem a familia Liliaceae, sdo perenes de haste curta, que atingem uma altura de 60 a
100cm (KUMAR et al., 2019, BENZIE E WACHTEL-GALOR, 2011). A planta tem folhas
verdes pontiagudas, suculentas e carnudas que sd@o estratificadas em duas partes principais,
uma externa composta pela casca verde, constituida de epiderme, parénquima clorofiliano e
feixes vasculares, e outra que forma o tecido interior,de aspecto mucilaginoso e incolor,
espesso, denominado de polpa ou gel da folha (DARZI et al., 2021, RAMOS E PIMENTEL,
2011), desse modo, as espécies de Aloe tém sido alvo de interesse por parte de pesquisadores
que tentam identificar os compostos responsaveis pelos seus efeitos benéficos e apontar novas
utilidades para a planta. A Aloe vera tem despertado grande interesse dos pesquisadores,
devido as suas propriedades terapéuticas, como imunoestimulador, antiinflamatorio,
antineoplasica, cicatrizante de feridas, radioprotetor, antibacteriano, antiviral, antifingico,
antidiabético e atividade antioxidante que denotam diferentes mecanismos de acéo (Figura 3)
(YAGI et al., 1999, KUMAR et al., 2019).

Estudos ja demonstraram que a Aloe vera possui forte propriedade antioxidante
devido a presenca de polissacarideos, antraquinonas e compostos fenolicos, como catequina,
acido sinapico, quercitrina, acido gentisico, carotenoides, a-tocoferol, epicatequina e
flavondides presentes no gel mucilaginoso (RADHA E LAXMIPRIYA, 2015, HES et al.,
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2019). No entanto o potencial de ac&o antioxidante da Aloe vera depende de fatores externos,
como tipo e as condicdes de cultivo da planta, o tempo da colheita, clima, posi¢cdo das
folnas no caule, a espécie de Aloe e o método usado para colheita das folhas
(GIANNAKOUDAKIS et al., 2018).

P53, p21, BAX, BAK, S E G2M Inibidor de Faset
Bcl-2, Bol-XL, MMP 2/9 4
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Figura 3. Mecanismo deacdo subjacente as propriedades farmacoldgicas da Aloe vera. Fonte:
Adaptado de KUMAR et al. (2019).

Os componentes bioativos presentes no gel mucilaginoso sdo divididos em duas
categorias principais: constituintes nutritivos, que incluem carboidratos, vitaminas, enzimas,
minerais e oligoelementos, proteinas e aminoacidos, enquanto o0s constituintes ndo nutritivos
incluem compostos organicos, fitoesterdis, compostos fendlicos e outros (JAVED AND
ATTA-UR, 2014; DARZI et al., 2021) (Tabela 3).

No tocante ao potencial de eliminacdo de radicais livres da AV, Anilakumar et al.
(2010) demonstraram que essa planta apresentou atividade de eliminagdo de radicais livres
superior (72,2%) ao a-tocoferol (65,6%). Shahraki et al. (2014) também relataram que a AV
tem efeito antioxidante, melhorando as caracteristicas histolégicas dos testiculos de ratos.
Em murinos, ao verificar os efeitos do extrato de AV contra danos hepaticos induzido por

estresse oxidativo, foi possivel demonstrar uma reducdo na formacéo de peroxidacao lipidica
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(NAHAR et al., 2013). Uma investigacdo recente demonstrou que o extrato de Aloe vera
regulou positivamente a expressao das enzimas SOD2 e CAT em célulasepiteliais da cornea
humana (CEVAROLO et al.,, 2021). Sumi et al. (2019) demonstraram que Aloe vera
aumentou na atividade de enzimas antioxidantes, como CAT e SOD, além de aumentar o
GSH no tecido cardiaco de ratos. Concomitante a esses resultados, uma diminuicdo
expressiva do malondialdeido também foi observada. Majumder et al. (2019) demonstraram
que a atividade de eliminacdo de radicais livres do extrato de Aloe vera pelo método de
DPPH ¢ de 67 a 89% quando comparada ao acido citrico que é de 67 a 84%, desse modo 0

extrato de Aloe vera pode ser um potente eliminador do radical livre de oxigénio.

Tabela 3. Componentes bioativos do extrato de Aloe vera.

Classes Componentes
Antraquinonas/ Aloe-emodina, acido aloético, antranol, aloina A e B
Antronas (conhecidos coletivamente como barbaloina), isobarbaloina,

emodina, éster de acido cinamico

Manano puro, manano acetilado, glucomanano acetilado,
glucogalactomanano, galactano, substancia péctica,
arabinogalactano, galactoglucoarabinomanano,
galactogalacturano, xilano, celulose

Carboidratos

Fosfatase alcalina, amilase, carboxipeptidase, carboxilase,
Enzimas catalase, ciclooxidase, fosfoenolpiruvato, ciclooxigenase,
superoxido dismutase, lipase, oxidase

Compostos Calcio, cloro, fésforo, cromo, cobre, magnésio, ferro,
inorganicos manganés, potassio, sddio, zinco

Alanina, arginina, acido aspartico, acido glutamico, glicina,
histidina, hidroxiprolina, isoleucina, leucina, lisina,
metionina, prolina, treonina, tirosina, valina, fenilalanina

Aminoacidos ndo
essenciais/essenciais

Proteinas Lectinas, substancia semelhante a lectina
Sacarideos Manose, glicose, L-ramnose, aldopentose
Vitaminas B1, B2, B6, C, B-caroteno, colina, acido folico, a-tocoferol

Acido araquidénico, acido y-linolénico, sorbato de potassio,
Diversos esterdides (campestrol, colesterol, B-sitosterol), triglicerideos,
triterpendide, giberelina, ligninas, acido salicilico, acido urico

FONTE: RAHMAN; CARTER AND BHATTARAI. (2017), DARZI et al. (2021)
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Na &rea da reproducdo animal, Costa (2020) demonstrou a acdo do gel mucilaginoso
de Aloe vera tanto no cultivo in vitro como na criopreservacao do tecido ovariano bovino. No
cultivo, a Aloe vera manteve os niveis de colageno no tecido, melhorou a integridade
morfolégica dos foliculos pré-antrais e induziu a ativacdo e desenvolvimento folicular. No
protocolo de criopreservacdo, a Aloe vera também manteve os niveis de colageno no tecido
ovariano e as taxas de foliculos saudaveis, bem como aumentou as taxas de ativagdo
foliculares os niveis de MRNA para enzimas antioxidantes SOD, PRDX6 e GPX1. O gel da
Aloe vera ja mostrou acdo também na criopreservacdo de gametas masculinos, tanto em
animais silvestres (SOUZA et al., 2016) como em domésticos (AGUIAR et al., 2012). Além
disso, em estudo com ratos foi verificado um aumento da motilidade de espermatozoides e
incremento no nivel de testosterona, sugerindo que Aloe vera tem forte atividade
espermatogénica, aumentando os parametros espermaticos (ESTAKHR E JAVDAN, 2011).

Apesar desses relatos, estudos com o extrato de Aloe vera nos foliculos ovarianos séo
limitados e, até o presente momento, ndo existem estudos sobre o efeito desse composto

associado ao meio de cultivo in vitro de foliculos ovarianos isolados bovinos.
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3. JUSTIFICATIVA

A MOIFOPA fornece informag0es importantes que envolvem a biologia ovariana, como
na elucidacdo dos mecanismos envolvidos na foliculogénese durante a fase pré-antral
podendo em um futuro proximo contribuir na maximizacdo do potencial reprodutivo de
fémeas mamiferas. Entretanto, mesmo com alguns resultados ja alcangados, em ruminantes
de grande porte, como os bovinos ainda ha limitacbes na producdo de odcitos fertilizaveis a
partir de foliculos pré-antrais. Muitos pesquisadores estdo na busca pelo aperfeicoamento de
tal técnica nessa espécie, assim, quando uma vez dominada, esta técnica permitird ainda a
extrapolacdo para humanos, podendo contribuir na preservacgéo da fertilidade feminina, bem
como na restauracédo da funcéo reprodutiva.

A superproducdo de EROS tem sido fator limitante para alcancar odcitos maturos
durante o cultivo de gametas femininos. Sabe-se que os danos causados pelas EROS, podem
ser reduzidos ou evitados atraves da suplementagdo de substancias antioxidantes ao meio de
cultivo, que permitirdo o seu desenvolvimento e crescimento durante o cultivo in vitro. Neste
sentido, a adicdo de produtos naturais, extratos vegetais, por exemplo, surgem como uma
excelente alternativa para potencializar a eficiéncia de tais processos, esses produtos
apresentam em sua composicdo nutrientes essenciais que denotam inUmeras atividades
farmacoldgicas, dentre elas os com potencial antioxidante que sdo fatores chaves para atenuar
0 estresse oxidativo que ocorre durante o cultivo in vitro de foliculos ovarianos.

Neste sentido, buscando aprimorar os estudos na MOIFOPA, o extrato de Aloe vera,
apresenta-se como uma importante alternativa para melhorar a eficiéncia do meio de cultivo
in vitro. A interacdo dos diferentes compostos bioativos presentes no gel mucilaginoso da
Aloe vera conferem a esta planta atividade antioxidante. Desse modo, dada as caracteristicas
observadas no extrato de Aloe vera, possuindo em sua composi¢do substancias inerentesao
cultivo, justifica-se seu uso como suplemento no cultivo in vitro de foliculos pré-antrais

isolado de bovinos.
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4. HIPOTESES CIENTIFICAS
A suplementacdo com o extrato de Aloe vera ao meio de cultivo influencia, de forma
positiva, o desenvolvimento e a viabilidade de foliculos secundarios bovinos cultivados in

vitro.

A adicdo do extrato de Aloe vera mantém a integridade morfoldgica ap6s o cultivo in

vitro de foliculos secundarios bovinos.

A adicao do extrato de Aloe vera como suplemento antioxidante no meio de cultivo
aumenta a expressao das enzimas antioxidantes SOD, CAT, PRDX6 e GPX1 em foliculos

secundarios bovinos cultivados in vitro.
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5. OBJETIVOS

Obijetivo Geral

Avaliar o efeito do extrato de Aloe vera no cultivo in vitro de foliculos secundarios

isolados de ovarios bovinos.

Obijetivos Especificos

- Avaliar o efeito de diferentes concentragdes do extrato de Aloe vera (2,5%, 5%, 10% e
20%) sobre o crescimento, morfologia e taxa de formacdo de antro de foliculos secundarios

bovinoscultivados in vitro por 18 dias.

-Verificar, por meio da andlise de microscopia fluorescéncia (Calceina-AM), o efeito de
diferentes concentracOes do extrato de Aloe vera (2,5%, 5%, 10% e 20%) sobre a viabilidade

de foliculos secundérios bovinos apds 18 dias de cultivo in vitro.

- Avaliar o efeito da adi¢do do extrato de Aloe vera no meio de cultivo sobre a expressao
dos genes de defesa antioxidante SOD, CAT, PRDX6 e GPX1 em foliculos secundarios

bovinos ap6s 18 dias de cultivo in vitro.
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Abstract: In vitro culture of ovarian follicles, oocytes, and embryos induces the
accumulation of reactive oxygen species (ROS), which negatively impacts the quality of the
gametes and embryos. The composition of the culture medium with antioxidant substances
has been identified as a key factor to counterbalance the production of oxidants and pro-
oxidants molecules. In this context, plant extracts that are constituted of many bioactive
substances that can exert an important role in maintaining intracellular homeostasis,
generally through their ability to eliminate ROS. Although technical barriers for the
processing of plant extracts have limited the wider use of these compounds, recently, the
implication of metabolites has aroused interest in the most diverse areas of research,
including the in vitro culture of gametes and embryos. Thus, the present review aims to
discuss the potential of using plant extracts to supplement culture media for ovarian
follicles, oocytes and embryos. In addition, it provides an insight into the perspectives for
using plant extracts to the culture gametes and embryos, showing their implications in

female reproductive physiology.

Key-words: Antioxidants. Culture media. Plant extract. Oxidative stress. Ovary. Embryo
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1. Introduction

The in vitro culture technology is a valuable tool to the development of artificial
gametes and embryos, which continuously undergoes improvements through the
investigation of new substances to the culture media, contributing to the genetic
enhancement, conservation of endangered species and until increases the availability of
relevant information that can be extrapolated to human reproduction (ANTONINO et al.,
2017, FIGUEIREDO et al., 2018). However, in vitro conditions lead the accumulation of
reactive oxygen species (ROS) and the depletion of the antioxidant system, which induces
oxidative stress (ANDRADE et al., 2019), responsible for cause molecular injuries
(oxidation of carbohydrates and proteins, fragmentation of nucleic acids, peroxidation of
lipids and inactivation of antioxidant enzymes). As a consequence, compromises the quality
of gametes, embryos and their environment, leading to a negative impact in vitro
development (LINS et al., 2017, MALEKI et al., 2014).

ROS inducing factors inherent to in vitro culture, include handling of cell and
removal from the tissue, the excessive light exposure, manipulation, oxygen concentrations
(20%) and the absence of antioxidant enzymes of the genital tract (SMITH AND ROCHA
2012; SOVERNIGO et al., 2017, SA et al., 2018). The culture media with different
compositions and supplements exerts a strong influence in control ROS production, once
provides the nutrients and factors necessary for different reactions required at each
developmental phase of gametes and embryos, besides to maintain the equilibrium of
molecules that can limit the success of culture (SANTOS et al., 2018). However, reports
have shown that some components present in the commercial culture media can contribute
to the generation of ROS (LIN AND WANG, 2020), such as metallic cations (Fe2 + and
Cu2 +), that end up increasing the peroxidative damage of lipids (HASHIMOTO et al.,
2000) and the high concentration of glucose (>20mM), leads to a reduction in intracellular
levels of glutathione (GSH) and impair development competence (GUERIN et al., 2001)

Substances with antioxidant action have been added to culture media, as transferrin,
selenium and ascorbic acid (BARBERINO et al., 2016, SANTOS et al., 2014). Although an
overall positive result has been achieved, the specific indication and the antioxidant with
ideal concentration still remains unknown. With this, new studies have been carried in vitro

out proposing the use of natural antioxidants, primarily the plant extracts, due to its wide
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distribution in nature, beneficial effects and cost in relation to the chemical product (SANTOS
etal., 2018, MBEMYA et al., 2018).

Many medicinal plants are part of the group of non-enzymatic antioxidants, having an
abundance of bioactive compounds that make them a promising strategy for alternative
sources of culture media (MBEMYA et al., 2018). Thus, the aims this review to discuss the
consequences of oxidative stress in vitro culture of gametes and embryos, the effect of plant
extracts as a supplement to culture media of ovarian follicles (in situ and isolated), oocytes
and embryos in mice and domestic animals and provides an insight into the perspective for
using plant extracts to gametes and embryos culture, showing their implications in female

reproductive physiology.

2. In vitro culture of gametes and embryos and the consequences of oxidative stress

The in vitro culture systems of ovarian follicles have emerged as a technology with the
potential to the production of mature oocytes and passable to fertilization (HIRAO, 2011,
SONGSASES et al., 2012, SILVA et al., 2015). The maintenance of follicular structure in
vitro during growth in a controlled environment can also contribute to understanding the
mechanisms that regulate the intimate relation between the oocyte and somatic cells
(KREEGER et al., 2005). In addition, it makes it possible to monitor follicular and ovarian
alteration in response to many factors during the development of these follicles
(GUERREIROet al., 2016). However, despite advances in this area, the success of follicular
culture in vitro isstill limited, most reports are restricted to studies that investigate aspects
related to the elucidation of early folliculogenesis. As an assisted reproduction technology
(ART), this tool has been limited to advancement in mice, the only species to have reported
the birth of animals from embryos originating from preantral follicles totally developed in
vitro. In large animals, such as cattle or even in humans, follicular development in vitro is still
limited (MBEMYA et al., 2017).

One of the reasons for this limitation is that the conditions necessary such as the
adequate composition of the culture medium for in vitro growth are not yet well-defined due
to limitations in knowledge about follicular dynamics in vivo (MURUVI et al., 2009). For this
reason, these technical require standardized protocols, which can it difficult to obtain good
results and generate distinct results by different research groups (ARAUJO et al., 2014).
Among the variables that can negatively contribute to the success of in vitro culture of ovarian
follicles, oxidative stress generated stands out (AGARWAL et al., 2012).



47

During in vitro culture, oxidative stress is associated with high follicular death rates,
which severely compromises the quality of cultured follicles (SAEED-ZIDANE et al.,
2017). Among the many known effects of the increased formation of ROS are the
peroxidation of lipid membranes, oxidative damage to nucleic acids and carbohydrates, and
also the oxidation of sulfhydryl groups in proteins (DORNAS, et al., 2007). These events
result in DNA malfunction, loss of membrane integrity, and mitochondrial dysfunction (WU
et al., 2011). In addition, oxidative stress can also activate important pro-apoptotic
pathways, besides positively regulating the level of expression of pro-apoptotic proteins,
thus resulting in impaired follicle structure (HORI et al., 2013). It is also mentioned that the
production of lipid peroxidation by-products, such as malondialdehyde (MDA) can cause
reactions of these with other cellular components including proteins and nucleic acids, and
lead to cell dysfunction (KASHKA et al., 2016, HALLIWELL, 2014).

Several authors have reported significant damage to granulosa cells due to the
action of oxidative stress, which can show abnormal growth and loss of function, leading
these cells to apoptosis and, consequently, follicular atresia (ZHANG et al., 2016, LI et al.,
2016, LEE et al., 2013). Mitochondria are the first organelles to undergo degeneration
because is the place where oxygen radicals are produced, thus, the damage caused to these
organelles by ROS leads to the degeneration of granulosa cells and a decrease in the quality
of the ovarian follicle (SHI et al., 2016). Studies have shown that apoptosis induced by
oxidative stress in granulosa cells results in a decrease in estradiol levels and follicular
atresia (GHATEBI et al., 2019). It was observed that oxidative stress can interrupt the
communication between oocytes and granulosa cells, promoting a decrease in oocyte quality
(CHAUBE et al., 2014). Evidence also points out that ROS can induce mitochondrial
apoptosis pathways through the activation of death receptors located in cell membranes, thus
inducing the mitogen-activating protein kinase and the caspase pathway (CHANDRA et al.,
2000). It has been demonstrated that ROS acts up on mitochondria, causing a rupture of
mitochondrial membrane potential and the liberation of cytochrome c. Once cytochrome c
is in the cytosol, it binds to Apaf-1 and becomes an essential component of the
apoptosome. The assembly of the apoptosome complex initiates the caspase cascade by the
first activating caspase-9 (TIWARI et al., 2016).

3. Effects of plants extract during the culture of ovarian tissue

The use of natural compounds present in medicinal plants has been considered a



48

promising strategy and low cost in the quest for alternative substances that can be added to
the culture media of ovarian tissues (BARBERINO et al., 2015). Although the ovarian
function is a process controlled by hormones secreted essentially by animal cells, as is the
case of FSH and other hormones, some substances produced by plant cells can have
important effects on ovarian folliculogenesis and steroidogenesis, such as alkaloids,
flavonoids, terpenoids and glycosides, present in many types of plants. These molecules act
as antioxidants, which is an important property presented in the extracts of this plants
(MBEMYA et al., 2017). Previous studies demonstrated that plant secondary metabolic act
directly on ovarian cells to eliminate ROS or by acting of several enzymes, such as CAT,
SOD and GPX (BARBERINO et al., 2016, JUNG-TAEK et al., 2016). On the other hand,
plants also showed their implication during steroidogenesis through their ability to mimic
the biological effects of endogenous hormones. These herbal derivatives can act by binding
to their nuclear receptor or regulating the activity of essential enzymes in their metabolism
(TELEFO et al., 2004).

In this sense, Rocha et al. (2017) demonstrated that resveratrol maintains acceptable
parameters of ROS in bovine ovarian tissue in vitro cultured. Resveratrol is a natural
polyphenol synthesized by plants as a phytoalexin that becomes activated under stress
conditions such as ultraviolet radiation and fungal infection. It can be found in berries,
nutsand some medicinal plants, and mainly present in the skin of grapes and thus in red
wine (MORITA et al., 2012). As an antioxidant, resveratrol protects mitochondrial function
activating the sirtuin-1 gene (SIRT1) found in granulosa cells, cumulus cells, oocytes and
blastocysts (WANG et al., 2014, MORITA et al., 2012). Jiang et al. (2019) reported that
resveratrol attenuates oxidative stress in the mouse ovary. This effect was verified through
the increase in mRNA levels for GPX, SOD2 and CAT, as well as the activity of these
important enzymes. It also verified that treatment with resveratrol significantly reduced the
levels of MDA and ROS. Another compound that it also showed reduced oxidative stress in
ovaries in amouse model was Calligonum extract. Tahmasebi et al. (2018) reported that this

plant was able to significantly reduce the formation of ROS in the ovary.

Justicia insularis has also been the subject of important investigations in this regard.
It is a herbaceous and perennial plant widely distributed in the tropical area of Africa.
Besides alkaloids, glycosides, polyphenols and triterpenoids, the study realized for Goka et
al. (2016) revealed the presence of flavonoids in their leaves which act as a natural

antioxidant and FSH similar compound. A bibliographic survey showed that several studies
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realized with Justicia species have revealed the presence of mentioned secondary
metabolites (TELEFO et al., 2012, GOKA et al., 2016). Mbemya et al. (2017) demonstrated
that extract of this plant added to the culture media of ovarian tissue of sheep, in a
concentration-dependent manner, maintained adequate levels of ROS, besides improving
follicular survival in vitro and the activation of primordial follicles enclosed in ovarian
tissue. Besides FSH 50 ng / ml, the addition with J. insularis 0.3 mg/ml promoted
beneficial effects on the activation of ovine preantral follicles,at least for the short term.
Although the mechanisms of interaction are not clear, these results open a wide field of
research on the interactions between the plant extract and FSH in the development of
primordial follicles up to the antral stage.

4. Effects of plants extract during the culture of isolated ovarian follicles

The production of physiological antioxidants during the culture of isolated ovarian
follicles is not sufficient to prevent oxidative stress (IBRAHIM et al., 2014). Thus, it is
necessary to add add exogenous antioxidants in the culture medium. In the last years, there
has been a growing investigation with plant extracts in the in vitro culture of ovarian follicles.
Barberino et al. (2016) showed that the Amburana cearensis extract (0.2 mg / mL) stimulated
GSH levels and mitochondrial activity in secondary goat follicles. This plant is native to the
Caatinga and has in its composition two main compounds, gallic acid and protocatechuic acid
(BARBERINO etal., 2015). Protocatechuic acid is a natural phenolic compound that acts in
vitro from increasing the expression of antioxidant enzymes such as SOD, eliminating ROS
or inhibiting its formation and, thus, reducing the damage from oxidative stress (GUAN et al.,
2009). Whenused as the only antioxidant in the media for ovine secondary follicle culture,
protocatechuic acid maintained follicular survival, GSH levels and active mitochondria, in
addition to the meiotic competence of DNA development and integrity of cultured oocytes
(MENEZES et al., 2017).

Phoenix dactylifera L. is a plant used in traditional medicine by the Chinese and
Egyptians to improve fertility in women. The pollen grain of this plant has antioxidant
activitydue to the presence of phenolic components, such as flavonoids, phenolic acids and
phenolic diterpenes (BAHMANPOUR et al., 2013, GABR et al., 2014). A study showed that
the pollen grain extract of this plant (20ug / mL) added to the culture media promoted
follicular growth, increased survival and antral formation of murine preantral follicles
(ABDOLLAHI et al., 2015). Cavalcante et al. (2017b) showed that the of Morus nigra
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extract (0.025 mg / ml) in the culture media of secondary sheep follicles increased the levels
of GSH in cultured oocytes. This plant is world wide distributed, it can grow in a wide range
of climatic, topographic and soil conditions (ALMEIDA et al., 2011). The antioxidant
activity of M. nigra is attributed to the presence of bioactive compounds, such as rutin,
isoquercetin and kaempferitrin, which can act alone or in combination to minimize
oxidative damage (CAVALCANTE et al., 2017a). When rutin (0.1 pg / mL) was added as
the only antioxidant to the secondary follicle culture media for sheep, it maintained
follicular viability and increasing levels of GSH (LINS et al., 2017). A study demonstrated
that rutin is a potent flavonoid that eliminates superoxide radicals and chelates of metal
ions, which acts to prevent lipid peroxidation (OMOLOU; ROCHA; KADE, 2011).

Mbemya et al. (2018) reported that supplementation of culture medium with J.
Insularis extract (0.3 mg / mL) showed similar effects to that of FSH after the culture of
secondary sheep follicles. The chemical composition of this plant has a phytohormone called
trigonelline, which is responsible for having a stimulating effect on folliculogenesis and
ovarian steroidogenesis, although more detailed characteristics about the mechanism of
action of this substance in granulosa cells are still awaiting further investigations (TELEFO
et al., 2012). As an antioxidant, J. Insularis maintained high ROS levels, this finding can be
attributed to an excess of antioxidants in the culture media, since the basic media was
composed of other antioxidant supplements, such as selenium and transferrin. In the murine
species, recent research has shown that Panax ginseng extract (100 pug / mL) added to the
culture media increased follicular growth and survival, secreted hormone levels and
decreased ROS levels in cultured oocytes (SEGHINSARA et al., 2019). The main bioactive
components of P. ginseng, include phenolic acids, tocopherols, policosanols, fatty acids and
phytosterols that give this plant to perform both antioxidant and estrogenic activity (XU et
al., 2014).

5. Effects of plants extract during the culture of cumulus oocyte complexes

The production of ROS in vitro beyond the physiological range (>80ng/oocyte) can
cause damage to the cumulus-oocyte complexes, deteriorating the quality of the oocyte and
resulting in low oocyte competence (TAMURA et al., 2020). It is known that standard in
vitroculture conditions cause a disequilibrium between oxidants and antioxidants, which
leads toan accumulation of ROS, which in turn, induce the destabilization of maturation
promoting factor, reduce the survival factors, triggering apoptosis in oocytes from different
mammals (KHAZAEI AND AGHAZ, 2017). Thus, the addition of antioxidants to the
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culture media can be important to improve IVM rates and reduce injuries caused by the
accumulation of ROS (OLIVEIRA et al., 2020). In this context, plant extracts have been
gradually used to prove their efficiency against ROS during IVM of female gametes Rajabi-
Toustani et al. (2013) demonstrated that Papaver rhoeas L. (50ug / mL) extract added to the
sheep oocyte maturation media improved the rates of oocytes at MII stage. P. rhoeas is an
annual herbicide native to Iran and many other regions of the world. Its main bioactive
compounds are polyphenols (flavonoids and anthocyanins) that characterize antioxidant
activity due to the ability to neutralize free radicals through the extinction of non oxygen
radicals or peroxide decomposition (KOSTIC et al., 2010). Moreover, this plant has
antioxidant properties related to high Fe2* chelating activity, this heavy metal is responsible
for catalyzing the production ofthe hydroxyl radical that directly affects lipids and promotes
oxidative stress (El AND KARAKAYA, 2004). Tavana et al. (2012) demonstrated similar
results when of Crocus sativus extract (5 pg / mL) was added to the mouse oocyte
maturation media. This plant has numerous pharmaceutical properties, most of which are
related to its antioxidant activity, which is attributed to the presence of components such as
crocins, crocetin, dimethyl crocetin, safranal, flavonoids and anthocyanin pigments
(CHAROENSIRI et al., 2009). Anthocyanins react with ROS and neutralize free radicals
due to electron deficiency (OKI et al., 2002). Moreover, these molecules stimulate the
activation of synthetic -glutamyl and increase the levels of GSH in the culture media
(MYHRSTAD et al., 2002). Maleki et al. (2016) showed that addition of crocin (10 pg /
ml), a component of C. sativus, adding to the oocyte maturation media of mice increased
the cytoplasmic maturation rate and the GSH content of MII oocytes after IVM.

Nigella sativa has also been investigated for its attenuators effects of ROS during
IVM. This medicinal plant has a potent bioactive constituent, thymoquinone, which gives
this plant numerous therapeutic potentials, such as the antioxidant potential (GOYAL et al.,
2017). Eini et al. (2020) reported that the hydroalcoholic of N. sativa extract can be involved
in the induction of antioxidant mechanisms, preventing oxidative stress in vitro. these
authors reported that adding 50ug/ml N. sativa to IVM media of prepubertal mice with
polycystic ovary syndrome increased the rates of oocyte maturation, the levels of
intracellular concentration of GSH, the expression of mMRNA for peroxidase glutathione,
besides to decrease the level of ROS content. Another plant extract that demonstrated a
response to oxidative stress in IVM of ovine oocytes was the fenugreek seed extract
(Trigonellafoenum graecum L.). BARAKAT et al. (2018) showed that 10 pg / mL of the

extract of this plant improved the maturation rates and increased the levels of intracellular
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GSH. The antioxidant action performed from this plant material is due to the presence of
several active phytochemicals, including vitamins, flavonoids, terpenoids, carotenoids,
coumarins, curcumines, lignin, saponin and sterols, which act in synergy to perform this
effect (MOHSENEet al., 2012).

The green tea of the Camellia sinensis plant is a drink consumed all over the world.
Barakat, Himaidi and Rady (2014) reported that the presence of green tea extract (0.3 mg /
ml) in IVM media improved in vitro maturation and embryonic development of sheep
oocytes up to the blastocyst stage. The polyphenols in green tea are mainly
epigallocatechingallate, epicatechin, epicatechin and epigallocatechin. All of these catechins
have strong antioxidant effects. Singh et al. (2018) demonstrated that
epigallocatechingallate (10 and 15 puM) adding to the bovine oocyte maturation media
showed beneficial effects on in vitro maturation and subsequent in vitro fertilization of

bovine oocytes.

6. Effects of plants extract during embryo culture

To optimize the quality of embryos cultured in vitro, studies have proposed
improvements to the culture media with the addition of antioxidant supplements. Natural
antioxidants, especially of plant origin, have been widely used due to their beneficial effects
not only due to their antioxidant activity, but also to their additional beneficial properties
and cost benefit (GEON-YEOP et al., 2017, FIDELIS et al., 2020).

Phellodendron amurense and Humulus japonicus have been used in traditional
medicine in Korea and China, include flavonoids and polyphenolic substances, where they
are closely involved in the antioxidant response (WANG et al., 2015, SUNG et al., 2015).
According to Geon-Yeop et al. (2017) the of P. amurense extracts (0.01 pg / mL) and H.
japonicus (0.01 pg / mL) to the culture media of pre-implanted bovine embryos increased
blastocyst rates, decreased ROS levels, caspase-3 expression and apoptotic blastocyst cell
rates. Recent research has shown that the plant extract of Nigella sativa (50 pug / ml)
promoted an increase in the rates of 2-cell, 8-cell and blastocyst embryos after culturing pre-
pubertal mouse embryos (EINI et al., 2020). Eugenia dysenterica and Byrsonima crassifélia
are plants from the Brazilian Cerrado, a biome that has a peculiar climate and is usually
affected by intense fires (TAKAO et al., 2015, AMARAL et al., 2015). Studies have
reported that these plants can have developed efficient molecular defense mechanisms

against ROS, which involve the production of potent antioxidant compounds such as
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catechin, quercetin, epicatechin, ellagic acid, anthocyanins and carotenoids, among other
bioactive substances (SIQUIERA et al., 2013, PRADO et al., 2014). Fidelis et al. (2020),
demonstrated that the of E. dysenterica extracts (0.01mg / ml) and B. crassifolia (0.01mg /
ml) added to the culture media did not affect the development of pre-implanted bovine
embryos. E. dysenterica increased rates of cleavage and blastocysts and decreased rates of
apoptotic cells. Regarding the antioxidant response, both plant extracts increased the levels
of transcripts involved in the metabolism of ROS, such as the endogenous antioxidant
enzymes GPX4 and PRDX3. The ethanolic of B. crassifolia extract increased the expression

of these genes, but reduced the proportion of apoptotic cells.

7. Perspectives of using plants extract to supplement culture media of gametes and

embryos

The use of natural extracts derived of plants has been considered a promising strategy
inseveral areas, including the culture of gametes and embryos and, currently, many chemical
analyzes have been carried out on plant extracts to identify and characterize their
components, as well as its mechanisms of action on diverse biological systems (HARVEY et
al., 2015). In this sense, several properties of these compounds have been described, for
example, antimicrobial and anti-inflammatory activity and, even, the ability to mimic the
biological effects of endogenous hormones when binding to their nuclear receptor or even
regulating the activities of enzymes- key to its metabolisms, such as cytochrome P450 and
17-- hydroxysteroid dehydrogenase, which is a key enzyme of steroidogenesis (KURZER
AND XU, 1997). However, the best described property of these extracts is the ability to act
as antioxidants, this characteristic being especially important in the culture of gametes and
embryos and, for this reason, it has the greatest potential to be better explored and
understood in the coming years (MBEMYA et al., 2017). In several reports of new drug
discoveries, many plant extracts show antioxidant activity. Plant metabolites have served as
inspiration for many researchers. Although previously, technical barriers for screening plant
products have limited the wider use of these compounds, more recently there has been
a resurgence ofintense interest in plant metabolites in the most diverse areas of research,
including in vitro culture of gametes and embryos (POHL AND LIN, 2018). For example,
Barberino et al. (2015) and Lins et al. (2017) described that the extract of A. cearensis and
rutin, respectively, demonstrated a positive effect on GSH levels in ovine and caprine

ovarian follicles. Rocha et al. (2018) demonstrated that resveratrol was able to maintain
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acceptable parameters of ROS in bovine ovarian tissue. In addition to these reports, the
Aloe vera plant has been demonstrating its antioxidant potential.

In fact, A. vera extract can modulate oxidative stress due to the presence of antioxidant
compounds, like a-tocopherol (vitamin E), carotenoids, ascorbic acid (vitamin C),
flavonoids and tannins (CESAR et al., 2018). Sumi et al. (2019) reported that A. vera
increases the activity of antioxidant enzymes, such as catalase, superoxide dismutase and
glutathione. The protective effect of A. vera on ECM integrity has also been reported
(SAIATO et al., 2016, CHUL-HONG et al., 2017). Acemannan, a beta-(1,4)-acetylated
mannan, is a bioactive polysaccharide present in A. vera gel that promotes skin wound
healing through activating AKT/mTOR-mediated protein translation mechanism in
fibroblasts, resulting in increased secretion of collagen in vivo (XING et al., 2015).

Increase in the use of these components is due to advances in the establishment of
techniques for improved fractionation, isolation, mass spectrometry, among others, which
have enabled the optimization of prospecting and characterization protocols for these
compounds (MARHUR AND HOSKINS, 2017). These technical advances will allow,
increasingly, popularizing the use of these substances for the most diverse biotechnological
purposes.

It is also important to consider that, in the in vitro culture of gametes and embryos, the
development of standardized protocols that establish well-defined compositions for the
culture media can, in the near future, make the results obtained with the technique
increasingly effective. This more precise definition of the culture media, however, depends
not only on understanding the properties of the supplements that are added to it, but, above
all, on the more thorough elucidation of the ovarian physiology itself, which has been
achieved with relative success in recent years. In conjunction with this, accumulated
acquirements about the properties exhibited by plant extracts have contributed significantly

to establish in vitro culture media.

8. Final considerations

In vitro culture of ovarian follicles, oocytes and embryos induces high and unbalanced
levels of intracellular ROS. The resulting oxidative stress has a negative impact on
development, being one of the main factors that limits the results of culture. In fact,
supplementation with antioxidants substances in the culture medium is the main strategy to
mitigate oxidative stress. Research aimed at establishing this type of supplement is essential.

Plant extracts have been shown to be a viable alternative. Although with results, in many
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cases, still inconclusive or different among the research groups, many promising results have
been achieved until now. It is important consider that divergent results can be associated with
significant differences in the sample pre-treatment, form of extraction, type of culture,
evaluation methods, among other individual variations inherent to each experimental protocol.
Finally, further studies should be carried out to better understand the mechanisms of action of
plant extracts about the redox biology in folliculogenesis and embryo development, which

canhelp to reduce costs and improve the results of in vitro culture.
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Abstract: This study aimed to investigate the effects of Aloe vera extract on growth,
morphology, antrum formation and follicular viability, as well as on mRNA levels for SOD,
CAT, GPX1 and PRDX6 in bovine secondary follicles cultured in vitro. To this end, ovaries of
multiparous cows were obtained from a local slaughterhouse and the follicles were isolated
from the ovarian cortex. The follicles individually cultured at 38.5°C, with 5% CO: in air, for
18 days in TCM-199* alone or supplemented with different concentrations of Aloe vera
extract (2.5, 5.0, 10.0 and 20.0%). Follicular growth (diameter and daily growth),morphology
and antrum formation were evaluated every 6 days. Analysis of viability (calcein and
ethidium homodimer-1) and mRNA levels for SOD, CAT, GPX1 and PRDX®6, by real-time
PCR were evaluated after culture. Follicular diameters, daily growth rate and mRNA levels
in follicles cultured in vitro were compared using Kolmogorov-Smirnov test and Kruskal—
Wallis test, the Student's t-test was used to compare the viability, while follicular survival and
antrum formation were compared using the chi-squared test (P < 0.05). The results showed
that Aloe vera maintained follicular morphology similar to the control group. Follicles
cultured the presence of Aloe vera showed a progressive increase in follicular diameter until
the 12 day of culture. An increase in daily growth rate was observed from day O to day 6 in

treatment with 5.0% Aloe vera when compared to the control group. Follicles cultured with
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2.5% Aloe vera had higher rate of antrum formation than those cultured in the control group.
Regarding viability, follicles cultured with 2.5 and 5.0% Aloe vera showed a higher viability
rate than follicles cultured in control medium. The presence of 2.5, 5.0 and 20.0% Aloe vera
in the culture medium maintained the levels of mMRNA for SOD, CAT and PRDX®6 in
follicles similar to the control group. In conclusion, 2.5% Aloe vera maintains the
expression of MRNA for SOD and PRDXG6 in secondary follicles grown in vitro for 18 days,

promotes of antrum formation and increases viability of follicle after culture.

Keywords: Plants extract. Secondary follicle. Antioxidant. Cow. In vitro culture

1. Introduction

In vitro culture of preantral follicles has contributed to elucidation of mechanisms
involved in early folliculogenesis and opens new perspectives to maximize reproductive
potential of different species, suchas cattle, by increasing the availability of potentially
fertilizable oocytes (FIGUEIREDO et al., 2019, DONFACK et al., 2018, CADENAS et al.,
2018). However, external factors such as exposure to high concentrations of oxygen, light,
follicle manipulation and absence of physiological protection mechanisms during in vitro
culture can result in accumulation of reactive oxygen species (ROS) and oxidative stress
(SAet al., 2018, ANDRADE et al., 2019). Such imbalance redox in vitro can cause the
oxidationof carbohydrates and proteins, fragmentation of nucleic acids, lipid peroxidation
and damageto mitochondria (CHAPPEL, 2013, MORAIS et al., 2019). In addition, it
can inactivate enzymes responsible for antioxidant defense, such as glutathione (GSH),
catalase (CAT), superoxide dismutase (SOD) and peroxiredoxins (PRDX) that act
physiologically to balance cellular homeostasis (SOVERNIGO et al., 2017). Thus, the
culture medium need to be supplemented with antioxidant substances to protect the cells
agains free radicals (KHAN et al.,, 2018, SEGHINSARA et al., 2019). Antioxidant
substances can be of natural or artificial origin, and act by binding to free radicals
(superoxide, hydrogen peroxide and hydroxyl radical) to neutralize their destructive
properties (SEGHINSARA et al., 2019). Some commercially purified products, such as
ascorbic acid, transferrin and selenium are routinely added to the culture media as
antioxidant supplements (CUNHA et al., 2018). However, other substances of plant origin,
with proven antioxidant activity have been extensively explored during in vitro culture of
ovarian follicle, given their wide beneficial effects and distribution innature, is the case of
Amburana cearensis (BARBERINO et al., 2016), Justicia insularis (MBEMYA et al.,
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2018) Morus nigra (CAVALCANTE et al., 2018) that have presenting beneficial effects

on follicles cultured in vitro.

Among the extract of plants with potential to eliminate free radicals, Aloe vera has
different bioactive compounds, such as a-tocopherol, carotenoids, ascorbic acid, tannins,
flavonoids have potential to eliminate ROS during in vitro culture of ovarian follicles.This
action can be attributed to synergy between these compounds that can act as effective
coadjutants to maintain cellular redox status (RADHA AND LAXMIPRIYA, 2015, CESAR
etal., 2018). In vitro studies have already reported the efficiency of Aloe vera gel in
eliminating various free radicals (CESAR et al., 2018). In rat liver mitochondria, the Aloe
vera gel modulated oxidative status by eliminating different superoxide anions (YAGI et al.,
2002). Haritha et al. (2014) reported that Aloe vera reduced highly reactive ROS that cause
extensive damageto cell membrane lipids of sperm cells (BEHMANESH et al., 2018). In a
recent investigation, Aloe vera extract positively regulated the expression of SOD2 and
CAT enzymes in human corneal epithelial cells in vitro cultured (CEVAROLO et al.,
2021). Sumi et al. (2019) demonstrated the Aloe vera gel increased the activity of
antioxidant enzymes, such as CAT and SOD, in addition to increasing GSH in cardiac tissue
of rats. Simultane ously, a significant decrease in malondialdenyde (MDA) was also
observed. However, it is still not known if Aloe vera extract can regulated the levels of
MRNAs for antioxidant enzymes in bovine secondary follicles and if it has beneficial
effects on growth and viability of these follicles during in vitro culture.

The aim of this study was to evaluate the effects of different concentrations of Aloe
vera gel (2.5, 5.0, 10.0 or 20.0%) on morphology, growth, antrum formation and follicular
viability, as well as on mRNA levels for SOD, CAT, PRDX6 and GPX1 in bovine secondary
follicles after 18 days of in vitro culture.

2. Materials and methods
2.1.Chemicals

The culture media and other chemicals used in this study were purchased by Sigma
Chemical Co. (St Louis, MO, USA), unless otherwise indicated in the text.

2.2. Aloe vera extract isolation

Aloe vera was cultured in a region with coordinates 03°40'54.7"S, 40°20'13.6"W,
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temperature ranging from 29.1°C to 30.1°C, and semi-arid tropical climate (INMET,2018).
Toobtain the mucilaginous gel, the leaves in intermediate stage of maturation were
collected in the morning. In the laboratory, the leaves were washed in distilled water and
with the aid of a sterile blade, the outer part was removed to expose the viscous and color
less mucilaginous parenchyma or gel. Then, by smooth movements with a spatula, the gel
was passed through a sieve and collected in a sterile container, then the gel was filtered in
45um nylon filter (Millipore®, Cork, Ireland) and stored at 4°C (SOUZA et al., 2016).

2.3. Ovarian Collection

Ovaries of multiparous cows (n = 50) were collected at a local slaughterhouse (Sobral,
Ceara, Brazil) after official administration permission to use the ovaries for research purposes.
Immediately after death, the ovaries were washed with 70% ethanol for approximately 10 s,
followed by two washes in TCM-199 supplemented with penicillin (100mg/ml) and
streptomycin (100 mg/ml) and buffered with HEPES. The ovaries were transported in 1 h to
the laboratory in TCM-199 at 4 ° C (PAULINO et al., 2018). This study was registered in the
Committee Ethics and Animal Welfare of the Federal University of Ceara (N° 04/2019).

2.4. Follicle isolation and in vitro culture

In the laboratory, the ovarian cortex was fragmented (1-2mm) with a sterile scalpel
blade and fragments of the ovarian tissue were placed in TCM-199 medium supplemented
with penicillin (100mg/ml) and streptomycin (100mg/ml) and buffered with HEPES.
Secondary follicles measuring 150 to 250um in diameter were manually isolated with the
aid of 26 gauge needles with the aid of a stereomicroscope (SMZ 645 Nikon, Tokyo,
Japan). After isolation, follicles containing a visible oocyte surrounded by granulosa cells,
an intact basement membrane, and without the presence of an antral cavity were selected
for culture (PAULINO et al., 2018, 2020).The follicles were individually cultured in 100ul
drops of culture medium in Petri dishes (60x15mm; Corning, USA). The control medium,
identified as TCM-199", consisted of TCM - 199 (pH 7.2-7.4) supplemented with 3.0mg /
ml bovine serumalbumin (BSA), 1001U penicillin/streptomycin, 10pug/ml insulin, 5.5ug/ml
transferrin and 5ng/ml selenium (ITS), 50ug/ml ascorbic, 100ng/ml FSH, 2mM glutamine
and 2mM hypoxanthine. The follicles were randomly distributed and cultured in TCM-199
alone orsupplemented with 2.5, 5.0, 10.0 or 20.0% Aloe vera extract. The concentrations
of Aloe vera extract were defined according to a pilot experiment. In each treatment,

approximately 100 follicles were cultured. The culture was carried out in a humidified
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incubator at 38.5°C with 5% CO- in air for 18 days. Every two days of culture, 60u L of

medium was renewed maintaining the same initial concentration for each treatment
2.5. Assessment of preantral follicle morphology, growth antrum formation

Follicles were evaluated every 6 days of culture using an inverted microscope
(Nikon, Eclipse, TS 100, Japan) and an image capture system (NIS Elements 2.4 Software,
Nikon Instruments Inc., Japan). Follicles with well-organized granulosa cells, and intact
oocyte and basement membrane were considered normal; and those containing an opaque
and/or extruded oocyte and having opaque granulose cells were considered degenerated
(VASCONCELOS et al., 2021). The presence of an antral cavity was recorded as a visible
translucent cavity within the granulosa cell layers. The follicular diameter was measured
only in morphologically normal follicles. The average of two perpendicular measurements
from the outer layer of thecacells was reported as follicular diameter (um). All evaluation

sand measurements were made by the same operator.

2.6. Assessment of preantral follicles viability by fluorescence microscopy

After culture, follicles (n = 20 / treatment) were incubated in 100ul droplets of
TCM- 199 medium contain in 4mM calcein-AM and 2Mm ethidium homodimer-1
(Molecular Probes - LIVE/DEAD Viability/Cytotoxicity Kit for mammalian cells - L3224,
Invitrogen, Karlsruhe, Germany) at 37°C for a period of 15 minutes. The follicles were
then washed three times in TCM-199 medium and then examined under a fluorescence
microscope (Nikon, Eclipse, TS100, Japan). Oocytes and granulosa cells were considered
viable if the cytoplasm was positively stained with calcein AM (green) and unviable if the
chromatin was positively labeled with ethidium homodimer-1 (red) (VAN DEN HURK et
al., 1998). The fluorescence intensity was analyzed using Image J software (National
Institute of Health, Bethesda, MD, USA).

2.7. Expression of mRNA for SOD, CAT, PRDX6 and GPX1 in cultured follicles

Normal follicles that had been cultured for 18 days in each treatment were collected
and then stored at —80°C until extraction of total RNA for further analysis of the levels of
mRNA for SOD, CAT, PRDX6 and GPX1. Total RNA extraction was performed using a
Trizol® purification kit (Invitrogen, Sao Paulo, Brazil) in accordance with the

manufacturer's instructions. Quantification of MRNA was
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performed using SYBR Green. PCR reactions were composed of 1uL cDNA as a template in
7.5uL of SYBR Green Master Mix (PE Applied Biosystems, Foster City, CA, USA), 5.5uL of
ultra-pure water, and 0.5uM of each primer. The primers were designed to perform
amplification of SOD, CAT, PRDX6, GPX1 andGAPDH (Table 1). The specificity of each
primer pair was confirmed by melting curve analysis of PCR products. The thermal cycling
profile for the first round of PCR was initial denaturation and activation of the polymerase for
10 min at 95°C, followed by 40 cycles of 15 sat 95°C, 30 sat 58°C, and 30 sat 72°C. The final
extension was for 10 min at 72°C. All reactions were performed in a Step One Plus
instrument (Applied Biosystems, Foster City, CA, USA). The AACt method was used to
transform the Ct values into mRNA expression levels (LIVAKAND SCHMITTGEN, 2001).

Table 1. Primer pairs used for real-time PCR.

Sense
Sense Primer sequence(5'—3) (S) Anti- Genl__%ank
(S) sense accession no.
(As)
GAPDH TGTTTGTGATGGGCGTGAACCAATG S Gl
GCGCGTGGACAGTGGTCATAA AS 402744670
PRDX6 GCACCTCCTCTTACTTCCCGGA S GIl: 59858298
TGCGGCCGATGGTAGTAT AS
GPX1 AACGTAGCATCGCTCTGAGG S Gl:
GATGCCCAAACTGGTTGCAG AS 156602645
SOD GTGAACAACCTCAACGTCGC S Gl: 31341527
GGGTTCTCCACCACCGTTAG AS
CAT AAGTTCTGCATCGCCACTCA S Gl
GGGGCCCTACTGTCAGACTA AS 402693375

2.8. Statistical analysis

Statistical analyzes were performed using the GraphPad Prism software, version 8.0.
The data on follicular diameters and the rate of follicular growth between the days of culture
were initially subjected to analysis of normal distribution using the Kolmogorov-Smirnov
test. For data normally distributed, analysis of variance was then applied. The data on
follicular diameters and the rate of follicular growth between culture days were subjected
the Kruskal- Wallis test. The percentes of follicular survival and formation of antrum after

in vitro culture were compared by the Chi-square test. The intensity of stain in for calcein-
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AM and homodimer-ethidium were compared by the Student test. The levels of mMRNA were
analyzed by Kruskal-Wallis test, followed by Dunn’s Multiple Comparison Test.

Differences were considered significant when P<0.05.

3. Results
3.1. Effects of Aloe vera extract on follicular growth, antrum formation and viability

Table 2 shows that follicles cultured in control medium had continuous growth until
day 18, while those cultured in medium supplemented with Aloe vera had significant growth
until day 12. However, with compared to control medium, Aloe vera did not influence

follicular growth in vitro.

Table 2. Diameters and daily growth (mean + standard error of the mean (SEM)) of bovine
secondary follicles after 0, 6, 12 and 18 days of in vitro culture in TCM-199* alone or
supplemented with 2.5, 5.0, 10.0 or 20.0% Aloe vera extract (AV) (P < 0.05)

Treatment Day0 Day6 Day12 Day18
TCM-199* 201.1+3.7° 47.7+5.5° 260.816.1° 272.046.8¢
AV 2.5% 199.0+3.52 252.1+4.6° 264.7+4.7° 267.745.3°
AV 5.0% 195.4+3.1° 253.4+4.7° 266.2+5.7° 261.1+6.3°
AV 10.0% 195.4+3.32 250.2+5.7° 260.8+5.5° 262.745.7°
AV 20.0% 198.9+3.1° 248.5+5.2° 260.6+5.7° 258.8+5.7¢

a, b, ¢, d Lower case letters represent statistically significant differences between treatments
on the same day of cultivation (between columns).

Follicular growth rates (um/day) at different intervals of in vitro culture are presented
in Table 3. Follicles cultured for 6 days in media supplemented with 5.0% Aloe vera had
higher growth rate than those cultured in control medium (P<0,05). Between days 6 and 12,
no significant differences in daily growth were seen among treatment. On the other hand,
between days 12 and 18, follicles cultured with 2.5 and 10.0% Aloe vera extract had similar
growth to follicles cultured in control medium, but those cultured with 5.0 and 20% of Aloe

vera had reduced growth (P<0.05).
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Table. 3. Daily growth (mean * standard error of the mean (SEM)) of morphologically
normal bovine secondary follicles cultured in vitro TCM-199" alone or supplemented with
2.5, 5.0, 10.0 or 20.0% Aloe vera extract (AV).

Follicular growth (um/day) at different intervals of culture

Treatment Day 0-6 Dya 6-12 Dya 12-18
TCM-199* 46.6+7.8°° 13.1%2.252 11.2+1.952
AV 2.5% 53+8.872 12.6%2.152 3.0£0.5%
AV 5.0% 58.1+9.74° 12.7+2.1%2 -5.0+-0.8%P
AV 10.0% 54,849,142 10.6+1.852 1.8+0.3%
AV 20.0% 49.5+8.242 12.1+2B2 -1.8+-0.3¢P

a b ¢ Uppercase letters represent differences between treatments (on the same day of culture).
ABC |owercase letters represent statistically significant differences between the culture days
(same column).

Table 4 shows the percentage of normal follicles and antrum formation after 18 days
of culture. The percentage of morphologically normal follicles was similar among all
treatments, including the control group (P>0.05). Figure 1 shows that secondary follicles
cultured in vitro for 18 days in all treatments had homogeneous granulosa cells, intact
membrane, visible and rounded oocytes and presence of antrum cavity. Follicles cultured
with 2.5% Aloe vera had higher percentage of antrum formation than those cultured in control

medium, but did not differ from other treatments (P<0.05).

Table 4. Percentages of morphologically normal secondary follicles and of antrum formation
after 18 days of in vitro culture in TCM-199" alone or supplemented with 2.5, 5.0, 10.0 or
20.0% Aloe vera extract (AV).

TCM-199+ AV 2.5% AV5.0% AV10.0% AV20.0%

Morphologically  92.1%%  96.7%" 95.3%° 98.7%°  97.5%:
Normal follicles (81/88) (89/92) (81/85) (77/78) (77/79)
8.696° 23506  10.79% 14.3%  14.3%%

Antrum formation (7/g1) (21/89)  (16/81) avrny  QUT)

Significantly different (P<0.05).*® Uppercase letters represent differences between treatments
(on the same day of culture), (P<0.05).
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Figure 1. Follicular morphology after 18 days of culture. (A-D) Secondary follicles
individually cultured in TCM-199" alone; (E-H) or with 2.5 % Aloe vera extract (AV); (I -
L)5.0% AV; (M - P) 10.0% AV or (Q - T) 20.0% AV. Oocyte (dash circles), antrum
formation (*), intact basement membrane follicle (arrows) and granulose cells (cg). Scale
bar=100um for follicles.
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3.2 Effects of Aloe vera extract on follicular viability

The fluorescence microscopy analysis using calcein-AM and ethidium homodimer-1
showed that, after 18 days of culture, secondary follicles cultured in medium supplemented
with 2.5 or 5.0% Aloe vera extract had higher fluorescence intensity for calcein-AM than
those cultured in control medium and other treatments (P <0.05). On the other hand,
follicles cultured in presence of 10.0 and 20.0% Aloe vera extract did not differ significantly
from each other (P>0.05) (Figure 2). In addition, the fluorescence intensity between calcein-
AM and ethidium homodimer-1 was significantly different in all treatments, except for
follicles cultured with 20% Aloe vera extract, where the fluorescence intensity between

fluorophores did not show statistical difference (P<0.05) (Figure 2).

B Calcein-AM
Ethidium
*
a ' '

2.5%AV 5.0%AV 10.0%AV 20.0%AV

40

Fluorescence intensity
—_ b [ (8] w
wh (e wn (e} wn

—
(=]

Figure 2. Fluorescence intensity of the calcein-AM (green) and ethidium homodimer (red) in
bovine secondary follicle after 18 days of in vitro cultured in TCM-199" alone or
supplemented with different concentrations Aloe vera (AV) extract (2.5, 5.0, 10.0 or 20.0%
AV). Significantly different (P<0.05).® Lower case letters represent statistically significant
differences between treatments for the fluorescence intensity of calcein-AM; P Capital letters
represent statistically significant differences between treatment for the fluorescence
intensity of ethidium homodimer-1; *represent differences between treatments for the
fluorescence intensity between calcein-AM and ethidium homodimer-1 (P<0,05).
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Figure 3 shows secondary follicles after 18 days of in vitro culture stained with
calcein-AM and ethidium homodimer-1 in all treatments. It is possible to observe follicles
cultured in presence of 2.5 and 20.0% Aloe vera extract had stromal cells around the

follicles positively stained with ethidium homodimer-1.

TCM-199+ 2.5% AV 5.0% AV 10.0% AV 20.0% AV
AT ol

Figure 4. Viability of bovine secondary follicles after in vitro culture for 18 days after
staining with calcein-AM (green) and ethidium homodimer-1 (red). Secondary follicles were
cultured in TCM-199* alone (A,B) or supplemented with 2.5% (C,D), 5% (E,F), 10% (G,H)
or 20% (1, J) of Aloe vera extract (AV). The scale bars represent 100pum.

3.3. Expression of mRNA for SOD, CAT, PRDX6 and GPX1 in cultured follicles

The levels of mRNA for SOD, CAT, PRDX6 and GPX1 in bovine secondary follicle
after 18 days of culture in TCM-199* alone or supplemented with 2.5, 5.0, 10.0 and 20.0%
Aloe vera extract are shown in Figure 4. The presence of 2.5, 5.0 and 20.0% Aloe vera in
culture medium kept the levels of mMRNA for SOD, CAT and PRDX6 similar to control
group. On the other hand, follicles cultured in presence of 10.0% Aloe vera extract had
reduced levelsof mRNA for CAT, when compared with control group. The expression of
GPX1 mRNA in follicles cultured with Aloe vera extract did not differ from control group
(P>0.05).
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Figure 4. Levels of mMRNA (means + standard deviation (SD)) for (A) SOD, (B) CAT, (C)
PRDX6 or (D) GPX1 in secondary follicles cultured in vitro for 18 days in TCM 199" alone
or supplemented with 2.5, 5.0, 10.0 or 20.0% Aloe vera extract (AV).2*¢ Lowercase letters
represent statistically significant differences between treatments(P<0.05).

4. Discussion

The present study if the first report to demonstrate the effects of the Aloe vera extract on
in vitro cultured for bovine secondary follicles. Aloe vera extract (2.5%) increased the
follicular antrum formation and viability, and maintained follicular grown and morphology.
These effects can be attributed to the glycoproteins and polysaccharide present in Aloe vera
extract that stimulate cellular growth (FIRDAUS et al., 2019). Follicles cultured in
media supplemeted with Aloe vera extract showed progressive growth until the day 12,
but not between days 12 and 18. These results can be due to the intense proliferation of
fibroblasts observed during this period in treatments containing Aloe vera. Recent
investigations showed that Aloe vera promotes the proliferation of fibroblasts (TEPLICKI et
al., 2018; FIRDAUS, et al. 2019; SHAFAIE et al., 2020). According to Surjushe, Vasani,

Saple (2008), the stimulation of fibroblast proliferation is given by the presence of
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glucomannam, a polysaccharide rich in mannose that is present in Aloe vera. In fact, when
observing the daily follicular growth, all follicles cultured with Aloe vera showed a higher
growth between days 0 and 6 in relation to the control group. Probably, the massive presence
of fibroblasts around the follicles from day 12 on wards may have impaired follicular growth.
Although Aloe vera in creases the proliferation and migration of fibroblasts, it also triggers
cell growth through the production of transforming growth factor betal (TGF-41), basic
fibroblastic growth factor (bFGF) and also by intercellular communication through gap
junctions (ATIBA et al., 2011). Theses growth factors act in an autocrine and/or paracrine
way, regulating the development of preantral follicles (SHARMA TARU et al., 2010).

The presence 2.5% Aloe vera in culture medium increased the percentage of antrum
formation, which is considered a marker of follicular functionality (ROSSETO et al., 2012).
Aloe vera contains secondary metabolites that can help in the process of antrum formation,
such as phytosterols (f-Sitosterol, cholesterol andcamposterol) responsible for exerting effects
similar to ovarian sex hormones (POORFARID; KARIMI; HOUSHMAND, 2013). A study
in pregnant mice showed that Aloe vera has an estrogen similar effect (RENGIN AND
GULLAN, 2009). This hormone performs an important role in the development of the
follicle, influencing the antrum formation (DRUMMOND et al., 2012). Majumder et al.
(2019) demonstrated through an in silico study that Aloe vera has an affinity for alpha-type
estrogen receptors. Thus, it is believed that the increase in antrum formation may be related to
the estrogenic effect of Aloe vera when added in low concentration in the culture medium of
bovine secondary follicles.

The lower concentrations of Aloe vera (2.5 and 5.0%) increased follicular viability
after culture in vitro. This effect is probably are flection of complex interactions of different
bioactive substances, such as phenolic compounds, anthraquinones and polysaccharides with
cellular redox homeostasis challenged by oxidative stress (CESAR et al., 2018) associated
with a possible lower rate of fibroblast proliferation. A recent study showed that Aloe vera
significantly in creased the viability of human corneal epithelial cells (HCE), with no
cytotoxic effect (CEVAROLO et al., 2021). Kang et al. (2014) showed that a polysaccharide
extracted from Aloe vera gel increases the viability of Vero cells cultured in vitro. Besides
maintaining viability, Aloe vera showed antioxidant potential in periodental ligament cells of
human (FULZELE et al., 2016). Sun et al. (2021) also showed that aloin, ananthraquinone
present Aloe vera extract, attenuated oxidative stress in cardiomyocytes, decreasing the

production of ROS, lactate dehydrogenase (LDH) and release of malondialdehyde (MDA).



77

According to Salah et al. (2019), changes in antioxidant enzyme levels can be
very important in regulating the response to oxidative stress. In the present study, levels
MRNA expression for SOD, CAT and PRDX6 in follicles cultured with 2.5, 5.0 and 20.0%
Aloe vera were similar to the control group. SOD catalyzes the dismutation of superoxide
radicals into H202 which is later converted to water and oxygen by CAT or GPX (SALAH et
al., 2019). CAT is known to playa crucial role in antioxidant defense pathways by effectively
catalyzing peroxisomes and glyoxysomes the conversion of H2O; into water and oxygen. Due
to its greater catalytic efficacy, CAT has been considered an important antioxidant enzyme in
reproductive processes. PRDX6 expression was significantly higher in the 2.5% Aloe vera
treatment compared to the 5.0% Aloe vera treatment, an important data since, according to
Arevalo and Vazquez-Medina, (2018) PRDX6 is the only peroxiredoxin capable of reducing
phosphor lipid hydroperoxides through of glutathione peroxidase activity, promoting
protection of cells against damage caused by exposure to high levels of oxygen (WANG et al.,
2006).

The reduced levels of CAT mRNAs in follicles cultured with 10.0% Aloe vera may be
associated with the lower growth and viability. Khan et al. (2020) demonstrated that silencing
of CAT gene compromised the physiological functions of bovine granulose cells, besides to
increasing intracellular levels of ROS, inducing apoptosis and impairing the homeostasis of
matrix metalloproteinases, and the production of estradiol and progesterone. This lower
expression of CAT is not in agreement with the results described by Cevarolo et al. (2021),
who showed that Aloe vera positively regulated the expression of catalase, an effect that,
according to the authors, could be related to aloin, a substance present in Aloe vera with
several biological effects, including antioxidantaction. We understand that this
contradictionin the reports observed in this study may be associated with differences in the
chemical composition of the extract. In fact, previous studies have already shown that
phytochemical composition of plants is directly influenced by a variety of environmental
factors, including geography, climate, soil type, exposure to the sun and seasonal changes
(KUMAR et al., 2017). The ambient temperature is also a factor that plays a significant
role in the evaluationof the antioxidant activity of Aloe vera, whichis more pronounced in
cold climates (IQBAL AND BHANGER, 2006).

It was also observed that the extract of Aloe vera did not influence the expression of
MRNA for GPX1 in bovine secondary follicles cultured in vitro, which may have influenced
the decrease in follicular growth observed after the 12 day of culture. GPX1 is considered a

widely expressed and important member in the metabolism of ROS (CHEN et al.,



78

2019). GPX1 catalyze the oxidation of glutathione to hydroperoxide, playing a role in
repairing damage caused by lipid peroxidation (Kurutas, 2016). Abedelahi et al. (2010)
demonstrated that the reduction in the activity of antioxidant enzymes such as GPX may

result in the regression of in vitro growth of pre-antral follicles.

In conclusion, Aloe vera maintains the morphology of secondary follicles cultured in
vitro for 18 days, being that 2.5% of Aloe vera promotes antrum formation, increases
follicular viability and maintains mMRNA expression for SOD and PRDX6 after cultivation.
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8. CONCLUSOES GERAIS

O estudo avaliou a acdo do extrato da Aloe vera no meio de cultivo. A partir das analises
realizadas verificou-se que a Aloe vera permite o crescimento de foliculos até 12 dias de
cultivo em todas as concentragdes testadas. A presenca de 2,5% do extrato de Aloe vera no
meio de cultivo promove a formacdo do antro e aumenta a viabilidade folicular apos 18
diasde cultivo. Aléem disso, 2,5% Aloe vera mantém a morfologia e a expressdo de mRNA

para SOD e PRDX6 ap0s o cultivo.
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9. PERSPECTIVAS

Extratos vegetais como o da Aloe vera apresentam um vasto potencial farmacoldgico
ainda a ser explorado, principalmente no que diz respeito a dindmica folicular ovariana.
Embora os mecanismos de acdo ndo sejam claros, os resultados obtidos neste trabalho
poderdo auxiliar na compreensédo dos efeitos da Aloe vera no desenvolvimento folicular pré-
antral, com informacGes sobre a expressdo de transcritosde enzimas antioxidantes e do seu
efeito no desenvolvimento de foliculos secundarios bovinos. Tendo em vista a variagcdo na
composicdo fitoquimica do extrato de Aloe vera acredita-se que o seu uso na forma
liofilizada ao meio de cultivo possa ser uma estratégia para mitigar essas variacdes e melhor
interpretar os seus efeitos no cultivo de foliculos ovarianos. Além disso, ressalta-se a
necessidade de novas investigacfes para uma compreencdo mais detalhada dos achados aqui
relatados.
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