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EFEITOS DO OLEO ESSENCIAL DA CASCA DE Citrus sinensis NO MEIO DE
MATURACAO IN VITRO SOBRE OOCITOS BOVINOS E SEU STATUS
OXIDATIVO
AQUINO, Leonardo Vitorino Costa de. EFEITOS DO OLEO ESSENCIAL DA CASCA DE
Citrus sinensis NO MEIO DE MATURAC}AO IN VITRO SOBRE OOCITOS BOVINOS E
SEU STATUS OXIDATIVO. 2022. Dissertacdio (Mestrado em Ciéncia Animal:
Morfofisiologia e Biotecnologia Animal) — Universidade Federal Rural do Semi-Arido

(UFERSA), Mossord, RN, 2022.

RESUMO: O uso de antioxidantes naturais em meio de maturacdo pode ser uma alternativa
para reduzir os efeitos negativos do estresse oxidativo produzido durante a producao in vitro de
embrides (PIVE). Testes in vitro demonstraram a capacidade do 6leo essencial da casca de
Citrus sinensis (OECS) em diminuir as espécies reativas de oxigénio (EROSs), indicando que
ele pode ser um interessante agente antioxidante durante a maturacao in vitro (MIV) de o6citos
bovinos. Portanto, o objetivo foi avaliar os efeitos do OECS no meio de MIV sobre complexos
cumulus-odcito (CCOs) bovinos e seu status oxidativo, especificamente quanto a expansao e
viabilidade das células do cumulus, maturacdo nuclear, maturacdo citoplasmatica, niveis de
espécies reativas de oxigénio (EROSs), potencial de membrana mitocondrial (A¥m) e niveis
intracelulares de glutationa (GSH). Inicialmente, o OECS foi extraido por hidrodestilacdo das
cascas em aparelho do tipo Clevenger. A composi¢do quimica do OECS foi realizada por meio
de cromatografia gasosa acoplada a espectroscopia de massa. O OECS apresentou como
constituintes D-limoneno (48,5%), a-terpineol (40,2%) e outros compostos (11,3%). Odcitos
foram maturados nas seguintes suplementac6es: controle (sem antioxidante), CIS (100 uM de
cisteamina), OECS10 (10 pg/mL de OECS), OECS30 (30 pg/mL de OECS) e OECS50 (50
pg/mL de OECS). Todos os dados foram expressos com média + erro padrdo e analisados
usando o software StatView 5.0 (P < 0,05). Um total de 480 ovérios foi empregado para adquirir
1877 o0citos imaturos viaveis (3,9 od6citos viadveis/ovario) que foram selecionados e
distribuidos em vinte repeticbes. Embora todos os grupos contendo antioxidante tenham
aumentado a viabilidade das células do cumulus (CIS: 83,9 + 1,6% vs. OECS10: 84,0 + 2,0%
vs. OECS30: 84,7 + 2,2% vs. OECS50: 83,8 + 1,6%) quando comparados ao controle (78,9 +
1,8%), apenas CIS (99,6 £+ 0,4%), OECS10 (100 + 0,0%) e OECS30 (99,1 + 0,9%) promoveram
aumento na expansdo dessas células quando comparados ao controle (96,4 + 1,8%) e OECS50
(94,7 £ 3,0%, P < 0,05). O OECS10 (83,2 + 3,0%) e 0 OECS30 (84,6 + 2,4%) garantiram uma
taxa maior de primeiro corpusculo polar (1CP) quando comparado ao OECS50 (77,0 £ 2,8%).
Nenhuma diferenca foi observada para as taxas de metafase Il (MII) com valores variando de
69,1 + 5,1% a 75,7 + 3,3% entre os grupos contendo antioxidante (P > 0,05). Além disso,
nenhuma diferenca foi observada nas taxas de maturacdo citoplasmatica, com valores variando
de 78,7 + 4,5% a 86,5 = 3,9% entre os grupos contendo antioxidante (P > 0,05). Todos 0s
tratamentos antioxidantes resultaram em diminuicdo de EROs em unidades de fluorescéncia
arbitraria (CIS: 0,39 + 0,24 vs. OECS10: 0,39 + 0,18 vs. OECS30: 0,50 + 0,44 vs. OECS50:
0,60 * 0,44), quando comparado ao controle (1,00 + 0,65). Nenhuma diferenca foi observada
para os niveis de AYm e GSH (P > 0,05). Em conclusdo, embora todas as concentragdes de
OECS tenham promovido reducdo de EROs, as concentragdes de 10 e 30 pg/mL de OECS
garantiram melhores taxas de qualidade oocitaria ap6s a maturagdo. Portanto, 0 OECS, em
concentragdes definidas, adicionado ao meio de MIV, pode ser um interessante substituto de
composto sintético para a reducdo dos danos causados pelo estresse oxidativo em 00citos
bovinos.

Palavras-chave: produtos naturais, casca de laranja, maturacdo oocitaria, producao in vitro de
embrides.



EFFECTS OF Citrus sinensis PEEL ESSENTIAL OIL IN THE MEDIUM OF IN
VITRO MATURATION OF BOVINE OOCYTES AND THEIR OXIDATIVE STATUS
AQUINO, Leonardo Vitorino Costa de. EFFECTS OF Citrus sinensis PEEL ESSENTIAL OIL
IN THE MEDIUM OF IN VITRO MATURATION OF BOVINE OOCYTES AND THEIR
OXIDATIVE STATUS. 2022. Dissertation (Master’s in Animal Science: Animal
Mophophysiology and Biotechnology) — Federal Rural University of the Semi-Arid
(UFERSA), Mossord, RN, 2022.

ABSTRACT: The use of natural antioxidants in maturation medium can be an alternative to
reduce the negative effects of oxidative stress produced during in vitro embryo production
(IVEP). In vitro tests demonstrated the capacity of essential oil of Citrus sinensis (EOCS) to
decrease reactive oxygen species (ROS), indicating that it may be an interesting antioxidant
agent during in vitro maturation (VM) of bovine oocytes. Therefore, the aim was to evaluate
the effects of EOCS in the IVM medium on bovine cumulus-oocyte complexes (COCs) and
their oxidative status, specifically regarding the expansion and viability of cumulus cells,
nuclear maturation, cytoplasmic maturation, levels of ROS, mitochondrial membrane potential
(A¥m) and intracellular levels of glutathione (GSH). Initially, EOCS was extracted by
hydrodistillation of the peels in a Clevenger-type apparatus. The chemical composition of the
EOCS was performed by means of gas chromatography coupled with mass spectroscopy. EOCS
presented as constituents D-limonene (48.5%), a-terpineol (40.2%) and other compounds
(11.3%). Oocytes were matured in the following supplements: control (without antioxidant),
CYS (100 puM cysteamine), EOCS10 (10 pug/mL of EOCS), EOCS30 (30 pg/mL of EOCS) and
EOCS50 (50 pug/mL of EOCS). All data were expressed as mean = standard error and analyzed
using StatView 5.0 software (P < 0.05). A total of 480 ovaries were used to acquire 1877 viable
immature oocytes (3.9 viable oocytes/ovaries) which were selected and distributed in twenty
replicates. Although all groups containing antioxidant increased cumulus cell viability (CYS:
83.9 £ 1.6% vs. EOCS10: 84.0 £ 2.0% vs. EOCS30: 84.7 £ 2.2% vs. EOCS50: 83.8 £ 1.6%)
when compared to the control (78.9 + 1.8%), only CYS (99.6 = 0.4%), EOCS10 (100 + 0.0%)
and EOCS30 (99.1 + 0.9%) promoted an increase in the expansion of these cells when compared
to the control (96.4 + 1.8%) and EOCS50 (94.7 + 3.0%, P < 0.05). EOCS10 (83.2 £ 3.0%) and
EOCS30 (84.6 + 2.4%) guaranteed a higher rate of first polar body (1PB) when compared to
the EOCS50 (77.0 £ 2.8%). No difference was observed for metaphase 1l (MII) rates with
values ranging from 69.1 + 5.1% to 75.7 + 3.3% among groups containing antioxidant (P >
0.05). Moreover, no difference was observed in cytoplasmic maturation rates, with values
ranging from 78.7 + 4.5% to 86.5 + 3.9% among groups containing antioxidant (P > 0.05). All
antioxidant treatments resulted in decreased ROS in arbitrary fluorescence units (CYS: 0.39 =
0.24 vs. EOCS10: 0.39 + 0.18 vs. EOCS30: 0.50 £+ 0.44 vs. EOCS50: 0.60 + 0.44), when
compared to the control (1.00 £ 0.65). No difference was observed for A¥Ym and GSH levels (P
> (0.05). In conclusion, although all concentrations of EOCS have promoted a reduction of ROS,
the concentrations of 10 and 30 pg/mL of EOCS ensure better oocyte quality rates after
maturation. Therefore, EOCS, at defined concentrations, added to the VM medium, can be an
interesting substitute for a synthetic compound to reduce the damage caused by oxidative stress
in bovine oocytes.

Keywords: natural products, orange peel, oocyte maturation, in vitro embryo production.
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CAPITULO 1 - CONSIDERACOES GERAIS

1. INTRODUCAO

Os 6leos essenciais sdo misturas complexas que apresentam em sua composi¢ao quimica
fitoquimicos originados a partir do metabolismo secundério das plantas, sendo formados
principalmente por monoterpenos, alcoois, fendis, ésteres e cetonas (FERRONATTO; ROSSI,
2018). Para as plantas, os 6leos essenciais contribuem para a qualidade organoléptica, nutritiva
e reprodutiva (JAHROMI, 2019). Além disso, os 6leos vém despertando o interesse cientifico,
uma vez que podem ser empregadas como antioxidantes em cultivo celular (SANTOS et al.,
2018). Isso ocorre em virtude dos fitogquimicos encontrados nos 6leos essenciais possuirem acao
no controle ou inibicdo de radicais livres gerados a partir do metabolismo regular das células,
que quando em excesso provocam o estresse oxidativo (ZARBAKHSH, 2021).

Um sistema de cultivo de células que sofre estresse oxidativo tem sido o odcito durante
a maturacdo in vitro (MIV), etapa essencial para a producdo in vitro de embriGes (PIVE)
bovinos. Nesta biotécnica, oocitos, células facilmente suscetiveis as espécies reativas de
oxigénio (EROs), reduzem sua qualidade por ocasido destas EROs, comprometendo a produgéo
de embrides (KALA et al., 2017). Em geral, as EROs séo radicais livres altamente reativos e
derivados de moléculas contendo um ou mais oxigénios desemparelhados. Dentre esses
radicais, podem ser observados o radical ion superdxido, radical hidroxila, peroxil e o perdxido
de hidrogénio (SOTO-HERAS; PARAMIO, 2020). Quando esses radicais se encontram em
excesso num sistema in vitro é observada uma peroxidacdo lipidica das membranas celulares,
além de agregacdo e desagregacdo de proteinas e danos ao DNA, fazendo com que haja uma
alteracdo sobre a morfologia e fisiologia da célula (HALLIWELL, 2012).

Neste contexto, buscando reduzir o estresse oxidativo provocado pelas EROs durante a
MIV de odcitos bovinos, 0 emprego de antioxidantes naturais por meio do uso de 6leos
essenciais tem sido proposto (SOLLECITO et al., 2018). Isso ocorre porque além dessas
substancias naturais serem de facil obtencdo, tem demonstrado resultados similares ou
superiores aos compostos sintéticos (SANTOS et al., 2019). Além disso, por meio do uso de
Oleos essenciais, é possivel realizar o isolamento bioguiado dos compostos fitoquimicos
(OLIVEIRA et al., 2022). Diversas fontes podem ser utilizadas na preparacdo de 0Oleos
essenciais com agdo antioxidante, como os derivados de residuos industriais. A industria de
suco de laranja (Citrus sinensis) é um exemplo disso, e as cascas dessa fruta tém como uso

viavel a extracdo de Oleo essencial, que pode ser usado comercialmente em alimentos, bebidas,
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aromas, perfumes, cosméticos, e outras tecnologias, como um antioxidante em sistemas de
cultivo de células.

Em geral, a industria de suco de laranja ou citricultura brasileira é uma das atividades
econémicas de maiores impactos sobre o mercado nacional e internacional (VIDAL et al.,
2021). Isso porque dentro da cadeia produtiva, o Brasil destaca-se como um dos maiores
produtores de frutos citros, especialmente a laranja (VIDAL et al., 2019). Dentre os maiores
produtores do suco, S&o Paulo e Minas Gerais destacam-se, uma vez que detem 50% da
producdo mundial, desencadeando uma receita de 614,9 milhdes de dolares, embora nos ultimos
anos o pais tenha sofrido uma redugdo na sua producdo em virtude da baixa estiagem e altas
temperaturas (NEVES et al., 2017; LIMA-NETO, 2021). Contudo, com a produgdo em larga
escala do suco de laranja é observado um aumento na geracdo dos residuos industriais, como
sua casca que podem ocasionar impactos ambientais, j& que nem sempre é reaproveitada
(FERNANDES et al., 2014), sendo, portanto, uma alternativa a sua utilizagéo para obtencdo do
6leo essencial.

Em estudos anteriores, o Oleo essencial da casca de Citrus sinensis (OECS) ja
demonstrou propriedades antioxidantes comprovadas por ensaios bioguimicos. De acordo com
Ferronatto e Rossi (2018), o OECS inibiu 81,4% de radicais livres no ensaio 1,1-difenil-2-
picrihidrazil (método DPPH) e 94,6% de radicais livres no ensaio 2,2-azinobis (3-
etilbenzotiazolina-6-acido sulfénico ou método ABTS), provando ser um forte antioxidante.
Posteriormente, Lin et al. (2021) observaram que o OECS apresentou atividade antioxidante de
eliminacdo de radicais livres no método DPPH e ABTS de maneira dose-dependente,
respectivamente, de 29,7 mg/mL e 4,2 mg/mL, onde sua atividade bioldgica pode ter variado
em associacao ao seu componente majoritario, estagio de maturacao e o tipo da fruta.

Portanto, sabendo da importancia em possuir sistemas de MIV oocitaria com menor
estresse oxidativo, associado aos efeitos antioxidantes do OECS em testes bioguimicos, o
trabalho teve como objetivo avaliar os efeitos do OECS no meio de MIV sobre os complexos
cumulus-odcito (CCOs) bovinos e seu status oxidativo, especificamente quanto a expanséao e
viabilidade das células do cumulus, maturacdo nuclear, maturacdo citoplasmatica, niveis de

EROs, potencial de membrana mitocondrial (A¥m) e niveis intracelulares de glutationa (GSH).
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2. FUNDAMENTAGCAO TEORICA

2.1. IMPACTO ECONOMICO E LIMITACOES DA PIVE EM BOVINOS

A producéo de embrides bovinos tem representado ao longo dos anos uma importante
ferramenta de expansdo do agronegdcio brasileiro com resultados significativos no cenario
internacional (GONCALVES et al., 2019). Além de seu papel como técnica voltada para a
multiplicacdo de animais zootecnicamente importantes (EALY et al., 2019), a PIVE permite
ser uma ferramenta voltada para a investigacéo de processos fisioldgicos (TRAVNICKOVA et
al., 2021), bem como a conservagdo animal (HILDEBRANDT et al., 2018).

Em geral, a PIVE consiste em diferentes etapas, e em cada uma delas ha a mimetizacéo
das condicdes fisiologicas que ocorrem numa fémea. Como primeira etapa, tem-se a colheita e
a selecdo dos odcitos imaturos que podem ocorrer por meio de técnicas in vivo ou post-mortem
(in vitro), ou seja, animais provenientes de abatedouro. Apos essa etapa, € entdo realizado o
processamento dos gametas, onde devera ocorrer a maturacdo in vitro (MIV) dos odcitos,
fecundacéo in vitro (FIV) realizada a partir dos espermatozoides selecionados e capacitados, e
o desenvolvimento embrionario até o seu estagio de pré-implantacio (FERRE et al., 2019).

Segundo o relatério da producao e transferéncia de embriGes (CHAIR, 2019), o nimero
de embrides produzidos por PIVE estabilizou-se em 2019 (1.031.567 vs. 1.029.400 em 2018;
+0,2) e 0 numero de embrides transferidos em 2019 aumentou (797.190 [77,3%] vs. 742.908
[72,2%]), demonstrando a contribuicdo da PIVE para a producdo de bovinos no pais, ja que
permaneceu acima de um milh&o de registros, representando uma taxa de 72,7% de todos 0s
embribes bovinos relatados. Além disso, esse numero ainda se mostrou superior ao
desenvolvimento in vivo, que ao longo dos anos segue uma tendéncia de reducdo quando
comparado a técnica in vitro. Esse aumento paralelo é justificavel porque demonstra que ao
longo dos anos a PIVE esté se tornando cada vez mais eficiente, uma vez que técnicas de
criopreservagdo embrionéria tém sido elucidadas, sendo possivel utilizar células de boa
qualidade, apesar de terem sido congeladas. Além disso, a expansdo da PIVE se deve a
substituicdo de técnicas relacionadas a superovulacao, ja que permite a utilizacdo de animais de
abatedouro, favorecendo dessa forma a demanda pelo comércio nacional e internacional quanto
ao emprego tecnologia embrionaria (SENEDA et al., 2021).

Embora a PIVE seja uma técnica que esteja em rapida expansao, sua eficiéncia é ainda
varidvel em bovinos. Isso ocorre porque durante o seu emprego, apenas 30% dos odcitos

imaturos alcangam estagio de blastocisto e 12% conseguem ter crias nascidas (SOTO-HERA;
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PARAMIO, 2020), demonstrando a necessidade da melhoria desta técnica. O principal fator
relacionado a variacdo da PIVE estd na competéncia oocitaria (AGUILA et al., 2020), ou seja,
a capacidade desta célula retomar a meiose, clivar apds uma fecundacao ou ativacgéo artificial e
desenvolver até o seu estagio de blastocisto (SIRARD et al., 2006).

Dentre as principais razdes que podem afetar a competéncia oocitaria, destaca-se 0
diametro folicular (MACHATKOVA et al., 2004), fase da onda folicular (ROMAGUERA et
al., 2010), estimulo hormonal, nutri¢do e idade da doadora (LEONI et al., 2015). Além desses,
0 ambiente intrinseco relacionado ao sistema de cultivo in vitro do odcito, como 0 meio para
transporte e cultivo, temperatura, luz, tenséo do oxigénio e auséncia de compostos antioxidantes
sdo razdes que interferem o odcito durante o seu cultivo (SANTOS et al., 2018). Todas as
condicdes de cultivo in vitro anteriormente citadas, associadas ao diametro folicular e ao tempo
de recuperacao oocitario, sdo parametros que contribuem para o surgimento de espécies reativas
de oxigénio (EROs). Essas moléculas sdo produzidas a partir metabolismo regular das células,
e quando em excesso provocam alteracbes significativas sobre o odcito, afetando
negativamente as etapas da PIVE, e por isso sendo consideradas o principal fator da qualidade
oocitaria (SOTO-HERAS; PARAMIO, 2020; OLIVEIRA et al., 2022).

2.2. EFEITOS DO ESTRESSE OXIDATIVO SOBRE A PIVE BOVINA

O estresse oxidativo é gerado a partir do desequilibrio em sistema redox homeostatico
das células (MATEO-OTERO et al., 2021). Em geral, o6citos, espermatozoides e embries sob
condic@es fisiologicas sdo as principais fontes produtoras de EROs que sdo radicais livres
reativos e produzidos a partir do seu metabolismo celular. Isso ocorre porque estas células
utilizam o oxigénio para produzir energia pelas mitocondrias, por meio da fosforilacdo
oxidativa e na atividade da cadeia de elétrons durante a geracdo de trifosfato de adenosina
(SASAKI et al., 2019).

Nesse contexto, EROs pode ser definida como um conjunto ou variedade de moléculas
de radicais livres derivados de um oxigénio que possui seus elétrons desemparelhados (SOTO-
HERAS; PARAMIO, 2020). Isso ocorre porque o oxigénio molecular em seu estado
fundamental é bi-radical, contendo dois elétrons desemparelhado em sua cama externa (shell;
ou ainda chamada de estado tripleto). Esses dois elétrons possuem o0 mesmo estado spin,
podendo apenas o oxigénio reagir com cada elétron uma vez e ordenadamente (TURRENS,

2003). Contudo, quando um desses dois elétrons desemparelhados se encontra excitado e muda
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sua rotacdo, a espécie resultante torna-se um forte oxidante, reagindo com outros pares de
elétrons, formando ligac6es duplas do oxigénio reduzido (TURRENS, 2003).

Em geral, as moléculas de EROs possuem diferentes efeitos bioldgicos para os odcitos,
espermatozoides e embribes. Em uma situacdo de equilibrio, essas moléculas atuam na
sinalizacdo quimica destas células, desempenhando papeis vitais em varias atividades
fisiologicas (BUDANI et al., 2020). No odcito, os niveis adequados de EROs auxiliam nos
processos de maturacdo in vitro (MIV), permitindo um adequado desenvolvimento da
competéncia oocitaria, garantindo uma maior eficiéncia durante a fecundacéo in vitro (FIV), e
permitindo embrides de qualidade (DALVIT et al., 2005; BUDANI et al., 2020). J& em
espermatozoides, os niveis adequados de EROs promovem efeitos sobre a capacitagdo,
hiperativacdo e reacdo acrossomica (FANG; ZHONG, 2019). Ja em embrides, niveis adequados
de EROs auxiliam o seu desenvolvimento inicial, permitindo maiores taxas de clivagem
(METO-OTERO et al., 2021) até o seu estagio de blastocisto.

Quando os niveis de EROs ultrapassam os limites adequados para o cultivo celular,
diferentes danos podem ser observados, embora estas células sejam capazes de sintetizar
enzimas capazes de controlar os radicais livres. Dentre os radicais livres anteriormente citados,
0 anion superoxido, o radical hidroxila e o peréxido de hidrogénio podem ser considerados 0s
mais fortes (TURRENS, 2003). Essas trés moléculas podem gerar subprodutos durante a reacdo
metabolica que sdo altamente reativos para odcitos, espermatozoides e embribes, oxidando
proteinas, aminoacidos e bases nitrogenadas, induzindo a autofagia das células ou morte celular
programada por apoptose (SASAKI et al., 2019).

Além disso, altos niveis de EROs ocasionam danos sobre a cadeia respiratéria de
gametas e embriGes. Danos sobre proteinas mitocondriais, modificacBes sobre enzimas
transportadoras de elétrons mitocondriais e danos sobre o0 DNA mitocondrial sdo alteracdes
comumente observadas (TORRES-OSORIO et al., 2019). Como resultado excessivo das EROs,
é entdo evidenciado durante a PIVE o estresse oxidativo, que pode ser compreendido como um
dos processos deletérios resultantes do desequilibrio redox de um sistema de cultivo celular,
ocasionado em virtude da formacédo excessiva de moléculas de EROs (FANG; ZHONG, 2019)
gue promovem danos sobre os odcitos, espermatozoides e embrides, sendo, portanto,
considerado o principal fator da baixa eficiéncia em diferentes etapas da PIVE.

Em bovinos, estudos demonstraram taxas variaveis durante a PIVE, onde apesar de
varios avancos cientificos terem sido alcancados pela técnica, nenhuma melhoria substancial
do seu sucesso foi alcangada (SOTO-HERAS; PARAMIO, 2020), pois uma diferenca entre 20—
30% na eficiéncia da M1V tem sido observada (SA et al., 2019). Além disso, apenas 30% dos
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odcitos imaturos utilizados na PIVE atingem o estagio de blastocisto e apenas 12% garantem
crias nascidas, ou seja, um terco do nimero de blastocistos transferidos (DALVIT et al., 2005),
independente das boas taxas anteriormente observadas nas etapas.

Em virtude dessa variacdo da PIVE, bem como do estresse oxidativo ser considerado
um fator determinante na eficiéncia desta biotécnica reprodutiva, a utilizagdo de substancias
que possam reduzir, controlar ou inibir esse fator tem sido empregada nos ultimos anos,
especialmente durante a MIV, uma vez que é considerada uma etapa fundamental para o

sucesso da PIVE.

2.3. SUPLEMENTACOES EMPREGADAS PARA A REDUCAO DO ESTRESSE
OXIDATIVO NA PIVE BOVINA

Durante as etapas da PIVE, o uso de diferentes tecnologias ou abordagens tem sido
empregado visando reduzir o estresse oxidativo ocasionado pelas EROs (LU et al., 2018).
Dentre as abordagens iniciais empregadas, tem-se o controle na tenséo do oxigénio, luz e calor,
bem como a manipulacdo adequada dos odcitos (BARROS et al., 2019). Esses fatores séo
essenciais na reducdo e equilibrio dos niveis de EROs durante o cultivo oocitario ou
embrionario. Em bovinos, ja foi observado que garantir as condi¢cdes adequadas de cultivo
celular, ou seja, manipulacdo e meios empregados, sdo fatores essenciais para promover uma
melhor qualidade oocitaria, permitindo uma maior taxa de embrides (LU et al., 2018).

Contudo, apesar da implementacdo das diferentes abordagens visando reduzir o estresse
oxidativo, o uso de suplementa¢des nos meios de cultivo oocitaria com antioxidantes tem sido
a principal ferramenta que busca controlar os niveis intracelulares de EROs (SOTO-HERAS;
PARAMIO, 2020). Em condi¢bes normais, as células possuem dois mecanismos de defesas
contra radicais livres, sendo a defesa primaria e secundaria, cujas sdo baseadas em enzimas que
realizam o reparo de DNA, como a superdxido dismutase (SOD), catalase (CAT), e glutationa
peroxidase (GPx) (LU et al., 2018). Quando o numero de EROs supera a capacidade
neutralizante das células, o estresse oxidativo ndo € controlado, sendo, portanto, necessario
melhorar as condices in vitro de cultivo celular.

Em sistemas in vitro, simular o que ocorre nas condigdes in vivo tem sido essencial para
melhorar a técnica. Dois fatores estdo continuamente contribuindo para a geracdo de EROs, 0s
quais sdo a auséncia de mecanismos de defesa endégena dos gametas e embrido e a exposi¢do

ao ambiente por longos tempos (TORRES-OSORIO et al., 2018). Atualmente, uma forma de
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reduzir o estresse oxidativo por meio do controle de EROs é utilizar antioxidantes como
suplementos nos meios de cultivo celular.

Um antioxidante pode ser definido como uma substancia que possui capacidade de
promover a remoc¢do ou inativacdo de radicais livres formados durante as reacdes celulares por
meio da doagdo de atomos de hidrogénio, impedindo dessa forma a oxidacao de moléculas pro-
oxidantes (RAMALHO et al., 2006). Em geral, podem ser observadas duas classificagdes para
0s antioxidantes, sendo 0s ndo-enzimaticos e 0s enzimaticos.

Os antioxidantes enzimaticos sdo aqueles encontrados naturalmente nas proprias
celulas. Neles estdo incluidas as enzimas CAT, peroxirredoxinas, sistema glutationa
redutase/peroxidase e a SOD. Por outro lado, 0s ndo-enzimaticos, em sua maioria possuem
baixo peso molecular, entre os quais incluem os carotenoides, acido ascorbico (vitamina C), a-
tocoferol (vitamina E) e em especial os tidis, sendo evidenciado nesse grupo a cisteamina como
principal composto (BARBOSA et al., 2010).

Em mamiferos domeésticos, a suplementacdo dos meios de MIV e desenvolvimento in
vitro (DIV) contendo antioxidante sintético ou natural tem sido fundamental para a reducdo do
estresse oxidativo. O Quadro 1 evidencia alguns estudos demonstrando a acdo positiva desses

compostos durante o cultivo in vitro de gametas e embrides.

Quadro 1. Uso de suplementacdes sintéticas e naturais durante as etapas da PIVE em bovinos.

Tipo de Tipo de Taxa de _
B MII (%) ) Referéncia
Suplementacéo Fonte blastocisto (%)
) _ Sollecito et al.
Cisteamina NI 37,4
(2019)
) ) Santos et al.
Cisteamina 70,4 30,6
(2019)
Antioxidante Nikoloff et al.
o Cisteamina 81,2 34,6
sintético (2020)
) ] Alsalim et al.
Cisteamina 80,9 24,5
(2020)
) ) Oliveira et al.
Cisteamina 80,0 30,0
(2022)
Antioxidante ) Ispada et al.
Astaxantina NI 21,7
Natural (2018)
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Resveratrol NI 28,6 Lietal. (2018)
Anetol 95,7 27,1 Saetal. (2019)
Oleéo essencial ]
) Sollecito et al.
de alecrim- 95,8 26,0
) (2019)
Pimenta
Oleo essencial Santos et al.
. 70,4 447
de cravo da India (2019)

**NI: Valor ndo informado. (%) Percentual. (MII) Metéafase II.

Contudo, nos ultimos anos a utilizacdo de antioxidantes naturais tem recebido uma
maior atencdo quando comparado aos sintéticos. A razdo disso € porque antioxidantes naturais
tém apresentado um maior controle dos niveis de EROs, bem como tem auxiliado processos
fisiologicos das células em cultivo, pois promovem a maior sintese de enzimas relacionadas ao
controle do estresse oxidativo, como a glutationa (GSH), CAT e SOD (FORMAN; ZHANG,
2021). Portanto, antioxidantes naturais se tornam uma interessante opcao para suplementacao

dos meios durante a PIVE.

2.4. SUBSTANCIAS NATURAIS COMO SUPLEMENTACOES EM MEIOS DE PIVE
BOVINA

As substancias antioxidantes obtidas a partir de fontes naturais tém sido uma das
principais ferramentas empregadas na otimizacdo do cultivo in vitro de gametas e embrides.
Estes compostos apresentam bioativos que atuam na reducdo dos niveis de EROs, promovendo
melhores taxas durante a MIV ou no desenvolvimento embrionério. Além do potencial
antioxidante, o uso de substancias naturais destaca-se porque o baixo custo para obté-los
representa um fator favoravel e alternativo para o seu uso. Por esta razdo, o uso de antioxidantes
tem se tornado cada vez mais difundidos na PIVE (SANTOS et al., 2018; SOLLECITO et al.,
2018).

Dentre as substancias naturais empregadas na PIVE, duas destas podem ser citadas, o
uso de extratos e/ou Gleos essenciais derivados de raizes, troncos, gravetos, folhas, sementes,
botdes, flores e frutos (MORAO et al., 2016). Em geral, extratos e 6leos essenciais destacam-
se porque nessas substancias sao observadas moléculas bioativas com propriedades bioldgicas

e que servem como modelos para o desenvolvimento de novas tecnologias e produtos, como na
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producdo de farmacos e cosméticos (FERRONATTO; ROSSI, 2018). Além disso, o uso de
extratos e Oleos essenciais podem ser utilizados para outras finalidades, como tém ocorrido na
PIVE, onde € possivel emprega-los como suplemento em meios de cultivo celular, buscando
melhores condic¢des in vitro (GOLKAR-NARENJI et al., 2010; SANTOS et al., 2018).

Em cultivo in vitro, utilizando odcitos e embrides bovinos e de outros mamiferos
domeésticos, ja foi possivel observar melhorias significativas quando empregado extratos e 6leos

essenciais como suplementacdes (Quadro 2).

Quadro 2. Uso de extratos e 6leos essenciais durante a PIVE de mamiferos domésticos.

Antioxidante Taxas da PIVE sem Taxas da PIVE com
Natural antioxidantes (%) antioxidante (%) Melhor Referéncia
concentracao
MIV DIV MIV DIV
Wang et al.
84,2 20,0 86,1 38,1 15 uM
Extratos (2007)
: Eshtiyaghi et
Naturais 58 16,4 85,6 396 10 mg/mL yeg
al. (2016)
Veshkini et
60,0 22,3 80,9 33,1 5,0 mg/mL
al. (2018)
Pereira
57,9 27,0 88,5 27,2 2,5 ug/mL
(2015)
Oleos Sollecito et
o 95,6 27,6 95,8 26,0 5,0 pg/mL
essenciais al. (2019)
Santos et al.
69,5 28,6 70,4 447 20 pg/mL
(2019)

**NI: Valor ndo informado. (%) Percentual.

Os extratos naturais podem ser definidos como uma variedade de compostos
fitoquimicos com diferentes polaridades (SASIDHARAN et al., 2011). Dentre os principais
compostos constituintes nos extratos vegetais sao observados os alcaloides, esteroides, taninos,
fenois, flavonoides e outros (INGLE et al., 2017). A combinacdo desses compostos resulta
normalmente em inameros beneficios e, por isso, procedem em seu uso amplo para fins
medicinais ou biotecnoldgicos (LIENOU et al., 2020). Entre os principais efeitos, sabe-se que

muitos extratos apresentam potenciais antimicrobianos (BILAL et al., 2020), antifingicos
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(AKILA; MINI, 2020), radioprotetores (SUMAN et al., 2017) e antioxidantes (MALEKI et al.,
2014). Em geral, para a extracdo desses compostos fitoquimicos, diferentes metodologias
podem ser utilizadas, como a maceracao, decocc¢éo, infusdo e percolacdo, variando de acordo
com o solvente utilizado (AZWANIDA, 2015; INGLE et al., 2017).

Contudo, € importante ressaltar que durante a utilizacdo de extratos naturais,
interferéncias dos solventes na composi¢éo e concentragdo dos constituintes é evidenciada (EL-
MAATI et al., 2016; LIENOU et al., 2020). Diferentemente, quando se utiliza 6leos essenciais,
que € possivel obter uma amostra de maior pureza dos bioativos e com menor interferéncia dos
solventes, mantendo a similaridade com sua fonte vegetal correspondente (BAPTISTA-SILVA
et al., 2020) e, portanto, o 6leo essencial torna-se mais interessante na PIVE.

Nesse contexto, sabe-se que 0s 6leos essenciais sdo misturas complexas de substancias
volateis lipofilicas comumente odoriferas e liquidas (SANTOS et al., 2018). Essas misturas sdo
originadas a partir do metabolismo secundério das plantas e formadas, principalmente, por
monoterpenos, alcoois, fendis, ésteres e cetonas (FERRONATTO; ROSSI, 2018). Sua sintese
ndo depende apenas dos fatores genéticos ou da fase do desenvolvimento da planta, mas
também dos fatores extrinsecos que influenciam em suas alteracdes bioquimicas e fisioldgicas
(SASIDHARAN et al., 2011).

Em geral, os 6leos essenciais apresentam-se em forma de liquidos oleosos e sdo misturas
de diferentes compostos, podendo conter inUmeros componentes em variadas concentracoes,
mas dois ou trés correspondem em grandes propor¢des, sendo denominados como componentes
majoritarios (SASIDHARAN et al., 2011). Para a obtencéo destes dleos, diferentes técnicas
podem ser empregadas, como a enfleurage, prensagem a frio, extragcdo com solvestes volateis,
hidrodifusdo, hidrodestilacdo e destilagdes por arraste a vapor, sendo as duas Ultimas mais
utilizadas (SILVA et al., 2010).

Portanto, diante dos inameros beneficios obtidos a partir da utilizacdo de 6leos
essenciais, a arvore frutifera laranjeira-doce se destaca, pois em ensaios bioquimicos e celulares
foi demonstrado seu potencial biotecnoldgico, sendo uma fonte interessante para ser empregada
durante a PIVE.

2.5. ASPECTOS BOTANICOS E COMERCIAIS DE C. sinensis
A laranjeira-doce (Citrus sinensis L. Osbeck) refere-se a uma das arvores frutiferas mais

conhecidas, cultivadas e estudadas no mundo (Figura 1A). Essa planta é nativa da Asia, apesar

de que sua regido de origem ainda € motivo de controvérsia (LEMOS et al., 2012), pois o
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surgimento de sua trajetdria pelo mundo é pouco conhecido. Essa planta, pertencente a familia
das Rutaceae, € uma arvore de portes médios, que pode atingir de 5 a 10 m de altura (BASTOS
et al., 2014). Seu fruto é a laranja-doce, que pode ser dividida em quatro subgrupos, sendo a
laranja-comum mais utilizada e comercializada no Brasil (BASTOS et al., 2014). As cultivares
desse grupo sdo compostas principalmente pela laranja péra, valéncia e a natal (Figura 1B-D)
que se diferenciam pelo seu tempo de maturacdo, podendo variar de precoce a tardia.

O amplo cultivo da laranja no Brasil, especialmente em S&o Paulo, fez com que o pais
se tornasse 0 maior produtor e exportador do complexo agroindustrial de citricultura no mundo,
tendo como principal produto o suco congelado da laranja (NEVES et al., 2017). Além disso,
estima-se que em 2016/2017 a safra de laranja no pais tenha sido superior a 15 milhdes de
toneladas, sendo responsavel por produzir cerca de 60% de todo o suco de laranja consumido
no planeta e por exportar 98% da sua producao.

Contudo, em decorréncia das atividades industriais geradas a partir desse fruto, é
evidenciada a geracdo de residuos, por meio da sua casca que com um mau gerenciamento pode
ser considerado um problema para 0 meio ambiente, bem como para a saude da populagédo
(FERRONATTO; ROSSI, 2018). Portanto, a utilizacdo alternativa da sua casca para a obtencéo
de 6leos essenciais como coprodutos para diferentes finalidades, como é o caso da PIVE, torna-

se uma alternativa rentavel.

{
o R

Figura 1. Caracteristicas botanicas de Citrus sinenss. (A) Exeplar de laranjeira. Fonte: Flickr
(2020). (B) Laranja péra. Fonte: Flickr (2020). (C) Laranja valéncia. Fonte: Ceagesp (2020).
(D) Laranja natal. Fonte: Mondiniplantas (2020).
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Em geral, uma laranja pode ser dividida em trés regides (Figura 2), sendo flavedo (parte
mais externa da casca — epicarpo), albedo (parte interna e branca — mesocarpo) e o endocarpo
constituido pelos gomos do fruto, onde se tém as vesiculas de suco, separados pelas membranas
(FERNANDES et al., 2013). A concentracdo do 0leo essencial de frutos citricos esta na regido
do flavedo e do albedo, pois estas porg¢des apresentam glandulas superficiais que lhes conferem
aromas caracteristicos, bem como podem estar associados a outras propriedades, como na
defesa contra patogenos (FERNANDES et al., 2014). Dessa forma, esta regido é mais

interessante para ser extraido o Oleo essencial, o qual pode ser empregado em diferentes

finalidades.
R Membrana
Albedo 9 ‘
> Vesicula
Flavedo

Figura 2. Estruturas fisioldgicas da laranja. Fonte: Imagens e Moldes (2019).

2.5.1. Propriedade antioxidante da casca de C. sinensis

O OECS é uma substancia natural que além de ser amplamente empregada pela inddstria
alimenticia, tém sido uma fonte promissora nos estudos cientificos. 1sso ocorre porque o seu
potencial de acdo bioldgico vem sendo constantemente investigado, destacando-se o seu poder
antibacteriano, anti-inflamatério e antioxidante (PATRIL etal., 2009; FERRONATTO; ROSSI,
2018).

No que se refere ao papel biolégico do OECS, inicialmente destaca-se 0 uso de extratos
provenientes de sua casca como agao antimicrobiana, onde o estudo realizado por Mehmood et
al. (2015) avaliou o efeito de extratos etéreo, de cloroformio, etandlico e metanolico da casca
de C. sinensis. Nesse estudo, foi observado que os extratos etanolico e metanolico conseguiram

formar um halo de inibic¢do entre 4 e 12 mm, demonstrando ser um potente agente de controle
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microbiano, j& que permitiu o controle de bactérias patogénicas, como Pseudomonas
aeruginosa, Staphylococcus epidermidis, Estreptococcus pyogenes e Escherichia coli.

Posteriormente, Shetty et al. (2016) avaliaram o potencial antimicrobiano da casca de
C. sinensis sobre bactérias causadoras de caries dentais em humanos. Nesse estudo, 0s autores
observaram que 25 mg/mL do extrato etandlico da casca de C. sinensis foi capaz de formar
zonas de inibicdo de até 12 mm, quando comparado ao extrato aquoso avaliado no estudo.
Segundo os autores de ambos os trabalhos, a acdo bioldgica proveniente dos extratos avaliados
ocorreu pela presenca de taninos, saponinas e compostos fenélicos (MEHMOOD et al., 2015;
SHETTY etal., 2016).

Além disso, Ferronatto e Rossi (2018) realizaram a extracdo do 6leo essencial de C.
sinensis (OECS), e avaliaram o seu potencial antioxidante na tecnologia de alimentos. Os
autores observaram que o 6leo essencial foi capaz de inibir 81,4% de radicais livres no ensaio
por (2,2- difenil-1-picril-hidrazil) (DPPH) e 94,6% de radicais livres no método 2,2-azinobis
(3-etilbenzotiazolina-6-acido sulfénico) (ABTS), provando ser um forte antioxidante natural.
Lin et al. (2021) observaram que o OECS apresentou atividade antioxidante de eliminacéo de
radicais livres no método DPPH e ABTS, respectivamente, de maneira dose-dependente, sendo
29,7 mg/mL e 4,2 mg/mL, onde sua atividade bioldgica pode ter variado em virtude de seu
componente majoritario, estagio de maturacdo e o tipo da fruta.

No que se refere a sua acdo antioxidante, dois majoritarios podem estar envolvidos a
sua acdo. O OECS é constituido por duas fracdes, podendo apresentar até 200 compostos
quimicos. A primeira fracdo, a ndo-volatil é formada por carotenoides, flavonoides e
coumarinas (QIAO et al., 2008). A outra fracdo é volatil, e pode apresentar até 94 a 98% da
composicdo total do dleo, contendo aldeidos, cetonas e hidrocarbonetos terpénicos, como o D-
limoneno e o a-terpineol (Figura 3) que podem representar 0s componentes majoritarios dessa
substancia (ROBERTO et al., 2009; SINGH et al., 2010; KHALEEL et al., 2018), e que estdo
associadas as propriedades bioldgicas do OECS.

Nesse contexto, o 1-metil-4-prop-1-em-2-il-ciclohexano ou também conhecido como
D-limoneno corresponde ao principal constituinte presente no OECS, podendo sua
concentracdo variar entre 90 a 95% (SINGH et al., 2010; MARTINS et al., 2017). Esse
monoterpeno monociclico faz parte da estrutura de mais de 300 vegetais. Contudo, € mais
expressivo em Oleos essenciais obtidos a partir de fontes citricas. Em um estudo in vitro
utilizando seis metodologias bioquimicas na eliminacdo de radicais livres, foi evidenciado um
potencial antioxidante desse monoterpeno quando esteve em concentragdes acimas de 100 pM,

prevenindo novas reacgdes oxidativas (SHAH et al., 2018).
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D-limoneno
| -Metil-4-prop-l-em-2-il-ciclohexano
Y Monoterpeno ciclico

CioHis
Ponto de ebuligéo: 176 °C

' », a-terpinenl
Massa Molar °
136,24 g/mol Jj 2-(4-Metil-1-ciclohex-3-enil) propano-2-al
@ Alcool monaterpena volati
| CioHe0
- Ponto de ebuligén: 213 °C
Massa Molar
[a4.25 g/maol

Figura 3. Representacao quimica dos compostos majoritarios do OECS.

Além desse estudo bioquimico, outro estudo utilizando o D-limoneno em ensaios in
vitro jA demonstrou sua acdo antioxidante. Roberto et al. (2009) observaram que esse
componente em baixas e altas concentracfes (5 a 50 pg/mL) pode influenciar positivamente
sobre o perdxido de hidrogénio (H20>), radical livre altamente tdxico quando em excesso para
gametas e embrides (SOTO-HERAS et al., 2018). Segundo os autores, 0 D-limoneno promoveu
um efeito citostatico, modulando os radicais livres durante o cultivo de linfocitos murinos, uma
vez que promoveu a sintese de enzimas como a peroxidase, SOD e CAT, transformando o efeito
citotoxico ocasionando pelo H>O,. Além de estudos utilizando células somaticas, o uso do D-
limoneno foi possivel observar o seu efeito sobre espermatozoides bovinos, uma vez que
promoveu uma melhor linearidade e cinética destas células apds a criopreservacdo numa
concentracdo de 150 uM, demonstrando o potencial desse componente quando empregado em
estudos in vitro (BRANCO et al., 2016).

Outro componente majoritario que se pode destacar quanto ao seu potencial antioxidante
é 0 a-terpineol. Esse componente € um &lcool monoterpeno volatil, podendo ser observado em
diferentes 6leos essenciais. Em geral, cinco tipos de terpinedis podem ser observados, sendo o
alfa, beta, gama, delta e o terpinen-4-oil, variando apenas quanto aos seus isdmeros (BASER et

al., 2010). Dentre os diferentes isdmeros, o a-terpineol demonstrou ter diferentes propriedades
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bioldgicas, tais como no desenvolvimento de anti-hipertensivos, drogas anticancer,
anticonceptivos e antioxidante (KHALEEL et al., 2018).

No que diz respeito a propriedade antioxidante, foi observado que o a-terpineol exerceu
funcbes citostaticas sobre seis linhagens celulares humanas, como de prostata, mamaria,
pulmao, leucémica, ovéario e cancerigenas (mamaério e mieloide crénica). Nesse estudo, 0s
autores verificaram que concentracfes entre 180-588 M tiveram acdo na reducgéo de radicais
livres, tendo uma atividade protetora sobre as células avaliadas, uma vez que o a-terpineol

permitiu um controle de moléculas como radicais peroxil (BICAS et al., 2011).
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3. JUSTIFICATIVA

A PIVE é uma técnica de reproducdo assistida que garante inimeras vantagens na
producdo de bovinos, pois permite uma maior produtividade e qualidade dos rebanhos. Durante
a realizacdo de suas etapas, fatores intrinsecos e extrinsecos afetam negativamente a qualidade
do cultivo oocitario e embrionario, alterando a fisiologia da célula e reduzindo a eficiéncia da
técnica. Por esta razdo, a PIVE depende de um sistema de meios de cultivo in vitro que
proporcione condi¢des adequadas para garantir uma melhor taxa de sucesso.

Neste contexto, a utilizagdo de substancias antioxidantes naturais, como os 0leos
essenciais que auxiliam no controle do estresse oxidativo por meio da inibi¢cdo ou reducédo de
EROs tem sido uma tecnologia essencial para a PIVE. 1sso ocorre porgque esses coprodutos
obtidos a partir das plantas garantem resultados superiores quando comparados aos sintéticos,
e auxiliam fisiologicamente as células durante o seu cultivo, permitindo uma maior taxa na
obtencdo de embrifes. Um interessante antioxidante natural é o OECS que é um coproduto
obtido a partir de cascas de C. sinensis, fonte residual e industrial, que pode ser empregado na
PIVE, uma vez que estudos bioguimicos e ensaios in vitro demonstraram seu potencial
antioxidante no controle de radicais livres causadores do estresse oxidativo.

Portanto, considerando o potencial bioldgico de OECS, bem como na necessidade de
melhorar as condic¢des do cultivo in vitro de odcitos bovinos, o estudo buscou estabelecer o uso
do OECS durante a MIV, visando melhorar as condi¢es do estresse oxidativo, podendo

garantir um maior quantitativo dos embrides bovinos produzidos in vitro.
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4. HIPOTESES CIENTIFICAS

I — O OECS promove um efeito antioxidante durante a etapa da M1V, pois permite uma reducao

nos EROs gerados a partir do metabolismo celular de odcitos bovinos;

Il — O OECS na concentracdo de 30 pug/mL promove efeitos benéficos sobre as taxas de

maturacao in vitro de odcitos bovinos.
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5. OBJETIVOS

5.1. OBJETIVO GERAL

Avaliar os efeitos do OECS no meio de MIV sobre os complexos cumulus-odcito (CCOs)

bovinos e seu status oxidativo.

5.2. OBJETIVOS ESPECIFICOS

- Comparar o efeito antioxidante de diferentes concentracdes do OECS durante a MIV de
odcitos bovinos, avaliando a expanséo e viabilidade das células do cumulus, maturacdo nuclear

e citoplasmatica de odcitos bovinos;

- Avaliar diferentes concentracdes do OECS durante a MIV sobre o status oxidativo em o0citos

bovinos.
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ABSTRACT: The increase in the use of cell culture systems has led to an increase in the
research aimed at their optimization. Reducing oxidative stress generated in vitro could
improve culture conditions and natural substances with antioxidant potential to reduce
oxidative stress have emerged. Natural substances with antioxidant potential to reduce
oxidative stress have been identified. Different parts of a plant, including fruits, can be
processed to obtain essential oils, which can be used as antioxidants. As the raw substrates
for processing can be obtained from food industrial wastes, interest in evaluating fruit-derived
substances has grown, and its possible application in cell, gamete, and embryo culture is under
investigation. This review aims to present the advantages of fruits as a source of essential oils
with antioxidant properties, highlight the milestones achieved, and suggest the future study
prospects.

KEYWORDS: Antioxidant potential. Essential oil. In vitro culture. Phytochemicals

1. Introduction
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Natural substances, such as essential oils from roots, trunks, sticks, leaves, flower buds,
and fruits, have been widely used in therapeutic practices (Baptista-Silva et al. 2020). Bioactive
molecules or phytochemicals synthesized from secondary metabolites, are often used to treat
various diseases (Garcia-Salas et al. 2010) and assisted in the development of biotechnologies
(Santos et al. 2018). They exhibit antioxidant potential, and they can reduce or control the
level of reactive oxygen species (ROS) (Kamana et al. 2018).

ROS are free radicals synthesized by cells during respiration process; at high levels, they
can modify oxidative homeostasis and cause damage to the morphology, physiology, and
integrity of cells (Turrens 2003). In vitro studies using somatic cells (Borges et al. 2020) and
gametes (Santos et al. 2019a, 2019b) have shown that excess ROS are harmful and affect cell
quality. Therefore, use of essential oils with antioxidant potential has been proposed as a
supplement to improve the conditions of cell culture (Swallah et al. 2020).

Since the first extraction of natural substances with biotechnological potential in the
215t century by Paracelson, the use of essential oils from different plant parts has been
proposed because of their numerous benefits (Maciel et al. 2007; Angiolella et al. 2018). It is
known that phytochemicals with different structural properties, functions, and effects are
found in fruits (Garcia-Salas et al. 2010). They are rich in vitamins, such as ascorbic acid, a-
tocopherol, and B-carotene and contain abundant phenolic compounds, which help fruits at
different stages of maturation (He et al. 2019). All these chemical constituents have an
excellent antioxidant potential (Turrens 2003) in addition to antibacterial, antifungal, and
insecticidal activities (Saikia et al. 2013; Rosa et al. 2019).

Fruits are important for the production of frozen juice. During processing,
approximately 50% of the raw material is discarded, including peels and seeds, which can be
used to obtain essential oils (Manuranjan et al. 2019). Additionally, the by-products generated
from fruits can be used diversely in the food industry, such as in the production of sweets in
syrup, jellies, and functional foods, such as flour (Matias et al. 2005). Alternatively, these by-
products can be used as animal feed or fertilizers (Schieber et al. 2001). Therefore, considering
the biotechnological importance and application of essential oils derived from fruits, this
review aims to present the advantages of fruits as a source of antioxidant agents in systems
of in vitro culture, emphasizing the advances and the prospects.

2. Methods of obtaining essential oils from fruits

Obtaining essential oils from fruits is a multi-step process. The preliminary step involves
the development of appropriate methodologies to identify the bioactive compounds with
antioxidant capacity. The concentration of such compounds depends on the technique used
for the extraction. The methodologies used to obtain essential oils from fruits are similar to
those used for other plant parts (Silveira et al. 2012; Mutalib et al. 2015) including
hydrodistillation and steam distillation. These methods are considered the oldest and most
versatile (Kosar et al. 2007), as they can be used to obtain essential oils from different plant
parts (e.g., seeds, pulps, and peels).

Hydrodistillation involves the distillation of plant material in sufficient water (Shakir and
Salih 2015) and is widely used on a laboratory scale to obtain good yield of essential oils (Kosar
et al. 2007). Kosar et al. (2007) used hydrodistillation technique for the recovery of bioactive
compounds from whole and ground fruits of fennel (Foeniculum vulgare), which gave a
chemical sample yield of 98% and 99% for the whole and ground fruits, respectively. The
duration of plant immersion in water varies and it allows the progression of hydrolytic
reactions with bioactive molecules resulting in the formation of alcohols, esters, and
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carboxylic acids (Baptista-Silva et al. 2020). This changes the essential oil composition
significantly, thereby reducing the quality and biochemical value of the obtained oil, especially
when the aim is to obtain biological molecules with antioxidant potential.

Additionally, steam distillation can be used to obtain essential oils. In this technique,
extraction is performed by saturating the biological sample with steam (Périno-Issartier et al.
2013). Although this extraction method is widely used on an industrial scale because of its low
execution costs (Kosar et al. 2007), limitations similar to those in hydrodistillation are
observed, which leads to changes in the quality of the biological sample.

An interesting example of the difficulty faced in steam distillation was observed by
Shakir and Salih (2015), who compared this method with microwave distillation. The authors
showed that the yield and chemical composition of essential oils from citrus fruits (Citrus
sinensis, Citrus limon, and Citrus reticulata) obtained by steam distillation were lower than
those by microwave distillation, which resulted in a higher percentage of the main chemical
component, D-limonene, in these essential oils. The authors proposed that the time required
for the exocarp cells to interact with saturated water in steam distillation is a drawback, unlike
the microwave technique. The latter utilizes electromagnetic waves, thereby allowing greater
interaction between chemical components and water. Additionally, the temperature increase
in microwave distillation is more when compared to steam distillation (Shakir and Salih 2015).
Owing to the difficulties associated with conventional techniques, modern techniques have
been devised to obtain essential oils derived from fruits.

The modern techniques used to obtain essential oils from fruits are more efficient and
provide adequate isolation of bioactive components (Jahromi 2019). The supercritical fluid
technique is more popular than other modern techniques associated with ultrasound,
microwaves, and pressurized liquid (Santana et al. 2009; Garcia-Salas et al. 2010; Jahromi
2019). This technique is used to develop novel pharmaceuticals (Pereira et al. 2016) as it
results in greater purity of the natural substance. This is due to the lack of organic solvent
requirement unlike in other modern techniques, and a low operating cost of supercritical fluid
technique (Santana et al. 2009). Pereira et al. (2016) compared the efficiency of
hydrodistillation and supercritical fluid technique in essential oil extraction from the fruits of
myrtle (Myrtus communis L.) and observed more potent antioxidant activity of the essential
oil obtained from the latter technique.

Another comparative study of conventional solvent, supercritical fluid, and ultrasound
revealed that the essential oil of avocado (Persea americana W.) obtained using supercritical
fluid had greater antioxidant activity as it enabled efficient isolation of the phenolic
compounds (Tan et al. 2018). Once the essential oils are obtained, they can be used in several
biochemical assays and cell cultures.

3. Applications of fruit-derived essential oils in cell culture

In recent years, the benefits of using plant-derived essential oils have promoted diverse
research. The phytochemicals (usually 2-3) present in higher concentrations are called
majorities, whereas those present in smaller quantities usually determine the biological
function or activity of the natural substance (Shaaban et al. 2012). Table 1 highlights some
studies that explored these natural substances with biotechnological potential. Knowing that
fruit-derived essential oils have useful biological properties, they have wide applications in
biochemical tests in vitro.

With an objective to use these essential oils in biochemical studies, various tests were
carried out to determine their biological properties. Identification of these properties expands
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the scope of their application, as with thymol, a terpene obtained from oregano (Origanum
vulgare), which is used as herbal food additive owing to its multiple beneficial properties (El-
hack et al. 2015). Similarly, Ferronato and Rossi (2018) identified the antioxidant properties of
essential oils derived from the peel of orange (C. sinensis) and evaluated its potential. The
results demonstrated that this essential oil was capable of scavenging 81.45% and 94.64% of
free radicals when evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-
bis (3-ethylbenzothiazoline) 6-sulfonic acid (ABTS) tests, respectively.

Additionally, fruit-derived essential oils are an important source of antimicrobial agents.
Texeira et al. (2012) evaluated the essential oil obtained from fresh peels versus dried peels
of Citrumelo swingle (Citrus paradisi x Poncirus trifoliata). It was demonstrated that fresh
peel—derived essential oil showed better effect against phytopathogens than those obtained
from dry peels (380-407 mg/mL and 505-528 mg/mL respectively). The study revealed that
the best antimicrobial effect was observed when the combination of fresh and dried peel—
derived essential oils was used, which may be due to the number of phytochemicals present
in each sample as well as the complexity and synergism of each one over the phytopathogens.

Another important application of essential oils is as supplements for in vitro culture
media for cells and gametes. They play vital roles in the development of new pharmacological
products, toxicity tests in tumor cells, and control of free radical levels (Herman et al. 2019).
A study by He et al. (2019) highlighted the antioxidant and anti-melanogenic properties of
essential oils derived from grapefruit (C. maxima) peel. The antioxidant capacity was
evaluated by DPPH, ABTS, and superoxide anion radical tests. Grapefruit bark essential oil
reduced up to 70% of the free radicals in each trial with varying dose (0.2-1.0 mg/mL).
Additionally, it showed anti-melanogenic effects at 10-50 pug/mL concentration range. It was
able to alter the catalytic reactions of essential enzymes in melanoma cells, such as tyrosinase
associated with melanoma-cancer and neurotoxicity.

Fruit-derived essential oils are used in culturing embryos and gametes. The essential oils
have also been tested in the form of male contraceptives due to their antioxidant activity. The
effect of essential oil from the fruit ajowan (Trachyspermum ammi) on the viability and
integrity of the human sperm membrane was evaluated (Paul and Kang 2010). It was observed
that a concentration of 125 pug/mL was sufficient to reduce sperm viability and mitochondrial
activity, possibly due to the essential oil-mediated modifications in sperm morphology and
the metabolic enzymes involved. Studies on the effect of fruit-derived essential oils on female
gametes and embryos are still scarce, and studies on essential oils from other plant parts have
been performed largely.



1048 Table 1. Results of the use of essential oils derived from different parts of fruits with biotechnological potential.

Purpose of the  Fruit Biological Best Principal
Plant . . Reference
study part activity concentration results
Citrus maxima (cv. Antioxidant 70.1 .. . He et al.
Guan Xi) offect ma/mL Antioxidant effect in DPPH assay (2019)
Peel L Goyal and
Citrus reticulata Antioxidant 2 Antioxidant effect in DPPH assay Kaushal et al.
effect mg/mL
(2018)
Annona muricate Antioxidant 0.512 Antioxidant effect in different Gyesi et al.
effect mg/mL chemical test (2019)
Assay Senthilkumar
biochemical Pulp Antioxidant 0.0413 and
Feronia limonia ) Antioxidant effect by DPPH assay
effect mg/mL Venkatesalu
(2013)
. Anti- . L . .
Campomanesia inflammatory 300 Maximum leukocyte activity Viscardi et al.
Seed adamantium offoct mg/mL reduced when induced by formalin (2017)
Skimmia Antioxidant 20 Antioxidant effect in DPPH and Prakash et al.
anquetilia effect mg/mL iron sequestration assays (2011)
Citrus limetta Toxicity effect  0.01-1% No dose-dependent cytotoxic Maurya et al.
effect (2018)
Peel . . Anti- Regul'f)tlon of the protein
Cell Citrus maxima (cv. melanogenic 0.1 expression levels of B16 cells He et al.
culture Guan Xi) offect mg/mL without aIterlr\g rr?orphology and (2019)
viability
Anti- Reduction of synthesis of Ji et al
Pulp  Alpinia zerumbet inflammatory 50 ng/mL receptors such as caspase-3 and (2019)'
effect NF-kB signaling

o1



1049

Anti-

Inhibition of NF-jB synthesis from

. C/nnqmomum inflammatory 0.02 RAW 264.7 line macrophages that Lin et al.

insularimontanum mg/mL . . (2008)
effect are related to inflammation
Anethum . 0.2 Alteration of cell cycle of transformed  Al-Sheddi et al.
Anti-cancer .
seed Graveolens L. mg/mL lines (HepG2) (2019)
Foeniculum Anti-cancer 0.01 Toxicity on human breast cancer cells Akhbari et al.

vulgare mg/mL and transformed epithelial cells (HeLA) (2018)

52



1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096

53

4. Conclusions

Fruit derived essential oils have numerous beneficial properties. However, more studies
on them are required. The use of different processes for extracting essential oils from fruits
can lead to the discovery of different phytochemical components.

Despite this limitation, the use of derived essential oils is still advantageous, and it is
portrayed with their use in biochemical or in vitro cellular assays. Therefore, this research
requires a better approach and investigation as these natural substances can be used for
numerous important purposes.
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ABSTRACT

Essential oils are a rich source of bioactive antioxidants that can replace synthetic compounds
in cell culture systems. This study aimed to evaluate the antioxidant effects of the Citrus
sinensis peel essential oil (EOCS) in a bovine oocyte model. Oocytes were divided into five
groups: control, synthetic compound (CYS), and 10 (EOCS10), 30 (EOCS30), and 50 pg/mL
(EOCS50) of EOCS. Oocytes were evaluated for cumulus cell expansion, viability, and nuclear
and cytoplasmic maturation. Oxidative status was evaluated using reactive oxygen species
(ROS), mitochondrial membrane potential (A¥m), and glutathione (GSH). Although all
antioxidant groups had improved viability, only the CYS, EOCS10, and EOCS30 allowed
greater cumulus cell expansion. EOCS10 and EOCS30 ensured a higher rate of nuclear
maturation than EOCS50. All groups showed reduced ROS levels compared to that of the
control, but no difference was observed in A¥m and GSH. In summary, EOCS10 and EOCS30

showed better oocyte maturation rates.

Keywords: natural antioxidant products; orange peel; in vitro oocyte maturation; cattle

1. Introduction

Essential oils are characterized as volatile and lipophilic mixtures synthesized from the
secondary metabolites of plants (1). These substances are obtained from different parts of the
plant, comprising 5% of its dry matter (2), and are considered safe for human and animal use
(3). They have a chemical constitution rich in substances with different purposes, such as
antiviral, insecticidal, antibacterial, and antioxidant activities (4). Specifically, the use of
natural compounds with antioxidant potential has been proposed as an interesting alternative

for cell culture systems, which suffer from variations in reactive oxygen species (ROS) (5,6).
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Oocytes experience oxidative stress during in vitro maturation (IVM), which is an
essential step for in vitro embryo production (IVEP). In this system, oocytes are cultured to
acquire meiotic developmental competence, a fundamental parameter for this cell to support
the subsequent stages of embryo production. One of the main reasons of oocyte damage during
development in vitro is the imbalance between ROS generation and neutralization (7). Excess
ROS synthesized from the regular metabolism of cells impairs cell quality and efficiency (8),
resulting in 30% of the immature oocytes reaching the blastocyst stage (7).

During IVM, variation in factors such as the cellular environment, media composition,
presence of sperm, light, and temperature cause excessive ROS production (9,10). With excess
ROS, oocyte competence is affected at different levels, especially in nuclear and cytoplasmic
maturation (11). Moreover, ROS induce cell apoptosis, changing the morphology and lowering
the embryonic rates (12). Routinely, synthetic compounds, such as cysteamine, have been used
as antioxidants in oocyte IVM media (13,14). Nevertheless, variations in success rates have
aroused interest in other agents with antioxidant activity, including those from natural sources
(15). These natural agents promote enzyme synthesis that improve the physiological state of
the cells during in vitro culture, thereby ensuring promising results (10,15-16).

Several sources can be used to prepare essential oils with antioxidant action, such as
those derived from industrial waste (17). Parallel to this, the increase in the amount of solid,
urban, and industrial waste has aroused interest in this waste as a by-product of commercial
interest (18). For example, the orange (Citrus sinensis) juice industry generates fruit peel, and
the essential oil extracted from it can be used commercially in foods, beverages, flavorings,
perfumes, and cosmetics (19). It can be utilized in other processing technologies, as reported
by Toscano-Garibary et al. (20) who demonstrated by using the essential oil of Citrus sinensis

(EOCS) in cell culture systems.
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Previous studies have shown that EOCS has antioxidant properties, through biochemical
tests. According to Ferronatto and Rossi (21), EOCS inhibited free radicals by 81.45%ina1,1-
diphenyl-2-picrylhydrazyl assay (DPPH method) assay and 94.64% in a 2,2'-Azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid) assay (ABTS method), proving to be a strong natural
antioxidant. Posteriorly, Lin et al. (22) observed that EOCS exhibited antioxidant activity by
scavenging DPPH and ABTS free radicals in a dose-dependent manner, at 29.70 mg/mL and
4.17 mg/mL, respectively, varying according to the stage of maturation and fruit type.
Additionally, EOCS reduced late apoptosis (from 70% to 22%) and superoxide radical
generation in cell lines (20).

Therefore, considering these positive effects of EOCS, in this study, we aimed to
evaluate the antioxidant effects of EOCS peel in a bovine oocyte model. We assessed the effects

of different EOCS concentrations in bovine oocytes on IVM and oxidative status.

2. Material and methods
This research was conducted in accordance with the Animal Ethics Committee of the
Federal Rural University of Semi-Arid (no. 23091.002360/2016-17). Except where indicated,

we purchased all chemicals from Sigma Chemical Co. (St. Louis, MO, USA).

2.1. Peel material and essential oil extraction

Sweet and organic oranges were obtained from Jaguaruana, CE (4°50°02°’S,
37°46°51°), northeastern Brazil. The fruits were processed, and their peels were milled and
kept in a dry environment for seven days. EOCS was extracted by hydrodistillation using a
Clevenger-type adapter coupled to a 5 L round-bottomed flask associated with a heating mantle
(23). Briefly, C. sinensis husks (371 g) were transferred to a flask containing distilled water,

and the system was heated to 100 °C. After 6 h, the essential oil was recovered and dried through
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percolation with anhydrous Na;SOa. Subsequently, the samples were stored at 4-8 °C and
protected from light. Finally, the density and oil yield (% m/m) were obtained at 0.84 g/mL and

2.9%, respectively.

2.2. Essential oil analysis and constituent identification

Gas chromatography coupled with mass spectrometry (GC/MS) was performed using a
Shimadzu QP-2010 Plus instrument (Kyoto, Japan) under the following conditions: column:
SH-Rtx-5 (5% diphenyl and 95% dimethylpolysiloxane) fused silica capillary column (30 m
length x 0.25 mm diameter x 0.25 um film diameter); carrier gas: He (1.78 mL/min, in constant
linear velocity mode); injector temperature: 250 °C, in split mode (1:10); detector temperature:
250 °C; column temperature programming: 40-180 °C at 4 °C/min, 180-280 °C at 20 °C/min,
and then 280 °C for 10 min; mass spectra: electron impact 70 eV. The injected sample volume
was 1 pL (1.0 mg of oil in 1000 uL of 99.9% pure dichloromethane).

The chemical constituents were identified by their gas chromatography retention times
relative to those of known compounds. The gas chromatography retention times were expressed
as Kovat’s indices (KI) and calculated by linear regression and comparing their mass spectra
with published spectra (24). Only two compounds were identified (Table 1). D-Limonene
(48.5%) and o-Terpineol (40.2%) were the main constituents, with 11.3% unidentified

components.
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Table 1. Chemical composition of Citrus sinensis peel essential oil.

Compounds KI Relative %* Molecular formsde
D-Limonene 1059 48.5 CioH1s 1391
a-Terpineol 1188 40.2 C10H180 1392
Other -- 11.2 - 1393

1394

KI: Kovat’s indices calculated by linear regression. *The % composition is the % peak area

related to the total EOCS components.

2.3. Obtaining the cumulus-oocyte complex (COC) and IVM

Bovine ovaries were collected from a slaughterhouse and transported to the laboratory
in a saline solution (NaCl, 0.9%) supplemented with 0.05 mg/mL penicillin at 35-37 °C within
1 h of slaughter. In the laboratory, all visible follicles with a 2-8 mm diameter were aspirated
for oocyte recovery using a 21 G needle attached to a 5.0 mL syringe containing oocyte recovery
medium (ORM), consisting of TCM-199 (Gibco-BRL, Carlsbad, CA, USA) supplemented with
0.2 mM sodium pyruvate, 10% fetal bovine serum (FBS, Gibco-BRL), and 1% antibiotic—
antimycotic solution.

Oocytes were classified using a stereomicroscope (SZT-LED; Bel, Piracicaba, Brazil),
and only COCs with more than one layer of cumulus cells and homogeneous cytoplasm were
used for IVM. The COCs were divided into drops (20-30 COCs per 100 uL) covered with
mineral oil and incubated for 24 h at 38.5 °C in a humidified atmosphere with 5% CO>. The
IVM medium consisted of ORM and 20 pg/mL FSH/LH (Pluset®, Hertape-Calier, Barcelona,
Spain). For the treatments, the IVM medium was supplemented with different antioxidants: 100
uM cysteamine (synthetic compound, CYS), or 10 pg/mL (EOCS10), 30 pg/mL (EOCS30), or
50 pug/mL (EOCS50) of EOCS. The control group consisted of oocytes matured in the absence

of antioxidants. EOCS dilutions were performed with up to 0.5% DMSO in IVM media (25).
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The EOCS concentrations were based on a previous study in which the authors observed
that d-Limonene showed antioxidant activity in lymphocytes (26). In this study, 10-50 pg/mL
concentrations of d-Limonene efficiently reduced the deleterious effects of ROS and stimulated
the synthesis of enzymes, such as catalase and peroxidase, which are related to the antioxidant
action in cells. In addition, these concentrations showed greater activity when the DPPH assay
was performed. From this, higher (50 pg/mL), intermediate (30 ug/mL), and lower (10 pg/mL)

EOCS concentrations were defined for evaluation in the present study.

2.4. EOCS effects on bovine oocyte IVM

After IVM, oocytes were evaluated for cumulus cell expansion and viability in a total
of 20 replicates. COCs were initially observed for cumulus expansion under a
stereomicroscope. Cells with high expansion were considered as matured. Moreover, the cells
were removed by successive pipetting with 0.1% hyaluronidase and stained with trypan blue in
an exclusion assay (0.2%) to determine their viability rates. Viable (colorless) and non-viable
(blue) cells were counted in the four outer quadrants of the Neubauer chamber (16).

Meiotic competence was measured by visualizing the first polar body (1PB) and the
nuclear stage (MII) in a total of 20 and 10 repetitions, respectively. When extrusion of the 1PB
was evident, the cells were considered as matured. Moreover, the M1l was evaluated with fixed
oocytes (4% paraformaldehyde for 15 min) stained with Hoechst 33342 (10 pg/mL) for 15 min.
A fluorescent microscope (Olympus BX51TF, Tokyo, Japan) was used to observe nuclei in
metaphase 11 (370 nm) that were considered mature oocytes, while those in other nuclear phases
were considered immature (27).

The cytoplasmic maturation was evaluated using 500 nM MitoTracker Red® (CMXRos,
Invitrogen, Carlsbad, CA, USA) (28) for a total of four repetitions. After 30 min of incubation,

the images were captured using a fluorescence microscope (560 nm). Oocytes were classified
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as peripheral (immature oocytes) or dispersed (mature oocytes) (29). Furthermore,
mitochondrial organization patterns were classified as previously reported (27): pattern A:
homogeneous fine, with small granulations spread throughout the cytoplasm; pattern B:
heterogeneous clustered, with large granulations spread throughout the cytoplasm or located in

specific cytoplasmic domains. The presence of pattern B correlated with better maturation rates.

2.5. EOCS effects on bovine oocyte oxidative status

After IVM, mature oocytes were labeled with different fluorescent probes: H.DCFDA
to measure ROS levels, MitoTracker Red® to measure mitochondrial membrane potential
(A¥m), and CellTracker Blue® to measure glutathione (GSH) levels. Four replicates were made
for which the probe and each individually stained oocyte functioned as the experimental unit
for each group.

Denuded oocytes were incubated with the probes for 30 min at 38.5 °C in 5% CO>. The
oocytes were then placed on a glass slide, and images were captured with a fluorescence
microscope. The fluorescence intensity (pixels) was estimated using ImageJ software
((National Institutes of Health, Bethesda, MA, USA). The background intensity was subtracted
from the values obtained from the structures. The relative expression levels (arbitrary
fluorescence units) were measured as described by Santos et al. (16).

ROS were analyzed with 10 pM H2DCFDA and observed at 460 nm (30). For A¥m,
oocytes were stained with 500 nM MitoTracker Red® (CMXRos, Invitrogen) and observed at
560 nm (28). Finally, GSH was measured using 10 uM 4-chloromethyl-6,8-difluoro-7-
hydroxycoumarin (C12881; Cell Tracker Blue®; CMFHC; Thermo Fisher Scientific,

Waltham, MA, USA) at 370 nm (30).
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2.6. Statistical analysis

All data are expressed as mean + standard error and analyzed using StatView 5.0 (SAS
Institute Inc., Cary, NC, USA). For all results, the Shapiro-Wilk test was performed for
normality standards, and Levene's test was used for homoscedasticity. The ROS, AWYm, and
GSH analysis data were altered to the arcsine function and analyzed by an analysis of variance
(ANOVA) followed by Tukey's test. Other data were compared using a chi-square test.

Differences were considered significant when p < 0.05.

3. Results
We used 480 ovaries to acquire, select, and distribute 1877 viable immature oocytes

(3.9 viable oocytes/ovary) for all analyses.

3.1. Effects of EOCS on bovine oocyte IVM

Table 2 shows the evaluated cumulus cells and nuclear maturation data. Although all
groups containing antioxidants had increased cumulus cell viability compared to that of the
control, only CYS, EOCS10, and EOCS30 groups promoted an increase in the expansion of
these cells (Figure 1, Table 2). EOCS10 and EOCS30 ensured a higher 1PB rate compared to
EOCS50 (Table 2), demonstrating better meiotic progression. No difference was observed in
the MII rates among the groups (Table 2).

Figure 2 displays the cytoplasmic maturation and organization of bovine oocyte
mitochondria after IVM in the absence and presence of antioxidants. For both evaluations, no

significant differences were observed among the groups for each evaluated oocyte (Figure 2).
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1493  Figure 1. Effect of EOCS on bovine oocyte cumulus cell expansion. (A-E) Representation of immature b"o‘\:/ine oocytes under different conditions
1494  (control, CYS, 10 pg/mL, 30 pg/mL, and 50 pug/mL of EOCS). (A’-E’) Representation of bovine oocyte cumulus cell expansion after 24 h IVM

1495  under different conditions (control, CYS, 10 pg/mL, 30 pg/mL, and 50 pg/mL of EOCS).
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Table 2. Influence of EOCS during bovine IVM on evaluation of cumulus cells and nuclear

maturation.
Evaluation of cumulus cells Evaluation of oocyte nuclear
Groups maturation
Expansion (%) Viability (%) 1PB (%) MII (%)

96.4 + 1.8° 78.9+1.8° 78.4+2.9% 67.0+9.2°
Control

(359/373) (16568/21119) (265/332)  (115/157)

99.6 + 0.4 83.9 + 1.6 81.6 +3.2% 755+6.8
CYS

(374/375) (18397/22164) (279/337)  (127/163)

100 £ 0.0? 84.0+2.0% 83.2+3.0* 757+3.3°
EOCS10

(342/342) (16131/19420) (259/307)  (112/146)

99.1+0.9 84.7+222 84.6+24% 742+4.0°
EOCS30

(363/365) (18353/22127) (270/319)  (108/143)

94.7 + 3.0° 83.8 + 1.6 77.0+2.8° 69.1+5.1°
EOCS50

(354/368) (14944/18239) (242/313)  (106/145)

ab. Values with different superscript letters within columns are significantly different (p < 0.05).

1PB, first polar body, MII, metaphase I1.
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Figure 2. Mitochondrial pattern of bovine oocytes cultured in medium supplemented with
EOCS. (A-B) Representative image of mitochondria in transition and dispersed in the
cytoplasm of bovine oocytes. (C-D) Representation of oocytes labeled with MitoTracker Red®
showing homogeneity and aggregation of cytoplasmic mitochondria. (E) Homogeneous
(pattern A) and heterogeneous (pattern B) pattern of the cytoplasm of bovine oocytes after
oocyte maturation. Data are shown in percentage. (F) Mitochondrial distribution of bovine

oocyte cytoplasmic maturation. Scale bars = 50 pm.

3.2. Effects of EOCS on bovine oocyte oxidative status
All antioxidant treatments (CYS: 0.39 + 0.24; EOCS10: 0.39 + 0.18; EOCS30: 0.5 +

0.44; EOCS50: 0.60 £ 0.44) showed a decrease in ROS compared to that in the control (1.0 £
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0.65; Figure 3; p <0.05), allowing a better balance of free radicals. Nevertheless, no difference

was observed in the A¥m (Figure 4) or intracellular GSH levels (Figure 5).
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Figure 3. Evaluation of the influence of EOCS on the production of ROS in bovine oocytes after in vitro maturation. (A) Representative image of

oocytes labeled with the HoDCFDA probe. (B) Quantification of intracellular levels of ROS. Scale bars = 200 um. *°: p < 0.05.
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Figure 4. Evaluation of the influence of EOCS on the bioenergetic potential of bovine oocytes after in vitro maturation. (A) Representation of

oocytes labeled with the MitoTracker Red® (CMXRos) probe. (B) Quantification of the mitochondrial potential of oocytes. Scale bars = 200 pm.

p > 0.05.
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1556  Figure 5. Evaluation of the influence of EOCS on GSH synthesis in bovine oocytes after their in vitro maturation. (A) Representation of Cell

1557  Tracker Blue® (CMF,HC) labeled oocytes. (B) Quantification of intracellular GSH levels. Scale bars = 200 um. p > 0.05.
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4. Discussion

For the first time, we demonstrated that IVM using a medium supplemented with EOCS
significantly reduced ROS levels in matured bovine oocytes compared to those without EOCS.
Moreover, EOCS10 and EOCS30 exhibited better oocyte viability rates after maturation,
similar to those obtained with CYS, which is currently the most used 1VM antioxidant agent
(14). Therefore, considering the reduction in oxidative stress, our study identified EOCS as an
effective antioxidant in bovine oocytes. Oxidative stress is an imbalance of pro-oxidant
molecules in cell culture systems. This phenomenon is one of the main causes of the low
efficiency observed in oocyte IVM (7,31).

During IVEP, ROS molecule production is inevitable since these compounds are
generated from regular metabolism and are critical in the proper development of the oocyte and
embryo (32). Nevertheless, when ROS molecules become excessive, they cause structural
changes leading to a regression in the meiotic capacity of the oocyte, consequently reducing the
rate of embryonic development or even causing cell death (14). Therefore, our study
demonstrated that EOCS could reduce oxidative stress by inhibiting or regulating ROS
molecules, thus ensuring a better quality of cultured cells.

In general, the antioxidant effect of EOCS on ROS molecules during bovine oocyte
culture may be related to its chemical constituents. Studies have shown that major EOCS
components, such as d-Limonene, have a positive effect on the sequestration of molecules that
cause oxidative stress (21,33). According to Roberto et al. (26), during lymphocyte culture, d-
Limonene could reduce the oxidative stress caused by hydrogen peroxide, one of the free
radicals that cause oocyte and embryo degeneration (14). In this study, we showed that d-
Limonene could stimulate the synthesis of peroxidase and catalase, which are responsible for
regulating hydrogen peroxide. Therefore, it is possible that during bovine oocyte IVM, d-

Limonene positively controlled these molecules and reduced oxidative stress.
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Another chemical constituent that may be related to the antioxidant effect of EOCS on
ROS molecules during bovine oocyte culture is a-Terpineol. This volatile monoterpenoid has
antimutagenic and anti-inflammatory effects and can be a potent inhibitor of superoxide
production (34). An oxygen radical absorbance capacity test by Bicas et al. (35) demonstrated
that 2.72 uM a-Terpineol had a positive effect on free radical scavenging.

The A¥Ym analysis determines the bioenergetic function of the oocyte. That is, it reveals
whether the EOCS morphologically and functionally alters the meiotic progression of the cell
during its maturation (36). Studies have demonstrated that high ROS levels generated from
adenosine triphosphate (ATP) production cause oxidative damage to mitochondrial DNA,
thereby reducing the oocyte quality (37—38). Therefore, this parameter shows that although the
EOCS did not lower A¥m levels, EOCS did not have any toxic effect on the oocytes as high
oocyte maturation rates were observed.

EOCS did not stimulate GSH synthesis because it required a higher concentration of the
essential oil than what was used in this study. We suggest this because Roberto et al. (26), using
high concentrations of d-Limonene (100-1000 pg/mL), observed its effect on the catalytic cycle
of GSH, as it stimulated the synthesis of superoxide dismutase (39). However, in our study, the
concentration of d-Limonene ranged between 4.85 pg/mL and 24.25 pg/mL.

Furthermore, we observed that oocytes cultured in a medium supplemented with
EOCS10 or EOCS30 presented a higher cumulus cell expansion rate compared to the CYS,
control, and EOCS50 groups. This suggests that EOCS at a concentration above 50 pg/mL can
alter the balance of the redox system of cultured oocytes. ROS at adequate levels is essential
for oocyte maturation (40), as they help the initial processes of proper oocyte development.

It is known that cumulus cell expansion is essential for oocyte growth and competence
(41), as these cells communicate directly with the female gamete, allowing the exchange of

small molecules and nutrients necessary for cellular physiology (42). These cells expand as a
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signal of hyaluronic acid synthesis and are considered important indicators in determining
proper oocyte meiotic progression (42). This suggests that the medium containing antioxidants
influenced ROS molecule reduction, ensuring less oxidative stress and favoring the
microenvironment of bovine oocyte IVM. In sheep, supplementing the IVM medium with
natural antioxidants, such as resveratrol (0.25 pM and 0.5 uM), promoted high cumulus cell
expansion rates, an essential factor ensuring better cell culture conditions (43).

In addition to the benefits promoted by cumulus cell expansion, using different EOCS
concentrations ensured superior viability compared to the control and similar to the CY'S group.
In general, oocytes depend on the viability of cumulus cells for proper development and
competence because their presence protects oocytes against morphological damage to the
microtubules and chromosomes (43). Thus, in microenvironments with greater exposure to
ROS, it is possible to observe lower cumulus cell viability rates, as evidenced by previous
studies using bovine oocytes. They found that cells grown in a medium without an antioxidant
had lower viability rates than cells treated with antioxidants (16,30).

Another determining pattern of oocyte quality in IVM is its competence to reach the
final development stage to guarantee embryonic development (44). Thus, evaluating the nuclear
and cytoplasmic competence of bovine oocytes is fundamental for determining the quality of
the analyzed cells (7). In this context, EOCS50 had a lower 1PB extrusion rate. EOCS10 and
EOCS30 guaranteed rates above 80%, values similar to those of the control and CYS.
According to Kala et al. (45), in vitro redox balance is essential, especially for hydrogen
peroxide, which is associated with the resumption of meiosis in bovine oocytes (32,46). As a
result, EOCS50 caused a reduction of these molecules, resulting in late maturation of the bovine
oocytes evaluated, although this concentration was not toxic when compared to that of EOCS10
and EOCS30. This was justified as there was no difference in the MII formation in the evaluated

oocytes among the examined groups.
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In addition to nuclear maturation, no significant difference was observed among the
groups in the mitochondrial distribution and organization of the evaluated oocytes. Generally,
oocytes undergo different morphological and physiological changes to acquire competence
during IVM (47). As a result of this development, the organelles are repositioned and
redistributed. Although we observed no difference among the groups evaluated, this
demonstrates that EOCS did not act as a toxic component, as it did not interfere with the final
development of these cells. In bovine oocytes, compromising cytoplasmic redistribution
processes lowers cell quality, triggering cell apoptosis (36). Therefore, a well-controlled in vitro

system increases the chance of acquiring cultured oocytes of higher quality.

5. Conclusion

Although all EOCS concentrations promoted a reduction in ROS, 10 pg/mL and 30
png/mL EOCS resulted in better oocyte viability rates after maturation. Therefore, EOCS, at
defined concentrations, added to the VM medium could be an effective synthetic compound
substitute to reduce the damage caused by oxidative stress in bovine oocytes. In terms of
antioxidant potential, this low EOCS concentration improved cumulus cell expansion and
viability and reduced the ROS levels. Finally, this is the first study demonstrating the efficiency
of EOCS in in vitro bovine gamete culture systems, establishing an important alternative that

can positively influence IVEP.
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CONSIDERACOES FINAIS

O presente estudo foi o primeiro relato descrevendo o potencial antioxidante do 6leo
essencial da casca de Citrus sinensis (OECS) como antioxidante natural durante a maturacgéo in
vitro (MIV) de odcitos bovinos. A adicdo deste suplemento promoveu melhorias significativas
sobre 0s odcitos bovinos apos a MIV. Contudo, a suplementacdo, nas concentracdes 10 e 30
pug/mL do OECS, promoveu uma melhor eficiéncia, ja que além de garantir uma reducdo no
estresse oxidativo, melhorou a viabilidade dos odcitos de acordo com os diferentes parametros
avaliados apos a MIV

Portanto, a suplementacdo do OECS durante a MIV de o6citos bovinos pode ser uma
fonte promissora e alternativa aos antioxidantes sintéticos, uma vez que é um residuo industrial
de facil obtencdo, que pode ser utilizado para obter novos coprodutos, como o 6leo essencial,
podendo ser empregado na producdo in vitro de embrides (PIVE). Finalmente, novos estudos
devem ser conduzidos visando avaliar o potencial dessa suplementacdo durante o
desenvolvimento embrionario, bem como na identificacdo do bioativo com maior acédo

bioldgica acerca da reducao do estresse oxidativo.
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ANEXO A — COMPROVANTE DE SUBMISSAO DO ARTIGO DE REVISAO: USE O
FRUIT-DERIVED ESSENTIAL OILS WITH ANTIOXIDANT PROPERTIES IN ANIMAL
CELL CULTURES: A REVIEW. REVISTA: BIOSCIENCE JOURNAL - 20 DE JANEIRO
DE 2022.
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Effects of supplementation of Citrus sinensis essential oil in maturation medium on bovine oocytes and
oxidative status

L.V.C. Aquino™, L.R.M. Oliveira', M.V.0. Santos', T.L. Nascimento®, L.M. Bertini’, A.F. Pereira’

'Laboratory of Animal Biotechnology, UFERSA, Mossors, RN, Brazil; *Federal Institute of Rio Grande do
Morte, Apodi, RN, Brazil

The use of natural antioxidants in maturation medium can be an alternative to reduce the negative effects of
oxidative stress produced during in vitro embryo production (IVEP). In vitro tests have demonstrated the
ability of essential oil from Cirrus sinensis (EOCS) to decrease reactive oxygen species (ROS) and could be
an interesting antioxidant agent during in vitro maturation (IVM) of bovine oocytes. Therefore, we aimed to
evaluate the antioxidant effect of the EOCS on bovine IVM, and levels of ROS. Initially, EOCS was extracted
by hydrodistillation of the peels using a Clevenger-type apparatus. The chemical composition of EOCS was
performed using a gas chromatography coupled to mass spectroscopy. EOCS presented as constituents D-
limonene (48.5%), a-terpineol (40.2%) and other compounds (11.3%). Then, viable oocytes derived from
slaughterhouse individuals were matured in vifro under three sets of conditions: EOCS0 (without antioxidants),
EOCS30 (30 pg/mL of EOCS), and CYS (100 pM of cysteamine). The concentration of 30 pg/mL of EOCS
was defined according to biochemical studies of the major constituents of EOCS. After IVM, oocytes were
evaluated to determine their IVM according to the expansion of cumulus cells, and presence of the first polar
body (1PB). Moreover, cocytes were assessed to verify their oxadative status based on the levels of ROS using
H:DCFDA probe. All data are expressed as the mean + standard error and analyzed using the StatView 5.0
software (P < 0.05). ROS levels were altered with arcsine and analyzed by ANOVA followed by a Tukey test.
All other data were compared with a chi-squared test. A total of 287 ovaries were used to acquire 1113 viable
immature oocytes (3.9 viable oocytes/ovary) that were selected and distributed in twenty repetitions. Initially,
for cumulus cell expansion, EOCS30 (99.4% + 0.9; 363/365) and CY'S (99.7% + 0.4 374/375) were increase
to that of EOCS0 (96.2% £ 3.0; 359/373). No difference was observed in the IVM rates obtained from IPB
among EOCS30 (84.6% + 2.4; 270/319), EOCS0 (79.8% + 2.9; 265/332), and CYS (82.8% £ 3.2; 279/337).
Additionally, cocytes derived from the EOCS30 (0.50 = 0.14), and CYS (0.39 = 0.24) groups showed
significantly lower ROS compared to the EOCSO group (1.00 £ 0.65). These results demonstrate the
antioxidant potential of EOCS 1n controlling oxidative stress, which may be acting on the synthesis of ROS
regulatory enzymes. In summary, IVM medium supplementation with 30 pg/mL of EOCS improves the
expansion of cumulus cells, possibly through antioxidant effects due to the decreased oocyte ROS. The results
for EOSA30 are comparable to those with cysteamine in terms of parameters evaluated. Therefore, EOCS,
added to the IVM medium, could be an interesting alternative for the reduction of damage caused by the
oxidative stress in bovine oocytes during IVEP.
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