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Resumo

HAX, Lucas. Efeito do butafosfan na qualidade oocitaria e embrionéaria e na
modulagdo da inflamacgdo. 2016. 105f. Tese (Doutorado) - Programa de Pos-
Graduacao em Biotecnologia. Universidade Federal de Pelotas, Pelotas.

A obesidade é uma enfermidade que afeta fémeas bovinas no pré-parto e individuos
da espécie humana. Essa doenca é acompanhada de um quadro inflamatorio
crdnico que leva a resisténcia a insulina e reduz a fertilidade em mamiferos. Uma
alternativa para melhora da fertilidade s&o os programas de reproducdo assistida.
No entanto, a eficacia da producgéo in vitro de embrides (PIVE) é menor que a in vivo
em virtude da reduzida aquisicdo de competéncia dos od6citos maturados em
laboratério. Os processos compreendidos no desenvolvimento da obesidade e na
maturagcdo oocitaria sdo regulados por cascatas de fosforilacdo. Nesse contexto, o
butafosfan, uma molécula de fésforo organico doadora de ions fosfato, tem sido
descrita como modulador metabdlico. Além de modulador da lipdlise, o butafosfan
tem sido amplamente utilizado em fémeas submetidas a protocolos de reproducéo
assistida, porém, com base em dados majoritariamente empiricos. Baseado nessas
informacdes, o objetivo desse estudo foi verificar o efeito da molécula de butafosfan
na qualidade oocitaria e embrionaria de bovinos e em marcadores ligados a
sinalizagdo inflamatéria na gordura visceral de camundongos. Primeiramente, foi
avaliado o efeito da adicdo de butafosfan ao meio de maturacéo in vitro (MIV) na
qualidade do odcito e desenvolvimento de embrides bovinos. No segundo
experimento, foi estudado o efeito do butafosfan em camundongos alimentados com
dieta hipercaldrica e submetidos a restricdo alimentar. No primeiro estudo, foi
observado que o butafosfan apresentou um efeito toxico dose-dependente,
reduzindo a taxa de clivagem e o desenvolvimento embrionério a medida que foi
utilizada uma maior concentragcdo durante a MIV. No segundo experimento, foi
observado que a dieta hipercal6rica aumentou a expresséo génica e a concentracéo
sérica de marcadores inflamatorios ligados & obesidade e a resisténcia a insulina.
No entanto, em animais tratados com butafosfan, esses marcadores regrediram a
patamares semelhantes aos animais submetidos & restricdo alimentar ou que
receberam a dieta controle. A conclusdo desses estudos € que, nas doses
estudadas, a suplementacdo do meio de MIV com butafosfan prejudica o
desenvolvimento embrionario. Por outro lado, o butafosfan reduz a sinalizacéo
inflamatéria ligada a obesidade e a resisténcia a insulina. Tais resultados sugerem o
butafosfan como alternativa para reducdo dos efeitos da obesidade, podendo assim
contribuir de forma indireta com a fertilidade. Assim, é possivel que o butafosfan
possa ser empregado no tratamento da obesidade e, consequentemente, no
aumento da fertiidade em individuos submetidos a programas de reproducéo
assistida.

Palavras-chave: Butafosfan, Inflamacdo, Obesidade, Reproducdo, Maturacdo in
vitro



Abstract

HAX, Lucas. Effect of butaphosphan in oocyte and embryo quality and in
modulation of inflammation. 2016. 105f. Tese (Doutorado) - Programa de P0s-
Graduacao em Biotecnologia. Universidade Federal de Pelotas, Pelotas.

Obesity is a disease that affects pre-partum bovine female and humans. It is
characterized by a chronic inflammation that leads to insulin resistance and reduces
fertility in mammals. Assisted reproduction programs are an alternative for improving
fertility. However, the efficacy of embryo in vitro production (IVP) is limited, which is
attributed to a lower ability of oocytes to reach competence than oocytes maturated
in vivo. The processes involved in the obesity development and oocyte maturation
are regulated by phosphorylation cascades. In this context, butafosfan has been
described as a metabolic modulator. Butafosfan is a molecule of organic phosphorus
that acts donating phosphate ions. This molecule has been described as a lipolysis
modulator. In addition, butafosfan has been widely used in females submitted to
assisted reproduction programs. However, its use is mostly based on empirical data.
Thus, the aim of this study was to verify the effect of butafosfan on bovine oocyte and
embryonic quality and on markers related to inflammatory signaling on visceral fat of
mice. Firstly, the effect of butafosfan added in medium for in vitro maturation (IVM)
was evaluated in terms of oocyte quality and development of bovine embryos. In the
second experiment, the effect of butafosfan was studied in mice fed with a
hypercaloric diet and submitted to food restriction. In the first study, butafosfan
showed a dose-dependent prejudicial effect, reducing the cleavage rate and
embryonic development as a higher concentration was used during IVM. In the
second experiment, the hypercaloric diet increased the gene expression and the
serum concentration of inflammatory markers related to obesity and insulin
resistance. However, in animals treated with butafosfan, these markers were
decreased to similar levels similar to those animals submitted to food restriction or
that received the control diet. In conclusion, supplementation of IVM medium with
butafosfan at the concentrations evaluated impairs embryonic development.
Conversely, butafosfan reduces inflammatory signaling related to obesity and insulin
resistance. These results suggest that butafosfan may be an alternative to reduce the
effects of obesity, contributing indirectly to improve fertility. Thus, it is possible that
butafosfan may be used to treat obesity and, consequently, improve fertility in
individuals undergoing assisted reproduction programs.

Keywords: Butafosfan, Inflammation, Obesity, Reproduction, In vitro maturation



Lista de Abreviaturas

PIVE — Produgé&o in vitro de embrides
MIV — Maturac&o in vitro

IVP — In vitro production

IVM — In vitro maturation

BEN — Balango energético negativo
AGNEs — Acidos graxos n&o esterificados
BHBA — Beta hidroxibutirato

ATP — Adenosina trifosfato

IKB — Inibidor Kappa beta

NF-KB — Nuclear factor Kappa beta
EROs — Espécies reativas de oxigénio
FIV — Fertilizagao in vitro

CIV — Cultivo in vitro

pHmM — micrometros

MIl — Metéfase I

LH — Luteinizing hormone

EGF — Epidermal growth factor

AREG — Anfiregulina

EREG - Epiregulina

MPF — Maturation promoter factor
CdK1 - Ciclina catalitica dependente de kinase 1
APC — Anaphase promoter complex

CSF - Citostatic factor



cAMP - Ciclic adenosine monophosphate
AC — Adenilato ciclase

PKA — Proteina kinase A

PDE — Phosphodiesterase

MAPK — Mitogen activated protein kinase
MI — Metéafase |

DHA - Docosahexaenoic acid

MM — Micromolar

CLA - Conjugated linoleic acid

LPA — Lysphosphatidic acid

GDF-9 — Growth diferentiation factor
BMP15 — Bone morphogenetic protein 15
PLACS — Placenta especifico 8

DNA - Deoxyribonucleic acid

SOD - Superoxido dismutase

PON-1 — Paraoxonase 1

HDL — High density lipoprotein

SFB - Soro fetal bovino

BSA-FAF — Bovine serum albumin — fat acids free
BSA — Bovine serum albumin

pH — Potencial hidrogenidnico

FSH — Follicule stimulant hormone

eCG — Equine corionic gonadrotopin

hCG — Human corionic gonadotropin



FSK — Forskolina

IBMX — 3-isobutil-1-metilxantina

AMPK — 5' AMP-activated protein kinase
AMP — Adenosina monofosfato

NEFA — Non-sterified fatty acids

TNFa — Tumoral necrosis factor a

[I-6 — Interleucina 6

II-1B — Interleucina 1B

IRS-1 — Insulin receptor 1

[I-10 — Interleucina 10

STAT3 — Signal transducer and activator of transcription 3

ERK — Extracellular signa-regulated kinase
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1 INTRODUCAO GERAL

A obesidade compde um grupo de enfermidades chamadas de “doengas da
civilizacdo” (Bastos et al., 2009). Caracterizada como uma doenga inflamatéria (Das,
2001), a obesidade reduz a fertilidade em fémeas mamiferas (Armstrong et al., 2001,
Nolan et al., 1998). Consequentemente, a busca de alternativas para mitigar 0s
problemas decorrentes da obesidade passa pelo entendimento do seu mecanismo

de regulagao.

Essa enfermidade acomete vacas que recebem um excesso de alimentagao
no periodo seco, visando altas produgdes no poés-parto e vacas de alto mérito
genético em funcdo do alto preparo que recebem para participagdo em exposicdes e
campeonatos morfologicos. Em fungédo do elevado mérito genético, esses animais
sdo submetidos a programas de reproducdo assistida a fim de acelerar a
multiplicagdo desses individuos. No entanto, alguns animais ndo apresentam um
adequado desempenho nesses programas, ficando muitas vezes inviavel a
aplicacéo de biotécnicas da reproducéo para uma maior multiplicacdo desse material
genético (Baruselli et al., 2010). Além disso, as biotécnicas reprodutivas também
possibilitam o sucesso na gravidez de mulheres com problemas de fertilidade (Galli
et al., 2014), da mesma forma que distarbios metabdlicos também interferem no

resultado desse processo.

O sistema reprodutivo, bem como as repostas a sua manipulagédo, depende
da condicdo metabdlica do individuo (Webb et al., 2007). Nesse contexto, o
butafosfan, uma molécula de fésforo organico, vem sendo estudada como
modulador metabdlico (Pereira et al., 2013), representando assim uma alternativa a
ser especulada para a melhora do metabolismo do oocito e embrido, bem como na

regulacdo de mediadores inflamatérios relacionados ao quadro de obesidade.

Y

Em vacas, a utilizacdo de butafosfan associado a cianocobalamina é
amplamente difundida em fémeas submetidas a programas de reproducéo assistida,
porém, com base apenas em dados empiricos. Segundo Lima (2014) e
colaboradores, a utilizacdo de butafosfan associado a cianocobalamina em vacas
submetidas a aspiracdo folicular aumenta o numero e a qualidade dos od6citos

recuperados.
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O butafosfan associado a cianocobalamina pode aumentar a saude hepatica
via reducdo da intensidade do balango energético negativo (BEN) no pdés-parto de
vacas leiteiras. Estudos apontam que esse efeito ocorre em razdo da melhora da
condicdo energética intracelular atribuida ao aumento na sintese de ATP
proveniente do butafosfan (Furll et al., 2010, Pereira et al., 2013, Rollin et al., 2010).
Por conseguinte, ocorre uma reducdo da mobilizacdo lipidica e concentracbes de
acidos graxos néo esterificados (AGNEs) e beta-hidroxibutirato (BHBA), compostos

que apresentam efeito prejudicial a fertilidade (Vanholder et al., 2006).

Além do efeito na modulagéo da lipdlise, é possivel que o butafosfan interfira
nos mecanismos de sinalizacdo celular e molecular através da doacgdo de ions
fosfato que podem alterar a fosforilagdo e desfosforilacdo de moléculas envolvidas
nesse processo. E conhecido que os eventos que compreendem a maturacdo
oocitaria, bem como a producgéo de adipocinas que relacionadas a obesidade, séo
regulados por cascatas intracelulares de fosforilagdo e desfosforilagdo (Chiellini et
al., 2002, Colgan et al., 1996, Gavin and Schorderet-Slatkine, 1997, Thach, 1992).

Dessa forma, este trabalho buscou estudar o efeito do butafosfan na
reproducdo de forma local, utilizando-o como suplemento ao meio de MIV, e seu
efeito sobre a qualidade de odcitos e embrides bovinos produzidos in vitro. Além
disso, este estudo investigou o efeito metabdlico do butafosfan na modulagdo da

inflamac&o na gordura visceral de camundongos.
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2 REVISAO BIBLIOGRAFICA

2.1 Butafosfan

O butafosfan € uma molécula de fésforo organico derivada do &cido fosférico
que atua como doadora de ions fostato, essenciais para o metabolismo celular
(Viertel, 1991, Cuteri et al., 2007). O fosforo é fundamental para a manutencéo das
funcdes biologicas. Nas membranas, o fésforo compde os fosfolipidios (Gatiboni et
al., 2002), contribuindo para a estabilidade estrutural e crescimento das células.
Além de compor as membranas que regulam a concentracdo celular dos solutos, o
fosforo atua em um dos principais sistemas de tamponamento intracelular, o
sistema-tampéo fosfato, mantendo o equilibrio &cido basico dos fluidos (Hill et al.,
2008).

Dentre outras funcfes do fosforo estéa a composicdo de fosfoproteinas na
fosforilacdo oxidativa e na sintese de adenosina trifosfato (ATP). Tabeledo e
colaboradores (2014) observaram uma redugdo na contagem de células somaticas
(CCS) em vacas diagnosticadas com mastite clinica que receberam butafosfan em
relagdo a vacas com mastite clinica que ndo receberam a molécula (Tabeleéo,
2014). Segundo o autor, € provavel que a reducdo na CCS tenha se dado pelo
aumento na vida util dos neutréfilos em fungédo do fésforo doado pelo butafosfan.
Esses ions fosfato servem de substrato para a enzima tirosina quinase, que atua na
fosforilagdo das proteinas do citoesqueleto dos neutrofilos. A fosforilagdo do
citoesqueleto permite a emissdo de pseudopodes, diferenciac@o e proliferacdo dos

neutroéfilos, o que contribui para o aumento da sua vida Util.

Somado a isso, o fosforo proveniente do butafosfan pode contribuir na
fosforilagdo do inibidor Kappa-B (IKB), permitindo a translocagcdo do fator de
transcricdo nuclear Kappa-B (NF-KB) para o interior do nucleo. O NF-KB atua em
nivel nuclear estimulando a sintese de citocinas. Dessa forma, ha um aumento na
quimiotaxia decorrente das citocinas, aumentando o aporte de leucdcitos no local da
infeccao, contribuindo para a diminuigdo da carga microbiana na glandula mamaria e
consequentemente acelerando a debelagdo da enfermidade. Assim, é possivel que
o butafosfan desempenhe um papel na modulacéo da inflamacéo, contribuindo para

o sistema imune do individuo. Por outro lado, o aumento do aporte de fésforo pode
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inibir essas reacdes, causando um efeito anti-inflamatério. No entanto, o efeito da
adicdo de fosforo nas reacdes de sinalizagdo celular e molecular ainda deve ser

elucidado.

Mais de 80% do fésforo presente no organismo se encontra nos 0sSsos e
dentes (McDonald et al., 2002). Assim, quando a exigéncia de fésforo ndo é
atendida pela dieta, as células dos tecidos moles sdo primeiramente afetadas, visto
que seu suprimento de fésforo depende da disponibilidade do mineral na dieta. Em
ruminantes, a hipofosfatemia causa reducdo na producdo (McDowell, 1985,
Ternouth, 1990) e pode prejudicar a viabilidade das hemacias no pds-parto, podendo
culminar em um quadro de anemia hemolitica com hemoglobinemia (Riet-Correa et
al.,, 2007). Tal situagdo ocorre em funcdo da reducdo de ATP intracelular
decorrente da hipofosfatemia. Dessa forma, h4 um acumulo de célcio intracelular
que passa a ser toxico para a célula, levando-a a perda de fungdo e morte celular
(Eisenberg et al., 2014).

Associado a cianocobalamina, o butafosfan apresentou efeitos positivos na
foliculogénese de vacas (Lima, 2014). Segundo Lopes (2010) e colaboradores, em
ruminantes, ha um estimulo a foliculogénese e reducéo da mortalidade embrionéaria
em fungdo do aporte energético decorrente do tratamento com butafosfan associado

a cianocobalamina.

Em nivel hepético, o butafosfan associado & cianocobalamina pode aumentar
a saude do hepatécito em funcdo de reduzir a intensidade do balango energético
negativo (BEN) no pés-parto de vacas leiteiras. Isso ocorre em virtude da melhora
da condicdo energética intracelular atribuida ao aumento na sintese de ATP
proveniente do butafosfan (Furll et al., 2010, Pereira et al., 2013, Rollin et al., 2010).
Consequentemente, ha wuma menor mobilizagdo lipidica e redugdo das
concentracdes de &cidos graxos ndo esterificados (AGNEs) e beta-hidroxibutirato

(BHBA) nesse periodo.

7

A lipdlise é acompanhada pela liberagdo de espécies reativas de oxigénio
(EROs) que levam ao estresse oxidativo e danos celulares (Gaal et al., 2006). Nesse
contexto, Rizzo tém estudado a utilizacdo de minerais com o intuito de neutralizar a
acdo das EROs (Rizzo et al.,, 2013). Assim, o butafosfan pode atuar como

antioxidante, visto que reduz a mobilizacao lipidica.
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2.2 Producéo in vitro de embrides (PIVE)

2.2.1 Contexto atual da PIVE

A producdo in vitro de embrides (PIVE) bovinos é uma biotecnologia da
reproducdo que cresce de forma exponencial no mundo, sendo que o Brasil é
responsavel por mais de 70% da PIVE mundial (IETS 2014). O desenvolvimento
dessa biotécnica foi possivel em razdo dos estudos da oogénese, compreendendo a
maturagdo oocitaria e seus processos desde o estdgio de vesicula germinativa até a
finalizacdo da segunda divisdo meidtica com a formagdo do primeiro corpusculo
polar (McGaughey, 1983).

Em 1935, Pincus e Enzmann demonstraram que 00citos imaturos completam
a maturacgéo in vitro apos serem retirados da acgéo inibitéria do foliculo (Pincus and
Enzmann, 1935). Posteriormente, foi demonstrado que odcitos maturados e
fertilizados in vitro podem resultar em uma prole viavel (Schroeder and Eppig, 1984).
Somado a isso, a descoberta de que a temperatura de 39°C € a mais adequada para
a maturacéo de odcitos in vitro (Lenz et al., 1983) contribuiu para o desenvolvimento

da técnica de PIVE.

Além dos processos que envolvem a MIV, a descoberta da necessidade da
capacitacao espermatica antes da fertilizagdo in vitro (FIV) (Austin, 1951) possibilitou
0 aumento da eficicia da técnica. Outros estudos também contribuiram para a
consolidagéo da PIVE, como a demonstragéo da possibilidade de cultivar embrides
de oito células até o estdgio de blastocisto em solu¢cdo contendo gema de ovo
(Hammond, 1949). A descoberta de que a adicdo de lactato como suplemento
energético em uma solugdo de ringuer com albumina auxilia no estagio de
desenvolvimento de embrides de duas células até blastocisto promoveu um avanco
no cultivo in vitro (CIV) de embrides (Whitten, 1957).

Em 1970, Kane e colaboradores descobriram que 0s aminoacidos sao
essenciais para a clivagem e o desenvolvimento do blastocisto (Kane and Foote,
1970). Da mesma forma, em 1983 Lenz e colaboradores observaram que a

temperatura da MIV e da FIV deveriam ser de 39°C, mimetizando a temperatura
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corporal da vaca (Lenz et al., 1983). Mais tarde, foi observado que o CIV deve ser
realizado também a 39°C (Fukui and Ono, 1988).

Fukui e colaboradores (1991) observaram que os embrides cultivados in vitro
se desenvolvem de maneira mais satisfatoria em ambiente com tenséo de oxigénio
menor que 20% (Fukui et al., 1991). No entanto, apesar dos relevantes avancos das
tltimas décadas, enquanto 60-80% dos o6citos maturados in vivo adquirem
competéncia, apenas 25-40% dos od6citos maturados in vitro se desenvolvem até o
estagio de blastocisto (Farin et al., 2007). Por conseguinte, € provavel que a

maturagdo seja um dos problemas que impede o avanco da eficicia da PIVE.

2.2.2 Maturacé&o oocitaria

A aquisicdo de competéncia oocitaria € o processo pelo qual o odécito passa
qgue o permite ser maturado, fecundado, se desenvolver até blastocisto e induzir uma
gestacao (Farin et al., 2007). Essas modificagdes iniciam progressivamente na fase
final da foliculogénese, fazendo com que o odécito ao atingir 100 ym quebre a
vesicula germinativa e retome a meiose. JA com 110 um, o odcito apresenta
capacidade para completar a maturagéo até o estagio de metafase Il (Mll) (Hyttel et
al., 1997).

Esse processo se divide em maturagdo nuclear e citoplasmética. A primeira
esta relacionada a capacidade do odcito em completar a meiose. Nesse momento,
que vai da quebra da vesicula germinativa até a metafase Il, ocorre o rompimento do
envoltorio do nucleo, rearranjo dos microtubulos, a condensa¢do dos cromossomos
e seu alinhamento na linha equatorial e extrusdo do primeiro corpusculo polar. O
inicio desses eventos se da in vivo apés o pico do hormonio luteinizante (LH) (Lopez
et al, 2004) e in vitro apods a retirada do odécito do interior do foliculo (Sirard and
Coenen, 2006).

7

Ja a maturacgdo citoplasmética é marcada pelo alinhamento dos granulos
corticais na membrana plasmética. Além disso, ocorrem eventos de redistribuicao
das organelas, aumento do contetdo lipidico e reducdo do complexo de Golgi,
levando o odcito a interrupgdo da transcricdo pela condensacéo do nucléolo (Fair,
2003, Sirard and Coenen, 2006, Wang and Sun, 2007).
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A maturacdo citoplasmaética confere ao odcito a capacidade de impedir a
poliespermia, possibilitar a descondensacdo do espermatozoide no ooplasma e
manter o desenvolvimento embrionério nas primeiras fases (van den Hurk and Zhao,
2005, Yamada et al., 2009). Dessa forma, a maturacdo citoplasmatica confere um

rearranjo celular que possibilita ao odcito ser fecundado (Dode et al., 2006).

A maturacdo oocitaria compreende processos nucleares e citoplasmaticos
que podem ser influenciados pelo foliculo cujo odcito foi puncionado (Dode et al.,
2006). Hendrisksen e colaboradores citam que o estagio de desenvolvimento
folicular afeta a aquisicdo de competéncia do odcito (Hendriksen et al., 2000). E
provavel que esse efeito ndo se dé em virtude da imaturidade de odcitos néo
ovulados, mas sim em razdo de serem provenientes de foliculos em atresia (Hsu and
Hsueh, 1997). Jewgenow e colaboradores observaram que complexos cumulus-
oo6citos isolados de foliculos em acentuado grau de apoptose apresentaram uma
menor capacidade de aquisicdo de competéncia (Jewgenow et al., 1999). Por outro
lado, foliculos em um estagio recente de atresia podem estar associados a melhora

na aquisicdo de competéncia oocitaria (Hendriksen et al., 2000).

Dessa forma, é possivel afirmar que a aquisicdo da competéncia oocitaria
passa pela relagdo entre o od6cito, as células do cumulus e as demais estruturas
foliculares. No entanto, cabe salientar que 0 mecanismo de maturacdo oocitaria in
vivo difere do in vitro em alguns aspectos, haja vista que in vitro, caso ndo haja
adicdo exOgena, ndo ha acédo das gonadotrofinas sobre as células da granulosa e

consequente expresséo de fatores indutores da maturagéo nuclear (Dekel, 2005).

2.2.3 Moléculas envolvidas na aquisicdo de competéncia oocitaria

As células do cumulus e da granulosa secretam uma abundéancia de fatores
que atuam na regulacdo da maturacdo oocitaria. Sob acdo do LH, as células da
granulosa do foliculo secretam fatores do tipo fator de crescimento epidermal (EGF-
like factors), como anfiregulina (Areg) e epirregulina (Ereg) que atuam no odcito

estimulando a retomada da meiose (Hsieh et al., 2009).

A retomada da meiose é ativada pelo fator promotor de maturagdo (MPF). O

MPF é composto pela ciclina catalitica dependente de Kinase-1 (Cdkl) e uma
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subunidade regulatéria chamada de ciclina B1, que quando acoplados promovem a
quebra da vesicula germinativa. Os estagios subsequentes da meiose séo regulados
pelo complexo promotor da anafase (APC). A meiose é interrompida em metéfase |l
sob acgdo do fator citostatico (CSF). O MPF é regulado via acdo de quinases e
fosfatases. J& o APC e o CSF sofrem regulacdo através de poliadenilacdo e

deadenilagéo (Belloc et al., 2008).

Outra molécula que atua na regulacdo da meiose é a adenosina 3-5'
monofosfato ciclico (cCAMP). Derivado da adenosina trifosfato (ATP) pela acdo da
enzima adenilato ciclase (AC), o cAMP atua na regulacdo da meiose através da
variacdo da sua concentracdo intraoocitaria (Kawamura et al., 2004). O cAMP pode
ser produzido pelos odcitos ou chegar aos mesmos através das juncdes GAP das

células do cumulus (Dekel et al., 1981).

O cAMP regula a proteina kinase A dependente de cAMP (PKA), que pode
ser a PKA tipo |, localizada nos odcitos, e a tipo Il, localizada nas células do camulus
(Downs and Hunzicker-Dunn, 1995). A PKA na sua forma inativa € composta por um
dimero composto por duas subunidades reguladoras ligado a duas subunidades
cataliticas. Na presenca de cAMP, este se liga as subunidades reguladoras da PKA,
permitindo mudancas conformacionais que liberam as subunidades cataliticas.
Essas subunidades promovem a fosforilacio e desfosforilagdo de proteinas
reguladoras do bloqueio da meiose (Francis and Corbin, 1994). Nos odcitos, a PKA
tipo | ativa promove a manutengéo do bloqueio meiético. Ja nas células do cumulus,
a PKA tipo Il ativa promove a retomada da meiose e expansdo das células do

cumulus (Downs and Hunzicker-Dunn, 1995).

A concentragdo de cAMP é regulada nos odcitos pela acdo da fosfodiesterase
(PDE) subtipo 3. Ja nas células do foliculo, a PDE subtipo 4 que desempenha essa
funcéo (Tsafriri et al.,, 1996). As gonadotrofinas desempenham uma regulagdo
seletiva nas PDEs. Dessa forma, o estimulo gonadotréfico pode desencadear a
retomada da meiose. No entanto, a atividade das PDEs pode ser inibida por
derivados de purinas existentes no fluido folicular. Consequentemente, a alta
concentracdo de cAMP no interior do odécito impede o reinicio meidtico (Damiani et
al., 1996).
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Segundo Su e colaboradores, as gonadotrofinas resultam no aumento da
concentracdo de cAMP e consequente ativacdo da PKAII, levando a expresséo de
fatores indutores da quebra da vesicula germinativa e expansdo das células do
cumulus. Dessa forma, o odcito retoma a meiose em funcdo da interrupcdo da
comunicacao entre o complexo cumulus-odcito proveniente do estimulo hormonal ou
da remogdo do mesmo do ambiente folicular (Su et al., 2003). Essa interrupgéo
cessa a passagem de moléculas inibitérias e cAMP do foliculo para o odcito. Por
conseguinte, ha a reducdo da concentracdo de cAMP no odcito e diminuicdo da
atividade de PKAI, permitindo o retorno a meiose (Dekel et al., 1981). No entanto,
ndo é a concentragdo absoluta de cAMP no interior da célula que determina a
ocorréncia desses eventos, mas sim a amplitude da variacdo da concentragéo entre

células do cumulus e odcito (Downs and Hunzicker-Dunn, 1995).

Além do cAMP, a proteina kinase ativada por mitdgenos (MAPK) também
atua na regulacdo da maturacédo oocitaria. A MAPK atua na expanséo das células do
cumulus, na maturagdo nuclear, no rearranjo dos microtibulos e formacédo do fuso
meidtico e manutenc¢&o do odcito em MII (Su et al., 2003). Nas células do cumulus, a
MAPK é ativada pelas quinases RAS/RAF, enquanto que no odcito, sua ativacéo €

feita pela proteina quinase MOS.

A ativacdo da MAPK se d& pela proteina quinase ativadora de MAPK
(MAPKK) que fosforila residuos de tirosina e treonina. A MAPKK ¢é ativada mediante
fosforilacdo mediada pela RAS/RAF no cumulus e MOS no odcito (Silva, 2008).
Quando ativa, a MAPK inibe reguladores negativos do MPF promovendo sua
ativacdo no odécito. No entanto, in vitro, a maturagdo nuclear ocorre
espontaneamente sem a necessidade da ativagdo da MAPK (Silva, 2008). No odcito,
a MAPK ativa é responséavel pela ativagdo da enzima cdc25fosfatase que atua na

ativacdo do MPF.

A subunidade catalitica Cdkl do MPF controla a divisdo celular, enquanto a
subunidade reguladora ciclina B1 age na ativacdo do pré-MPF (Dekel, 2005). A
CdK1 se apresenta fosforilada em residuos de tirosina e treonina no MPF inativo ou
pré-MPF (Gautier et al.,, 1988). A cdc25fosfatase desfosforila estes residuos,
permitindo a associacdo da Cdkl com a ciclina B e consequente ativagdo do MPF
(Gilchrist and Thompson, 2007).
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O MPF ativo € necessério para a retomada da meiose e necessario em altas
concentracdes até o estdgio de metafase | (MI). A concentracdo intraoocitaria de
MPF é reduzida da MI até a extrusdo do primeiro corpusculo polar e torna a

aumentar antes do inicio da meiose Il (Josefsberg et al., 2003).

Apesar do vasto conhecimento a cerca dos processos que envolvem a
aquisicdo de competéncia oocitéria, a eficiéncia do processo in vivo ainda supera 0s
resultados in vitro. Dessa forma, com base no conhecimento sobre os
acontecimentos que envolvem a maturagdo oocitéria, diversas alternativas tém sido

estudadas para otimizar os resultados desses processos.

2.3 Suplementos adicionados ao meio de maturagdo in vitro (MIV) de embrides

bovinos

Diversos pesquisadores ao redor do mundo vém estudando alternativas para
melhorar o processo de aquisicdo de competéncia oocitaria in vitro. Uma das
estratégias € a utilizagdo de suplementos no meio de MIV para qualificar o processo
de maturacdo e consequentemente aumentar os resultados da PIVE. Com base no
conhecimento acerca do processo de maturacdo oocitéria, diversas moléculas tém
sido testadas para seus possiveis efeitos nos inUmeros processos que envolvem a

capacitacao do odcito.

2.3.1 Suplementos lipidicos

O odcito requer uma alta quantidade de energia para completar a meiose
(Sturmey et al.,, 2009). Juntamente com a glicose e os aminodcidos, os &cidos
graxos sdo fontes de energia para o odcito. Os acidos graxos sdo uma fonte de

energia fundamental para a garantir a qualidade oocitaria (Prates et al., 2014).

Nesse contexto, Oseikria e colaboradores (Oseikria et al., 2016) avaliaram o
efeito da adicéo do &cido decosahexaendico (DHA), um &cido graxo poliinsaturado,
na qualidade oocitaria. Para tanto, os autores adicionaram diferentes doses de DHA
ao meio de MIV e avaliaram a maturagdo oocitaria e o desenvolvimento embrionario.

Embora a adicdo de DHA néo tenha afetado o percentual de odcitos maturados,
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Oseikria e colaboradores (Oseikria et al., 2016) observaram que a suplementagéo do
meio de MIV com 1uM de DHA induziu um significativo aumento nas taxas de
clivagem em comparacao ao grupo controle. Além disso, a suplementacdo com 1uyM
e 10uM de DHA promoveu a aceleragcao da clivagem permitindo a observagao de um
maior numero de zigotos com quatro ou mais células no momento da avaliagdo. No
dia 7 do cultivo in vitro (CIV), o grupo suplementado com 1uM de DHA apresentou

um significativo aumento na taxa de blastocisto em comparag¢éo ao grupo controle.

Outra molécula estudada como alternativa para melhora na eficiéncia da PIVE
€ 0 &cido linoléico conjugado (CLA). O CLA pode alterar o perfil lipidico das
membranas celulares e a sinalizag&o celular, podendo alterar suas fungdes (Pereira
et al., 2008). Absalon-Medina e colaboradores (Absalon-Medina et al., 2014) néo
observaram diferencas na taxa de maturacdo de odécitos maturados em meio
suplementado com CLA. A adicdo de CLA ao meio de MIV néo afetou a taxa de
clivagem e de blastocisto neste estudo. No entanto, no mesmo estudo foi avaliado o
efeito da adicdo de CLA ao meio de CIV, a qual resultou em um decréscimo dose
dependente na taxa de blastocisto. Segundo os autores, o CLA interfere no perfil
lipidico e sinalizac@o celular de odcitos e embrides. No entanto, os autores néo
observaram efeito positivo do CLA na eficiéncia da PIVE. Por outro lado, o autor

relata um efeito positivo do CLA quando utilizado em processos de criopreservacao.

Nas ultimas décadas, o acido lisofosfatidico (LPA) tem apresentado diversos
efeitos funcionais na reproducgéo de fémeas (Ye and Chun, 2010). Esse derivado da
membrana fosfolipidica tem sido reportado como um importante sinalizador
molecular na proliferacdo (Goetzl et al., 1999), diferenciacdo (Spohr et al., 2008),
morfogénese (Harma et al., 2012) e sobrevivéncia celular (Weiner and Chun, 1999,
Ye et al., 2008). Boruszewska e colaboradores (Boruszewska et al.,, 2014)
avaliaram o efeito da suplementacdo do meio de MIV com LPA nas taxas de
clivagem e blastocisto e na expressdo de genes marcadores de qualidade oocitaria.
A suplementagdo do meio de MIV com LPA alterou a expressédo de marcadores de
qualidade oocitaria. Nos odcitos, o LPA promoveu um aumentou na expressao do
fator de crescimento e diferenciacdo 9 (GDF9) nos odcitos. Porém, o LPA néo
influenciou a abundancia de mRNA da proteina morfogenética 6ssea 15 (BMP15) no

mesmo tecido. Segundo os autores, a expressdo de BAX, um gene pro-apoptotico,
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diminui e a de BCL2, um gene anti-apoptético, aumenta em odécitos maturados em

presenca de LPA, evidenciando um efeito positivo dessa molécula.

Entretanto, apesar do LPA promover uma melhora na expressdo de genes
relacionados a qualidade oocitaria, esse efeito ndo se traduz em aumento nas taxas
de clivagem e blastocisto (Boruszewska et al., 2014). Contudo, é possivel que a
melhora na maturacao oocitéria (Boruszewska et al., 2015) oriunda do LPA contribua
posteriormente na implantacdo e desenvolvimento embrionério (Boruszewska et al.,
2014). Isso € provavel em virtude de o LPA aumentar a expresséo do gene placenta
especifico 8 (PLACS8), responsavel por codificar uma proteina relacionada a

placentagéo, no blastocisto (Boruszewska et al., 2015).

2.3.2 Suplementos Antioxidantes

Durante o processo de PIVE sdo produzidas espécies reativas de oxigénio
(EROs) em funcdo da tensdo de oxigénio do ambiente, presenca de cétions
metalicos na agua e reagentes e exposi¢do a luz, além das EROs produzidas pelo
espermatozodide durante a FIV (Guerin et al., 2001). Embrides cultivados in vitro séo
mais susceptiveis aos danos causados pelas EROs em fun¢éo da sua incapacidade

de proteger sua fragil estrutura celular (Harvey et al., 1995).

As EROs estdo envolvidas em diversos processos biologicos da PIVE,
incluindo a maturagdo oocitéria (Behrman et al., 2001). A eliminacdo de células
invidveis através da apoptose (Ufer et al., 2010) bem como a interacdo entre
esperma e odcito sdo eventos dependentes das EROs (Goncalves et al., 2010).
Dessa forma, o adequado desenvolvimento da PIVE depende do correto balango

entre os antioxidantes e a produgéo de EROs.

Nesse contexto, o efeito protetor de véarias substancias antioxidantes e seus
co-fatores tem sido estudado em odcitos e embrides (Goto et al., 1993). Em o4citos
e embrides, a glutationa promove a detoxificagdo de peroxidos lipidicos e remocao
de peroxido de hidrogénio (Johnson and Nasr-Esfahani, 1994). O 3-mercaptoethanol
e a cisteina sé@o precursores da glutationa. Estes compostos promovem a reducéo
da cistina, presente nos meios de PIVE, para cisteina, aumentando sua

disponibilidade e consequente sintese de glutationa.
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Dessa forma, Rocha-Frigoni e colaboradores (Rocha-Frigoni et al., 2014)
analisaram o efeito da adicdo de cisteina e B-mercaptoetanol ao meio de MIV e
catalase, outro composto com potencial antioxidante, ao meio de CIV, sobre a
concentracdo de EROs, taxa de clivagem, taxa de blastocisto e nimero de células
apoptoticas. Os autores ndo observaram diferenga na taxa de clivagem entre os
tratamentos. No entanto, a adicdo de catalase promoveu um aumento na taxa de
blastocisto. Da mesma forma, os grupos suplementados com cisteina ou (-
mercaptoethanol ou catalase apresentaram blastocistos com um menor nimero de
células apoptéticas e uma menor concentracdo de EROs, evidenciando um efeito
desses antioxidantes na regulacdo do processo de apoptose através da protecao

contra o estresse oxidativo.

Outro elemento estudado como aditivo para melhora dos processos de PIVE
€ 0 manganés. Esse elemento estd envolvido na ativagdo de enzimas como
hidrolases, descarboxilases, transferases e quinases (Forest, 1993). Além disso, o
manganés atua na protegéo contra danos ao DNA prevenindo o dano oxidativo e
reduzindo a apoptose (Anchordoquy et al., 2014b, Holley et al., 2011, Schrantz et al.,
1999, Zidenberg-Cherr et al., 1983)

Segundo Anchordoquy e colaboradores, od6citos maturados em meio
suplementado com manganés apresentaram uma maior atividade da enzima
superéxido dismutase (SOD), que atua protegendo o DNA de danos oxidativos.
Somado a isso, grupos de o0citos maturados em presenca de manganés
apresentam uma maior taxa de blastocisto e blastocistos com maior nimero de

células em comparacéo a odcitos néo tratados (Anchordoquy et al., 2016).

Além dos j& citados, o zinco é outra molécula que também atua na defesa
contra radicais livres (Powell, 2000). Segundo Anchordoquy e colaboradores, a
adicdo desse mineral ao meio de MIV promove uma redugdo da apoptose nas
células do cumulus, aumento da atividade da enzima SOD e aumento da taxa de

blastocisto (Anchordoquy et al., 2014a).

Um metabdlito da vitamina A chamado tretinoina é outra substancia também
utilizada como suplemento para a MIV. Essa substancia é importante para a
proliferac@o e diferenciacdo celular e desenvolvimento embrionério (Chinsriwongkul

et al, 2012). Em ratos, a maturacdo de odcitos em meio suplementado com
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tretinoina elevou o numero de od6citos maturados e melhorou o desenvolvimento

embrionario (Nasiri et al., 2011, Tahaei et al., 2011).

Segundo Lucas e colaboradores (Lucas et al., 2015), a suplementacdo do
meio de MIV com tretinoina nanoencapsulada aumenta a taxa de clivagem e
blastocisto. No mesmo trabalho, os autores observaram que os embribes dos grupos
tratados apresentaram menor nivel de espécies reativas de oxigénio, sugerindo um

efeito antioxidante da tretinoina.

Por fim, a paraoxonase-1 (PON1), uma enzima sintetizada pelo figado (Ferre
et al., 2002) que forma um complexo com a lipoproteina de alta densidade (HDL) e a
apolipoproteina A, é uma substancia que atua na protecdo da membrana celular
contra o estresse oxidativo. O efeito antioxidante da PON1 se da através da
prevencado a apoptose (Fuhrman et al., 2010). Dessa forma, Rincon e colaboradores
observaram um efeito dose dependente da adicdo de PON1 ao meio de MIV.
Odcitos maturados em meio suplementado com PON1 apresentaram um aumento
na taxa de blastocisto (Rincon et al., 2016). Este estudo confirmou que a PON1
apresenta um efeito positivo na aquisicho de competéncia oocitaria e
desenvolvimento embrionario in vitro, demonstrando que a PON1 é uma alternativa

para a melhora nos resultados da PIVE.

2.3.3 Suplementos proteicos

A maturacdo oocitaria e o desenvolvimento embrionario sdo favorecidos
quando ocorrem em meio suplementado com fontes de proteina de origem animal
(Carolan et al., 1995). Segundo Ancioto, o soro fetal bovino (SFB) utilizado na MIV
apresenta melhores resultados em relacdo a outras fontes protéicas de origem
animal (Ancioto, 2004). De acordo com diversos estudos, essa diferenga ocorre em
virtude da presenca de fatores de crescimento, aminoacidos, peptideos, proteinas,
citrato (Keskintepe et al., 1995), vitaminas, substratos energéticos (Takahashi and

First, 1992) e horménios esterodides (Mingoti et al., 1995) no SFB.

No entanto, de acordo com Rizos e colaboradores (Rizos et al., 2003), a
utilizagdo de SFB esta associada a redugdo da criotolerancia embrionaria. O SFB

apresenta uma maior concentracdo lipidica em relagdo a outros suplementos
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protéicos, como a albumina sérica livre de &cidos graxos (BSA-FAF) (Del Collado et
al., 2015). Os acidos graxos saturados podem penetrar no odcito (Adamiak et al.,
2006), podendo ser metabolizados ou acumulados (Kuerschner et al., 2008). O
excesso de acumulo de lipidios causa modificagBes no metabolismo da mitocdndria
oocitaria (Crosier et al., 2000), organela responsavel pelo suprimento energético até

a fase de blastocisto (Van Blerkom, 2011), comprometendo a viabilidade do embriéo.

Dessa forma, a BSA tem sido amplamente utilizada em meios de PIVE
(Mingoti et al., 2002). Entretanto, a utilizacdo de SFB no meio de MIV est4 associada
a maior viabilidade oocitaria em comparagdo a utilizacdo de BSA como fonte
protéica (Ancioto, 2004). Por outro lado, segundo Flood e Shirley, a BSA tem efeito
protetor celular contra componentes toxicos do meio em virtude de sua caracteristica
de ligacéo (Flood and Shirley, 1991). Além disso, a BSA previne que haja a adeséo
das células as placas de PIVE, pois desempenha fungdo surfactante (Pinyopummintr
and Bavister, 1994). A BSA também contribui promovendo o equilibrio do pH e

quelando metais pesados (Mehta and Kiessling, 1990).

Na busca por um embrido com menor conteudo lipidico, consequentemente
mais criotolerante, del Collado e colaboradores avaliaram a qualidade de embrides
cuja MIV foi suplementada apenas com uma fonte protéica de baixo contetdo
lipidico, a BSA-FAF, em comparacdo a MIV suplementada com SFB. Os resultados
deste estudo indicam que odcitos suplementados apenas com SFB apresentam um
maior acumulo lipidico. Contudo, apesar de apresentarem um maior nidmero de
mitocdndrias ativas, os odcitos maturados apenas com BSA-FAF apresentam menor
taxa de maturagédo e de blastocisto (Del Collado et al., 2015), o que ocorre em
virtude da assincronia durante a migragédo, causando uma maior distancia entre as
estruturas. Corroborando, Ali e Sirard (Ali and Sirard, 2002) relataram que odcitos
maturados em meio contendo apenas BSA apresentam uma menor taxa de

maturacéo nuclear e migragao dos granulos corticais.

No entanto, a reducdo do percentual de SFB de 10% para 5%, combinado
com BSA-FAF promove um balango oxidativo, promovendo uma melhor taxa de
maturacdo e desenvolvimento de balstocisto e menor acumulo de lipidios nos
embrides (Del Collado et al., 2015)

2.3.4 Suplementos hormonais
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A maturagdo in vitro € realizada com meios suplementados com
gonadotrofinas em espécies como bovinos (Zuelke and Brackett, 1990), equinos
(Dell’Aquila et al., 2004) e suinos (Singh et al., 1993). Gonadotrofinas como o
horménio foliculo estimulante (FSH) e o horménio luteinizante (LH) induzem a
maturacdo nuclear e citoplasméatica e melhoram o desenvolvimento embrionéario
(Guixue et al., 2001). No entanto, o tipo de gonadotrofina assim como a

concentragdo a ser utilizada ndo € um consenso (Saeki et al., 1991).

O FSH e o LH séo glicoproteinas sintetizadas e secretas pela hipofise
anterior. O FSH estimula a maturacgdo de foliculos inclusos nas células do cumulus e
promove a proliferagdo e diferenciacdo das células da granulosa (Richards, 1980).
Ja o LH promove a maturacéo final do odcito através do estimulo a liberacdo de
fatores de crescimento que permitem a retomada da meiose (Hsieh et al., 2009).
Além disso, as gonadotrofinas atuam na regulacdo de moléculas envolvidas no

bloqueio ou retomada da meiose (Su et al., 2003).

Além das gonadotrofinas de origem hipofisaria, ha também as gonadotrofinas
coridnicas, de origem placentéria, que podem mimetizar os efeitos do FSH e LH. A
gonadotrofina coribnica equina (eCG) e a gonadotrofina coridnica humana (hCG)
sdo hormdnios que possuem efeito biolégico similar ao FSH e LH. O eCG apresenta
acao majoritariamente semelhante ao FSH e em menor grau ao LH (Papkoff, 1974),

enquanto o hCG apresenta efeito mais similar ao LH (Morrow, 1986).

Apesar dos resultados positivos do uso de eCG na maturagéo folicular in vivo
(Oliveira et al., 2014), o efeito deste e de outros ligantes do receptor de LH in vitro
ainda necessitam ser elucidados. Segundo Nogueira e colaboradores, apesar de
haver um anico receptor de LH, sua ativagéo por diferentes ligantes, como LH, eCG
ou hCG, pode resultar na ativagdo de diferentes rotas de sinalizagdo ou alterar a

intensidade dessa sinalizagédo (Nogueira et al., 2010).

Outro hormonio estudado como suplemento para melhorar a maturacéo
oocitaria é o cortisol. Este glicocorticéide atua como modulador da apoptose
(Komiyama et al., 2008), na regulacéo da atividade mitocondrial (Datson et al., 2008)

e no metabolismo de carboidratos e lipideos (Reichardt et al., 2012).

Em mulheres, a concentragéo intrafolicular de cortisol apresentou efeito

positivo na taxa de implantacdo embrionéria (Keay et al., 2002). Além disso, Harlow
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e colaboradores (Harlow et al.,, 1997) observaram uma maior concentragédo

intrafolicular de cortisol proximo ao pico de LH.

Adicionado ao meio de MIV de od6citos bovinos, o cortisol ndo apresenta efeito
na taxa de clivagem e numero de células do blastocisto, apesar de conferir um
aumento na taxa de blastocisto (da Costa et al., 2016). Neste mesmo estudo, 0s
embrides provenientes de odcitos tratados com cortisol apresentaram uma maior
expressdo dos genes GLUT1, FASN e HSP70, evidenciando o efeito do
glicocorticéide na modulagdo do metabolismo de carboidratos, lipideos e resposta ao

estresse respectivame nte.

Além do disposto, diversos trabalhos tém descrito o efeito da utilizacdo de
insulina na PIVE de diferentes espécies (Herrler et al., 1998, Lewis et al., 1992, Rao
et al., 1990, Zhang and Armstrong, 1990). No entanto, os resultados apresentados
sdo contraditorios, provavelmente em funcdo da concentragdo de insulina utilizada.
Em razdo da instabilidade in vitro da insulina (Hayashi et al., 1978),em alguns
estudos, a concentracdo utilizada na PIVE € superior a fisiolégica (Matsui et al.,
1997).

Segundo Laskowski e colaboradores (2016), a adicdo de insulina ao meio de
MIV, tanto na concentracao fisiol6gica como cem vezes maior, ndo afeta a taxa de
clivagem. No entanto, a taxa de blastocistos € menor em grupos maturados em meio

de MIV suplementado com insulina (Laskowski et al., 2016).

Por fim, outro horménio estudado como suplemento para a PIVE é a
melatonina, uma molécula multifuncional produzida pela glandula pineal (Reiter et
al., 2010). Dentre suas fungbes, a melatonina possui agdo antioxidante, pois
estimula a expresséo de genes e ativagado de enzimas como a glutationa peroxidase
(GSH) e a superdxido dismutase (SOD) (Barlow-Walden et al., 1995). Além de
proteger a mitocondria contra 0 estresse oxidativo, a melatonina restringe eventos

apoptoticos e a morte celular (Jou et al., 2010).

A capacidade antioxidante e antiapoptotica da melatonina provavelmente seja
0 mecanismo através do qual esta molécula promove o desenvolvimento de odcitos
e embrides de diferentes espécies (Abecia et al., 2002, Ishizuka et al., 2000, Kang et
al., 2009, Papis et al., 2007, Paradies et al., 2010, Sakaguchi et al., 2013, Tian et al.,

2010). Tian e colaboradores (Tian et al., 2010) observaram a presenca de
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melatonina no fluido folicular de bovinos, bem como relataram os efeitos benéficos

da melatonina na maturac¢ao oocitéria in vitro.

2.3.5 Suplementos reguladores de cAMP

A adenosina monofosfato ciclica (CAMP) € um mensageiro intracelular que
induz a maturagéo de odcitos (Conti et al., 2012). A produgédo de cAMP é estimulada

pelo FSH e pelo LH através da enzima adenilato ciclase.

A concentracdo de cAMP no odcito determina a manutencdo do bloqueio da
meiose. A reducdo da concetracdo de cAMP no odcito culmina com a retomada da
meiose (Sela-Abramovich et al.,, 2006). Dessa forma, durante o processo de
maturacdo é fundamental a manutencdo da concentragdo de cAMP para que a
reorganizagdo citoplasmética ocorra de forma sincronizada a maturacdo nuclear
(Luciano et al., 2011).

Consequentemente, a utilizagdo de agentes reguladores de cAMP que
promovam a manutengdo de sua concentragdo promovem um aumento no
desenvolvimento da competéncia oocitaria (Luciano et al., 2011). Odcitos tratados
com adenilato ciclase ou inibidores da fosfodiesterase, como a forskolina (FSK) e o
3-isobutil-1-metilxantina (IBMX), apresentam um aumento na concentragdo de cAMP
e subsequente atraso na retomada da meiose, o que contribui para o processo de

aquisicao de competéncia (Shu et al., 2008).

Outra molécula que atua na modulagdo do cAMP é a proteina kinase
ativadora de AMP (AMPK). Através da fosforilag&o oxidativa e da oxidag&o de &cidos
graxos, a AMPK regula a homeostase celular, através da taxa Adenosina trifosfato
(ATP): Adenosina mono fosfato (AMP) e geracdo de ATP (Hardie et al., 2012). Por
sua vez, o ATP é necessario em quantidades suficientes para a formag¢édo do fuso
meidtico (Zhang et al., 2006), oscilagdo do calcio (Dumollard et al., 2006) e extrusao
do corpusculo polar (Stojkovic et al., 2001), eventos fundamentais para o

acontecimento da maturacao do odcito.

Segundo Takeo e colaboradores (Takeo et al., 2015), a suplementacgéo do
meio de MIV com o ribonucleosideo 5-aminoimidazole-4-carboxamine (AICAR), um

ativador especifico de AMPK, melhora o processo de aquisicdo de competéncia
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oocitaria. A suplementacdo do meio de MIV com AICAR aumenta a atividade de
AMPK nos odcitos. Além disso, blastocistos provenientes de odcitos tratados com
AICAR apresentam um maior nimero de células em comparagdo a blastocistos
oriundos de odcitos ndo tratados. De acordo com os autores, o tratamento dos
o6citos com AICAR promove um aumento continuo da concentragdo de ATP nos
embrides até o estagio de oito células. Dessa forma, é possivel afirmar que o AICAR
melhora a capacidade de fertilizagcdo do od6cito e seu desenvolvimento até o estagio
de blastocisto (Takeo et al., 2015).

2.4 Interacéo entre reproducéo e doencgas metabdlicas

O sistema reprodutivo, bem como as repostas a sua manipulacdo, depende
da condicdo metabdlica do individuo (Webb et al.,, 2007). A foliculogénese, a
qualidade oocitaria e o desenvolvimento embrionario sdo afetados por hormdnios e
fatores de crescimento que sofrem regulacdo do eixo somatotropico, cuja atividade é
condicionada ao status energético do individuo (Monget and Bondy, 2000). Por outro
lado, também esta bem estabelecido que individuos obesos, tanto fémeas bovinas
como mulheres, tendem a apresentar reduzida fertilidade (Armstrong et al., 2001,
Nolan et al., 1998). Quadros de obesidade frequentemente sdo acompanhados de
resisténcia a insulina, o que compromete a acdo do eixo somatotrépico no

desenvolvimento folicular em ruminantes (McGarry, 2002).

Um dos mecanismos pelos quais a obesidade interfere na fertilidade é a
excessiva liberagdo de acidos graxos néo esterificados (NEFA — non-esterified fatty
acids) durante a lipdlise, excedendo a capacidade de metabolizacdo hepética
(Drackley et al., 2001). Elevada concentracdo de NEFA é prejudicial para as células
foliculares, acarretando reducdo da qualidade do odcito e consequentemente
diminuicdo da fertilidade (Vanholder et al., 2006). Além disso, um estado de
catabolismo pode alterar a expresséo de receptores purinérgicos (Seo et al., 2014),
0s quais desempenham um importante papel na resposta imune (Beldi et al., 2008),
0 que pode interferir no desempenho produtivo e reprodutivo da fémea. Dessa
forma, o entendimento dos mecanismos metabdlicos de regulagdo da obesidade,

bem como alternativas para atenuar seus efeitos deletérios, contribui para a melhora
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na eficiéncia de programas de reproducéo assistida em individuos que apresentam

quadros dessa enfermidade.

2.5 Papel da gordura visceral no mecanismo inflamatério da obesidade

7

Um dos principais focos das pesquisas em obesidade é o tecido adiposo
(Trayhurn et al.,, 2007). A identificacdo do tecido adiposo como n&o apenas um
estoque de energia e protetor térmico e mecéanico, mas também como 6rgéo
secretor, tem impulsionado pesquisas em busca da compreensdo dos mecanismos
celulares e moleculares que modulam sua relacdo com diversos eventos no

organismo (Tschop and Heiman, 2001).

Os avancgos nas técnicas de biologia molecular permitiram a identificacdo de
diversos produtos secretados pelo tecido adiposo (Fruhbeck and Gomez-Ambrosi,
2001). Cada adipdcito produz uma gama de substancias, chamadas de adipocinas
(Trayhurn and Wood, 2004), que impactam ndo apenas na funcdo adipocitaria, mas
também em diversas fungdes metabdlicas (Fonseca-Alaniz et al., 2006, Fruhbeck
and Gomez-Ambrosi, 2001, Ronti et al., 2006).

Dentre mais de 50 adipocinas ja catalogadas, o tecido adiposo secreta uma
gama de citocinas pro e anti-inflamatdrias associadas a obesidade (Yudkin et al.,
1999). Em individuos obesos, a sintese de moléculas proé-inflamatérias esté
aumentada em relacdo a individuos magros (Ferrante, 2007). Dessa forma, Das
(Das, 2001) sugere que a obesidade é uma doenca inflamatéria. Nesse contexto, 0s
estudos sobre obesidade buscam a compreenséo da relagdo entre estas citocinas e

0 quadro de obesidade.

As citocinas sdo horménios protéicos que atuam na mediacao e regulagéo de
processos imunes e inflamatorios (Playfair e Lydyard, 1999). Dentre as citocinas pro
e anti-inflamatérias produzidas pelo tecido adiposo se destacam a adiponectina, o
fator de necrose tumoral 4 (TNF,), a interleucina 6 (IL-6), a interleucina 1 b (IL-13) e
a leptina (Coelho et al., 2013).

2.5.1 Interleucina 1B (IL-1B)
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A IL-1B é uma citocina pro-inflamatéria presente no citoplasma na sua pro-
forma inativa. A clivagem de sua pro-forma inativa é realizada pela enzima caspase-
1, que leva a ativagao da forma madura e biologicamente ativa da IL-1 $ (Thornberry
et al, 1992). Essa ativagdo resulta na estimulacdo da producéo de outros
mediadores inflamatoérios, levando ao influxo de células imunes circulantes,
culminando em dano tecidual e uma forma especial de morte celular chamada de
piroptose. Por essa raz&o, a IL-1B tem sido descrita como “pir6geno enddgeno”
(Dinarello, 2009).

2.5.2 Fator de necrose tumoral a (TNFa)

O TNF4 € uma citocina pro-inflamatéria que tem a expressdo do gene que a
codifica aumentada no tecido adiposo de roedores obesos. Por essa razdo, a
obesidade foi reconhecida como uma condigéo de inflamagé&o cronica de baixo grau
(Hotamisligil et al., 1993).

O aumento da sintese de TNF,, juntamente com outras adipocinas, leva a
uma maior infiltragdo de macrofagos no tecido adiposo (Kennedy et al., 2009). Como
resultado, além do processo inflamatério, também se desenvolve uma resisténcia
periférica a insulina. O TNFq inibe a fosforilagdo da tirosina existente no substrato-1
do receptor de insulina (IRS-1) (Bullo et al., 2007). Além disso, o quadro inflamatdrio
do tecido adiposo leva a diferenciacdo dos adipdcitos que culmina na liberagdo de
acidos graxos néo esterificados (AGNEs) que inibem o IRS-1 (Bullo et al., 2007).
Dessa forma, na condigéo de obesidade, o tecido adiposo desempenha importante

papel na regulacdo da Sindrome Metabdlica.

O TNF, ativa a via de sinalizagdo do fator de transcri¢ao fator nuclear kappa B
(NF-KB). Ativado, o NF-KpB se transloca para o ndcleo onde regula a transcricdo de
genes envolvidos na resposta imune e inflamatéria (Baud and Karin, 2009). A acéo
do TNF, sobre o NF-KB se da através das proteinas quinases ativadas por
mitbgenos (MAPK), uma familia de quinases que atuam na regulagcdo de
crescimento, diferenciagdo e proliferacdo celulares através da fosforilacdo de serina
e treonina (Hotamisligil et al., 1993). Além disso, o TNF, desenvolve um papel

fundamental na regulagéo da sintese de interleucina 6 (IL-6) (Chiellini et al., 2002).
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2.5.3 Interleucina 6 (IL-6)

A interleucina 6 (IL-6) € uma citocina pré-inflamatéria que tem sua sintese
aumentada em individuos obesos em comparacgédo a individuos magros (Bullo et al.,
2007). A obesidade leva a quimiotaxia e infiltracdo de macréfagos, causando
inflamagé&o local e aumento nas concentragfes plasmaticas de IL-6 (Rogero et al.,
2008). O aumento da IL-6 atua de forma semelhante ao TNF4, levando a resisténcia

periférica a insulina (Cave et al., 2008).

Além da acédo proé-inflamatoria, a IL-6 suprime a expressdo de adiponectina,
uma adipocina anti-inflamatéria produzida pelo adipécito (Ouchi et al., 2003).
Segundo Kern e colaboradores, a concentracdo de IL-6 e outras citocinas pro-
inflamatoérias aumentam com o acumulo de gordura visceral (Kern et al., 2001). Em
roedores, a retirada cirdrgica da gordura visceral aumentou a sensibilidade a
insulina, tolerancia a glicose e expressdo do receptor de insulina (IR) no tecido
masculo esquelético (Menon et al., 2014). E provavel que esses resultados sejam
decorrentes da diminuicdo da secregao de IL-6, desfazendo sua inibicdo do IR e
permitindo a ligagcéo da insulina a seu receptor (Menon et al., 2014). No entanto, o
efeito pro-inflamatério da IL-6, bem como de outras citocinas pré-inflamatorias,
parece ser mediado pela concentracdo de citocinas anti-inflamatérias, assim como o

inverso é verdadeiro (Neumeier et al., 2006).

2.5.4 Adiponectina

A adiponectina é uma citocina anti-inflamatéria que, juntamente com a leptina,
representa a adipocina mais abundante no organismo (Weisberg et al., 2003). Essa
adipocina inibe o TNF, e a IL-6, além de estimular a producdo de IL-10, uma
adipocina anti-inflamatoéria (Wulster-Radcliffe et al., 2004). Além do papel anti-
inflamatorio, a adiponectina desempenha uma acgdo anorexigena, de regulacdo do
balangco energético e aumento a sensibilidade a insulina (Ronti et al., 2006). Essa
citocina anti-inflamatéria atua em diferentes tecidos, sendo seus receptores AdipoR1

e AdipoR2 identificados no tecido masculo- esquelético, figado, cérebro (Yamauchi



677
678

679
680
681
682
683
684
685
686

687

688

689
690
691
692
693
694

695
696
697
698
699
700
701
702
703
704
705

706
707

34

et al., 2003), células B-pancreéticas (Kharroubi et al., 2003) e macrofagos (Chinetti et
al., 2004).

Em individuos obesos, a concentracdo plasmatica de adiponectina se
encontra reduzida em relagdo a individuos magros (Ouchi et al., 2003). Em
contrapartida, apos a redugdo da massa corporal ha uma elevacdo na concentracao
sérica de adiponectina (Yang et al.,, 2001). Da mesma forma que a redugdo da
concentracdo de adiponectina esta associada ao aumento da resisténcia periférica a
insulina em quadros de obesidade, a reducdo da gordura corporal leva ao aumento
da concentracdo plasmatica dessa adipocina e aumento da sensibilidade periférica a
insulina (Shah et al., 2008).

2.5.5 Leptina

A leptina é um hormdnio polipeptideo que € expresso principalmente pelos
adipécitos. Esse adipocina pro-inflamatéria regula a ingestdo alimentar, gasto
energético e massa corporal servindo como um sinalizador entre o tecido adiposo e
o0 sistema nervoso central (Campfield et al., 1995, Zhang et al., 1994). Além disso, a
leptina apresenta um papel da resposta inflamatodria, pois aumenta a producdo de

linfocinas pro-inflamatérias (Lord et al., 1998).

A sintese de leptina é estimulada pelas citocinas pro-inflamatérias TNF, e IL-6
(Fruhbeck and Gomez-Ambrosi, 2001), o que evidencia a participagéo da leptina na
modulagdo da fungdo imune (Loffreda et al., 1998). Estudos demonstram que a
concentracdo sérica de leptina € maior em adolescentes obesos em relagdo a
individuos magros na mesma faixa etaria (Viso Gonzalez et al., 2005), o que aponta
para um efeito da capacidade de modulagéo imune da leptina no desenvolvimento
da obesidade. Essa afirmacédo é suportada pelo fato de que a concentracdo sérica
de leptina é reduzida mediante a reducdo da massa corporal (van Rossum et al.,
2000). Nos macréfagos, a leptina induz a ativagdo da MAPK, sinal de traducéo e
ativacao da transcricdo 3 (STAT3) e quinase regulada por sinal extracelular (ERK),

culminando na sintese de TNF, e IL-6 (Greenway and Smith, 2000).

Cabe salientar que mecanismos de mediagdo inflamatdria citados estédo

associados a gordura visceral, tida como gordura “ruim”, em comparacao a gordura
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subcutanea, tida como gordura “boa”. Essa afirmag¢do suporta-se no fato de que a
remogdo cirargica da gordura visceral em animais de laboratério aumenta a
tolerancia a glicose e a sensibilidade a insulina (Barzilai et al., 1999, Gabriely et al.,
2002, Kim et al., 1999). Ao mesmo tempo, o transplante de gordura subcutédnea para
a cavidade visceral também aumenta a toleréncia a glicose e a sensibilidade a

insulina (Tran et al., 2008).
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3 HIPOTESE E OBJETIVOS

3.1 Hipotese

A hipétese deste trabalho foi a de que o butafosfan melhora os resultados da
producdo in vitro de embrides bovinos e reduz a resposta inflamatéria em

camundongos submetidos a uma dieta hipercalérica.

3.2 Objetivo Geral

O objetivo desse estudo foi verificar o efeito da molécula de butafosfan na
qualidade de o6citos e embrides bovinos e na regulagdo de marcadores

relacionados a sinalizagcao inflamatdria no tecido adiposo visceral de camundongos.

3.3 Objetivos Especificos

Determinar o efeito da adicdo de butafosfan ao meio de MIV na maturacao
nuclear de o6citos bovinos;

Determinar o efeito da adigcdo de butafosfan ao meio de MIV na taxa de
clivagem de odcitos bovinos;

Determinar o efeito da adigcdo de butafosfan ao meio de MIV na taxa de
blastocisto;

Determinar o efeito da adigéo de butafosfan ao meio de MIV na expresséo de
genes marcadores de qualidade de odcitos e embribes bovinos;

Determinar o efeito do butafosfan na concentracdo sérica de marcadores
inflamatérios em camundongos submetidos a diferentes cenérios metabdlicos;
Determinar o efeito do butafosfan na expresséo de genes ligados ao processo
de sinalizacéo inflamatéria na gordura visceral de camundongos submetidos a

diferentes cenarios metabolicos;
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4 CAPITULOS

4.1 Artigo 1

Effect of butafosfan on oocyte maturation and bovine embryo development

(Manuscrito a ser submetido a revista Animal Reproduction Science)
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ABSTRACT

While 60 to 80% of oocytes maturated in vivo reached competence, the proportion of
maturation in vitro is rarely higher than 40%, highlighting the need for better
alternatives to improve in vitro maturation (IVM) and embryo in vitro production (IVP).
Oocyte maturation is regulated by several factors, including phosphorylation and
dephosphorylation pathways. Therefore, butafosfan represents an alternative to
modulate these factors by donating phosphate ions. The aim of this study was to
evaluate the effect of butafosfan in oocyte maturation and embryo IVP. A total of 809
cumulus-oocyte complexes (COCs) were distributed in groups with IVM medium
supplemented with different concentrations of butafosfan (GC=0.00 mg/mL; T1=0.05
mg/mL; T2=0.1 mg/mL and T3=0.2 mg/mL). Then, 20 oocytes per group were
collected to evaluate nuclear maturation and gene expression on cumulus cells and
oocytes and the remaining oocytes were inseminated and cultured until day 7, when
blastocysts were collected to gene expression analysis. A dose-dependent effect of
butafosfan was observed in the decrease of cleavage rate and embryo development.
No difference between groups was observed in maturation rate and expression of
genes related to oocyte quality. Our results suggest that butafosfan was prejudicial

for oocytes, compromising cleavage and embryo development.

Keywords: butafosfan, in vitro maturation, oocytes, gene expression.
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1. Introduction

In vitro production (IVP) of bovine embryos is a reproductive technique that
allows to improve the genetic gain by reducing the interval between generations and
increasing offspring of individuals of high genetic merit. However, advances in IVP
are compromised due to only 25-40% of oocytes maturated in vitro reaching
competence, while rates of 60 to 80% are observed in vivo (Farin et al., 2007). This
is attributed to differences in the maturation process in vitro and in vivo (Combelles et
al., 2002). During maturation, oocytes should complete meiosis with correct
chromosome segregation and cytoplasmic rearrangement (Ferreira et al., 2009), to
achieve competence and to reach the blastocyst stage (Luciano et al., 2011). Despite
in vitro maturation (IVM) supports nuclear maturation process, cytoplasmic

maturation is often compromised (Combelles et al., 2002).

Oocyte maturation is regulated by different process, including phosphorylation
and dephosphorylation of proteins and cellular signals (Colgan et al., 1996, Gavin
and Schorderet-Slatkine, 1997, Thach, 1992). Moreover, ATP concentration is crucial
for formation of meiotic spindle (Zhang et al., 2006), calcium oscilation (Dumollard et
al., 2006), polar body extrusion and competence development during oocyte
maturation (Hao et al., 2009, Stojkovic et al., 2001). The levels of ATP are associated
with mytochondrial reorganization and total number of cells in blatocysts. Embryos
with low concentration of ATP show a lower development and cell number when
compared to embryos with higher levels of ATP (Stojkovic et al., 2001). Mitochondria
are responsible for ATP production, required for protein synthesis in maturation and

embryo development processes (Krisher and Bavister, 1998, Stojkovic et al., 2001).
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Thus, the use of supplements to improve mitochondrial metabolism and ATP levels

during IVM represents an alternative to obtain a better effectiveness in this process.

Butafosfan is a molecule of organic phosphorus that has been evaluated as
metabolic modulator (Pereira et al.,, 2013), maybe representing an alternative to
improve oocyte metabolism and thereafter, acquisition of competence. Some results
sugest Empiric results a beneficial effect of butafosfan in cattle and horses assisted
reproduction programs, although without scientific grounds. When associated to
cyanocobalamin, butafosfan improved the number of small follicles in cows (Lima
2014). Phosphorus is also essential for synthesis of nucleotides related to hormonal
signaling (Cunningham 2002) and for cell growth, differentiation, and integrity (Berg
et al., 2006). According to Hasi Su-rong and colleagues, ATP concentration is higher
in muscle and liver tissues of rats treated with butafosfan (Hasi Su-rong et al., 2004).
The fundamental aim of this study was to evaluate the effect of butafosfan addition in
the maturation medium in oocyte maturation, bovine embryo development and
expression of genes associated with acquisition of oocyte competence and embryo

quality.

2. Material e methods

2.1 Oocyte collection and selection of cumulus-oocyte complexes (COCs)

Bovine ovaries were collected from a local abattoir and transported to the
laboratory in NaCl 0.9% solution with gentamicin 0.5% at 30 °C. The COCs were
aspirated from follicles (3-8 mm in diameter) using a sterile needle, selected just

COCs grade 1 and 2 using a stereo microscope according to Leibfried & First
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(Leibfried and First, 1979) and then, washed three times in washing medium

(Biotecnologia Animal®, Brasilia, DF, Brazil).
2.2 Experimental design and in vitro maturation (IVM)

The COCs (n=809) were randomly distributed in groups of approximately 60
oocytes for each routine, in a total of six routines, as follows: control group (CG)
(n=207); treatment 1 (T1) (n=178); treatment 2 (T2) (n=217) and treatment 3 (T3)
(n=207). Groups in 500 pL drops of IVM medium TCM (Biotecnologia Animal®,
Brasilia, DF, Brazil) supplemented with 10% of fetal bovine serum (FBS) were placed
in Nunc plates. The dose of butafosfan to be supplemented was the serum
concentration, half and twice the dose. For groups T1, T2 and T3, the maturation
medium was supplemented with 0.05, 0.1 and 0.2 mg.mi* of butafosfan (Bayer
Saude Animal, Séo Paulo, SP, Brazil), respectively. The IVM was performed at 39 °C

in an atmosphere of 5% CO2, maximum saturation for 24 h.
2.3 In vitro fertilization (IVF) and in vitro culture (IVC)

In vitro fertilization (IVF) was performed for 24 h after MIV, with semen
obtained from the same ejaculate from a Bos taurus bull. Oocytes were washed in
IVF medium (Biotecnologia Animal®, Brasilia, DF, Brasil) and placed in Nunc® plates
in 400 pL drops of the same medium supplemented with 0.6% of bovine serum
albumin fatty-acid-free (BSA-FAF). Semen was thawed at 35 °C for 30 s and
spermatic selection was performed using MiniPercoll density gradient method. Then,
oocytes were inseminated with sperm concentration of 1 x 10° cells/mL and cultured

at 39 °C in an atmosphere of 5% CO,, maximum saturation for 20 h.

After IVF, presumptive zygotes were denuded from cumulus cells by repeated

pipetting in washing medium (Biotecnologia Animal®, Brasilia, DF, Brasil). Denuded



842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

862

863

864

865

42

oocytes were washed in medium for in vitro culture (ICV) (Biotecnologia Animal®,
Brasilia, DF, Brasil) and transferred to Nunc plates in 200 uL of the same medium for
ICV supplemented with 5% of FBS and covered with 400 yL of mineral oil. The
culture was conducted at 39 °C in an atmosphere of 5% CO,, maximum saturation
for seven days after IVF. After 72 h (day 3) and 120 h (day 5), 50% of the medium for
IVC was replaced by fresh medium. The cleavage rate was evaluated at day 2 and
the rate of blastocysts was recorded at day 7 based on number of inseminated

oocytes.
2.4 Analysis of nuclear maturation

After IVM, five oocytes of each group, totaling 120 oocytes, were denuded by
repeated pipetting, washed three times with PBS and fixed for 15 min in 4%
paraformaldehyde. Then, a solution of PBS with 0.5% of TRITON X-100 was used for
short-term storage. These oocytes were stained with Hoescht (33342) and fixed on
microscope slides to evaluate nuclear maturation. Oocytes with polar body extrusion
were classified as maturated, indicating the metaphase Il stage, while those with

other chromatin configuration were classified as non-maturated.
2.5 Analysis of gene expression

After IVM, 15 oocytes of each group, totaling 360 oocytes, were denuded by
repeated pipetting to collect cumulus cells and oocytes, which were stored in 100 pyL
of TRIzol (Invitrogen, Carlsbad, Califérnia, USA) at -70°C for subsequent evaluation
of gene expression. At day 7, embryos were also collected and stored in 100uL of
TRIzol at -70°C to evaluate the expression of genes related to embryo quality. Total
RNA was extracted from cumulus cells, oocytes and embyos using TRIzol Reagent

(Invitrogen, Carlsbad, Califéornia, USA) and quantified in a NanoVue
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spectrophotometer (General Electric Healthcare Limited, UK). Synthesis of cDNA
was performed using iScript Reverse Trascription Supermix for RT-gPCR (Bio-Rad,
Hercules, Califérnia, USA) according to manufacturer’s instructions. Real-time PCR
reactions were run on an Applied Biosystems 7500 RT-PCR (Applied Biosystems,
Foster City, EUA) using SYBR Green PCR Master Mix (Applied Biosystems, Foster
City, EUA) and primers described on Table I. The expression of several genes was
evaluated, as follows: BAX and BCL2 as apoptosis markers; AREG and EREG as
genes related to cumulus cells expansion and resumption of meiosis; GDF9 and
BMP15 as indicators of oocyte quality; GLUT1 and PFKP for analysis of energy
metabolism in oocytes; and PLACS that is related to ability of embryo implantation.

-AACT
2

Results were analyzed using method, using H2A gene (H2a) as intern control.



Tablel. Primers used in RT-PCR

Fragment

Annealing

Gene Primers sequence (5'-3") length (bp) temperature Reference
HoaFz F: CAGGAGCTGAACAAGCTGTTG 60°C Portela et al 2010
R: TTGTGGTGGCTCTCAGTCTTC
BCL2 F: GAGTTCGGAGGGGTCATGTG 203 60°C Boruszewska et al 2015
R: GCCTTCAGAGACAGCCAGGA
BAX F: GTGCCCGAGTTGATCAGGAC 126 60°C Boruszewska et al 2015
R: CCATGTGGGTGTCCCAAAGT
PLACS8 F: TTTACCGCTCTGTGCCCTTT 95 60°C Boruszewska et al 2015
R: CCATGTGAACTTGACCAAGCAT
AREG F: CTTTCGTCTCTGCCATGACCTT 100 60°C Boruszewska et al 2015
R: CGTTCTTCAGCGACACCTTCA
EREG F: TCACCGCGAGAAGGATGGAG 73 60°C Boruszewska et al 2015
R: GTACTGAAGACCAGGACGAGC
GLUT1 F: GATCCACAGAGCGCAGCC 90 60°C Boruszewska et al 2015
R: TGTCAGCTTCTTGCTGGTGG
PFKP F: TCAGAGAACCGTGCCTGGAAGAAA 112 60°C Boruszewska et al 2015
R: TGACCACAAGCTCCTTGATCTGCT
GDF9 F: AGCGCCCTCACTGCTTCTATAT 80 60°C Hosoe et al 2011

44
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BMP15

R: TTCCTTTTAGGGTGGAGGGAA
F: ATCATGCCATCATCCAGAACC

R: TAAGGGACACAGGAAGGCTGA

72

60°C

Hosoe et al 2011

45
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2.6 Statistical analysis

The analyses were carried out with SAS 9.0 (SAS, Cary, NC, EUA) using a
General Linear Model approach. Results are shown as mean + standard error of the
mean. Polynomial regression model was used to determine the linear, quadratic or
cubic effect of supplementation with 0.0, 0.05, 0.1 and 0.2 mg of butafosfan per mL
of IVM medium in the maturation, cleavage and blastocysts rates. The same was
performed to analyze the expression of genes BAX, BCL2, AREG, EREG, GDF9,
BMP15, GLUT1, PFKP in cumulus cells and ocytes, BAX, BCL2 e PLC8 in embryos,

and the BAX/BCL2 relation in cumulus cells, oocytes and embryos.

3. Results

A linear effect was observed in cleavage rate (P=0.02) and blastocyst rate
(P=0.01), Figure 1. The increase in butafosfan doses resulted in reduction of

cleavage rate and embryo development.

a Cleavage b Embryo development

Model (P=0.12)
80+ Linear (P=0.02) -
Quadratic (P=0.47) 25 19.9
Cubic (P=0.79)

Model (P=0.04)
Linear (P=0.01)
Quadratic (P=0.27)
Cubic (P=0.06)

57.7

60 48.4
441

104 75

Cleavage rate (%)
o 5
1

Blastocysts rate (%)

Control T1 T2 T3 Control T1 T2 T3

Figure 1. Cleavage rate (a) and embryo development (b) after supplementation of
IVM medium with different doses of butafosfan. The cleavage rate and the embryo

development were verified at D2 and D7 respectively.
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No difference was observed in oocyte nuclear maturation rate (P>0.05), as

observed in Figure 2.

Figure 2. Oocyte nuclear maturation rate (%), analysed by Hoescht staining after in

vitro maturation.

Relative expression of genes BAX, BCL2, AREG, EREG, GDF9, BMP15,
GLUT1, PFKP and BAX/BCL2 relation in oocytes was also statistically equal

between groups (P>0.05), Figure 3.
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Figure 3. Relative expression of genes BAX (a), BCL2(b), AREG (d), EREG (e),
GDF9 (f), BMP15 (g), GLUT1 (h), PFKP (i) and BAX/BCL2 relation (c) on oocytes.
Results were analyzed using 2“°T method, using H2a as intern control, and are

expressed as mean + standard error of the mean.

In cumuls cells, relative expression of these genes showed no statistical

difference between groups (P>0.05), Figure 4.
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Figure 4. Relative expression of genes BAX (a), BCL2(b), AREG (d), EREG (e),
GDF9 (f), BMP15 (g), GLUT1 (h), PFKP (i) and BAX/BCL2 relation (c) on cumulus

-AACT
2

cells. Results were analyzed using method, using H2a as intern control, and

are expressed as mean * standard error of the mean.

No difference between groups was observed in relative expression of genes

BAX, BCL2 e PLC8 and in the BAX/BCL2 relation in embryos (P>0.05), Figure 5.
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Figure 5. Relative expression of genes BAX (a), BCL2 (b) and PLACS8 (d) and
BAX/BCL2 relation (c) in embryos. Results were analyzed using 22" method, using

H2a as intern control, and are expressed as mean + standard error of the mean.

4. Discussion

In this work, it was observed that increasing doses of butafosfan in IVM
medium linearly decreased the cleavage rate. The same effect was observed for
embryo development, which was lower as the concentration of butafosfan was
higher, suggesting that butafosfan is prejudicial for oocytes. Tabeledo proposed that
butafosfan may interfere in phosphorylation of molecules involved in cellular and
molecular signaling (Tabeledo 2014). For reaching competence, oocytes need to

complete nuclear and cytoplasmic maturation (Ferreira et al., 2009). Nuclear
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maturation occurs by meiosis resumption through activation of promoting maturation
factor (PMF). PMF is regulated by different kinases and phosphatases (Belloc et al.,
2008). Thus, butafosfan may has presented a negative effect in PMF regulation,

compromising meiosis resumption and oocytes nuclear maturation.

However, our results did not show any difference in oocyte maturation rate in
groups supplemented or not with butafosfan in IVM medium, suggesting that its
deleterious effect on cleavage rate and embryo development is not associated with
nuclear maturation. Cytoplasmic maturation comprises the rearrangement of
cytoplasmic organelles (Yamada and lIsaji 2011), increase of lipid content and
reduction of the Golgi complex, leading the oocyte to interrupt transcription by
nucleolus condensation (Sirard and Coenen, 2006, Wang and Sun, 2007). This
process gives the oocyte the ability to prevent polyspermia, to allow decondensation
of the sperm in the ooplasm and to maintain embryonic development in the early
stages (van den Hurk and Zhao, 2005). Thus, cytoplasmic maturation results in a
cellular rearrangement that enables the oocyte to be fertilized (Dode 2006). Based on
that, in this study butafosfan possibly affect acquisition of cytoplasmic competence,

impairing fertilization, cleavage and embryo development.

Cumulus cells play a crucial role in oocyte maturation and competence
acquisition (Tanghe et al., 2002). Here, the effect of butafosfan in the expansion of
cumulus cells was also evaluated by gene expression analysis. AREG and EREG act
in cumulus cells expansion (Ashkenazi et al., 2005, Park et al., 2004). These genes
codify proteins responsible for mediate the effect of luteinizing hormone (LH) on
cumulus cells (Ashkenazi et al., 2005). However, no decrease was observed in
relative expression of AREG and EREG in groups with lower cleavage rates and

embryo development. Conversely, Boruszewska and colleagues reported an
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increase on relative expression of these genes in cumullus cells of oocytes
maturated in medium supplemented with lysophosphatidic acid. Moreover, they
observed a superior rate of embryo development when compared to control group
(Boruszewska et al., 2015). Thus, butafosfan may has not interfered in cumulus cells

expansion.

The effect of butafosfan in apoptosis of cumulus cells, oocytes and embryos
was evaluated by relative expression analysis of BAX and BCL2 genes and
BAX/BCL2 relation. Yang & Rajamahendran reported that BAX/BCL2 relation is
associated with oocyte and embryo quality (Yang and Rajamahendran, 2002).
Assou et al reported that higher mRNA levels of BCL2, an anti-apoptotic gene, in
cumulus cells are associated with an increase in embryo quality (Assou et al., 2008).
However, when groups with higher cleavage rates and embryo development were
compared to those with lower rates, no difference was observed in expression of
BCL2 and BAX, a pro-apoptotic gene, or in BAX/BCL2 relation for cumulus cells,
oocytes or embryos, suggesting that treatment with butafosfan did not increase
apoptosis. In another study, IVM medium was supplemented with recombinant
paraoxanase-1 and a higher blastocyst rate was observed when compared to control
group, however, no difference in BAX/BCL2 relation was observed in cumulus cells,
oocytes or embryos (Rincon et al., 2016). Thus, it is likely that the BAX/BCL2 ratio is

not directly associated with embryonic development.

Expression of genes related to oocyte quality was also evaluated by real-time
PCR. Several studies have demonstrated that GDF-9 and BMP15 are markers for
oocyte quality (Gendelman et al., 2010, Gendelman and Roth, 2012, Hussein et al.,
2006). According to Su and colleagues, GDF-9 and BMP15 regulate the crosstalk

between oocytes and granulosa cells, as well as the metabolism of cumulus cells (Su
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et al., 2008). During IVM, bovine oocytes express GDF-9 and BMP15 (Gendelman
et al., 2010, Gendelman and Roth, 2012, Pennetier et al., 2004). Gendelman et al
(2010) reported that GDF-9 expression is higher in oocytes with earlier cleavage than
in oocytes with later cleavage. Additionally, supplementation of IVM medium with
GDF-9 and BMP15 improved the competence development in bovine oocytes
(Hussein et al., 2006). However, we did not observe any significant difference in
expression of these genes in groups evaluated. Boruszewska et al also found no
difference in BMP15 expression in oocytes with higher GDF-9 levels (Boruszewska et
al., 2014). According to the authors, despite the increase in GDF-9 expression in
oocytes matured with lysophosphatidic acid, there was no increase in cleavage rate
and blastocyst production compared to the control group. Therefore, it is possible
that there are factors regulating the expression of GDF-9 and BMP15 that are not

associated with oocyte quality.

Genes involved in glucose metabolism were also evaluated in this study.
Glucose is an important energetic substrate for cumullus cells expansion, oocyte
maturation and embryonic development (Rose-Hellekant et al., 1998). GLUTL1 is the
most abundant passive glucose transporter and its expression is detected in oocytes
and embryos (Augustin et al.,, 2001). During IVM, GLUT1 promotes the passive
transport of glucose to COCs. According to Cetica et al, cumulus cells are
responsible for metabolize glucose and transfer pyruvate to the oocyte through gap
junctions (Cetica et al., 1999). Pyruvate is the energetic substrate of choice for
oocytes (Cetica et al., 1999). In cumulus cells, glycolysis is mediated by the PFKP
enzyme (Cetica et al., 2002). Thus, Boruszewska et al reported that oocytes
matured in the presence of lysophosphatidic acid had a high maturation rate and

reduced apoptosis, in addition to a high expression of GLUT1 and PFKP, suggesting
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that the level of expression of these genes is associated with oocyte and embryonic
quality (Boruszewska et al., 2015). Studies have described that butafosfan increases
ATP synthesis, improving the intracellular energetic status (Furll et al., 2010, Pereira
et al., 2013, Rollin et al., 2010). However, we did not observe significant difference in
GLUT1 and PFKP expression in cumulus cells and oocytes treated with different

concentrations of butafosfan.

In the present study, the effect of butafosfan on the improvement of embryo-
maternal signaling ability was evaluated through expression analysis of PLACS.
According to Rekik et al, PLAC8 plays an important role in embryo-maternal signaling
(Rekik et al., 2011). Blastocysts produced in vitro that results in pregnancy show a
higher expression of PLACS8 in comparison to resorbed blastocysts (El-Sayed et al.,
2006). However, no difference was observed in PLAC8 mRNA levels in groups

treated with butafosfan.

This results suggest that the beneficial effects of butafosfan observed in other
studies are probably not due to a local action and maybe related to improve

metabolic conditions of treated animals.

5. Conclusion

The supplementation of IVM medium with different doses of butafosfan
decreases the cleavage rate and embryo development, with no difference in
maturation rate and in expression of genes related to oocyte and embryo quality.
Therefore, we suggest that butafosfan presents a deleterious effect to oocytes.

Considering that no effect was observed in nuclear maturation with addition of
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butafosfan in IVM medium, its effect on cytoplasmic maturation needs to be

investigated.
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ABSTRACT

Visceral fat plays an important role in regulation of obesity. Several pro and anti-
inflammatory adipokines are secreted by adipose tissue and act mediating obesity-
related mechanisms. Phosphorylation of enzymes and transcription factors regulates
the synthesis of adipokines. Understanding the process involved in adipokines
signaling, as well as looking for alternatives for their modulation may contribute to
treat obesity side effects. Butafosfan is a molecule of organic phosphorus that act as
donor of phosphate ions and may, therefore, interfere in the regulation mechanism of
adipokines synthesis. The aim of this work was to evaluate the effect of butafosfan in
the adipokines serum concentration and in the expression of genes related to obesity
in male mice. Animals were distributed in six groups with seven animals per group,
as follows: CRB- commercial diet with dietary restriction and butafosfan application;
CRS- commercial diet with dietary restriction and saline application; HCRB-
hipercaloric diet with dietary restriction and butafosfan application; HCRS-
hipercaloric diet with dietary restriction and saline application; HSRB- hipercaloric diet
without dietary restriction and butafosfan application; HSRS- hipercaloric diet without
dietary restriction and saline application. Analyses were performed for all groups with
dietary restriction (CRS, CRB, HCRS e HCRB) or for all groups with hypercaloric diet
(HSRS, HSRB, HCRS e HCRB). In both analyses, hypercaloric diet increased serum
IL-6 levels. Groups treated with butafosfan showed lower levels of II-6 in serum as
well as TNFa mRNA in visceral adipose tissue. In conclusion, our results revealed
that butafosfan decreased serum concentration and gene expression of pro-
inflammatory adipokines, suggesting its possible benefit to reduce insulin resistance

associated to obesity.

Keywords: butafosfan, obesity, inflammation, adipokines, gene expression.
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Introduction

Obesity is an inflammatory disease [1] that has been studied based on the
composition and secretory activity of the adipose tissue [2]. Advances in molecular
biology allowed to determine that adipose tissue plays a role not only in energy
storage and thermal and mechanical protection, but also in secretion of molecules [3]
that act modulating cellular and molecular events [4]. Among the diverse range of
adipokines, adipose tissue secretes several pro and anti-inflammatory cytokines

associated to obesity [5].

According to Ferrante, synthesis of pro-inflammatory adipokines is higher in
obese patients when compared with non-obese ones [6]. Thus, understanding the
relation between these cytokines and obesity is necessary to elucidate mechanisms
of regulation involved in this disease. Cytokines are protein hormones that act
regulating immunes and inflammatory processes [7]. In obesity, those highlighted are

adiponectin, tumoral necrosis factor a (TNF,), interleukin-6 (II-6) and interleukin 1b
(1-1B) [8].

Interleukin 1b is found in inactive form on cytoplasm. When activated by
caspase-1 [9], II-1B has a pro-inflammatory effect, stimulating the production of
inflammatory mediators and the influx of immune cells, leading to inflammation and
tissue damage [10]. Similarly, TNF4is also a pro-inflammatory cytokine that is found
in higher levels in obese individuals [11]. TNF, synthesis lead to macrophage
infiltration in adipose tissue and inflammation [12]. TNF, activates the nuclear factor
kappa-B pathway (NF-KB), which regulates transcription of genes related to immune
and inflammatory response [13]. This activation occurs by mitogen-activated protein

kinases (MAPK), that act by phosphorylation of serine and threonine residues and
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regulate cell growth, differentiation and proliferation [11]. Synthesis of II-6 is also

regulated by TNFq [14].

Interleukin- 6 (I-6) is a pro-inflammatory cytokine that down-regulates the
expression of adiponectin, an anti-inflammatory adipokin produced by adipocytes
[15]. The accumulation of visceral fat leads to an increase in II-6 levels, as well as of
other pro-inflammatory adipokins [16]. According to Bullo and colleagues, obesity is
associated to II-6 increase, macrophage infiltration and local inflammation [17]. In
addition to the pro-inflammatory effect, TNF, and 1I-6 lead to a reduction in glucose
tolerance and peripheral insulin resistance through inhibition of insulin receptor (IR)
expression [18], highlighting the role of obesity in diabetes mellitus type 2
development [12]. Other studies also demonstrated that surgical removal of visceral
fat in rats was associated to an increase of glucose tolerance and insulin sensitivity
[19-21]. On the other hand, transplantation of subcutaneous fat to the visceral cavity
increased glucose tolerance and insulin sensitivity [22], suggesting that visceral fat
plays a key role in modulating the development of metabolic diseases. Conversely,
adiponectin is an anti-inflammatory cytokine, which suppress TNF, [23]. Adiponectin
also regulates energy balance and insulin sensitivity increase [24]. In obesity, serum
adiponectin is decreased when compared to non-obese individuals [15]. Similarly,
plasma concentration of adiponectin is increased in slimming situations [25]. Thus,
modulation of lipid metabolism may be related to inflammatory process involved in

obesity.

Butafosfan is a phosphoric acid-derivated molecule that has been studied as
metabolic modulator [26-28]. Butafosfan is an organic phophorus molecule that acts
as a donor of phosphorus ions, essential for cell metabolism. According to Pereira

and colleagues, the use of butafosfan associated to cyanocobalamin decreased non-
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esterified fatty acids (NEFA) and beta-hydroxybutyrate levels in cows in negative
energy balance, eliciting the role of this molecule in lipolysis modulation [27]. Other
studies have suggested that decrease in lipolysis possibly occurs due to a better
intracellular energetic condition associated to ATP synthesis, increased by
butafosfan-derivated phosphorus. Therefore, the fundamental aim of this study was
to evaluate the effect of butafosfan on expression of genes related to inflammation in

the adipose tissue of mice submitted to a hypercaloric diet and dietary restriction.

Material e Methods

All animal experiments were approved by the Ethics Committee in Animal

Experimentation of the Federal University of Pelotas, under protocol number 6936.

Animals

Male C57BL/6 mice aged 12 weeks were housed at the animal facility of the
Federal University of Pelotas. The animals were acclimated for one week before use

and kept for 10 weeks in photoperiod for 12/12 hours at 22 °C.

Diet

Animals were fed with commercial ration Nuvilab® (Nuvital, Brazil) and
hipercaloric ration with the following formulation: 68% of Nuvilab®, 26% of
condensed milk, 1% of maize starch, 5% of vegetal oil and 2.5% of water. The
hipercaloric ration was pelleted and dried at 50 °C for 4 h. Ration was carried out

every 48h to keep quality.

Treatment with butafosfan
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Animals were injected subcutaneosly with 50mg/kg of butafosfan at 12 hour-

intervals. A stock solution of butafosfan was prepared at 2.5mg/mL using saline.

Experimental design

Firstly, animals were distributed in six groups with seven animals per group.
Two groups received commercial ration and the other ones received hypercaloric
diet, both ad libitum, for a 9-week period. The animals were weighed weekly. The
ration supply and the leftovers were weighed in order to evaluate the average
consumption of each group. At week 10, animals of each diet were randomly
distributed in the following treatments: CRB- commercial diet with dietary restriction
and butafosfan application; CRS- commercial diet with dietary restriction and saline
application; HCRB- hipercaloric diet with dietary restriction and butafosfan
application; HCRS- hipercaloric diet with dietary restriction and saline application;
HSRB- hipercaloric diet without dietary restriction and butafosfan application; HSRS-
hipercaloric diet without dietary restriction and saline application. For one week,
groups that received dietary restriction were deprived of 40% of the previous average
of feed consumption. In this period, animals received butfosfan (CRB e HCRB e
HSRB) or saline solution (CRS e HCRS e HSRS) every 12 h. Animals were

euthanized at the end of week 10.

Euthanasia and collection of visceral adipose tissue

Animals were anesthetized by innalation with Halotano (Cristalia, Brazil) and
decapitated. Blood samples were collected from cervical region in microtubes without
anticoagulants, kept in ice and then, centrifuged. Visceral fat was collected from

abdominal cavity and stored in at -80 °C for subsequent RNA extraction.

Analysis of serum interleukins
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Blood samples were analysed using ELISA kits for mouse IL1-$ e IL-6 (Sigma
Aldrich®, St Louis, MO, USA) to detect these pro-inflammatory cytokines. Briefly, 100
uL of samples and standards were added in each well, incubated for 2,5 h at room
temperature and washed five times with PBS-T. Subsequently, antibody detection
solution was added for each cytokine and incubated for 1 h and, following five
washes with PBS-T, a working substrate was added to each well and incubation
proceeded for 45 min. After washing, TMB colorimetric reagent was added to each
well, incubated for 30 min and washed five times with PBS-T. A stop solution was
added to each well and the optical density was measured using a microplate reader
at 450 nm (Thermo Plate Reader, Brazil). Absorbance results were used to calculate

the total concentration of cytokines based on the standard curve.
Analysis of gene expression

The mRNA was isolated from adipose tissue using TRIzol reagent (Invitrogen,
Carlsbad, Califérnia, USA). Synthesis of cDNA was performed using iScript Reverse
Trascription Supermix for RT-qPCR (Bio-Rad, Hercules, Califérnia, USA). Analysis of
gene expression was performed by Real-Time PCR in an Applied Biosystems 7500
RT-PCR equipament (Applied Biosystems, Foster City, USA), using SYBR Green
Master Mix (Applied Biosystems, Foster City, USA) and primers described on Table I.
The expression of adiponectin was evaluated as an anti-inflammatory marker, while
TNFa and interleukin 1B (IL-18) levels were analysed as inflammatory markers.

Results were analyzed using 2724¢7

method, using Gapdh as intern control.
Statistical analysis

The analyses were carried out with GraphPad Prism5 (Graphpad Software

INC, EUA). Two-Way ANOVA was used to analyze the levels of serum interleukins
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and relative expression of mMRNA comparing HSRS, HSRB, HCRS and HCRB groups
as well as for CRS, CRB, HCRS and HCRB groups. For interaction cases, the
Student’s t-test was used to compare mean of groups. Differences were considered

significant at a P value of < 0.05.

Results

Diet

Ration consumption was not different between groups of mice that received
the control diet (33.46+1.6 g/day) and the hypercaloric diet (36.45+£0.77 g/day)
(P=0.3) in the first 9 weeks of experiment. At week 9, a greater body weight
(35.89+£1.06g) was observed in the group submitted to hypercaloric diet than in the

control groups (33.64+0,07) (P=0.03).

Interleukins serum levels

The effect of diet and butafosfan application in serum concentration of II-13
and Il-6 was evaluated in mice submitted to dietary restriction (CRS, CRB, HCRS and
HCRB groups), Figure 1. II-1( levels were lower in animals that received hypercaloric
diet and butafosfan (HCRB) compared to the group submitted to control diet and
butafosfan (CRB) (P=0.02). Serum concentration of IL-6 was higher in HCRS group
when compared to other groups. IL-6 serum levels were affected by diet (P<0.0001)

and treatment (P<0.0001).

The effect of dietary restriction and butafosfan was also evaluated in groups
that received hypercaloric diet (HSRS, HSRB, HCRS and HCRB). No difference was

observed in II-13 serum concentration. Mice submitted to dietary restriction that
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received hypercaloric diet and saline solution (HCRS) showed higher levels of II-6 in
serum which were reduced by butafosfan treatment (P<0.0001). There was an effect
of treatment (P<0.0001) and diet (P<0.0001) in 1l-6 serum levels. Results of

interleukins serum concentration can be observed in Figure 2.

Gene expression

Expression of genes TNFa, I-18 and Adiponectin was also evaluated for
animals submitted to dietary restriction (CRS, CRB, HCRS and HCRB groups). No
difference was observed in adiponectin levels in evaluated groups. Mice with dietary
restriction that received hypercaloric diet and saline solution (HCRS) had higher
levels of IL-18 expression in comparison to CRS and HCRB groups (P=0.03). An

effect of treatment was observed (P=0.03) on relative TNFa expression (Figure 3).

In groups HSRS, HSRB, HCRS and HCRB, the effect of dietary restriction and
butafosfan application was also evaluated. No difference was observed in
adiponectin, IL-18 and TNFa levels between groups. There was an effect of
treatment on relative expression of TNFa where butafosfan decreased TNFa

expression (Figure 4).

Discussion

In this study, the effect of butafosfan in inflammatory signaling of visceral
adipose tissue was investigated in mice submitted to dietary restriction or
hypercaloric diet. Comparing animals in dietary restriction, a hypercaloric diet

increased 1I-6 concentration. According to Bullo and colleagues, obese individuals
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have an increase in II-6 synthesis when compared to non-obese ones [17]. Here,
even animals that received hypercaloric diet and were submitted to dietary restriction
showed higher levels of 1I-6 in serum when treated with saline solution. Conversely,
the treatment with butafosfan showed similar levels of this adipokin in comparison to
those that received control diet. Possibly, butafosfan acts by modulating II-6
synthesis in individuals submitted to hypercaloric diet, to balance its concentration to

that observed in individuals with normal diet.

Moreover, the hypercaloric diet increased relative expression of Il-18, but the
treatment with butafosfan reduced this levels to similar patterns of animals the
received a control diet, suggesting that butafosfan reduces inflammatory signaling in
high caloric intake situations. Similarly, mice that received a hypercaloric diet had a
high mRNA levels of TNFa. Hotamisligil and colleagues observed an increased
expression of TNFa in obese rats [11] as obesity is classified as an inflammatory
disease [1]. However, the treatment with butafosfan reduced mRNA levels of TNFa to
the same levels of mice that received a control diet. Thus, we suggest that butafosfan
may has a beneficial effect in reducing insulin resistance associated to obesity

considering its role in reduction of pro-inflammatory factors.

Surprisingly, a higher concentration of II-18 was observed in CRB than in
HSRB group, different from that observed in gene expression analysis. It is well-
known that synthesis of pro-inflammatory molecules is increased in obese individuals
[6]. Thus, lower levels of II-18 were expected to occur in animals that received normal
diet in comparison to hypercaloric diet groups. Thornberry and colleagues described
that II-18 found in cytoplasm is an inactive form, and its activation depends on the

caspase-1 activity [9]. This may explain the high levels of 1I-18 found in CRB group.
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Wiesenborn and colleagues observed that expression level of Adiponectin in
epididymal adipose tissue was not correlated to its plasmatic concentration, which
suggests that other factors may act in adipokines regulation [29]. In this study, no
difference was observed in relative expression of Adiponectin between groups
submitted to dietary restriction. Ouchi and colleagues reported that non-obese
individuals showed a lower adiponectin serum concentration than obese ones [15].
Similarly, Yang et al observed an increased level of adiponectin serum concentration
in individuals that lost weight [25]. Thus, it was expected to observe a different
expression of Adiponectin in groups fed with control diet and hypercaloric diet.
However, Wiesenborn et al. (2014) suggested that metabolic benefits of dietary
restriction may reduce the use of adiponectin, sustaining its serum concentration but

suppressing its production in adipose tissue [30].

Comparing only groups in hypercaloric diet, serum concentration of II-6 was
lower in mice treated with butafosfan. The serum concentration of I-6 of mice not
submitted a dietary restriction but treated with butafosfan was similar to level of mice
submitted a dietary restriction. In another study, it was observed that obesity
increases II-6 levels in serum [31]. Also, in the present study groups that received
butafosfan showed a lower expression of TNFa in comparison to those treated with
saline, suggesting that butafosfan may has an anti-inflammatory effect in metabolic

modulation of obese individuals.

Adipokines act in their own regulation [3, 23]. Their synthesis is stimulated by
NF-KB, which is translocated from cytoplasm to nucleus after phosphorylation of its
inhibitor (IKB) by inhibitor-KB kinase (IKK). This pathway is regulated by several
molecules, including MAPKs that act phosphorylating serin and threonin residues

[13]. Therefore, a possible mechanism of action of butafosfan may be alteration of
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these phosphorylation processes due to phosphate ions donation, decreasing
synthesis of pro-inflammatory cytokines. However, further experiments are needed to
confirm this hypothesis and elucidate the mechanism of action of butafosfan in

regulating inflammatory markers production.

Conclusion

Butafosfan reduces the concentration of serum IL-6 and the expression of IL-
18 and TNFa in animals submitted to hypercaloric diet. This inflammatory modulation
may contribute to increased insulin sensitivity in obese individuals. However, the
mechanism by which butafosfan acts remains unclear; similarly, their benefits for

health of individuals with metabolic disorders must be further elucidated.
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Figure legends

Figure 1. Serum concentration (pg/mL) of II-13 (a) and Il-6 (b) in groups submitted to
dietary restriction receiving control or hypercaloric diet with butafosfan or saline.

Different letters represent statistical difference (P<0.05).

Figure 2. Serum concentration (pg/mL) of II-18 (a) and II-6 (b) in groups submitted to
hypercaloric diet with or without dietary restriction receiving butafosfan or saline

solution. Different letters represent statistical difference (P<0.05).

Figure 3. Relative mRNA expression levels of Adiponectin (a), Il-18 (b) and TNFa (c)
in groups submitted to dietary restriction receiving control or hypercaloric diet with

butafosfan or saline. Different letters represent statistical difference (P<0.05).

Figure 4. Relative mRNA expression levels of Adiponectin (a), Il-18 (b) and TNFa (c)
in groups submitted to hypercaloric diet with or without dietary restriction receiving

butafosfan or saline. Different letters represent statistical difference (P<0.05).
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Table I. Primers used in RT-PCR
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Fragment
Annealing
Gene Primer sequences (5'-3’) lenght Reference
temperature
(pb)
: AACGACCCCTTCATTGAC
Gapdh 191 60 [32]
: TCCACGACATACTCAGCAC
: TAGCAAACCACCAAGTGGAG
Tnfa 137 62 [18]
: AACCTGGGAGTAGACAAGGT
:CTGTGTCTTTCCCGTGGACC
-13 200 60 [33]
: CAGCTCATATGGGTCCGACA
:CTTCTTGGTCCTAAGGGTGA
Adiponectin 119 60 [34]

: CGATACACATAAGCGGCTTC
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5 CONCLUSAO GERAL

7

A conclusdo destes estudos € que a adicdo das doses estudadas de
butafosfan no meio de MIV em bovinos prejudica o desenvolvimento embrionario.
Em contrapartida, o tratamento com butafosfan reduz a producéo de citocinas pro-
inflamatorias responsaveis pelos efeitos deletérios da obesidade sobre a

sensibilidade & insulina em camundongos alimentados com dieta hipercaldrica.

Como implicagbes praticas, esses resultados sugerem o butafosfan como
alternativa para atenuagdo das consequéncias da obesidade, podendo assim
apresentar melhora na fertilidade de maneira indireta. Dessa forma, € possivel que o
butafosfan possa ser utilizado para o tratamento da obesidade e melhora da

fertilidade em individuos submetidos a programas de reproducgéo assistida.
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ARTICLE ITNFO ABSTREACT

Aty hivawy: The 2im of this study wa to determine the effectof growith hormane neceptor (CHR) Alul,
Eeceived 27 (opder 2015 inzulin-like growth factor type 1 (MGF-I) SnzBl, and signal transducer and activatar SA
Warawad hm pantaa W 79 Wi ch WG (STATSA) Bx#El] polymorphisms in the reproductive performanc of Holstsin dary cows
ok, 1. My T amdﬂti'uquuth}upﬂnlﬂmmmuﬂ@dmm:m 'I'.I'n:wﬂ:
studisd 21 and 506 Holstein cows from »
tively. The frequency of genotypes CHE Al (= ,I'—‘J.JGF-.IM(-J jamdl:—lr 1uﬂm

GHR
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P BetEll {—J-) was higher in animals from w systemn, wh ithe frequency of
STATSA the genatypes CHE Akl (== )and IGFd Snalll (=)= jm}l;}ﬂmmrmkﬁumnmm
SMP sysiem (P < 005} In the intensive sysiem, cows from the STATSA Bsfll (-] - ) penotype
e had a longer calving-first heat interval (P = (LA} In condusion, thers was no axsociation
hﬂmmﬂ!pﬁpﬂdﬂ-ﬂ'ﬂh]uﬂﬂlhﬂ]mﬂhﬁhjanMm:mﬂm
ive or i i although the genotype frequencies of the avaluatesd
polymorphisms were different between the shudied sysbems. The STATSA  BorEll
ism was asodated with @hving-first heat interval in Haolsbein cows raised in
the intensive system, indicating that this gene culd be 2 moleqlar marker for genetic

selection to improve reprodudive performanoe.
& 2016 Esevier Inc All rights reserved.
1. Emtrodduct ion reprodictive perfrmance |6 and its use a5 candidate

Thee flensction of the GHJ nswlin-like growth fsctoe] (IGF)
axis was affected by the intentive selection of dairy cattle
for milk production |1.2) As 2 comedquence, with the
incressed milk production, fertility was  dramaticslly
reduced in Holsein dairy cows in the las 60 years [34)
In agreement with this, some studies have suggested that
single nuckotide polymorphisms (SN single nuckotide
mutations in a gene pobentislly affeding its function |5
in genes of the somatotropic axis can seversly affect

* Comespondng ashor Tel: +55 533057 G6; L +5553 3275 TSL
E-mal aeflrees (mancho riie-soones gma flosen (MM Comia )

D059 1XKE - aa front mamer & 2005 Eluevier Inc. AN rights ressrvad
Tiogpe:f b g 000 5] b e oo p 0 06 DL Ou

genes in selection programs was suggested [7]

The somaktropic axs is ompsed by the genes
encoding the GH, IGF-1, their receptors (growth homons
receptor |[GHR| and ingulin-like growth factor receptor
|IGFR]) and several intracelhslar gnaling proteins among
them, the signal transdecer and activator SA[STATSA] The
somatropic o6 has & key rele in the regulation of the
metabolism and phsiology of mammals (8] Poly-
morphisms in these genes have been linked to some
charscteristics of economic interest, such as the synthesis
and compatition of milk |7), @cass raits and meat pro-
duction | 3], and reprodiscive performance |69 ) The GHE/
Alul polymosphism, sn A—T point mutstion locsted at
position 1182, in the promoter region of GHR gene, was
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& LT, Hax oral [ Thevio geanbagy 58 (00T 67-T2

identified by Aggrey et al |10] The IGFSmaB poly-
marpliam i a T—C trandition located at 512 bp in the first
exnn identified by Ge et al |11 Khatib et sl | 1 2] identified
thee STATSAB<E11 ol yrvoor phvism to be located in the exon 8
of the STATSA gene. Serum IGF-1 is synthesized by the liver
i response to GH adting through its receptor GHR | 13,14
The transcription actor STATSA i one of the prime medi-
ator of the sctions of GH, especially important in regul ating
IGF-l mENA synthesis | 15 L 1n the ovary, \GF-1 stimulates the
jperl iffer stin of granulote and theca cells of the fllicle |16
andl inhilits fllicular streda |17 In addition, IGF-1 stim-
wlates the response of follicular cells to the iy pothal amic
gonadotroping |16). Dairy cows with delayed return o
poStpartum ovarian activity have lower senmm ooncentra-
e off IGF-1wihen aompared with cows that ovolste earlier
| 18] Serum concentration of 1GF-1 also incresses lineary
vl the moment of first postpanum ovulstion and has 2
megative cormelation with the deration of postpartum
anestroars in beel cows [1920) Therefore, higher serum
IGF- is essential for an earier retum o postpartum
cyclidty and more estrous cycles belore the fist insemi-
mation is assnciated with a higher pregnancy rate [21)

Ot the bais of the ifformaton previoudy mentiomned,
it may be inferred that the SHPs in genes enmding the
somatotiopc ods an influence the reproductive perfor
mance of cattle. Maj et al_ |7] observed an ssocistion
b twe e the GHE Alil and [GF-T SraB] pol ymerphisms with
plusma mncentrations of 1GF-1in Holiein steers. Schneider
et al |6] reported an associstion of the GHE Al poly-
morphism with incrested serm IGF-1 concentration and &
redwced @ hing conception interval (O01) in Holstein dairy
cows Khatib et al |12] reported an asodation between
NP in the STATSA gene and fertility of dai ry cows. Howe ver,
st o these studies were conducted with high-producing
dairy ovws managed in free-stall aEtems For these rexton,
mare information is pecessary sbout the effeas of these
SNPs in dairy cows raised in semiextensive and free-stall
systems in the southem hemisphere, with different
climate, feed, and mansgement oonditons.

The general hypothesds of this study was that SNPs in
the GHR, IGF-I and STATSA genes are sssocinted with the
reproductive peformance of dairy cows Then, we sim o
determine the efled of the GHR Alul, IGF SnaBlL and
STATSA BstEN SMPs in the cahving-first heat interval (CHI )L
OO0 and mumber of Al per pregnancy of Haol stein dairy cows,
and the genotype frequency in semiexensive of intensive

A
2 Materisl snd methods

The prodedures adopoed in this study were approved by
the Ethic Committes of the Faderal University of Pelotas

21, Setnecens ive manggemant $ystEn

This experiment was conducted in a commereial frm in
southvern Brazil evaluating 381 Hobiwein oows. The OO and
mumibser of Al per pregnancy were obdained from the fam
datshase (ALPRD Herd Manspement Sysiem, Delxval),
including only omvs that became pregnant within 250 days
i il K { DML Thee ami sl s wiere mana ged ina semiexn dve

L v g b el the: diie tws based o cultivated pastiere,
ryegrass (Lobiom mulffonm) during (all wineer, and sor-
ghvem (Sorghaim bivolar ) during spring/summer. 1n sddition,
the cows recetved mineral, comenirated, smnd additional
forage supplement containing 53X of @ncentrate, 113% of
haylage, amd 337% of ryegrass for adjesting te mutr Honal
requrirements sccording to milk production level and num-
ber of lactations |22 ] The ows were milked and fed mwice
dﬂgmawewﬂmmeduﬂ* 5 DIM with 25-mg
intramuscular (i) of PGF2y (Lutalyse, Plizer Amimal
Health, Brazill At 60 = 3 DIM, cows underwent gymeco-
logical examinstion and the fixed-time artificial insemi-
nation (FTAI protocol was stared with the injection of
WR-pg i.m of a GnRH analog (Cystorelin, Merial, UISA) and
the insertion of 2 progestende-nelessing intravaginal
device (mntolled internal drug melesse |CIDR): Plizer
Animal Health, Brazill On Day 7 of the protecd, the
intravagingl device was removed and 25-mg ime of an
analog of PGFZ, (Lutalyse, Plizer Animal Health, Brazil) was
injected. On Day 8 of the protocel, cowswere injected with
l-mg im of estradiol cypionae (Pfizer Animal Health,
Braxil]. The FTAl wa performed 72 hours after ODR
remaoval by a single technician uting semen of different
commercial bulls aaconding to the farm selection criteria
Cows observed in heat before and after FTAT were inse mi-
nated 12 hours after heat detection Pregnancy disgnosis
wias performed with an witrasouwnd 30and 6 days afer AL
and cows disgnoed & nonpregnant were immediately
abjected to the samea FTA protoa] agsin

212 intensive management 5 Em

This esoperiment was conduced in 2 comme reial Brm in
sprthveastern Brazil using 506 Holstein cows. The CHL OO,
aned mumber of Aljpre gnancy wene olbvained from the Fam
databuse and only @ws with OO lower or edqual than 200
DM were ised in this sudy Cows were mansged in a2
free-stall system, receiving total mived ration, with ad
libvituin socess to waber and were milked three times a day.
Nustritional requirements were adjusted scconding © milk
production level and number of lactations |22 The diet
ingredients were: am silage (33.3%); haylage (73%); core
cotton (72X); citrus pup (123%); dry com (172); soybean
meal (153%); water (02%); proteced fat (0O%); vitamin
and mineral mix (6.5%).

After 60 DIM, cows had estrus monitored through com-
mercial pedometers and were indeminsted 12 howrs aler
estrows detedion. The pregnancy disgnoss was performed
Iy trasowend 28 sl G0l after Al Cows not inseminsted
of mob pregnant at the pregnancy disgnoss underwent a
Tied-time e by transier proloool For that, cows received
100 pg im. of GnRH (Fertagyl; Schering-Plough G 5o
Paula, Brazil) and a progestenomne-nelessing intravaginal
deviee (CIDR containing 1.9 g of progesterone, Plirer Animal
Health, Sa0 Paula, Brazill Seven days after the beginning of
the protoan], cows received an injedtion of 25 pg im. of
PGF2(Lutatyse; Plizer Animal Health, Sa0/Paulk, Brazil) and
thee CIDR weas removed. Om Day & oows recetved 1mgim. of
eqtradio] cypiomnate (Plizer Animal Health, S50 Paa, Brasil)
Fixed-time embryo transfer was performed on Day 15, aler
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the oows were examined with an uitrasound (Aloda S50-
500, T5-MHz linear aray ransedsl transducer) for the
presence of & CL All cows with OL received fresh 7 dxys
embryos. Pregnancy disgneis was perfrmed with an
il trasond st 28 and 60 doys after emboyo tranaer

23 Anabyd of DNA palyrmhorphisms

Wihirle blood <amples were @llected by the punctune of
the coccygesl vein and put into fubes contaning EDTA. The
samples were stored at -20 °C until DNA extraction. For
genoimic INA extraction, a previowdy described solution-
based salting out protocel for whole blood samples was
wsed 23] The quality of the sxracted DNA was tested by
electroplsoresis on 15 sgarose gel impregnated with gel
red (Gel Red Nucleic Acid Gel Stain, Biotium Inc CA, USA)
and visuwalized in UV light. To determine the GHRE AL, IGF]
Sna B, amd STATSA BarBl alleles, fragments of these genes
wene amplified by polymerase chain reasction (PCR) and
submitted to enrymatic digestion socoording to Table L

The PCR reactions were performed in a final volume of
20 L (Taq PCR=DNA Polymerase, Invitrogen, CA. USA) For
the enzymatic digestion, 7 il of the PCR produwct and thres
wnits of the restrction enryme were uwied The digestions
werne performed in a thermaocycler at 37 °C for three houwrs.
After the digestion of the PCR products, DNA fragments
wene mixed with Gel Red (Gel Red Nucksic Acid Gel Stain,
Biotium Inc, CA,USA) and separatedin a 1.5%-2 0% agarose
gel with 2 standard moleculsr weight of 100 bp and
expodsed bo LNV light The gels were photographed for later
analyss by a digital phote documentation sysem The
pemotype of asch andmal was determimned by the anshyds of
the fragments sive reported a5 base pairs. The genolypes
identified for the GHRE were: Alul (4/+) G2 bp, 145 bp,
75 bep: Alul { —~) 747 bp, 75 bp; Al {4 )= ) 747 bp, 602 bp,
145 bp, 75 bp | 100 The fragments identified for IGF-I were:
SnaBl (+/4+) 226 bp; Snabl (4/-) 249 bp, 226 by SnaBl
[= =] 248 bp [24 L And for STATSA, the fragments identified
were: BSEN (4)+) 676 bp. 144 be BB (4/-) 820 bp.
675 by, 144 bp; BaE11 {~[-) B0 bp [12]

2.4 Satkdol analysis
Results are presented a5 least square means + standard

emor of the mean Staticticsl anslyzes were performed
using SAS 9.0 software (SAS, Cary, NC USA) gemeral linesr

Tabde 1

madel procedure. & polynomial model was wed to verily
it e aor vl eueaclirati ce Mects of the prese e of none, one,
of two GHR Alul (-}, IGF- SnaBl [ ~), or STATSA B8l (- )
alleles in the CHI, 001, and member of Alfpregnanay. Ansl-
yiis were performed se parately for each geme and included
oW and Lactation member i covaristes. The chi-square test
was performed in the software GraphPad Prsm 53
(GraphPad Software Inc., 5an Diego, CA USA ) o anal yre the
genotype and allele frequency between systems.

3. Resulis
31 Genatype distribution and Hard pAeinbeng oquilibeiim

The GHRE Alul { == gemotype lad o higher frequency in
the semiextendd ve system than in the exte ndve system and
was 286 and 201K, respectively (P . 000011 The fre-
quency of the GFT SnaBl (/- and STATSA BstENl {~f-)
was higher b oows in the semisiendive system
(P o 0D ). Frequency of genotypes and alleles for of GHRE
Alud, JGF-I SnaBL and STATSA BatEN are presented in Talde 2.
In addition, Hardy-Weinberg equilibrivm was tested for
each gene in the semisxtensive and intensve system amnd
ehats are presented | Table 1)

3.2 Samiexiemsive HEEm

Overall sverage OO was 109 £ 82 das and cows were

Al 213+ 02 times|pregnancy. Detailed dats by genotype
are presented in Talde 1 There was o difference betwesn

genotypes of GHR Alul IGF-I SnaBl, and STATSA BstEl
regarding the OOl and N°AI (P = 005) in the semiextensive
system.

13 Ingensive spstem

In the intensive system, oversll sverage CHI was
662 + L6 days, OO for cows submitted for Al (OO Al) was
1273 £ 9.3 days and 232.7 + 15 days for cows submitted
o embryo transfer. Overall cows received 25 + 032
Alfpregnancy. Detailed data by genolype are presented in
Table 4. The CHI, CCl, and NeAlpregnancy were mot
different between GHR Alul and IGF-] SnoBl genolypes
{P = 0.05; Tsble 4] Among the genotypes of STATSA BsrEll,
there was o o differene in OO and NALpregnancy
(P = 0.05). However, BrE1{ +] - ) and BB {44 ) @ws had

[Porfiaers, amana g amd d CHE, KF-L aned STATSA geies.

[ Arurealing T Fragument. berggth Erzyme Rt Tenae:

GHR primers
P! TOLTOCACAL DA QCTCAA DT T B3 Bp Al )
BV ACCAADCOCACT GO GOGICAT

MG F- primers
P TTAMATAAT TG COT TR CAMG AT G =L 240 bp Small* 24|
BV ACCTTACODC TA TLARAC CANTATACLT

STATSA primers
P CACAACTIGGOGCACATTATC & "C-5T5C B0 bp BnEm* inz]
BV OOCTCTCTOCTCAT CADCTG

AbdTeviation: GRH, guwh hormane receqer; G-, nsolin-Sie gt Gops irpe 1; STATSA, signal wanadocer and aqia s 54

* Mew England Bolabs (UK}

101



o LT, Hax oral [ Thevio geanbagy 58 (00T 67-T2

Tabide 2
GemaXppe: aned alliehe fque ncy Sor CHR Al IGF 1 SuaSl, ared STATSA BNl

Talke 4
et Il calwing conceprion ienad (O0) for cows
sudwnired a Al COLAT) OO for covws sobanined 1o BT (OO ET) and e of A

P pgrancy (W Alpregnancy ) in S diflren genogyes

—- 103(2EE%) F(201%) <001
+l- I SETE) 135(335X)
H S3[ 147X} 157 [464%)
- 05 04 T
+ 04 08
HW  ooo3 L0001

MGF-) Sl
W 133(3459%) ET(182%) BT T
EE 1540 453%) 157 (413X}
e B4(165%] 153 [ 405%)
- (1] o4 [els 2]
+ 04 08
H-WE 1= [eleet)

STATSA BrEm
-l- 00 [ 305K} S3[ 115X} Eoete sl
H- 193 345%) 133 (48]
=l T [342%) ZIO[4TIX)
= 05 03 [T
+ 0s o7
HW <0000l oig

A v Bie: GRH, owth b moepror; AGF- 1, insoli-Bke growth
fcTor T 1 STATSA, Signal IYaGancer and JcONanT SA.

*Pomlne i e B G0 Hardy-Weinbery equiideiom, in which
P = D05 bicaes that the popuation being sampled i nat in Handy-
Wikt equilibviom.

lower CHI compared with homoarygows BstEN |-~ ) cows
(P = 003; Talie 4}

4 Discussion

In the present study, the effeds of the GHR Alul IGF-

SnaBl and STATSA BsfEll polymorphisms on conception
andd numbser of Al per pregnancy were mol observed

in the semisxtendive or infensive mansgement Sysbems.

Tabsle 3
Cablingg comoapan inaeeeal (000} amed e r of Al por paragrancy (80 ALl
o ey i ST gD
G ranpe 001 (days} N Aljpregrancy
CHE (n = 350
== IE.1+ &2 20 +02
-l 124 &85 I35+ 02
+H+ IS+ Kl 11403
e s i
(rnainamic a5z 041
EFm =381}
- B4 +73 135 +02
= IR2+7 113 +02
+l IEH +96 133 + 032
Lo ar naes k=
padirags (=71 oss
STATSA [m = 3M}
=l= IBs5+7I7 2134 02
- 1E2+ 75 I+ 02
-l I3 +7S5 216 +02
Lo oTs 1=
Cruadnasic =1 08z

Al ST T froenth b IR {PAET
MGF-1, rcsnlin- Wk gt Good rype 1 STATSA, Sgnal e redeer and
arator A

Gemotype  (CHI (daps’ 001 Ml (days) OO ET(diys) N Aljpregnancy

CHE (0 = 403}
== B84+23 1IT5+ 116 2309+ 183 233+ A3
- B39+ 1.2 1326+90 2354+ 14 275:02
4+ B53+ 1.5 1319+ 73 23017+ 127 251 £AQ2
Lintar 0O13 03 =L ais
Quadrar 013 o4 Q5T an4
KF(n =7}
== B5.7+13 1509+ 118 209+ 185 33 +£Q7
- BlEx 11 130380 [ET+ 126 2504
-l BES+ 15 13065+ 85 J349+12 33I+05
Linear OG5 ol 054 as7T
(ruadraric 044 033 =L azx
STATSA [0 = 446}
-l- TIO+ 1S 405+ 160 2377+ 2201 2S04
- Blo: 1.5 1219+ 87 2383+ 119 24:02
= G40+ 14 137575 23a1 =121 27+a2
Lintar 005 [} nss az
(raadrark 007 o 056 a7

A ala dores: A, aruilficial iressiing soa TH, calwing - firs e intsral;
H, eminye waraker, CBH, grwih hanman:  MF- 1, ncalin Wi
rovwnh Laovoa vy 1 STATSA, signal maradener and & ofvarar A

* For cows aabmined To booh Al and ET

HNonetheles, in the intensive system, the cows camying at
leea st e BErEID () allele huad 2 dsorter interval from calving
o the first detected heat compared with cows with Do
BrHI (=) alleles. Furthermore, the gemotype e dgueny
distribution was different between the two studied -
e, withesi griflcont deviations from the Hardy-We inberg
equilibrium de pending on the system_

The alleic frequency of the GHR Alul polymorphism
abgerved in the semiextensive fystem was different from
the described by other suthors |5.10,25] who evaluated
ows managed in an inensve system In the intensive
araem, we oblained similar results of allelic frequency for
GHE Alil 25 found by Schneider ot sl 5] It is possible that
the: allele frequency for GHRE Alul polymorphism obsenved
i this study in intendve system Byvors the sdaptation of
animals to this management fystem The difference in the
genotype frequency between the two studied systems can
support this idea; however in both systems, genotype dis-
tribustion was not in Hardy-Weinberg equilibrivm making
diffbcult 1o argue for any in hend seledive proaes or Sire
selection izt The allelic frequency of IGFT SmBl paly-
morphism for cows in the intensive system wa als
different from those obsenved belore [9.25) However, the
allelic frequeency oberved inthe S miexe neive system was
very smilsr to that found by Micoling et sl 2] in 2 similar
envimmment and graring mansgement system. The
el ation Stidied was in Hardy-Weinberg equiibriem in
thee extensive but not in e intensdve aystem, which can
indicate some selective pressure in the later system as
omws need bo be maintained in the herd produdng facing
mare emimnmental challenges or even indicate farmer
preferende lof 4 certain set of bulls The sllele frequency of
STATSA BerEll prbymaorphism found in the intensive system
wirs different from that described before |25] in a similar
araem, however, their results resemble genotypic distri-
Iastion observed in semisxtensive system. The population
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mansged in the semietendi tem was not i Hardy-
Woeinberg equilibrivm, although the population from the
imtendive system was, suggesting a STATSA BuEl poly-
marphism does huve an infleence on the adaptation to this
MAnsgement Sysiem of even can aflea sire slection by the
farmer Mevertheless, the phydological impaa of these
pohymomphism and sllele freguency could be potentially
different expressed scoording to the rearng systems, and
this implication needs to be further disarssed in larger
shndies considering more farms in 2 larger efont to define
Ietter adapted genotypes to each mansgement sysem and
environmental conditions.

There is & reduction of GHR expression in liver tisswe in
ithe early postpartum of high-producing dairy cows dwe to
the decressed blood insulin ancentration and megative
energy balance | 26 | Consequently, the redwced GH bi nding
10 its redeplor in the liver decrexoes the synthesis of IGF-.
An increase in IGF sefum concentration i asocisted
with an ingeated prodection of estradiol in ovuloony fol-
licle and eafly postpartwm ovilstion | 27| Early postps riwm
ovulation i associsted with a sharter OO | 28] Therekre,
ot Ty pothesis was not ondinmed in both systems be . use
there was mo association between the genolypes for GHR
Alul, STATSA BatEl aned [GF-1SmaBl, and the OCL degpite the
positive efects previously described and its influence on
serum 1GF -] concentrations |6.9.25 L It is poasible that ows
in the semietensive system, charsctenzed by lower milk
production, do not underge a marked negative energy
balance. Condequoently, these cows are not likely o huve 2
redhsction in liver GHR postpartum | 26] On the other hand,
cows in the intendve system, charaenzd by high-milk
production and me tabalic duallenge, alse und no effects
of the genotype on the CHL OO, and N°AL Therelone, the
syEtem of management is not the cause of the difference in
results observed between the studies However it is
pociaille that the &l rences are due to the inendny o the
reproduction management o which cows werne submit ted.
I the experiments of Schneider et al |6 and Micoling et 2l
|21, the reduced number of animals may have sllowed them
higher experimental control, identifing @ws that wene
ot pregnant, and pedorming their reinsemination in a
shoner interval. In our study, with 2 larger popul ation of
C0WS on commencial farms, faileres in heat detection and
efrors in the FTAL and fied-time e mbryo transfer protocols
may have cawsed delays in the conception of tese animals,
witich could obscure the positive effects of the genotype
observed in smaller controlled trisls.

In a previous study, Shiraams et sl |25] fund no dif
fereme in genotype amd aflelic frequency of JGF-T SmaBl
between ovulstory of anovulatory cows However, they
found an association between the STATSA pal ymorphism
and fertility |25 ], corroborating our data from the inbengie
systemy inwhich the presence of an STATSA BsiEl | - | allele
wis asocisted with 4 longer CHL However, despite the fact
that an eady postpartem cyclidty can be sssocisted with a
better reproductive pedormance |21 ], we found o 3500
ation between e STATSA BarEll genotypes and OCL Thess
resulis indicate that the polymorphism in the STATSA gene
can be of importance for cows mansged intenshely
Although, mutations in the GHE and IGF-] gemes may not
directly affect the reproductive perfrmance of these oows.

Hiwever, a5 the fundionality of the GHIGF] 45 is infh-
enced by the energy balance, it would be necessary to huve
made trials oontroling the food intake and the lormonal
el of the cows Therefone wnder feld conditions and in
ithe sbvsence of 4 high-contrl productive mansge ment, &F
feremes betwesn genotypes did not seem 25 olvions a5
previowdy shown [69.25) which suggest that the com-
mercial wse of these markers for selection of dairy cattle

el ve beetter ¢ depending on the productive
and reprodudive mansgement system adoped.

A1 Conehesion

The polymorphisms Alul from the GHE gene and SmaBl
Tromn the JGF-T gene were not asocisted with reproductive
performane: of Holstein cows under semiexensve of
intensive management systems The BB | +) allele at the
ETATSA gemne was associated with a shorter the calving to
first heat interval and is 2 modecular marker that may be
usedd in genetic selection to improve reproductive perfor-
mance. The genotype frequendes of the evalusted poly-
maorphisms were different between the shdied sysems.
Therefore, larger sudies are necesary to validate these
markers in different systems and more farms before
considering their use in commercial amimal breeding
programs.
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