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RESUMO

ALCALpIDE§ PIRROLIZIDINICOS DO SENECIO SPP. MODULAM A
EXPRESSAO GENICA DE INTERFERON TAU E DE GENES DO ESTRESSE
OXIDATIVO EM EMBRIOES BOVINOS PRODUZIDOS IN VITRO

AUTOR: Jean Mussoi Weigert
ORIENTADOR: Valério Marques Portela Jr.

A senecionina (SN, do inglés: senecionine) e a senecifilina (SP, do inglés:
seneciphylline) sdo membros dos alcaldides pirrolizidinicos (PAs, do inglés: pyrrolizidine
alkaloids), familia de compostos que sdo encontrados em muitas espécies de plantas em todo o
mundo, entre elas, Senecio spp. sdo as plantas toxicas mais importantes que afetam a pecuaria
no sul do Brasil. Os PAs contidos em Senecio spp. tornam-se tdxicos quando séo
biotransformados pela a¢do da enzima citocromo P450 (CYP450, do inglés: cytochrome P450).
Nossa hipotese é que os PAs causam efeitos nas células ovarianas e embrides bovinos, sendo
responsaveis por reducdes significativas no desempenho reprodutivo e produtividade dos
bovinos. Para esclarecer essa questdo, nosso objetivo foi investigar os genes relacionados ao
interferon tau (IFNT), estresse oxidativo e sobrevivéncia celular sob influéncia de SN e SP na
producdo in vitro de embrides. Complexos cumulus-odcitos (COCs) bovinos foram maturados
sob influéncia de PAs, fertilizados e cultivados sem PAs (grupos IVM); ou COCs foram
maturados e fertilizados sem PAs, e os zigotos cultivados sob influéncia de PAs (grupos IVC).
No dia 7, os PAs ndo afetaram os embrides tratados durante a maturagéo (grupos IVM), exceto
na expressao de IFNT (tratamento SP; P<0.05). No entanto, o tratamento com PAs
(especialmente SN) durante o cultivo in vitro (grupos IVC) afetou ndo apenas a expressao de
IFNT, mas também a expressdo de genes relacionados ao estresse oxidativo e sobrevivéncia
celular (P<0.05). Concluimos que, os PAs podem estar modulando a expressdo de genes
relacionados ao estresse oxidativo e sobrevivéncia celular em embrides, prejudicando a
expressdo de IFNT e comprometendo o desenvolvimento embrionério inicial durante o cultivo
in vitro de embrides bovinos.

Palavras-chave: Interferon tau. Alcal6ides pirrolizidinicos. Desenvolvimento embrionério
inicial. Intoxicacdo por planta.



ABSTRACT

PYRROLIZIDINE ALKALOIDS FROM SENECIO SPP. MODULATE GENE
EXPRESSION OF INTERFERON TAU AND OXIDATIVE STRESS RELATED
GENES IN BOVINE EMBRYOS PRODUCED IN VITRO

AUTHOR: Jean Mussoi Weigert
ADVISOR: Valério Marques Portela Jr.

Senecionine (SN) and seneciphylline (SP) are members of the pyrrolizidine alkaloid
(PA), family of compounds that are found in many plant species worldwide, among them,
Senecio spp. They are the most important toxic plants affecting cattle in southern Brazil. The
PAs contained in Senecio spp. become toxic when they are biotransformed by the action of the
cytochrome P450 enzyme (CYP450). We hypothesize that PAs cause effects on ovarian cells
and bovine embryos, being responsible for significant decreases in cattle reproductive
performance and productivity. To clarify this matter, we aimed to investigate interferon tau
(IFNT), oxidative stress and cell survive related genes under SN and SP influence on in vitro
embryo production. Cumulus-oocyte complexes (COCs) were matured under PAs conditions,
fertilized, and cultured without PAs conditions (IVM groups); or COCs were matured and
fertilized without PAs conditions and the zygotes were cultured under PAs conditions (IVC
groups). On day 7, PAs did not alter embryos that were poisoned during COCs maturation,
except in IFNT expression (SP treatment; P<0.05). However, PAs (especially SN) poisoning
during IVC affect not only IFNT, but also oxidative stress and cell survival genes expression
(P<0.05). In conclusion, the PAs could be modulating the expression of oxidative stress and
cell survival genes in embryos, impairing the expression of IFNT and compromising the early
embryo development during in vitro bovine embryo culture.

Keywords: Interferon tau. Pyrrolizidine alkaloids. Early embryo development. Plant
intoxication.
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1 INTRODUCAO

A intoxicacdo por plantas do género Senecio € considerada a principal intoxicacéo por
plantas e representa importante causa de morte em bovinos, com grande repercussdo econémica
na regido sul do Brasil (BARROS et al., 2007; GRECCO et al., 2010). Essa intoxicagdo ocorre
pela ingestdo de Senecio spp., em especial o Senecio brasiliensis que é a espécie mais
disseminada no Brasil e responsavel pela grande maioria dos casos de intoxicacdo espontanea
em bovinos. Considerada uma planta daninha nativa da América do Sul, esta amplamente
distribuida na regido sul do Brasil e encontrada no Uruguai, Argentina e Paraguai
(KISSMANN; GROTH, 2000; LORENZI, 2008).

A toxicidade das espécies de Senecio deve-se a presenca de alcaldides hepatotdxicos
pertencentes ao grupo das pirrolizidinas que ao serem quebrados em grupos pirrois, pela acao
da enzina citocromo P450 (CYP450), sdo capazes de produzir lesdo crénica e irreversivel,
caracterizada pela inibigdo da mitose celular. Além disso, os alcaldides pirrolizidinicos (PAS)
sdo as principais citotoxinas presentes em diferentes concentracfes em muitas plantas, entre as
quais Senecio spp. representam 0 maior risco para 0s bovinos e, por sua vez, para 0S
consumidores dos produtos de origem animal (BANDYOPADHYAY et al., 2009). Estimativas
apontam que no minimo 5% do rebanho bovino brasileiro morrem anualmente (MENDEZ;
RIET-CORREA, 2008) e dados de laboratérios de diagndstico mostram que 10.6-14% desses
casos devem-se a intoxicacao por plantas (RIET-CORREA; MEDEIRQS, 2001). De acordo
com o IBGE (2016) o efetivo bovino na regido sul conta com cerca de 28 milhdes de cabecas.
Se considerarmos que 5% dos bovinos morrem anualmente, chegamos ao nimero de 1.4 milhdo
de cabecas mortas por ano na regido sul sendo que, em torno de 196 mil (14%) animais mortos
por plantas toxicas. Estima-se que 50% destas mortes sdo atribuidas a seneciose e dessa forma,
chegamos a conclusdo de que aproximadamente 98 mil animais morrem em decorréncia da
intoxicagao por Senecio spp. (RIET-CORREA; MEDEIRQOS, 2001). De acordo com os dados
supracitados, conclui-se que somente na regido sul do Brasil perde-se 24.5 milhdes de dolares
por ano devido a intoxicag@o por Senecio spp. Perdas essas que podem ser muito maiores se
considerarmos os animais com intoxicacgdo cronica subclinica, causando reducgdes nas taxas de
producéo de carne, leite e a queda nos indices reprodutivos. Acredita-se que a causa das baixas
taxas reprodutivas dos animais intoxicados por Senecio spp. sdo geradas pelas lesdes hepaticas
que, por sua vez, contribuem com a perda de peso e a baixa condigdo nutricional dos animais
intoxicados. Porém, os resultados da pesquisa de Krabbe et al. (2015) indicam que a intoxicagdo

por Senecio spp. pode levar a subfertilidade por acdo direta dos PAs sobre as células ovarianas
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e no desenvolvimento embrionério inicial bovino. Essa descoberta nos conduziu a acreditar que
a intoxicacao por Senecio spp. pode levar a subfertilidade por acdo direta dos PAs sobre as
celulas ovarianas e no desenvolvimento embrionario inicial bovino.

O reconhecimento materno da gestacdo em ruminantes ocorre entre os dias 10-20 de
gestacdo, quando o concepto sinaliza para a mée a sua presenca (BAZER et al., 1986). O
interferon tau (IFNT) é a principal citocina responsavel pela interacdo embrido-mée para evitar
a lutedlise, estabelecer e manter a gestacdo (MCCRACKEN; CUSTER; LAMSA, 1999;
NISWENDER et al., 2000). O IFNT ¢ produzido pelo trofoblasto embrionéario durante o periodo
pré-implantagcdo e atua no Utero de forma paracrina, inibindo a expressdo de receptores
endometriais de estrdgeno e ocitocina no epitélio luminal, evitando pulsos luteoliticos de
prostaglandina F2 alfa (PGF) (SPENCER; BAZER, 1996). Além disso, a acdo do IFNT foi
identificada em tecidos extrauterinos (HAN et al., 2006; OLIVEIRA et al., 2008) para proteger
o0 corpo luteo contra pulsos de PGF (ANTONIAZZI et al., 2013; BOTT et al., 2010).

A producédo de espécies reativas de oxigénio (ROS) medeia o estresse oxidativo e, a
citotoxicidade dos PAs pode causar dano e estresse oxidativo por meio da geracao de espécies
reativas de oxigénio e nitrogénio (BANDYOPADHYAY et al., 2009). ROS participam de
diversas fungdes bioldgicas. No entanto, processos patolégicos podem ocorrer quando houver
desequilibrio entre a producdo de ROS e a capacidade antioxidante celular (SLIMEN et al.,
2014; SOYSAL et al., 2017). ROS intracelulares aumentados podem causar danos
mitocondriais e ao DNA (SLIMEN et al.,, 2014), levando a autofagia e morte celular
(BOVERIS; CHANCE, 1973; KIFFIN et al., 2004).

Pesquisas demonstram que qualquer fonte de estresse tem o potencial de interromper o
processo de interacdo entre o Utero e o embrido (THATCHER; MEYER; DANET-
DESNOYERS, 1995), consequentemente comprometendo o estabelecimento e manutencdo da
gestacdo. Portanto, o estresse oxidativo causado pelos PAs pode estar diretamente relacionado
a diminuicéo das taxas de fertilidade e ao desenvolvimento embrionario inicial.

Nossa hipotese é que os PAs afetam o desenvolvimento embrionario inicial bovino e as
células ovarianas, comprometendo a producédo de IFNT pelo embrido e causando desequilibrio
na producdo de ROS, consequentemente comprometendo 0 reconhecimento materno,
estabelecimento e manutengdo da gestacdo. Os objetivos deste estudo foram: 1) avaliar o
desenvolvimento embrionario inicial sob efeito dos PAs durante a maturacdo, e durante a
fertilizacdo e cultivo embrionario inicial in vitro; 2) demonstrar a influéncia dos PAs na

expressdo de IFNT e genes relacionados ao estresse oxidativo; 3) investigar os efeitos dos PAs
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sobre a expressdo de genes relacionados ao estresse oxidativo e ao desenvolvimento

embrionario inicial.

2 REVISAO DE LITERATURA

2.1 IMPACTO DO SENECIO BRASILIENSIS EM BOVINOS

O género Senecio possui em torno de 1.500 espécies sendo 60 destas encontradas
principalmente nas regides Sul e Sudeste do Brasil (OLIVEIRA; SILVA; TELES, 2015;
ROMO-ASUNCION et al., 2016). Destaca-se que no Rio Grande do Sul sdo encontradas 24
espécies de Senecio, entre elas o Senecio brasiliensis.

O Senecio brasiliensis é uma espécie vegetal nativa, popularmente conhecida como
“Flor-das-almas”, “Margaridinha” ou “Maria mole” (DE SOUZA et al., 2009). Esta presente
nas regides Sul, Sudeste e Centro-Oeste do Brasil, além de também ocorrer no Uruguai,
Paraguai, e na Argentina (KISSMANN; GROTH, 2000; LORENZI, 2008; PILATI; BARROS,
2007; SANDINI; UDO; SPINOSA, 2013).

Durante os meses de maio a agosto a espécie passa pelo seu periodo de brotacéo,
florescendo entre os meses de outubro a novembro. Possui grande habilidade de dispersao e
adaptacéo tanto em pastagens como em campos nativos, podendo ser um grande problema para
a pecuaria da Regido Sul. O Senecio brasiliensis é uma planta tdxica, responsavel por grande
parte dos prejuizos econdmicos em animais de producao, principalmente em equinos e bovinos.
Apesar da baixa palatabilidade, o consumo pelos bovinos no Rio Grande do Sul ocorre em
maior frequéncia no outono e inverno, periodo no qual a disponibilidade da pastagem diminui
e as plantas estdo em brotacdo (KARAM; SCHILD; DE MELLO, 2011; SANDINI; UDO;
SPINOSA, 2013).

Espécies do género Senecio sdo conhecidas pela producdo de compostos como
alcaldides pirrolizidinicos (PAs) que sdo responsaveis pela toxicidade causada por esse género
vegetal (ELIAS et al., 2011). Os PAs séo fitotoxinas naturais encontradas em muitas plantas
em todo o mundo. Os maiores teores de alcaldides sdo encontrados quando a planta esta em
periodo de floragdo, ocorrendo grande variagdo da quantidade de alcalGides nas diferentes
partes da planta (KARAM et al., 2004).

A intoxicacgdo por plantas do género Senecio é considerada a principal fitointoxicagédo

em bovinos e representa importante causa de morte de bovinos na regido Sul do Brasil com
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significativos prejuizos econdmicos em animais de producdo (BARROS et al., 2007; GRECCO
etal., 2010).

2.2 ALCALOIDES PIRROLIZIDINICOS

Os alcaldides pirrolizidinicos (PAs) sdo os principios ativos toxicos das plantas do
género Senecio, porém, eles ndo sdo quimicamente reativos e grande parte deles é excretada
inalterada. No entanto, podem ser metabolizados no figado em produtos toxicos (SANTOS et
al., 2008). Os principais PAs encontrados no Senecio brasiliensis sdo a integerrimina, a
senecionina e a senecifilina (TRIGO et al., 2003).

Os alcaldides pirrolizidinicos s&o moléculas quimicas heterociclicas compostas por
um nitrogénio ligado ao anel principal e geralmente sdo substancias de carater alcalino. O
nucleo basico de aminoalcool é denominado necina (nucleo pirrolizidina), sendo constituido
por dois anéis de cinco 4&tomos unidos por um Unico atomo de nitrogénio; a porcao acida é
denominada &cido nécico e é composta por uma ou duas ramificacfes de éster carboxilico
(Figura 1) (BOSl et al., 2013; LIU et al., 2017; PRAKASH et al., 1999).

Figura 1 - Estrutura quimica dos alcal6ides pirrolizidinicos.

R R\fo Acido Nécico
O<O ...........................

g @)
7 8 \1 Necina
6 2
N
5 4 3

Fonte: Adaptado de PRAKASH et al., 1999.

A hepatotoxicidade dos PAs é determinada por quatro caracteristicas estruturais
minimas: 1) um anel 3-pirrolina; 2) um ou dois grupamentos hidroxilas ligados ao anel
pirrolina; 3) um ou dois grupamentos esterificados; e 4) uma cadeia ramificada no residuo acido
(Figura 2) (PRAKASH et al., 1999).
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Figura 2 - Caracteristicas estruturais minimas para a toxicidade dos alcaldides pirrolizidinicos: 1) um anel 3-
pirrolina; 2) um ou dois grupamentos hidroxilas ligados ao anel pirrolina; 3) um ou dois grupamentos

esterificados; e 4) uma cadeia ramificada no residuo acido.

Fonte: Adaptado de PRAKASH et al., 1999.

Ap0s a absorcao, a circulagdo porta hepatica transporta os PAs até o figado, onde séo
biotransformados. Os principais processos de biotransformacdo dos PAs sdo a hidrolise, a
oxidacdo e a desidrogenacdo. As duas primeiras representam mecanismos de desintoxicacéo,
enquanto a desidrogenacao, através da acao da enzima citocromo P450 (CYP450) formam os
pirréis, compostos altamente reativos conhecidos como 1,2-desidropirrolizidina, o qual € o
principal metabdlito tdxico resultante do metabolismo dos PAs e responséavel pela toxicidade
das plantas do género Senecio (MCLEAN, 1970; PRAKASH et al., 1999; SANTOS et al.,
2008). Ap0ds a biotransformacao, os pirrdis lesam as células hepaticas por inibi¢do da mitose,
causando megalocitose, necrose, morte celular e substituicdo por tecido fibroso (PRAKASH et
al., 1999).

A suscetibilidade a intoxicacdo pelos PAs entre as espécies de animais domésticos
possui variacdes significativas. Algumas espécies sdo mais resistentes a intoxicacdo devido a
sua maior eficiéncia nas reacOes de bioativacdo, desintoxicacdo e excrecdo de alcaldides
(HUAN et al., 1998). Os bovinos e equinos sao bastante susceptiveis a intoxicagdo por PAS,
aproximadamente 30 vezes mais susceptiveis que ovinos e caprinos. Pequenos ruminantes
possuem maior resisténcia a intoxicacdo devido a sua capacidade em detoxificar os PAs no
figado, e também s@o animais menos seletivos quanto a ingestao de alimentos, desenvolvendo,

em virtude disso, maior resisténcia as toxinas (HUAN et al., 1998).
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2.2.1 Alcaldides pirrolizidinicos na reproducao animal

Por muito tempo acreditou-se que as baixas taxas reprodutivas em animais
intoxicados por Senecio spp. eram consequéncia das lesdes hepaticas causadas pelos PAs que,
por sua vez, contribuiam com perda de peso, baixa condicdo corporal e queda dos indices
produtivos dos animais. Porém, em 2015, Krabbe et al. sugeriu a possibilidade de se considerar
que a intoxicagao por Senecio spp. pode levar a subfertilidade por agéo direta dos PAs sobre as
células ovarianas. Durante seu experimento, vacas prenhes intoxicadas apresentaram ovarios
com megalocitose de nucleos de células luteinicas grandes (CLGs), da mesma forma que no
figado. Os bovinos intoxicados apresentaram nucleos medindo aproximadamente 24pum (Figura
3), enquanto os bovinos controle apresentaram nudcleos com média de aproximadamente 7um
de diametro (KRABBE et al., 2015).

Figura 3 - Corpo luteo de uma vaca prenhe que apresenta células luteinicas grandes com megalocitose (seta).
Células luteinicas grande normal (cabeca de seta). Podem ser observadas células luteinicas pequenas normais

(seta vazada) e capilares (*). Corada em hematoxilina-eosina (HE). Barra = 20um. Lente Obj. 40X.
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Fonte: (KRABBE et al., 2015).

Sabe-se que a megalocitose esta relacionada ao efeito antimitético causado pelos PAs
e ndo por inibicdo da sintese de DNA, o que induz a sintese continuada de nucleoproteinas
associadas a inibicdo da mitose. Como as células ndo se dividem e continuam a sintetizar DNA,

aumentam de tamanho, morrem e sdo substituidas por tecido fibroso (SANTOS et al., 2008).
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Esses efeitos sdo induzidos pela a¢éo dos pirrdis no reticulo endoplasmatico, gerados a partir
da acdo enzimatica do citocromo P450 (KRABBE et al., 2015). Esse grupo de enzimas é
responsavel por metabolizar diversos componentes, 0s quais muitas vezes geram agentes com
maior toxicidade a partir dessa metabolizacdo (LIU et al., 2017).

O processo de mitose € fundamental no desenvolvimento dos o6citos em vacas, bem
como na formagdo e desenvolvimento das CLGs do corpo luteo. Possivelmente, o fato das
CLGs sofrerem mitose e apresentarem grande atividade de enzimas citocromo P450 as torna
susceptiveis a acao dos pirrois e a desenvolverem megalocitose (KRABBE et al., 2015).

As CLGs sdo responsaveis por produzirem altas quantidades de progesterona (P4),
um dos principais hormonios do desenvolvimento gestacional (BERTAN et al., 2006). A P4
desempenha fun¢des fundamentais no sistema reprodutor das fémeas, como a regulacdo e
manutencdo do ciclo estral, miorrelaxamento uterino, e estimula a proliferacdo de células no
endométrio, fundamentais para propiciar as condi¢des necessarias para o desenvolvimento do
embrido (BERTAN et al., 2006). Portanto, € possivel que as alteraces gonadais decorrentes
dos PAs presentes no Senecio possam interferir nesses mecanismos e causar subfertilidade em
vacas (BERTAN et al., 2006; OLIVEIRA; CASSAL; PIZARRO, 2003).

2.3 RECONHECIMENTO MATERNO DA GESTACAO

O reconhecimento materno da gestacdo € o processo fisiologico pelo qual o embrido
sinaliza sua presenca para a mae e prolonga a vida util do corpo lateo (CL) no ovaério,
consequentemente evitando o retorno a ciclicidade e promovendo a manutencdo e 0
desenvolvimento embrionario (BAZER et al., 1991; NISWENDER et al., 2000).

Apbs a fecundacéo, inicia-se o processo de formacdo do embrido (Figura 4). As fases
do processo de desenvolvimento embrionario inicial em bovinos sdo: fase de zigoto, quando
ocorre a singamia; fase de morula, quando o embri&o entra no Utero 4 a 6 dias apds a fecundagao
do oocito; e fase de morula compacta; ap0s essa fase inicia-se a fase de blastocisto inicial, com
a formacéo da blastocele e o estabelecimento de dois tipos celulares: trofoblasto e massa celular
interna (embrioblasto); em seguida o blastocisto em desenvolvimento passard pela fase de
expansdo, até o dia 8, quando ocorre a eclosdo do blastocisto da zona pellcida (fase de
blastocisto eclodido); apds a eclosdo o blastocisto cresce lentamente de forma tubular ou
ovoide, durante a fase de elongacdo. A fase de elongacdo se inicia com 12 dias apés a

fertilizacdo em ovelhas e com 15 dias em bovinos, nesta fase ocorre aumento exponencial do
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comprimento e peso do trofectoderma, formando um filamento capaz de preencher todo espaco
intrauterino (Figura 4) passando a se chamar concepto (BO; MAPLETOFT, 2013;

HIRAYAMA et al., 2014).

Figura 4 - Desenvolvimento embrionario inicial em ruminantes.
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Fonte: (SPENCER et al., 2007).

O interferon tau (IFNT) é uma proteina secretada em grandes quantidades pelas
células do trofoblasto do embrido de ruminantes antes da implantacdo. O RNAm para IFNT
comeca a ser expresso a partir do quarto dia do desenvolvimento embrionério, enquanto a
proteina IFNT é detectada no sétimo dia do desenvolvimento embrionario em bovinos
(KUBISCH; LARSON; ROBERTS, 1998), e tem seu pico de secrecao entre os dias 14 e 16 de
gestacdo em ovinos e entre os dias 18 e 20 em bovinos (FARIN et al., 1990), e termina durante
a implantagdo embrionéria, pois o contato do trofoblasto com o endométrio cessa a producéo
de IFNT (DEMMERS; DERECKA,; FLINT, 2001).

O IFNT é a principal citocina secretada pelo embrido e responsavel pela sinalizagédo
da gestacdo (ROBERTS et al., 1999; SPENCER; BAZER, 2002). Seu mecanismo de agéo

classico ocorre através do controle da expressdo de receptores de estrogenos (ESR1) e
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consequentemente de receptores de ocitocina (OXTR) no endométrio uterino, prevenindo a
producdo pulsétil de prostaglandina F2 alfa (PGF), evitando a lise do corpo Iuteo e retorno a
ciclicidade (MCCRACKEN; CUSTER; LAMSA, 1999; SPENCER; BAZER, 1996).

A progesterona (P4) é um hormonio essencial para o desenvolvimento do embrido e
manutencdo da gestagdo. Animais com elevada concentragdo sérica de P4 durante o
reconhecimento materno da gestacdo tem maior crescimento embrionério e maior producao de
IFNT pelas células do trofoblasto embrionario (CLEMENTE et al., 2009; RIBEIRO et al.,
2016). A P4 favorece a maioria das acdes do IFNT sobre o utero, e é fundamental para a
receptividade uterina e implantacdo do embrido. O didmetro folicular também é importante,
pois vacas com maior foliculo pré-ovulatério desenvolvem corpo liteo de maior didmetro,

produzindo mais P4 e favorecendo o desenvolvimento embrionario (RIBEIRO et al., 2016).

2.3.1 Ac0es do interferon tau

O interferon tau (IFNT) é uma proteina composta por 172 aminoécidos presente
somente em ruminantes. Pertence ao grupo dos interferons tipo 1 (IFN-I) e sua principal fungédo
¢ evitar o retorno ao estro, preservando o funcionamento do corpo IUteo durante a gestacao
(NISWENDER et al., 2000; ROBERTS et al., 2003). O IFNT pode atuar de maneira paracrina,
enddcrina e autocrina no reconhecimento materno da gestagdo em ruminantes.

A via de sinalizacdo parécrina, conhecida como via classica de sinalizacdo do
reconhecimento materno da gestagdo, inicia-se quando o IFNT produzido pelo concepto é
secretado no lamen uterino (Figura 5) (ROBERTS et al., 1989). O IFNT secretado pelo
concepto iré se ligar aos seus receptores presentes no endométrio. Existem dois receptores de
interferon tipo | que sdo IFNAR1 e IFNAR2, onde a molécula de IFNT se liga. Estes sdo
expressos em todos os Orgaos corporais, tendo como principal funcdo mediar respostas
antivirais. Também estdo presentes no Utero de ruminantes e atuam na via de sinalizacéo
paracrina (BINELLI et al., 2001). A ligacdo do IFNT aos seus receptores no endométrio ira
ativar a cascata JAK/STAT, formando o fator de transcricdo ISGF3, que ira se ligar a regides
definidas no DNA, chamadas de elementos responsivos a estimulacdo por interferons (ISREs),
e regular a transcrigdo do receptor de estrogeno (ESR1) e consequentemente o receptor de
ocitocina (OXTR) (Figura 5) (ANTONIAZZI et al., 2011; SPENCER; BAZER, 1996). A

supressdo dos receptores ESR1 e OXTR altera a cascata de sintese de prostaglandinas e
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modifica o padréo de sintese e liberacdo de prostaglandina F2 alfa (PGF) e, consequentemente
inibe a lutedlise (ANTONIAZZI et al., 2011; MCCRACKEN; CUSTER; LAMSA, 1999).

Figura 5 - Mecanismo de acdo paracrina do interferon tau durante o reconhecimento materno de gestacdo em

bovinos.
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Fonte: (ANTONIAZZI et al., 2011).

Foi demonstrado que o IFNT possui acdo enddcrina (Figura 6) em outros locais, como
por exemplo, células imunes e luteais (HAN et al., 2006; OLIVEIRA et al., 2008). A
comprovacao da saida de IFNT do Utero pela veia uterina sugere que a acdo endocrina do IFNT
possa ser um mecanismo complementar ao mecanismo intrauterino de reconhecimento materno
da gestacdo (OLIVEIRA et al., 2008).

A acdo do IFNT em tecidos extrauterinos eleva a expressao de genes estimulados por
interferon (ISGs) na corrente circulatéria (HAN et al., 2006), no endométrio, e no corpo lateo
durante o reconhecimento materno da gestacdo (OLIVEIRA et al., 2008). Aos sete dias do
desenvolvimento embrionario ja existe sinalizacdo do embrido no endométrio, elevando a
expressdo de genes estimulados por interferon no endometrio, dentre eles 1SG15
(SPONCHIADO et al., 2017). A proteina ISG15 €é detectada em quantidades significativas em
lavados uterinos no dia 18 de gestacdo (AUSTIN et al., 1996; JOHNSON et al., 1998), e aos 19
dias de gestacdo em células mononucleares do sangue periférico (STEFANELLO et al., 2021).



21

No corpo luteo os I1SGs estdo envolvidos com a resisténcia a acdo luteolitica da PGF
(ANTONIAZZI et al., 2013). Um dos estudos conduzidos para elucidar sua agdo endocrina foi
realizado através da infusdo de IFNT recombinante ovino (rolFNT) na veia uterina de ovelhas.
Os resultados demonstraram que a infusdo de IFNT estende o ciclo estral além do dia 32, ou
seja, 0 IFNT preserva a funcionalidade do corpo lateo (BOTT et al., 2010).

A 1SG15 considerada uma das principais proteinas induzidas durante a infecg&o viral
via resposta por interferon tipo I. Além disso, a ISG15 tem sido estudada também como
marcadora de gestacdo em bovinos e ovinos (HAN et al., 2006; OLIVEIRA et al., 2008;
STEFANELLO etal., 2021).

O mecanismo de acdo autdcrina do IFNT foi descoberto com a identificagdo da
expressdo de receptores de interferon tipo I (IFNAR1) nas celulas do trofectoderma ovino,
indicando possivel funcdo do IFNT em suas préprias células de origem (IMAKAWA et al.,
2002). Para comprovar a acdo do IFNT atravées da via autdcrina foram adicionadas diferentes
concentracdes de IFNT recombinante bovino (rbIFNT) em cultivo celular de trofoblasto, e
mostraram que o tanto o desenvolvimento celular como a expressdo de ISGs aumentaram a
medida que aumentava a concentracdo de rbIFNT no meio de cultivo, comprovando que o IFNT
atua como regulador autdcrino de proliferacdo das células do trofoblasto (WANG et al., 2013),
sendo essencial, através das suas diferentes vias de acdo (paracrina, endocrina e autocrina), para

0 reconhecimento materno da gestacéo e o desenvolvimento embrionério inicial.

Figura 6 - Mecanismo de acdo paracrina e enddcrina do IFNT durante o reconhecimento materno da gestacao.
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2.4 ESTRESSE OXIDATIVO

A mitocondria é o principal local de metabolismo do oxigénio, nela o oxigénio
consumido pelo metabolismo celular é reduzido a 4&gua por acbes enzimaticas,
aproximadamente 2 a 5% do oxigénio consumido, fisiologicamente, resultard na formacéo de
espécies reativas de oxigénio (ROS), os quais sdo subprodutos do metabolismo do oxigénio. As
principais espécies reativas de oxigénio sdo anions superoxidos (O2), radicais hidroxila (OH),
e peroxido de hidrogénio (H20.) (BLONDIN; COENEN; SIRARD, 1997).

As células possuem sistema de protecdo antioxidante, que tem a funcdo de inibir os
efeitos deletérios de ROS (CHIHUAILAF, CONTRERAS; WITTWER, 2002). Em
concentracdes fisioldgicas as ROS sdo benéficas ao organismo celular, participando de diversas
funcBes bioldgicas como o reinicio da meiose de odcitos dipldtenos (MORADO et al., 2009;
SHKOLNIK et al., 2011). Porém, altas concentracbes de ROS podem oxidar substratos
proteicos, nucleotidicos e lipidicos, causando danos celulares e interferindo na funcéo celular,
ativando vias de inflamacdo e apoptose (KIZAKI et al., 2006; SLIMEN et al., 2014; SOYSAL
etal., 2017; UCHIKURA et al., 2004).

O controle da producéo e neutralizacdo de ROS é mantido através do sistema de defesa
antioxidante mitocondrial, cuja funcdo principal é manter o equilibrio oxidativo. O sistema
antioxidante é constituido por dois grupos antioxidantes principais: enziméticos e ndo
enzimaticos. Os antioxidantes enzimaticos possuem trés enzimas importantes: superdxido
dismutase (SOD), pertencente a classe de enzimas que catalisam a hidrélise do anion
superdxido em oxigénio e perdxido de hidrogénio; catalase (CAT) e glutationa peroxidase
(GPX), pertencentes a classe de enzimas que catalisam a reducdo do perdxido de hidrogénio
em &gua e oxigénio e, juntos, estabilizam a célula lesada (SOYSAL et al., 2017; TURRENS,
2003). Dentre os antioxidantes ndo enzimaticos estdo compostos como as vitaminas A, C e E,
selénio, entre outros (SLIMEN et al., 2014).

O estresse oxidativo ocorre quando ha desequilibrio entre 0s mecanismos oxidativos e
as defesas antioxidantes celulares. Quando o desequilibrio ocorre, s@o produzidas substancias
pré-oxidantes acima da capacidade antioxidante do organismo. Isso pode acontecer por excesso
de substancias pro-oxidantes e/ou pela deficiéncia no sistema antioxidante (BAYNES, 1991,
PARTHIBAN et al., 1995; SIMOES et al., 2013).
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NUmeros crescentes de estudos in vitro demonstram os efeitos das ROS na reproducéo
animal e humana (MORADO et al., 2009; SHKOLNIK et al., 2011). O estresse oxidativo tem
implicado em disfuncbes graves como doenca de Parkinson, doenca de Alzheimer, esclerose
multipla, envelhecimento e varios distarbios mutagénicos, bem como teratogénicos
(BANDYOPADHYAY et al., 2009; GUO et al., 2013). E marcadores de estresse oxidativo em
bovinos, como mensuragdo de SOD e quantificacdo de ROS vem sendo empregados para a
identificacdo do estresse oxidativo, bem como mecanismos para neutralizar seus efeitos
deletérios, como a utilizacdo de antioxidantes ndo enzimaticos em meios de maturacéo,
fertilizag&o e cultivo de embrides (ASCARI et al., 2017; LI et al., 2016; MISHRA et al., 2016;
ROCHA-FRIGONI et al., 2016; TAKAHASHI et al., 2002).
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Abstract

Senecionine (SN) and seneciphylline (SP) are members of the pyrrolizidine alkaloid
(PA), family of compounds that are found in many plant species worldwide, among them,
Senecio spp. They are the most important toxic plants affecting cattle in southern Brazil. The
PAs contained in Senecio spp. become toxic when they are biotransformed by the action of
the cytochrome P450 enzyme. We hypothesize that PAs cause effects on ovarian cells and
bovine embryos, being responsible for significant decreases in cattle reproductive
performance and productivity. To clarify this matter, we aimed to investigate interferon tau
(IFNT), oxidative stress and cell survive related genes under SN and SP influence on in vitro
embryo production. Cumulus-oocyte complexes (COCs) were matured under PAs conditions,
fertilized, and cultured without PAs conditions (IVM groups); or COCs were matured and
fertilized without PAs conditions and the zygotes were cultured under PAs conditions (IVC
groups). On day 7, PAs did not alter embryos that were poisoned during COCs maturation,
except in IFNT expression (SP treatment; P<0.05). However, PAs (especially SN) poisoning
during IVC affect not only IFNT, but also oxidative stress and cell survival genes (P<0.05). In
conclusion, the PAs could be modulating the expression of oxidative stress and cell survival
genes in embryos, impairing the expression of IFNT and compromising the early embryo

development during in vitro bovine embryo culture.

Keywords: Interferon tau, oxidative stress, pyrrolizidine alkaloids, early embryo

development, plant intoxication.
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Introduction

Senecio brasiliensis is the most widely distributed species of Senecio spp. in Brazil
and responsible for the great majority of cases of spontaneous intoxication in cattle. It is a
native weed in South America and widely distributed in the southern region of Brazil,
Uruguay, Argentina and Paraguay (KISSMANN & GROTH, 2000; Lorenzi, 2008). It is well
established that Senecio spp. are the most important toxic plants affecting cattle in southern
Brazil (Barros et al., 2007; Driemeier et al., 1991; Grecco et al., 2010; Panziera et al., 2018).
More than 50% of all cattle deaths caused by toxic plants in Southern Brazil is caused by
Senecio spp. (Barros et al., 2007; Karam et al., 2004; Riet-Correa & Medeiros, 2001; Rissi et
al., 2007).

The toxic principle of plants of the genus Senecio comprises pyrrolizidine alkaloids
(PAs). Senecionine (SN) and seneciphylline (SP) are members of PA family of compounds
that are common constituents of many diverse plant species and toxic to a variety of
mammalian tissues (Gordon et al., 2000). The PAs contained in the plants are not chemically
reactive, and most of them are excreted unchanged. However, they become toxic when
biotransformed in the liver by the action of the cytochrome P450 enzyme (CYP450; and its
isoforms), whose expression is regulated by the cytochrome P450 1A1 gene
(CYP1A1)(Gordon et al., 2000; Pocar et al., 2004), into a highly reactive pyrrole, known as
1,2-dehydropyrrolizidine, which is the primary toxic metabolite. Secondary toxic metabolites,
termed alcoholic pyrroles, are also formed (McLean, 1970; Prakash et al., 1999). A number of
PAs have been extracted from S. brasiliensis, including integerrimine, senecionine,
seneciphylline, retrorsine, and usuramine (Trigo et al., 2003). After the biotransformation, the
pyrroles are capable of producing chronic and irreversible damage, characterized by inhibition

of cell mitosis, megalocytosis and cell death (Prakash et al., 1999).
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The intoxication with Senecio spp. has always been described targeting the liver and
hepatocytes, as they can express and transcribe the CYP450, responsible for converting PAs
into pyrrole groups (Huan et al., 1998). However, Krabbe et al. 2015 highlights that Senecio
brasiliensis intoxication causes changes in bovine ovaries, especially luteal cell
megalocytosis. A likely hypothesis for the alterations in bovine ovaries is the fact that the
ovaries are able to express and transcribe CYP450 and its isoforms (Leighton et al., 1995).
These data lead us to believe that intoxication by Senecio spp. can cause subfertility due to the
direct action of PAs on ovarian cells and in the early bovine embryo development. Allied to
this, there are damages caused to hepatocytes, which are cumulative and irreversible, and will
cause a significant decrease in cattle productive and reproductive performance.

Maternal recognition of pregnancy (MRP) in ruminants occurs on pre-implantation
period of pregnancy when the conceptus signals to the mother its presence by interferon tau
(IFNT) secretion, which act in the uterus avoiding PGF luteolytic pulses (Bazer et al.,
1986)(Mccracken et al., 1999; Niswender et al., 2000; Spencer & Bazer, 1996). Also, IFNT
action has been identified in extrauterine tissues in an endocrine manner (Han et al., 2006;
Oliveira et al., 2008) to protect the corpus luteum against PGF pulses (Antoniazzi et al., 2013;
Bott et al., 2010). It led us to believe that PAs can affect and cause damage in both early
bovine embryos development and ovarian cells compromising IFNT production and
consequently the MRP.

The production of reactive oxygen species (ROS) mediates oxidative stress, and
pyrrole groups can cause cell damage and oxidative stress through the production of reactive
oxygen and nitrogen species (Bandyopadhyay et al., 2009). ROS participates in several
biological functions. However, pathological processes may occur when an imbalance between
ROS production and antioxidant capacity takes place in the cells (Slimen et al., 2014; Soysal

et al., 2017). Oxidative stress is controlled by a complex antioxidant system constituted of
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enzymatic and nonenzymatic antioxidants, including three important enzymes: superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPX) (Soysal et al., 2017).
Enhanced intracellular ROS may cause DNA and mitochondrial damage (Slimen et al., 2014),
leading to nonspecific modification of lipids and proteins (Wang et al., 2013), activating cell
autophagy mechanisms (Kiffin et al., 2004) and apoptosis (Boveris & Chance, 1973). It has
been reported that any source of stress has the potential to disrupt the process of interactions
between the uterus and the embryo (Thatcher et al., 1995), consequently compromising the
establishment and maintenance of pregnancy. Therefore, the oxidative stress caused by
pyrrole groups may be directly related to the decrease in fertility rates and early embryonic
development.

Therefore, we hypothesized that PAs affect early bovine embryos development as well
as affect ovarian cells, thus lead to oxidative stress and compromising the production of IFNT
by the bovine embryos and consequently the MRP. The objectives of the present study were:
(a) to evaluate the effects of PAs during oocyte maturation, and on embryo development
under in vitro conditions; (b) to demonstrate the effect of PAs on IFNT gene expression in
embryos produced in vitro; (c) to investigate the effect of PAs on oxidative stress genes

expression.

Materials and methods
Chemicals
Chemicals and reagents were purchased from Sigma Chemical Company (Sigma-

Aldrich, St. Louis, MO, USA), unless otherwise indicated.

Oocyte recovery and in vitro maturation
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Cow ovaries were obtained from a local slaughterhouse and transported to the

laboratory in saline solution (0.9% NaCl; 30°C) containing 100 1U/ml penicillin and 50 ug/ml
streptomycin sulfate. COCs from 3 to 8 mm diameter follicles were aspirated with a vacuum
pump (vacuum rate of 20 ml of water/min). The COCs were recovered and selected under a
stereomicroscope. Grade 1 and 2 COCs (Leibfried & First, 1979) were randomly distributed
(average of 42 COCs per group) into 400 ul of maturation medium in four-well plates (Nunc,
Roskilde, Denmark), with graded concentrations of PAs (SN or SP; 0, 1, 10 or 100 ng/ml;
Sigma-Aldrich, St. Louis, MO) or ethanol (control groups) added at this stage of cultivation in
their respective groups and concentrations to assess the effects of PAs during oocyte
development. Oocytes were cultured in an incubator at 39°C in 5% CO2 and 95% air, for 24 h.
The maturation medium used was TCM199 containing Earle's salts and L-glutamine (Gibco
Labs, Grand Island, NY), supplemented with 25 mM HEPES, 0.2 mM pyruvic acid, 2.2
mg/ml sodium bicarbonate, 100 IU/ml penicillin and 50 ug/ml streptomycin sulfate, 0.4%

fatty acid-free BSA.

In vitro fertilization

After in vitro maturation, bovine oocytes were fertilized in vitro with frozen thawed
semen and fractionated on discontinuous Percoll (GE Healthcare, Sdo Paulo, SP, Brazil)
gradient (Parrish et al., 1986). Sperm was diluted and added to the COCs plate with final
concentration adjusted to 2 x 108 sperm/ml in Fert-TALP medium containing 10 ug/ml
heparin, 20 pg/ml penicillin, 15 mM hypotaurine, and 1 uM epinephrine (Machado et al.,
2015; Parrish et al., 1988). Fertilization was carried out by coculture of sperm and oocytes for
18-20 h in four-well plates in the same atmospheric conditions used for maturation. In vitro

fertilization day was considered as day 0 of embryo production.
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In vitro embryo culture

After in vitro fertilization, presumptive bovine zygotes were denuded by vortexing,
and then cultured in groups of 8 in a culture chamber (CBS Scientific, Del Mar, CA) at 39°C
and saturated humidity atmosphere containing 5% CO3, 5% O, and 90% N> for 7 days in 400
ul of synthetic oviduct fluid of non-sequential medium (SOF) in four-well plates (Nunc,
Roskilde, Denmark), as previously described (Holm et al., 1999), with graded concentrations
of PAs (SN or SP; 0, 1, 10 or 100 ng/ml; Sigma-Aldrich, St. Louis, MO) or ethanol (control
groups) added at this stage of cultivation in their respective groups and concentrations to
assess the effects of PAs during early embryo development. Cleavage rates were evaluated 48
h after fertilization and blastocyst rates were assessed on day 7 of embryo development.
Blastocysts evaluated on day 7 were rinsed three times in phosphate-buffered saline (PBS)

and collected in a pool of eight embryos stored at -80°C for subsequent RNA extraction.

RNA extraction, reverse transcription, and real-time polymerase chain reaction

The total RNA was extracted from 8 blastocysts per treatment and replicated on day 7
by using the PureLink™ RNA Mini Kit (ThermoFish Scientifics, Carlsbad, CA, USA)
according to the manufacturer's recommendations. Quantification and estimation of RNA
purity were performed using Nanodrop spectrophotometer (Thermo Fisher Scientific;
absorbance 260/280 nm ratio). RNA was treated with 0.1 U DNAse Amplification Grade
(Thermo Fisher Scientific) for 15 min at 27°C to neutralize any DNA molecules. DNAse was
inactivated with 1 pl ethylenediaminetetraacetic acid for 10 min at 65°C. Reverse
transcription was performed adding 1 U Script cDNA Synthesis Kit (Bio-Rad, Hercules, CA)
for 5 min at 25°C followed by 30min at 42°C and 5 min at 85°C. gPCR was conducted in a
thermocycler (Bio-Rad) using 2 ul of complementary DNA (cDNA) and 8 pl of MIX

containing forward and reverse bovine specific primers (Table 1), nucleases free water, and
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GoTag® Master Mix (Promega Corporation, Madison). Amplification was performed with an
initial denaturation at 95°C for 5 min followed by 40 cycles of denaturation at 95°C for 15s
and annealing/extension at 60°C for 30s. To optimize the RT-qPCR assays, serial dilutions of
cDNA templates were used to generate a standard curve, and efficiency between 90% and
110% and coefficient of determination (R2) higher than 0.98 were considered. Samples were
run in duplicate and the results of all genes were expressed relative to the RPS18 reference
gene (Pfaffl, 2001). The relative quantification of gene expression across treatments was

evaluated using the ddCt method (Zhang & Ealy, 2012).

Experimental design
Experiment 1 - Detection of cytochrome P450 1A1 mRNA expression in ovarian cells

To determine CYP1A1 mRNA expression in ovarian cells, follicles of diameter 6 to 10
mm were dissected from the ovaries of adult cows (predominantly Taurus) obtained from a
local slaughterhouse and transported to the laboratory in saline solution on ice (0.9% NacCl).
The antral cavity was flushed repeatedly with cold saline, and granulosa cells were recovered
by centrifugation at 1200 g for 1 min and pooled with the follicular fluid pellet. The
remaining granulosa cells adhering to the follicle wall were removed by gently scraping with
a blunt Pasteur pipette, and the theca layer was removed with forceps and washed in saline by
repeated passages through a 1 ml syringe. Samples were collected in Trizol (Invitrogen Life
Technologies), homogenized with a Polytron, and submitted immediately to total RNA

extraction according to the manufacturer’s protocol.

Experiment 2 - Effect of PAs on cumulus-oocyte complexes in vitro maturation
The present experiment was designed to evaluate the effect of two major PAs presents

in S. brasiliensis (SN and SP) in graded concentrations (0, 1, 10 or 100 ng/ml) on cumulus-
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oocyte complexes (COCSs) during in vitro maturation. COCs were randomly distributed into
the following groups: (a) control group, (n = 42); (b) COCs matured under SN conditions
(IVM SN; n = 42); (c) COCs matured under SP conditions (IVM SP; n = 42). All groups were
treated with 0, 1, 10 or 100 ng/ml of the respective PA or ethanol (control groups), and 100
ng/ml FSH on IVM. After IVM, matured COCs were fertilized and cultured without any
addition of PAs until day 7. The study was completed in five replicates. Cleavage and
blastocyst rates were evaluated, respectively, 2 and 7 days after fertilization in an in vitro

production performed as described above.

Experiment 3 - Effect of PAs on in vitro embryo culture

In experiment 3 was evaluate the effect of the same PAs utilized previously (SN and
SP) in graded concentrations (0, 1, 10 or 100 ng/ml; Sigma-Aldrich, St. Louis, MO) on in
vitro embryo culture. Firstly, COCs were matured without any addiction of PAs. Matured
COCs were randomly distributed into the following groups: (a) control group (n = 42); (b)
COC:s cultured until day seventh under SN conditions (IVC SN; n = 42); (c) COCs cultured
until day seventh under SP conditions (IVC SP; n = 42); All groups were treated with 100
ng/ml FSH on IVM; and 0, 1, 10 or 100 ng/ml of the respective PA or ethanol (control
groups) on in vitro culture. The study was completed in five replicates. Cleavage and
blastocyst rates were evaluated, respectively, 2 and 7 days after fertilization in an IVC

procedure performed as described above.

Statistical analysis
Proportion of blastocysts were arcsine transformed before the analysis. The analysis of
variance was performed with software JMP (SAS Institute) with the treatment as main effect

and replicates as a random variable. Differences between the means were tested with the
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Tukey multiple comparison test. The homogeneity of variance was tested with O'Brien test.
Data that did not follow a normal distribution (Shapiro-Wilk test) were transformed into

logarithms. Differences were considered at P<0.05.

RESULTS
Cytochrome P450 1A1 mRNA abundance in ovarian cells.
Real-time PCR revealed the presence of CYP1A1 mRNA predominantly in granulosa

cells, in theca cells and in bovine embryo (Figure 1).

The effect of PAs on cleavage and blastocyst rates of bovine embryos produced in vitro.

Senecionine (SN; Figure 2a) and seneciphylline (SP; Figure 2c¢) did not affect cleavage
rate (P>0.05) on IVM either IVC groups (Figure 3a and 3c, respectively) when compared to
the IVM and 1\VC control groups respectively.

On day 7 after IVF, all maturation treated (IVM) groups (SN: Figure 2b; SP: Figure
2d) had no differences in the blastocysts developmental rates (P>0.05), when compared to the
control groups. Groups treated with PAs (SN: Figure 3b; SP: Figure 3c) during in vitro
embryo culture (IVC groups) had difference in the blastocysts developmental rates (P<0.05),
when compared to the I\VVC control groups. The 1 ng/ml and 10 ng/ml IVC SN groups (Figure
3b) were no difference (P>0.05) when compared to the IVC SN control groups. However, the
100 ng/ml IVC SN groups (Figure 3b) presented decreased blastocysts developmental rates
(P<0.05) when compared to the IVC SN control groups. The 1 ng/ml IVC SP groups were no
difference (P>0.05) when compared to the IVC SP control groups, however, the 10 ng/ml and
100 ng/ml IVC SP groups presented decreased developmental rates (P<0.05) when compared

to the IVC SP control groups (Figure 3d).
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IFNT mRNA abundance in bovine embryos exposed to PAs
On day 7, IFNT mRNA abundance was determined by real-time quantitative

polymerase chain reaction (RT-qPCR). The image of IFNT mRNA expression (Figure 4)
showed that IFNT decrease (P<0.05) when the embryos of IVC groups were exposed to SN
concentrations (Figure 4c), but when the embryos were exposed to SP concentrations there
were no difference (P>0.05), when compared to the control groups (Figure 4d). In the groups
treated with PAs on in vitro maturation. There was a difference (P<0.05) in the groups treated
with SP (Figure 4b), of which only 1 ng/ml IVM SP group did not present difference when
compared to the IVM SP control group, whereas 10 ng/ml and 100 ng/ml IVM SP groups
presented difference (P<0.05) when compared to the VM SP control group (Figure 4b). The
groups treated with SN during in vitro maturation did not have difference (P>0.05) in IFNT

MRNA expression when compared to the IVM SN control group (Figure 4a).

Oxidative stress profile and cellular defense of bovine embryos exposed to PAs

Figures 6 and 7 show the mRNA relative expression of CAT (Figure 6a), GPX1
(Figure 6b), SOD1 (Figure 6¢), SOD2 (Figure 6d), and HSP90 (Figure 7¢) of the groups
treated with SN during in vitro embryo culture (IVC SN). CAT mRNA expression had
difference when compared to the control group. GPX1, SOD1, SOD2 and HSP90 mRNA
levels were downregulated (P<0.05) when compared to their respective IVC SN control
groups.

There was no difference in the groups treated with SP during in vitro culture: CAT
(Figure 6e), GPX1 (Figure 6f), SOD1 (Figure 6g), SOD2 (Figure 6h); and HSP90 (Figure 7d),
of which only GPX1 (Figure 6f) showed difference (P<0.05) in 100 ng/ml IVC SP group

when compared to their respective IVC SP control groups.
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There was no difference in the groups treated with SN (IVM SN groups: CAT, GPX1,
SOD1 and SOD2; Figure 5a-5d) or SP (IVM SP groups: CAT, GPX1, SOD1 and SOD2;
Figure 5e-5h) in maturation, as there was no difference in mRNA expression for HSP90

(Figure 7a-7b), when compared to their respective control groups.

Discussion

This study provides an overview of influence of the main PAs (SN and SP) present in
Senecio brasiliensis on in vitro embryo production. Another study from our group identified,
through the analysis of epidemiological factors, such as the presence of the plant, associated
with the activity of the enzyme gamma glutamy!| transferase (GGT) and liver damage the
effects caused by poisoning by Senecio spp. on reproduction. Cows with higher GGT had
lower pregnancy rate, smaller CL diameter, lower concentration of progesterone, and lower
ISG15 mRNA relative expression (Stefanello et al., 2021), which means that cows with a
higher degree of poisoning by Senecio spp. had worst reproductive indices. Therefore, we
evaluated the effects of PAs on COCs maturation and early embryo development in vitro. Our
mainly finding were: 1) CYP1A1 mRNA is expressed on granulosa cells, theca cells, and
bovine embryos; 2) PAs treatment during IVM did not alter cleavage and embryo
development rates, oxidative stress parameters and cell survival; 3) Although COCs treated
with SP during IVM developed to the blastocyst stage, there is a lower expression of IFNT in
a dose-dependent manner; 4) Zygotes treated both with SN and SP during IVC had lower
blastocyst rates in a dose-dependent manner; and 5) Zygotes treated with 200ng/ml SN during
IVC had lower expression of IFNT, antioxidant enzymes and cell survival genes, but SP

treatment was no difference among groups.
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The PAs become toxic when they are biotransformed by the action of the CYP450
(and its isoforms) into a highly reactive pyrrole (McLean, 1970; Prakash et al., 1999). After
the biotransformation, the pyrroles can produce chronic and irreversible damage,
characterized by inhibition of cell mitosis, causing megalocytosis and cell death (Prakash et
al., 1999). A recent study report that PAs also acts directly on ovarian cells, causing
megalocytosis in large luteal cells (LLC) in cows poisoning by Senecio spp. (Krabbe et al.,
2015). So, we research CYP450 expression on follicular and embryonic cells, and our data
show that both ovaries (granulosa and theca cells) and bovine embryos (day 7) expressed
CYP450 mRNA (Figure 1), indicating that the presence of this enzyme may be involved in
the biotransformation of pyrroles in these tissues.

In this study, we used an in vitro bovine embryo production model to be poisoning the
oocyte maturation (VM) and early embryo development until day 7 (IVC). Interestingly, the
groups treated on IVVM both with SP and SN had no difference among groups in cleavage and
blastocyst rates. However, the cumulative effect among days of I\VVC decreased the blastocyst
rates of both SN and SP treated groups in a dose-dependent response. It means the embryo
can repair damage occurred on oocyte maturation during its embryonic development (Ménézo
et al., 2010) or PAs poisoning during IVM is not sufficient to cause a decrease in embryo
development rates. Therefore, to try to elucidate this, we accessed abundance of IFNT;
antioxidant enzymes SOD1, SOD2, GPX and CAT; and cell survival gene HSP90 among
groups.

IFNT is a cytokine produced by trophectoderm and it is essential for the MRP in cattle
(Spencer et al., 2004) and consequently for embryo development (Brooks et al., 2014). IFNT
MRNA begins to be expressed at day 4 in in vitro produced embryos (Talukder et al., 2017)
and can be considered a good marker for embryonic health (Roberts et al., 2008). In our

study, although we had no difference between embryo development rates, the IVM SP group
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(10 and 100 ng/ml treatments) had a lower abundance of IFNT mRNA. However, comparing
IVC groups, SN-treated group decreased expression of IFNT mRNA in all treatment doses (1,
10 and 100 ng/ml). According demonstrated by Krabbe (2015), PAs impairs LLCs causing
megalocytosis in cows poisoning by Senecio spp. It is known LLCs produce progesterone
(P4), a key hormone responsible for embryo development during pre-implantation phase and
its low concentration in early pregnancy period has been correlated to negative effects on
embryo development and elongation (Carvalho et al., 2017; Garcia-Ispierto & Lo6pez-Gatius,
2017). Another data from our group (dos Santos Amaral et al., 2021) showed the correlation
between lower P4 production by corpus luteum and impairment in endocrine MRP signaling.
Thus, possibly this decrease in expression of IFNT mRNA may be related to the action of PAs
on ovarian and embryonic cells.

ROS production and antioxidant capacity must be a well-balanced condition in
physiological situations (Turrens, 2003). However, in some adverse conditions (dos Santos
Amaral et al., 2021), like pyrroles intoxication, cellular mechanisms experience an imbalance
in oxidative metabolism and the production of ROS increases (Guérin et al., 2001). In our
experiments, we observed no difference in IVM SP and IVM SN among treatment groups; but
in IVC SN groups, there is a decrease in mMRNA levels on all antioxidant enzymes analyzed,
especially in 100 ng/ml SN treated group, when compared to the control groups. GPX1
MRNA was upregulated in SP groups when compared to the control groups. SOD belongs to
the enzymes class that catalyze superoxide anion hydrolysis into oxygen and hydrogen
peroxide; CAT and GPX catalyze hydrogen peroxide reduction in water, and together
stabilizes the injured cell (Slimen et al., 2014; Turrens, 2003). The function of these
antioxidant enzymes is to prevent the accumulation of ROS in cells, by reducing ROS to O>
and H20, to avoid oxidative stress. Thus, our data showed the depletion of antioxidant

enzymes system on IVC SN group, principally at the highest SN treatment dose (100 ng/ml),
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probably caused by the occurrence of oxidative stress. The isolated action of GPX in the IVC
SP group is not indicative of improvement in the enzymatic antioxidant system, as it is

primarily dependent on the action of SOD, which remains unchanged in this group.

The low expression of MRNA for antioxidant enzymes may lead to oxidative stress,
which is involved in many pathological processes, like DNA damage and apoptosis (Slimen et
al., 2014; Wang et al., 2013). For this reason, we investigated if the cell survival gene HSP90
are modulated by PAs on embryos. HSPs belong to the protein class named chaperones and
are induced as a defense mechanism in any type of cellular stress (Lindquist & Craig, 1988).
Larvae of Drosophila melanogaster experimentally poisoning by Senecio brasiliensis had a
significant decrease of cell viability (Macedo et al., 2017). However, IVM groups had no
difference in cell survival gene accessed. On the other hand, IVC SN group had a decrease of
HSP90 in highest treated concentration. These results suggest that when embryo is poisoning
by 100 ng/ml of SN it loses the ability to protect itself by cell survival mechanisms, possibly

causing cell damage.

In summary, this study supports our hypothesis that PAs affect early bovine embryos
development. But curiously, PAs did not alter embryos that were poisoned during COCs
maturation, except in IFNT expression (SP treatment). In general, COCs that are poisoned
during IVM are able to reverse damage in antioxidant enzymes and cell survival gene
transcription during their zygotic/embryonic development. However, their lower IFNT
abundance could induce poor embryo quality and development, leading to implantation
failure and subfertility. PAs (especially SN) poisoning during I\VVC affect not only IFNT, but
also antioxidant enzymes and cell survival genes. Further studies should be carried out to

elucidate our findings. In conclusion, we can affirmative until now that poisoning by Senecio
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spp. could be modulating the expression of oxidative stress and cell survival genes in
embryos, impairing the expression of IFNT, suggesting decreases in pregnancy rates of

bovine.
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Figure legends

Figure 1: Relative mRNA expression of cytochrome P450 (CYP1A1) in granulosa cells

(GC), theca cells (TC) and bovine embryos (EB). Bars represent the group mean + SEM.

Figure 2: Percentage of cleavage rates of bovine embryos produced in vitro (day 2) under SN
(a) and SP conditions (c) during oocyte maturation; and percentage of blastocyst rates of
bovine embryos produced in vitro under SN (b) and SP conditions (d) during oocyte

maturation (IVM groups), evaluated 7 days after in vitro fertilization.

Figure 3: Percentage of cleavage rates of bovine embryos produced in vitro (day 2) under SN
(a) and SP conditions (c) during oocyte fertilization and embryo culture; and percentage of
blastocyst rates of bovine embryos produced in vitro under SN (b) and SP conditions (d)
during oocyte fertilization and embryo culture (IVC groups), evaluated 7 days after in vitro

fertilization. Different letters indicate statistical significance among groups (P<0.05).

Figure 4: Relative mRNA expression of IFNT2 genes on bovine embryos produced in vitro
(day 7; n = 8 embryos/group) under SN (a) and SP conditions (b) during IVM from all IVM
groups; and under SN (c) and SP conditions (d) during in vitro fertilization and embryo
culture from all IVC groups. Bars represent the group mean + SEM for five replicates.

Different letters indicate statistical significance among groups (P<0.05).

Figure 5: Relative mRNA expression of genes associated with oxidative stress on bovine

embryos produced in vitro (day 7; n = 8) under SN (a-d) and SP conditions (e-h) during
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oocyte maturation (IVM groups). (a) CAT, (b) GPX, (c) SOD1, (d) SOD2, (e) CAT, (f) GPX,

(g) SOD1, and (h) SOD2. Bars represent the group mean = SEM for five replicates.

Figure 6: Relative mRNA expression of genes associated with oxidative stress on bovine
embryos produced in vitro (day 7; n = 8) under SN (a-d) and SP conditions (e-h) during
oocyte fertilization and embryo culture (IVC groups). (a) CAT, (b) GPX, (c) SOD1, (d) SOD2,
(e) CAT, (f) GPX, (g) SOD1, and (h) SOD2. Bars represent the group mean + SEM for five

replicates. Different letters indicate statistical significance among groups (P<0.05).

Figure 7: Relative mRNA expression of gene associated with cellular stress HSP90AA1
(HSP90) on bovine embryos produced in vitro (day 7; n = 8) under SN (a) and SP conditions
(b) during oocyte maturation (IVM groups), and under SN (c) and SP conditions (d) during
oocyte fertilization and embryo culture (IVC groups). Bars represent the group mean = SEM

for five replicates. Different letters indicate statistical significance among groups (P<0.05).



599  Tables

600 Table 1. Primers designed for quantitative real-time PCR analysis.

51

Target Accession number Primer sequence
IFNT?2 NM_001015511.3 F: TCTGAGGACCACATGCTAGG

R: GATCCTTCTGGAGCTGGTTG
HSP90AAL NM_001033602.2 F: GAGGAAACACTCTCGGACGG

R: TCGGTCTTGCTGCTCCATAC
SOD1 NM_174615.2 F: ATACACAAGGCTGTACCAGTGC

R: CACATTGCCCAGGTCTCCAA
SOD2 NM_201527.2 F: CCCATGAAGCCTTTCTAATCCTG

R: TTCAGAGGCGCTACTATTTCCTTC
GPX1 NM_174076.3 F: GCATCAGGAAAACGCCAAGA

R: CCATTCACCTCGCACTTTTCG
CAT NM_001035386.1 F: AGAGGAAACGCCTGTGTGAG

R: ATGCGGGAGCCATATTCAGG
GAPDH NM_001034034.2 F: GATTGTCAGCAATGCCTCCT

R: GGTCATAAGTCCCTCCACGA
RPS18 NM _001033614.2 F: CCTTCCGCGAGGATCCATTG

R: CGCTCCCAAGATCCAACTAC
CYP1Al NM_ AB060696 F: TCGGGCACATGCTGATGTTG

R: GCACAGATGACATTGGCCACTG

601 F: Forward; R: Reverse.
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4 CONCLUSAO

Os alcaldides pirrolizidinicos (PAs), senecionina (SN) e senecifilina (SP), prejudicam a
expressdo de genes relacionados ao estresse oxidativo e IFNT em embrides bovinos produzidos
in vitro, possivelmente afetando a reproducgéo de bovinos. Os resultados apresentados aqui nos
permitem concluir que a intoxicacdo por alcaldides pirrolizidinicos prejudicam o
desenvolvimento embrionario inicial durante a maturacdo (IVM), e cultivo in vitro (IVC).
Embora as taxas de clivagem e blastocistos ndo tenham sido afetadas, a intoxicagdo por SP,
causou a reducdo da expressdo de IFNT, dose dependente (100 ng/ml), durante a maturagéo
oocitaria. Além disso, ambos alcal6ides, especialmente SN, afetaram a expressao de genes para
IFNT, enzimas antioxidantes e sobrevivéncia celular. Portanto, nossos resultados sugerem que
a intoxicacdo por Senecio spp. prejudica o desenvolvimento embrionéario inicial em bovinos
através da modulacdo da expressdo de genes relacionados ao IFNT, estresse oxidativo e

sobrevivéncia celular.
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