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RESUMO

O objetivo foi avaliar a influéncia da suplementagdietética com
Omega-3, peso, escore de condicdo corporal (EC@Jade de garanhdes
Mangalarga Marchador na qualidade do sémen fressfriado e congelado.
Foram utilizados 20 garanhdes (3,5 a 15 anos; 38%9,7 kg) distribuidos
aleatoriamente nos tratamentos: suplementacdo 66ml de 6leo enriquecido
com 6mega-3 (n=10 animais) e sem suplementacdd @remimais). O sémen
foi coletado a cada quinze dias durante 60 didalizando cinco coletas por
garanhdo (n= 100 amostras). As caracteristicas na@miavaliadas foram:
motilidade, vigor, viabilidade, morfologia, teste tksisténcia osmotica (TRO),
e peroxidacdo lipidica da membrana plasmatica. frdigitas avaliagcbes no
sémen fresco, 2, 6, 12 e 24h apos resfriamento le &46s congelamento. O
peso foi estimado por meio de fita e 0 ECC foi imell com base em uma escala
de 1-9. Os efeitos fixos do tratamento, peso, id&B@C e das amostras foram
submetidos ao Procedimento Misto do $ASas médias foram comparadas por
contrastes ortogonais. O vigor espermatico foi mam animais com mais de
guatro anos de idade e o indice de defeitos mgjifmé foi menor em animais
pesando mais de 400 kg. No sémen fresco, a moldiftsa maior em garanhdes
suplementados. No sémen congelado, a motilidadeilidade progressiva,
vigor e TRO foram superiores nos animais suplendestaEm concluséo, a
utilizacdo de animais com mais de quatro anos aldei@ peso acima de 400 kg
e, aliado a isto, a adicdo de 6mega-3 na dieta raana motilidade e vigor

espermaticos no sémen fresco e congelado, maxidozara qualidade.

Palavras-chave: Acido linolénico. Criopreservactotilidade espermatica.
Puberdade.



ABSTRACT

The objective was to evaluate the influence of g
supplementation, body condition score (BCS) weiyid age on the quality of
fresh, cooled and frozen-thawed Mangalarga Marahathdlion semen. Ten
stallions were used (3.5 to 15 years-old; 389 # 3@) allocated randomly to
the following treatments: 150 mL of omega-3 enrtthal (n=10) and no
supplementation (n=10). Stallions were switchedr anethe treatments after a
20 day interval. Semen was collected every fiftdags during 60 days, for a
total of five samples per animal (n= 100 samplé®)e following seminal
characteristics were evaluated: motility, vigorahility, morphology, osmotic
tolerance test (OTT), and lipid peroxidation of thlesma membrane. Semen
was evaluated upon sampling and at 2, 6, 12 artib@ds after cooling and 24
hours after freezing. Body weight was estimateHeart girth by means of a
commercial tape and the BCS was based on a scatelfithin to 9-obese. The
fixed effects of treatment, age and weight and $esnprere submitted to the
Mixed Procedure of SA%and means were compared by the orthogonal contrast
Vigor was higher in stallions older than four yeaasd the index of
morphological defects was lower in animals weighimgre than 400 kg. In the
fresh semen motility was greater in supplementadi®ts. In frozen semen,
motility, progressive motility, vigor and OTT weseperior in the supplemented
animals. In conclusion, the utilization of animalkler than four years and
weighing more than 400 kg and, moreover, the amditif omega-3 in the diet
increases semen motility and vigor of fresh anddrosemen, maximizing its

quality.

Keywords: Acid linolenic. Cryopreservation. Pube®gmen maotility.
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PRIMEIRA PARTE

1 INTRODUCAO

Considerando o intenso crescimento da equinocuttoifdrasil, estudos
gue seguem linhas de pesquisas relacionadas gaw,trhanejo e reproducdo
sdo de extrema importancia para maximizar o dessmapatlético, melhorar a
eficiéncia reprodutiva de éguas e garanhfes eiloointipara o processo de
melhoramento genético desta espécie.

Atualmente, com o intenso uso das biotecnologiasreproducao,
pesquisas vém sendo desenvolvidas com o objetivoelleorar a qualidade do
sémen congelado de garanhdes visando aumento didageado sémen e,
consequentemente, das taxas de prenhez nas éguestamio, devido a alta
variabilidade individual que existe entre os gafmshquanto a resposta do
sémen ao processo de congelamento e resfriamed&semvolvimento de um
protocolo Unico para a realizacdo destes procedosese torna uma tarefa
bastante dificil.

Umas das saidas é a determinacdo de caracteristcidmente
observadas que possam estar relacionadas com @lagiealespermatica e,
indiretamente, com a maturidade sexual, tais copsm worporal e idade do
reprodutor. Definir em quais situacfes estas catiaticas sejam positivamente
relacionadas a qualidade espermatica pode fazerqemmpraticas de manejo
especificas sejam estabelecidas antes da estaghonde, possibilitando que o
sémen coletado seja de melhor qualidade e maistes® ao processo de
resfriamento e congelamento.

Outra forma de melhorar a qualidade do sémen éneay da nutri¢io.
O uso de acidos graxos poli-insaturados, mais d@&@eaente da série 6mega-3,

vem se tornando cada vez mais comum na reprodugéinege Isto é explicado
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devido as fungBes que estes nutrientes exercenmnganismo. As propriedades
do dmega-3 permitem aumentar a fluidez da membdasaespermatozoides,
fazendo com que a membrana plasmatica destassékiltorne mais fluida e
seja capaz de suportar melhor as modificacdes ldenece osmolaridade, além
da acdo destrutiva de substéncias oxidantes queprs@lmzidas em grande
quantidade durante o processo de resfriamentanejgalmente, congelamento.

O melhor entendimento da interacdo entre nutricdepeoducéo de
garanhdes pode melhorar a eficiéncia reprodutistadespécie e acelerar o
processo de melhoramento genético dentro das régasndo com que a
equinocultura se desenvolva e sejam aperfeicoaattes vez mais as atividades
em que os equinos sdo utilizados, como esport, éazabalho.

Os objetivos com estas pesquisas foram avaliatagé® entre idade,
peso corporal, escore de condi¢do corporal e odigtético de 6leo rico em
acidos graxos 6mega-3 sobre a qualidade esperndatisdmen fresco, resfriado

e congelado de garanhdes Mangalarga Marchadood#sm&stacdo de monta.

2 REFERENCIAL TEORICO

2.1 Fisiologia da reproducéo de garanhdes

A fisiologia da reproducéo de equinos esta intimameelacionada com
a sazonalidade das estacbes do ano. Tanto garagbhdeto éguas sofrem
influéncia da intensidade e quantidade de luz agdalo dia, que se modifica
ao longo das estacdes do ano (GINTHER et al., 208&EZ; HAFEZ, 2004).

Ao contrario de ovinos e caprinos, 0s garanhfes & tornam
azospérmicos durante o periodo ndo reprodutivantentracdo de testosterona

e a libido diminuem, aumenta a incidéncia de degeihorfolégicos, diminui a
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motilidade e o vigor espermético e a producéo geresatozoides decresce, mas
nunca cessa completamente (HAFEZ; HAFEZ, 2004).

Em contrapartida, éguas apresentam atividade amarguase nula
durante o periodo de inverno, o garanhdo € capagodgnuar produzindo
espermatozoides, embora em menores concentracdede equalidade
ligeiramente inferior ao longo do ano inteiro, qlamestimulado (monta natural
ou coleta de sémen) (McKINNON; VOSS, 1993).

Dessa forma, 0 uso continuo do garanh&o ao longmd@& uma pratica
de manejo comum em centrais de reproducdo equmappoveitam o periodo
de inverno para coletar e congelar sémen visaqdoxdma estacao reprodutiva,
até porque este é um periodo em que as éguastaacapsesentando atividade
folicular ou estédo prenhes.

Em estado selvagem a sazonalidade reprodutivayéadde importancia
pois determina a época do ano em que 0S animas acasalar e,
consequentemente, faz com que as crias nascam anestagdo do ano com
alta disponibilidade de alimento e agua, favoreocesall crescimento e aumento
suas chances de sobrevivéncia no periodo de ea¢@dBE HER et al., 2004).

A melatonina, horménio produzido pela glandulaepin é a principal
responsavel pelo efeito da sazonalidade em equists.hormdnio é sintetizado
a partir do aminoacido triptofano por meio de deagimas principais: N-
acetiltransferase (NAT) e hidroxiindol-O-metiltréermse (HIOMT) que séo
ativadas a partir da secrecdo de neurotransmisbbeeados apenas durante a
noite (NUNES, 1999), o que explica a maior con@g@do deste horménio
durante o inverno, periodo do ano em que a durdedoz diminui enquanto a
duracgéo de escuriddo aumenta.

A melatonina regula a secrecao da gonadotrofi@dafk) que, por sua
vez, controla a secrecdo do hormdnio foliculo adéamte (FSH) e do horménio

luteinizante (LH), relacionados a espermatogénesenmachos (McKINNON;
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VOSS, 1993). Especificamente em equinos, a melao@m a capacidade de
inibir a secre¢éo de GnRH, diminuindo indiretamexgt€oncentracdes de FSH e
LH, influenciando negativamente sobre a espermatsg Conforme a duracao
de luz ao longo do dia aumenta (primavera e vaadmpoducdo de melatonina
diminui e sua influéncia inibitéria sobre a repro@lo € removida (GINTHER et
al., 2004).

Acredita-se que a melatonina seja capaz de iailtilveracdo do GnRH
devido & sua capacidade de diminuir a concentragdiacelular de
adenosinamonofosfato ciclico (AMPc) e também agudar a mobilizacéo e
influxo de célcié® nas células gonadotréficas da adeno-hipéfise (PANG
AYRE, 1998).

O responsavel pelo primeiro estimulo hormonal toaieprodutivo do
garanhdo € o hipotdlamo, por meio da liberacdodpuldo GnRH. Este
horménio peptidico via sistema porta hipofisarinaaha hipofise anterior, na
gual é reconhecido pelas células presentes desanuia a secrecdo dos
horménios gonadotréficos, LH e FSH, que por meiocdaente sanguinea
atuam nas células dos testiculos, resultando nalupdo de esteroides
(estrégeno e testosterona), 0s quais participafordacao dos espermatozoides
(PAPA; ALVARENGA; DELL AQUA JR, 2003).

O LH estimula a producéo e a liberacdo da testmsdee do estrogeno
pelas células de Leydig de garanhdes adultos (EHBEMNER et al., 1994;
EISENHAUER; ROSER, 1995). As altas concentracdeaitode testosterona
permitem que este hormonio atue na espermatogéocese,acdo em varios
orgdos alvos para manter as caracteristicas fisneggzulinas, a libido, e a
funcdo das glandulas sexuais acessérias (PICKEDBS/ 1998).

O FSH atua sobre as células de Sertoli e regutadugdo de proteina
ligadora de todos os componentes importantes pargpraucdo de

espermatozoides (funcdo gametogénica). A liberaigh&SH é regulada pela
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acdo da inibina e da ativina, que controlam a dgae¢ do fluido seminifero
tubular, a manutencdo da barreira hemato-testjcidara sustentagdo do
desenvolvimento das células germinativas essengiaia espermatogénese
(SAMPER, 2009).

A alta concentracéo de estrégeno produzido noletiést de garanhdes
supbe que o estrdgeno, junto com a testosterona FSH desempenham
importante papel na espermatogénese (ROSER, 206G cordo com ZIRKIN
et al. (1994), a testosterona, sozinha, mantémalidade da espermatogénese,
enguanto que o FSH controla a quantidade de esfmoides produzidos, isso
€ observado em quase todos os mamiferos.

A secrecdo de testosterona é regulada por alcagadprcurtas e
ultracurtas. A alca longa envolve FSH, inibina ®riagbes LH-testosterona. A
alca curta envolve fatores de crescimento (IGFHpendnios. A alca ultracurta
regula as interacdes células de Sertoli/célulasnigetivas/células mioides
(HAFEZ; HAFEZ, 2004).

O bom entendimento dos mecanismos de controle migidutesticular
do garanhdo é de fundamental importancia para gremmsdo do processo
reprodutivo dos mesmos bem como para o desenvoitimge um manejo
reprodutivo mais adequado a sua fisiologia, maxamip seu aproveitamento.

2.2 Avaliacdo das caracteristicas seminais

Com o crescente uso da inseminacao artificial noejoadiario das
centrais de reproducdo equina, a coleta de sénmrsegornando uma técnica
cada vez mais rotineira e importante no melhoramgenético desta espécie,

além de maximizar a utilizacdo dos animais.
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De modo a auxiliar na escolha dos melhores garanhd@i@meros testes
e andlises podem ser realizados no sémen coletato objetivo de avaliar sua
qualidade e capacidade de fecundacao.

De acordo com CBRA (1998), o sémen equino apresefitane médio
de 60 mL, vigor espermatico 3, auséncia de movimeest massa, motilidade
média de 70% e concentracdo de 9xESpermatozoides por ejaculado.
Entretanto, estas caracteristicas apresentam grand€do entre as espécies e
entre individuos dentro da mesma raca, 0 que t@®aavaliacbes das
caracteristicas seminais de extrema importancia yraa correta selecdo de um
garanhao como reprodutor (McKINNON; VOSS, 1993).

Uma das caracteristicas mais comumente avaliada réotdidade
espermatica, que expressa a proporcdo de espeoida®maiveis presentes no
sémen. Uma gota de sémen é colocada entre umaaléniaminula pré-
aquecidas a 37°C para avaliacdo em microscOpicdm@m objetiva com
aumento de 10x até 40x. Segundo CBRA (1998), péem com motilidade
inferior a 70% no sémen fresco e 30% no congeladlo,devem ser utilizados
para reproducéo.

O vigor é avaliado em uma escala de zero a cinegpéctivamente
auséncia de vigor e vigor maximo) e representa rgafacom que os
espermatozoides se movimentam (CBRA, 1998), norevaiené avaliado em
conjunto com a motilidade.

A concentracdo espermatica representa o nimeréldas por mL de
sémen. Sua determinacao é realizada por meio dagern de espermatozoides
em camara de Neubawer (FERNANDES; PIMENTEL, 20@2pvaliacdo da
concentracdo é de grande importancia durante egsocde congelamento de
sémen e inseminacgdo artificial; quanto maior a eottacdo maior sera o
nimero de éguas inseminadas por ejaculado e na#@rosnimero de palhetas

que poderdo ser congeladas por cada ejaculado (FAPA AQUA JUNIOR,
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2001). Recomenda-se a dose inseminante de 600awilthd espermatozoides
para inseminagcdo com sémen fresco e 1 bilhdo dgreazoides no caso de
sémen congelado (PAPA; DELL’AQUA JUNIOR, 2001).

A avaliacdo da integridade do acrossomo esta oslada com a
capacidade de fertilizacdo do espermatozoide, pefsa regido podem ser
encontradas inimeras enzimas que participam deegsocde fertilizacdo do
odcito. Em geral, problemas na integridade do soroe estdo relacionados
com baixa ou sub fertilidade do garanhao (FERNANDEMENTEL, 1997).
Utiliza-se o método de coloragdo com POPE paraafiféacdo das células com
acrossomo intacto (coradas) e danificado (ndo esjadPOPE; ZHANG;
DRESSES, 1991).

O teste de resisténcia osmética permite avaliaghantégridade da
membrana do espermatozoide por meio de uma prokes#éncia a diferentes
periodos de incubacado e ao choque osmdético. Séiomrailos 10QL de sémen
in naturaem 1,0 mL de solugdo 150 mOs/Kg de agua (solui@simotica), a
incubacdo é feita durante 40 minutos a 37°C (NIEENZEL, 2001). Apés
incubacdo os espermatozoides sédo avaliados emseti@io de contraste com
aumento de 1000x para observacdo do aspecto dadflaguando este estiver
enrolado é sindbnimo de membrana integra, e quaridgelo estiver estendido
tem-se indicativo de ruptura da membrana e entladsolucéo na célula (NIE;
WENZEL, 2001).

A viabilidade espermatica determina a proporcadaé@alas mortas e
vivas no ejaculado, para isso, é feito um esfregagp uma gota de sémen e
uma gota de corante eosina-nigrosina. No microec@piico com aumento de
400x as células serdo classificadas como ndo fadpermatozoides vivos) e
coradas (espermatozoides mortos) (MIES FILHO ¢fl8B2).

Quantificar os defeitos morfologicos dos espernaities é outra forma

de estimar a qualidade do sémen, pois quanto ffaiarocorréncia de defeitos
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menor é a chance que o espermatozoide possui dpr@emar e fertilizar o
od6cito (McKINNON; VOSS, 1993). Os defeitos de mdofpa podem ser
classificados como: anomalias na cauda, peca iatBamia ou na cabeca do
espermatozoide. Para avaliacdo da morfologia ézadid microscopio de
contraste de fase com aumento de 1000x apoés fixgu&wia dos
espermatozoides em solucao de formol-citrato (CBES8).

Segundo Verstegen et al. (2002), inUmeros sistemamputadorizados
foram desenvolvidos nos udltimos anos para detegéimade caracteristicas
espermaticas que dificilmente poderiam ser avaligua meio de microscopia
comum, tais como velocidade, motilidade progressilinearidade. Dentre estes
sistemas, €Computer Assisted Sperm Analy&BASA) se tornou um dos mais
utilizados para andlise de sémen das mais varegpscies animais (mamiferos,
aves, répteis e peixes).

O CASA avalia os espermatozoides individualmemte; meio da
analise de inlmeras e sucessivas imagens que s@alds a cada segundo
(ARRUDA et al., 2011). Desta forma, é possivel plitedos relacionados a
velocidade, motilidade e trajetéria que nado senmssiveis de ser obtidos por
meio de microscopia comum. Algumas das informactmse sé&o
disponibilizadas pelo CASA sdo: motilidade (MOT)ptitidade progressiva
(MOTP), velocidade curvilinea (VCL), velocidade ri#éda trajetoria (VAP),
velocidade linear progressiva (VSL), retilinearida((TR), linearidade (LIN),
amplitude do deslocamento lateral da cabeca (Alftldjuéncia do batimento
flagelar (BCF) e proporcdo de espermatozoides tflecidade rapida, média,
lenta e estaticos (VERSTEGEN et al., 2002).
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2.3 Resfriamento do sémen

Apés liberacdo do uso da inseminacgéo artificial) (pela maior parte
das associacdes de criadores, o transporte de séesémmado aumentou
consideravelmente nos Gltimos anos. AtualmenterasiBé o segundo pais que
mais utiliza o transporte de sémen resfriado nodouficando atras apenas dos
Estados Unidos (PAPA et al., 2005).

Além disso, 0 sémen de alguns garanhdes nao podersgelado, pois
0s espermatozoides sdo extremamente sensivei®@spo de congelamento e
ndo sobrevivem, sendo o uso de sémen resfriado neiraamais viavel de
maximizar o aproveitamento destes animais (VIDAMENTEI., 1997).

Quando os espermatozoides sdo mantidos a 5 °Ceoosdiucdo do
metabolismo celular, sua taxa metabdlica decresze 0% daquela observada
em espermatozoides mantidos a 38 °C, e isto fazqummno sémen possa ser
preservado por longos periodos de tempo (AMANN; KETT, 1987;
SQUIRES et al., 1999).

O resfriamento reduz a producdo de,@0acido latico, substancias
toxicas aos espermatozoides, e também diminui axigecdo lipidica na
membrana celular, aumentando o tempo de sobrevivélos espermatozoides
(BAUMGARTL et al., 1980).

Entretanto, o resfriamento feito de forma inadequabde causar
choque térmico aos espermatozoides, provocandoedesfelulares em
decorréncia da alteracdo da propriedade fisicantembranas espermaticas
(SQUIRES et al., 1999). A reducdo gradativa da @atpra e a adicdo de
diluidores ao sémen sao formas de manter a vialidide a capacidade de
fertilizacdo dos espermatozoides evitando o chggle frio (KELLER et al.,
2001).
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O uso de diluidores durante o processo de resfrismtminui os danos
causados pelo frio as células. Uma das caractadstnportantes dos diluidores
€ sua capacidade de estabilizar a membrana plaamdtirante a fase de
transicdo, momento em que ocorrem os danos cau(@&A&RENIUS, 1998).
Esta fase de transicdo ocorre por volta dos 20,ic°&men equino, momento
em que os lipidios da membrana passam de um dhiatty no qual as cadeias
de 4cidos graxos sdo relativamente desorganizpdes,um estado de gel, em
gue as cadeias dos &cidos graxos sdo rigidas klparaA temperatura de
transicdo é especifica para cada tipo de acidoogm®sente na membrana
celular (AMANN; GRAHAM, 1993).

Os efeitos causados pela fase de transicdo dadiobpiprovocam
respostas cinéticas néao-lineares em algumas enzimakindo algumas
ATPases de membrana, cuja atividade depende dgiedisico dos lipidios
(HOLT, 2000).

A taxa de prenhez de éguas inseminadas com séesmo fou resfriado
€ bastante semelhante: 78,5% de prenhez para séeseo (WEISS, 2003;
XAVIER et al., 2010) e 75% para éguas inseminadas sémen resfriado
(LOOMIS, 1992; LAGARES et al., 2000). Contudo, meand sémen resfriado
por periodos superiores a 48 horas diminui a taxarenhez para cerca de 50%
(PICKET, 1998).

Embora o resfriamento seja uma técnica de grantissao, a qualidade
do sémen resfriado pode variar consideravelmenttupgdio das caracteristicas
individuais dos garanh@es, o que dificulta a pademdio desta técnica (PAPA et
al., 2005).
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2.4 Congelamento do sémen

O congelamento de sémen representa importanteuritento no
melhoramento genético da espécie devido a maxidizalp uso de bons
reprodutores. Entretanto, existe uma grande variagétre individuos na
capacidade de sobrevivéncia do espermatozoide e m@stcesso, apdés o
descongelamento, as caracteristicas seminais desnggiranhfes encontram-se
muito aguém do ideal, fazendo com que a capacidadertilizacdo do sémen
seja muito abaixo do satisfatério (GOMES et alQ20

Sendo assim, o desenvolvimento de um protocoldrdpa de
congelamento torna-se muito dificil. Isso exige uadaptacdo de todo o
processo de congelamento as caracteristicas indigidde cada garanhdo,
dificultando o trabalhando e o tornando mais ore(8QUIRES et al., 1999).

A fertiidade do sémen congelado € relativamemtenor quando
comparada ao sémen fresco e resfriado, observaaaliminuicdo de até 30%
nos indices de prenhez das éguas (McKINNONN; VA983). Provavelmente
a menor taxa de prenhez se deve aos danos a estuaio funcionamento da
membrana plasmatica decorrentes das drasticagdesiale temperatura a que
sdo submetidos os espermatozoides durante o poatesongelamento (PAPA
et al., 2005; LOOMIS; GRAHAM, 2008).

O estresse osmotico induzido pelos crioprotet@arésrmacéao de cristais
de gelo intracelular e o desarranjo dos lipideosneanbrana plasmatica, sédo
alguns dos principais fatores que comprometem ailidade espermatica
(LOOMIS; GRAHAM, 2008). Estas lesBes celulares podeanificar o
espermatozoide ao promover a ruptura de suas measb(enaneira direta) ou
alterar as funcdes celulares por meio de modifiesgid processo metabolico
(maneira indireta) (HOLT, 2000).
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Os crioprotetores séo utilizados com o objetivo aementar a
sobrevivéncia das células protegendo-as contraawssdcausados pelas baixas
temperaturas, entretanto, os crioprotetores atuammo csolvente e/ou soluto,
induzindo alteragbes no volume celular capazes alaper a membrana
plasmatica (AMANN; PICKETT, 1987; HAMMERSTEDT; GRA&M,;
NOLAN, 1990). Além disso, os crioprotetores aprésentaxa de difuséo pela
membrana muito lenta em relacdo & agua e, durardescongelamento, o
gradiente osmético causado pela presencga do crédpranduz ao aumento de
volume celular (HAMMERSTEDT; GRAHAM; NOLAN, 1990; MANN,
1999).

O estresse induzido pela formacéo dos cristaietieagta associado as
alteracdes na pressdo osmoética da fracdo ndo edagdl dgua é congelada e
cristaliza como gelo fora da célula; a presséo tisemndo liquido remanescente
do soluto aumenta, afetando o citoesqueleto cetufanomovendo a ruptura da
célula (WATSON, 1995; HOLT, 2000; WATSON, 2000).

A partir de 5 °C e conforme a temperatura vai duimdo, ocorre
aumento da permeabilidade da membrana &4 Gae contribui para alteracdes
semelhantes aquelas observadas na capacitacadusdmaentre a membrana
celular e a membrana externa do acrossoma, inziabilo o espermatozoide
(WATSON, 1995). Além disso, quanto maior for a peatnilidade celular maior
sera a concentracao intracelular de solutos eggoerstemente, havera estimulo
para entrada de agua na célula que podera progecarompimento (HOLT,
2000).

A resposta dos espermatozoides ao congelamentferérde entre as
espécies de animais e também entre os individuosietana espécie e isto
ocorre devido as variagfes encontradas no metatmésna bioguimica seminal
(LOOMIS; GRAHAM, 2008). Entretanto, o motivo peloal algumas espécies

estdo sujeitas ao choque térmico pelo frio enquantas ndo apresentam este
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problema, esta diretamente relacionado & compodipética da membrana
celular espermatica destas espécies.

A membrana plasmatica dos espermatozoides equpresemta menor
relacéo colesterol:fosfolipideos. O colesterol ammea fluidez e a estabilidade
da membrana, diminuindo a temperatura em que a na@alsofre a transicdo
da fase fluida para a fase gel (KIRK; GRAHAM; SQER 2001).

O tipo de &cido graxo presente na constituicaoodffipidio também
interfere na fluidez da membrana, acidos graxosipshturados promovem
uma modificacdo no angulo formado entre os carbdigastes (108° nas
ligacBes de &cidos graxos insaturados e 180° ptuieados), e isto faz com que
o fosfolipidio seja capaz de se adaptar as altesagd volume da célula durante
0 processo de congelamento e também de descongéta(éRK; GRAHAM,;
SQUIRES, 2001; LOOMIS; GRAHAM, 2008).

Este pode ser o motivo pelo qual o sémen humare avels apresente
resultados bastante positivos, devido ao altodearolesterol na membrana dos
espermatozoides estas espécies ndo apresentane ¢dogico pelo frio, oposto
do que ocorre com equinos, ovinos, bovinos e sub@©OMIS; GRAHAM,
2008).

Como a proporcao entre colesterol e fosfolipidio péde ser alterada,
por ser uma caracteristica determinada geneticempata cada espécie,
pesquisas recentes vem estudando o efeito da adedidos graxos poli-
insaturados na dieta de modo a aumentar sua péapaorgs fosfolipidios e
melhorar a fluidez da membrana do espermatozoide.

2.5 Estresse oxidativo do sémen

O processo de congelamento e descongelamento denséstimula a

sintese das espécies reativas de oxigémiaciive oxygen species ROS),
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capazes de causar danos a todos os componentesesgloomo DNA, proteina,
carboidrato e lipideo (HALLIWELL, 1991). Entretantas ROS apresentam
preferéncia pelas ligagBes carbono-hidrogénio dpa@metileno adjacente a
ligacdo dupla, tornando os acidos graxos poli-imsaibs seus alvos principais
(BALL; VO; BAUBER, 2001; AVANZI et al., 2011).

Por este motivo deve-se tomar cuidado com a incles@&essiva de
PUFAs na dieta, pois apesar de melhorar a fluid@zneéembrana celular
diminuindo os efeitos deletérios das variacBes dasisde temperatura, em
excesso podem tornar a célula mais susceptivéladas ROS.

A grande susceptibilidade dos espermatozoides & é¥tA relacionada
a pequena concentracdo de enzimas antioxidantenpessem seu contetdo
citoplasmatico reduzido (BALL; VO, 2002). A maioane destas enzimas, tais
como glutadiona peroxidase, catalase e superéddmdtase, encontram-se no
plasma seminal que é removido durante o processmmgelamento a fim de
aumentar a sobrevivéncia dos espermatozoides @uraste processo,
diminuindo significativamente a capacidade de t@s@a da célula espermatica
a acdo das ROS (AVANZI et al., 2011).

O processo de descongelamento também causa dadasvms a célula
devido ao rapido aumento na utilizacdo de oxig@eios espermatozoides, apos
periodo de interrupcdo do metabolismo, determinanmddor producdo de
radicais livres (BALL; VO; BAUBER, 2001; BALL; V0O2002). Apos iniciado,
0 processo de oxidacdo se torna autocataliticosejay ocorre intensificacdo
gradativa devido a formacdo de hidroperdxidos edytms secundarios
resultantes deste processo (DIX; AIKENS, 1993).

Na literatura existem evidéncias de que altas cdragdes de ROS nas
células esperméticas de garanhdes causam inibigéiabdtica (WANG;
SHARMA,; SIKKA, 2003), desorganizacdo da membranlalae (BALL; VO,
2002), diminuicdo da motilidade e vigor espermd&iddONES; MANN;
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SHERINS, 1979), diminui a capacidade de fertiliza(@BASQUALOTTO et al.,
2000) e interfere negativamente no processo de citagao celular
(AGARWAL; SAID, 2005).

2.6 Acidos graxos poli-insaturados (PUFAS)

Os acidos graxos poli-insaturados sdo acidos caidms alifaticos de
cadeias longas encontrados em lipidios e 6leosraiatque ndo podem ser
sintetizados pelo organismo, por este motivo tamisém conhecidos como
acidos graxos essenciais. Os mamiferos ndo saaesamie sintetizar estas
moléculas pelo fato de ndo possuirem enzimas do tipssaturases,
responsaveis pela adicdo das insaturacfes entrétamsos de carbono
(ANDRADE; CARMO, 2006).

Entre os PUFAs, alguns acidos graxos possuem &ipaiimsaturacao
no terceiro atomo de carbono a partir do carboniflinteterminal, estes acidos
graxos sdo conhecidos como 6mega-3 (ou n-3). Etgu#so, outros
apresentam a primeira insaturacdo no sexto atongadi®no e, por isso, sao
conhecidos como 6mega-6 (ou n-6).

Os principais representantes da familia 6mega-3 s&wo a-
linolénico (18:3), &cido eicosapentaenoico ou EPR0:F) e 4&cido
docosahexanoico ou DHA (22:6). Os alimentos quay® alta concentracédo
destas moléculas sdo: algas, fitoplancton e animaisnhos de &guas frias e
profundas, tais como cavala, sardinha, salméo ta @ONNOR, 2000). Os
poucos vegetais ricos neste nutriente sdo linheggagla e colza (YOUDIM;
MARTIN; JOSEPH, 2000).

O organismo dos equinos responde rapidamente @ocadie EPA e
DHA na dieta. King et al. (2008) observaram que3fiadia ap6s o inicio da

suplementacéo ocorre um aumento significativo decemcentracdo no sangue,
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com um pico préximo ao 7° dia de suplementacdo, padir dai sua
concentragéo se estabiliza. Contudo, no 9° dia agésmino da suplementagdo
ocorre uma queda superior a 75% nas concentragigaiaeas de EPA e DHA.

Os principais representantes do 6mega-6 estdm é&oimleico (18:2) e
acido araquiddnico (20:4) (ANDRADE; CARMO, 2006)stés acidos graxos
sdo encontrados em grandes quantidades nos Olgesaige provenientes da
maioria das sementes e gréos de cereais, comaléledilho, soja, girassol e
castanhas (YOUDIM; MARTIN; JOSEPH, 2000).

As fungbes biolégicas dos PUFAs sdo inUmeras estenmaioria, ndo
estdo claramente definidas. As fun¢gbes mais impsa parecem estar
relacionadas a manutencao da integridade das séntioteliais, prevencdo da
aterosclerose e altera¢des cardiovasculares; éatifiwuda liberacdo de insulina;
inibicho da vasoconstricdo e agregacdo plaquetaparticipacdo no
desenvolvimento normal da placenta, crescimental fet desenvolvimento
neuronal, participacdo nas funcdes imunomoduladtitesacdo de citocinas e
sintese de eicosanoides (ANDRADE; CARMO, 2006; NR@7; KING et al.,
2008).

Os eicosanoides podem ser sintetizados a partERI® e do acido
araquidénico, ambos competindo pelas enzimas cigjenase e lipooxigenase.
A primeira enzima est4d envolvida com a sintese destaglandinas,
tromboxanos e prostaciclinas, enquanto a segundaetacionada com a sintese
de leucotrienos (ANDRADE; CARMO, 2006).

Entretanto, eicosanoides oriundos do EPA atuam deeira mais
branda e menos potente no organismo, diminuindatensidade da resposta
inflamatéria celular (KING et al., 2008). As pragiandinas oriundas do EPA
fazem parte da série 1 (monoenoica) e 3 (trienomm@nos bioativas quando
comparadas as prostaglandinas da série 2 (dienpicajeniente do acido

araquidénico, por este motivo muitos trabalhos veendo realizados
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hipotetizando que a suplementacdo com O6mega-3 eia die éguas pode
diminuir a resposta inflamat6ria apds inseminac@ou etransferéncia de
embrido, o que diminuiria as perdas embriondriascqmes comumente
observadas na espécie equina (MATTOS; STAPLES; TEHER, 2000;

MATTOS et al., 2003).

O DHA, apesar de n&o atuar como substrato paraugdiod dos
eicosanoides, maximiza a utilizacdo do dmega-3imindir a disponibilidade
de 6mega-6 por meio da inibicdo da liberagdo deloderaquidbnico da
membrana celular (ANDRADE; CARMO, 2006).

Recentemente, Clarke (2001) demonstrou que os PU#ks sao
utilizados somente como fonte energética e compeneastrutural pelo
organismo, mas também como importantes mediadaesxpressdo génica.
Grimm et al. (2002) ja comprovaram que o0s acid@xag n-3 atuam como
sinalizadores intracelulares, suprimindo a expegéfica de genes envolvidos
na lipogénese e induzindo a transcricdo de genesviaios na oxidacao lipidica

e termogénese.

2.7 Efeito do dmega-3 na qualidade espermatica dargnhdes

As membranas celulares dos espermatozoides deh@asrbem como
da maioria das espécies domésticas, sao ricasidos @raxos poli-insaturados,
entre eles o DHA e 0 EPA (BRINSKO et al., 2005)on€iderando que a base
da dieta dos equinos é constituida por milho e, sojale-se dizer que a
guantidade de acidos graxos poli-insaturados ntd abaixo do minimo
necessario: 0,5% de &cido linolénico com base nariasseca (NRC, 2007).
Sendo assim, é possivel que a suplementacéo chetigin-3 pode melhorar a

gualidade espermética dos garanhfes bem como pacidade de fertilizacao.
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Os danos as células esperméticas causados pelelavegto e
resfriamento do sémen estdo relacionados, primogrete, a ruptura das
membranas acrossomais, 0 que leva a perda de daddli viabilidade e
diminuicdo da capacidade de fertilizacdo do sénfemdmenos comumente
relacionados ao choque térmico (WATSON, 2000). pacaade que 0 sémen
apresenta de resistir ao choque térmico esta dliestiz relacionada a
composi¢cao lipidica da membrana dos espermatozqiBBINSKO et al.,
2005).

Brinsko et al. (2005) observaram que a adi¢do denutracéutico rico
em DHA melhora a motilidade do sémen resfriadonebam sua tolerancia a
refrigeracdo. Elhordoy et al. (2008) concluiram quUBHA aumenta a producéo
diaria de espermatozoides e melhora a qualidades&nen resfriado e
congelado, possivelmente ao aumento no conteld®Hi&é na membrana
plasmatica dos espermatozoides. Entretanto, esthoraefoi maior em
garanhdes de baixa qualidade seminal.

A adicdo de PUFAs na dieta aumenta a resisténcsa aifdulas
espermaticas as variacdes bruscas de temperatumsnmwlaridade que
comumente ocorrem durante 0os processos de resfiiaragprincipalmente, de
congelamento do sémen equino. Esta resisténciaedatéionada ao aumento da
fluidez da membrana e, consequentemente, aumermt@paaidade da célula em
se adaptar as variag6es de volume que podem prasgauptura (KIRK et al.,
2001).

Entretanto, Garcia et al. (2011) sugerem que ossgcde PUFA na
dieta pode aumentar a suscetibilidade da membraparmatica a danos
oxidativos, tornando as células mais vulneraveiataque das espécies reativas
de oxigénio (ROS).

Os lipideos da membrana plasmatica sdo os priscighads das ROS e,

como consequéncia imediata da desestabilizacadipideos da membrana,
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tem-se aumento da permeabilidade da membrana sequod perda de
motilidade, diminuicdo da capacidade de fertilizagdinabilidade de interacéo
com a zona pelicida do odcito (AITKEN; BAKER; SAWRE2003; RICKER
et al., 2006).

Possivelmente, altas concentracdes de n-3 na gietesipalmente de
EPA e DHA, pode ser a chave para melhorar a quididgminal do sémen
resfriado e congelado de garanhdes (BRINSKO e2@D5; ELHORDOY et al.,
2008). Entretanto, a quantidade que deve ser dderean animal deve ser
cuidadosamente determinada a fim de evitar aummeniodice de peroxidacdo

da membrana plasmatica dos espermatozoides.

2.8 Influéncia do escore de condigéo corporal (ECCpeso e idade na
reproducédo de garanhdes

A avaliacdo do ECC é um método pratico e simplesriio necessita de
equipamentos e baseia-se em indicadores de gocduparal que ajudam a
estimar a quantidade de energia armazenada no dorpoimal (HENNEKE et
al., 1983). O ECC é resultado do balanco energéiicseja, da diferenca entre
0 consumo e o gasto de energia. Diversos fatosnpafetar o ECC, tais como
a intensidade e frequéncia de trabalho, problen@sspérios e dentarios,
disponibilidade de agua e manejo nutricional.

Henneke et al. (1983) desenvolveram uma escakECde de 1 (animal
excessivamente magro) a 9 (animal excessivamengsopbbaseada na
observacéo da aparéncia e na palpacao da cobeetg@dura em seis areas do
corpo do animal: bordo dorsal do pescocgo, cernethetelas, parte posterior das
espaduas, processos espinhosos lombares e aresedgio da cauda. O ECC 5
(moderado) é considerado o ECC ideal para a oliedgdméaxima eficiéncia
reprodutiva das éguas (NRC, 2007).
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Poucas sdo as informac¢des disponiveis na litaratobre o grau de
influéncia do ECC sobre o desempenho reprodutivgatanhdes. Harper e
Tipton (2005) constataram que animais com ECC ehfes 8,5 apresentaram
aumento no volume total do sémen. Ja nos estudbzados por Warren (2005)
ndo foram encontradas relacbes entre desempenhoduépo e ECC de
garanhdes, entretanto, este autor acredita queaBng®cessivamente magros
(ECC < 2) ou obesos (ECE 8) teriam problemas reprodutivos. No caso de
animais com idade inferior a 5 anos com ECC suparif0, existe uma reducéo
da fertilidade e libido (HARPER; TIPTON, 2005).

A estimacgdo do peso de equinos pode ser feitmédemaneiras: por
meio de fita de pesagem, féormulas matematicas (CARR HUNTINGTON,
1988) e balanca. A determinacdo do peso de um ly@waé de extrema
importancia para um correto balanceamento de ®ta, dlirincipalmente durante
a estacao reprodutiva, em que ele é utilizado antesnente.

Animais com peso além do recomendado apresentauigéio da libido
(HARPER; TIPTON, 2005), dificuldade para realizacda monta, dores
articulares, risco de desenvolvimento de laminiteaaté mesmo problemas
cardiovasculares relacionados a obesidade (WARREGE). Da mesma forma,
animais com peso abaixo do ideal pode nédo ter mjieneecessaria para cobrir
as éguas, baixa libido e qualidade espermaticazidal(HARPER; TIPTON,
2005).

A idade exata em que um equino inicia a puberdadte é@ bem
esclarecida, pode variar conforme a raca e o dek@mento inicial (MOREL;
MINA, 1999). Segundo Gamboa et al. (2009) e Ro260&) os garanhdes
atingem a puberdade por volta dos 21 meses de, idattfetanto este periodo
pode variar entre os 14 e 25 meses de idade, coafaraca, nutricdo, genética,

manejo e comportamento.
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Alguns autores, como Morel e Mina (1999), prefedsfinir puberdade
com base na concentracdo espermatica e motilidadérden, que segundo eles
é cerca de 50x®@spermatozoides por ejaculado e motilidade acenE086 em
animais que acabaram de entrar na puberdade.

Garanh6es com menos de trés anos de idade japdzresade fertilizar
éguas, e apenas aos quatro anos a quantidadeatmaszoides produzidas é
semelhante a um animal adulto. No entanto, a cd@aeide suportar o trabalho
exigido durante a época reprodutiva é inferior efagéo a animais mais velhos,
fazendo com que percam peso, aumentem o nivel tdesss e diminuia a
qualidade espermatica (MOREL; MINA, 1999).

Para Gamboa et al. (2009), a maturidade sexuabd@nhdes ocorre
por volta dos seis anos de idade, quando o tamigskioular € méaximo assim
como a producdo didria de espermatozoides. A qasdidlo sémen comeca a
diminuir entre os 15 e 20 anos de idade, acompanipmio aumento de
incidéncia de anomalias morfolégicas e diminuic&ondotilidade (MOREL,;
MINA, 1999; SAMPER, 2001).

3 CONSIDERACOES GERAIS

Com o objetivo de maximizar a qualidade do sénergaranhdes, o
peso e a idade dos animais devem ser levados esideratdo. Animais com
idade superior a quatro anos e peso acima de 4@pregentaram maior vigor
espermatico e menor incidéncia de defeitos morfoddgno sémen fresco e
resfriado. J& no sémen congelado, foi observadarnexa de motilidade no
sémen de animais mais velhos. Desta forma, o cestjug muitos criadores tem
de utilizar garanh8es muito jovens e que aindaatk@ancaram seu peso adulto

final deve ser evitado, dando preferéncia a animais velhos e pesados.
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A suplementagdo com acidos graxos poli-insaturadeosega-3
aumentou a motilidade total, motilidade progressivagor a resisténcia
osmotica da membrana celular no sémen fresco eslamitg Nao houve efeito
da suplementacao sobre o sémen resfriado. A suplagd® com acidos graxos
poli-insaturados 6mega-3 de garanhdes em reprodugdoecomendada,

principalmente no caso de animais cujo sémen éetathg frequentemente.
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Abstract

The objective was to evaluate the influence ofgheand age on
the quality of fresh, cooled and frozen-thawedlistalsemen. Twenty
stallions were used (3.5 to 15 years-old; 389 7 3&)). Semen was

collected every 15 days for 60 days, for a totdived samples per animal
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(n=100 observations). The following seminal charastics were

evaluated: motility, vigor, viability, morphologysmotic tolerance test
(OTT), and lipid peroxidation of the plasma memlgralsemen was
evaluated upon sampling and at 2, 6, 12 and 24shafter cooling and 24
hours after freezing. Body weight was estimateteatrt girth by means
of a commercial tape and the BCS was based onlefsom 1-thin to 9-

obese. The fixed treatment, age, weigh, BCS andititeractions on the
seminal characteristics were submitted to the MiRencedure of SA%

and means were compared by the Tukey test. Theseawlacrease in the
quality of semen characteristics as time after ingoincreased. Except
for lower motility, all characteristics frozen semeere similar to those
of 24 hour-cooled semen. Animals older than fowargéhad greater vigor
than younger stallions, considering both typesemhen. The proportion
of morphological defects was greater in animalsghieig less than 400
kg. Frozen semen motility was greater in older a@sn{33.20 + 2.71%)
compared to younger animals (26.30 + 0.17%), amuletlwas greater
incidence of morphological defects (10.05 + 0.8480mpared to the
heavier animals (6.81 + 1.04%). The BCS did nolugrice any of the

characteristics. It is recommended to use freslcamled semen and
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preferably use stallions older than four yearsaeajhing above or equal

to 400 kg to maximize semen quality.

Keywords: equine reproduction, fertility, cryopreservatiorsemen

motility.

Introduction

The use of cooled and frozen semen it is becomang gommon
among equine breeders seeking to improve theirshgedetically, and the
best way to transport this material is through kmplor freezing.
Currently, Brazil ranks second among other cousitiie transport of
cooled semen in the world, second to the UnitedeStanly (Papa et al.,
2005).

Keeping spermatozoa at temperatures bel6@ &ecreases the
production of toxic substances such as,@@ad lactic acid decreases lipid
peroxidation of the cellular membrane and decretisemetabolic rate to

10% of that observed in cells kept at’@8all of these modifications
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allow semen to be preserved for long periods oetglie organism
(Baumgartl et al., 1980; Squires et al., 1999).

However, the drastic variations in temperature wich
spermatozoa are submitted to during the coolingge® cause great harm
to the structure and function of the plasma mendrdahe osmotic stress
induced by the cryoprotectants, the formation ¢faicellular ice crystals
and the disarrangement of the plasma membranesjipig some of the
factors that compromise sperm viability (Loomis &wham, 2008).

The spermatozoa response to the freezing procesutéferent
among individuals of the same species and thisrscdue to variations
found in the metabolism and biochemistry of semé&pofis and
Graham, 2008). This makes it very difficult to dieyea single freezing
and cooling semen protocol.

Considering their practicality and easiness, theerdgnation of
optimum weight, age and body condition score thay neflect positively
on the sperm quality of cooled and frozen semerarnisattempt to
minimize losses that occur during these procedureseasing semen

viability and improving pregnancy rates of mares.
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The objective was to evaluate the influence ofghei body
condition score and age on the quality of freslolexd and frozen semen

of Mangalarga Marchador stallions.

Material and Methods

Animals and facilities

The experiment was conducted at the El Far stagrés/MG,
Brazil) and at Haras do Henrique stud (Carmo deh@eica/MG, Brazil)
from October to December of 2011. Twenty stalliohshe Mangalarga
Marchador breed from 3.5 to 15 years-old and we@l8i89.7 + 39.7 kg.

Animals were kept on 4x4 stalls and the dailgt dvas 6 kg of
tifton (Cynodon spphay and 4 kg of a pelleted concentrate (Equitye
Guabi NutricAo Animal, Campinas/SP, Brazil) offetedce a day, plus
free access to a mineral mix and water.

The diet was based on the NRC (2007) requirenfentsreeding

stallions.
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Semen collection and processing

Three semen samples were obtained for three canseaays
before the actual experimental samples were takestandardize the
sperm reserve (McKinnon and Voss, 1993). Semenowslscted at 15
days intervals during 60 days, for a total of fo@lections per stallion
(n= 100 samples). During the experimental period $tallions were
submitted to a semen collection routine of threee# a week in order to
ensure stable semen characteristics.

A Hannover model artificial vagina (AV) was usedthwa
disposable plastic internal sheath and the semen awllected on a
thermal cup. Water was heated at 45°C before madinn the AV
compartment. Mares in estrous were used for theedotions. At
collection the gel portion was filtered and the samvas diluted in the
proportion of 1:1 (BotuSém&nBotucatu/SP, Brazil) and stored in plastic
bags (12 x 5 cm). The average concentrations wWgte91 71.3 x 10and
100.3 + 59.5 x 1%spermatozoa /0.5 mL for the two experimental groups

For cooling the semen was kept at 5°C in the maségs in a

styrofoam box with ice and a thermometer.
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For the freezing process semen was placed in 15ahdo tubes,
centrifuged at 600g for 10 minutes for seminal mmiasremoval
(Dell’Aqua Jr. et al., 2002) and a crioprotectaut(iCric®, Botucatu/SP,
Brazil) was added to the remaining pellets. Semas Wwansferred into
0.5 mL pallets and sealed with polyvinyl powder b, Porto
Alegre/RS, Brazil) and submitted to the coolingvair20 minutes at 5°C,
20 minutes at 7 cm from the liquid nitrogen surfacel plunged into
liquid nitrogen (Avanzi et al., 2011). For thawirtbe pallets were

maintained in water at 37°C for 30 seconds (Gata., 2011)

Evaluation of semen characteristics

The seminal characteristics analyzed were: cornateon, motility
and vigor (CBRA, 1998); acrosome integrity (Pop@let1991); osmotic
tolerance test (Nie and Wenzel, 2001); viabilityiéMFilho et al., 1982)
and morphology (CBRA, 1998).

In order to determine semen susceptibility to lipegoxidation the
concentration of thiobarbituric acid reactive sabses (TBARS) in a

spectrophotometer with wave length of 532 nm (Olkatval., 1979).
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The evaluations were performed on the fresh samue30, 60,

120 minutes and 24 hours after cooling and 24 haltes freezing.

Weight and Body Condition Score (BCS)

Weight and BCS were evaluated on the same daysewien
collection. Body weight was estimated by an equape (Ortovét, Sdo
Paulo/SP, BCS) and BCS was performed according donkke et al.

(1983), considering the average of three previotraiped evaluators.

Statistical analyses

For the statistical analyses two age classes vatableshed< 4.0
and > 4.0 years, respectively n= 42 observatiodsna 43 observations),
two BCS classes<( 5.0 and > 5.0, respectively n= 47 and n= 38
observations) and two weight classes (< 400.0 amd 400.0 kg,

respectively n=52 and n= 33 observations).
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The fixed effects of treatment, sample, weight, B&§ and their
interactions on the seminal characteristics wetasited to the Mixed
procedure of SAB(SAS, 1998).

Means were compared by orthogonal contrast test5%

significance level.

Results

All semen variables analyzed underwent losse®.(®¥ as the time
from placed into the cooling protocol increased.féxsthe frozen semen, vigor,
OTT and morphology showed the same characteristfcthe semen after

cooling for 24 hours, whereas motility and vialilitere inferior (Table 1).
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Table 1. Quality parameters* (numbers are % legqsaie means + % SEM) of
fresh, cooled (2h, 6h, 12h e 24h) and frozen-tha{@dt) semen of Mangalarga
Marchador stallions.

. VIG MOT VIAB OTT** MORF
ime
(1-5) (%) (%) (%) (%)
Fresh 41+0.12 86.7+2% 84.9+1.62 - 7.7+0.62
2h after b
_ 3.7+0f 757+22% 769+18 37.1+1.0285+0.6
cooling
6h after
_ 35+0.f 66.9+21%1 720+16 328+1.6 9.6+0.8
cooling
12h after
_ 3320f 57.7+21 659+16 295+16 9.7+08
cooling
24h after
_ 29+0f 465+2% 598+16 26.5+1.0 109+0.6
cooling
Frozen-
28+04 32514 41414 267+11 95+0.8°
thawed

Different letters in the same column indicate ddéfeces (P< 0.05). For each
time category 100 ejaculates were evaluated.

*VIG — vigor; MOT — maitility; VIAB — viability; OTT — osmotic tolerance test;
MORF —morphology defects.

In fresh semen there was influence of age on sevigor (P=0.03).
Mean vigor was 3.38 + 0.1 for stallions under fgaars-old and 3.68 + 0.1 for
those four years old and older. The proportion @rphological defects was
greater for animals weighing less than 400.0 kg58& 0.53%) compared to

horses weighing 400.0 kg or more (7.96 + 0.66%).
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Similarly to fresh semen, vigor and the proport@hmorphological
defects of the cooled semen were influenced biistadge (P<0.05) and weight
(P<0.05). Vigor was greater in four years-old atder stallions compared to
younger stallions. This difference was observed aours (3.41 + 0.14 and
3.72 £ 0.15, respectively for younger and oldershke), at 12 hours (3.04 + 0.12
and 3.38 £ 0.12), and 24 hours post cooling (2.7616 e 3.10 £ 0.17). Semen
morphological defects were greater in lighter coragdo heavier stallions. This
difference was observed in lighter and heavietiste, respectively at 2 hours
(9.38 + 0.55% and 5.68 £ 0.74%), at 6 hours (1&B5/4% e 7.51 + 0.97%), at
12 hours (11.08 £ 0.88% e 6.70 £ 0.86%) and at@#<hafter cooling (11.35 +
0.64% e 6.70 + 0.86%).

For frozen-thawed semen, motility was greater (B40in horses older
than four years compared to younger horses. Theopiion of morphological
defects was greater (P=0.05) in lighter horses emetpto the heavier class.
None of the remaining seminal quality characterssstudied was affected by

stallion age or weight (Table 2)
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Table 2. Age and body weight and frozen-thawedirsgnguality parameters

(numbers are % least square means *

% SEM) of Manmga Marchador

stallions.
Age Body Weight
< 4.0 years > 4.0 years <400 kg =>400kg
Motility (%) 26.30+0,17 33.20+2,71 29.51+2.30 29.90 +3.10
Vigor (1-5) 2.56 +0.17 289+0.17 281+0.14 2.62+0.19
Viability (%) 39.35+3.87 42.30+3.83 44.50+3.2B7.14 +4.07
OTT* (%) 26.45+1.92 27.02+192 27.74+1.625.73+2.18
Morphologic 10.05 +
8.34+1.03 8.52+1.01 6.81+1.04
defects (%) 0.84
Acrosome
. _ 43.18+3.10 4353+3.09 41.29+2.685.43+3.41
integrity (%)
TBARs (ng/1@
1956 +4.15 20.11+4.17 22,48+3.587.18+4.79
spermatozoa)

Distinct letter in the rows indicate statisticaffeiences (P< 0.05).

parameter 100 ejaculates were analyzed.
*OTT — osmotic tolerance test.

For each

None of the remaining semen characteristics wefteenced (P>0.05)

by BCS for fresh, cooled and frozen-thawed semen.

Discussion

The decrease on semen quality observed duringngoand

freezing, compared to fresh semen, may be relatethinage caused by
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heat shock, osmotic stress and oxidative damageetoell membrane of
spermatozoa (Mazur, 1984).

According to Amann (1999), the decrease on nipigi related to
changes on the cellular permeability induced bylole temperature. As
the semen is continuously exposed to lower tempesst vigor and
motility decrease, as well as, increased acrosoamade and loss of
intracellular components, which could damage th#d woeeversibly
(McKinnon and Voss, 1993; Pickett, 1995). This wbudxplain the
gradual decrease in motility and vigor throughdat ¢ooling periods and
as consequence of freezing observed in the pretedy. The motility
drop in cooled semen at 24 hours was 46.4 % arD@% for vigor,
compared to fresh semen, and on the frozen-thaemers the respective
motility and vigor drops were 62.5 and 31.7%.

Cell osmotic tolerance and cell membrane viabiliyere
negatively affected by the cooling time and by freezing process.
According to Holt (2000), in temperatures belowC5 structural
modifications occur on the lipid membrane, whiclegiérom a fluid to a
gel phase. This modifications decrease the celkdpacity to tolerate the

osmotic stress caused by the addition of diluents aspecially, from the
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cryoprotectants, which alters the osmotic balaretevéen the solute and
the solvent from the intra and extracellular conpants (Watson, 2000;
Glazar et al., 2009).

Considering the damages caused on the structuvpepies of
the cell membrane due to the lipid rearrangemédrd, chances of cell
rupture are dramatically increased, thus reflectmepatively on the
quality of the semen. When the sperm membrandastirthe cell is able
to tolerate volume shifts caused by changes ono#maotic gradient
without rupturing (Holt, 2000; Glazar et al., 2009)

The increase on the proportion of morphologic desf@bserved
throughout the cooling periods and after thawing toa related to sperm
structural damage. Isolated and broken tails ardifheorrespond to the
majority of defects related to the cooling and rmzén processes, added
of manipulation damage such as centrifugation aipetiing can all
account for the reported results.

Individual variations within and between breeds argortant
characteristics which may impact on expressived®ss quality and low
semen tolerance to cooling and freezing procesdbmrenga et al.

(1996) concluded that stallions of the Mangalargardfiador and
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Mangarlaga Paulista breeds, which share commonrsagcshowed the
lowest freezing indexes compared to exotic breedgh s as,
Hannoverian, Holsteiner, Tracknner e Quarter Hordech have average
motility higher than 50% after freezing. These aushbelieve that the
main concern of Mangalarga Marchador stallion$iértlow tolerance to
osmotic stress.

Downsett and Knott (1996), evaluated 170 stalliafsnine
different breeds, concluded that the only charéstics that did not vary
between breeds were pH and color, all other vaggabhalyzed, such as
motility, morphology, viability and proportion ofedd spermatozoa,
differed among breeds. Thus, more studies with kh&ngalarga
Marchador breed specifically, to increase the keolge about the
reproductive physiology and to develop cooling &mezing techniques
considering its inherent breed physiological chiméstics, in order to
maximize its reproductive efficiency.

None of the semen quality parameters were infleerty BCS,
either for fresh or in cooled or frozen-thawed semgkewise, Warren
(2004) did not detect influence of BCS on fertilignd seminal

characteristics of stallion semen, even then, thithor believes that
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extreme BCS values (below 2 and above 8 in the Blemret al., 1983
scale) may decrease semen quality.

Lewis (2000) and Frape (2008) suggested that @tallvith BCS
above seven showed decreased libido, fertilitylzreeding problems.

The lowest BCS value observed in this study was #ind the
highest was six, which characterizes a variati@experhaps too small
for any significant effect on semen quality to letedted.

Independently of whether the semen was freshedoot frozen-
thawed, weight and age classes influenced sonteeajuality parameters
analyzed. The proportion of morphological defectssvgreater for the
lighter weight class whereas vigor and motility eveelated to the age
class such that younger stallions had poorer frogemen quality.
Obviously, since the age range was quite extensitlds experiment (3.5
to 15 years-old) these effects may be confoundéu seixual maturity.

According to Gamboa et al. (2009) and Roser (20p8berty in
stallions may be attained between 14 and 24 maooftlage, which also
indicates a relatively wide range. In this scenaaond considering our
findings, Mangalarga Marchador stallions may repaberty at a later

age. Moreover, it must be considered that sexualnmais influenced by
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a range of factors, which includes nutrition, gezseaind stress, according
to Morel and Mina, (1999) and testosterone levedswell (Roser, 2008).
These authors observed that only after six yeaegyefstallions are fully
reproductively competent. On the other extremectvhvas untested in
the present experiment, stallions lose fertilitynatich advanced ages,
such as above 20 years-old according to one stddiKibnon andVoss,
1993) and outside our range of observations.
Similarly to the results in the present experimévielo et al.

(1998) reported a greater proportion of primary rg@ocytes and
spermatids in animals younger than four years coetpao older
stallions. The observations by McKimon and Vos<9@)%hat in younger
stallions spermatogenesis has not reached its daflacity and an
increased proportion of defective sperm is stidlgant compared to older
horses corroborate our findings.

In general, the results observed in the presentererpnt are
extremely relevant for future studies on the fiytilof Mangalarga
Marchador stallions, since morphology is directyated to motility and

vigor which impact mare pregnancy rates, accortbrigove (2011).
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Conclusions

Semen must be kept for the shortest time passibtler cooling
to avoid quality losses. In order to maximize semeality, in conditions
similar to the ones related in this experiments itecommended the use
of stallions older than four years old and weighatdeast 400 kg during
the breeding season. These recommendations are nelexant if one

intends to use frozen-thawed semen on a routinis.bas
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Abstract

The use of reproductive technology increases tlhevaace of
cooling and freezing semen for transport and pvasen purposes. The
objective was to evaluate the influence of omegaif3plementation on
the quality of fresh, cooled and frozen-thawed listal semen. Ten

stallions were used (3.5 to 15 years-old; 389 +73Rg) allocated
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randomly to the following treatments: 150 mL of gqae3 enriched oil
(n=10) and no supplementation (n=10). Stallionsewswitched over in
the treatments after a 15 day interval. Semen wHscted every fifteen
days during 60 days, for a total of five samples amimal (n=100

samples). The following seminal characteristicsengvaluated: motility,
vigor, viability, morphology, osmotic tolerance te©TT), and lipid

peroxidation of the plasma membrane. Semen wasuaeal upon
sampling and at 2, 6, 12 and 24 hours after coading 24 hours after
freezing. Computer assisted analysis (CASA) was tis@valuate frozen
semen. The fixed effects of treatment and sample wabmitted to the
Mixed Procedure and means were compared by thegwottal contrast
test. There was no effect of treatments on theityual cooled semen.
Frozen semen motility, vigor and OTT were supefiorsupplemented
animals. Similar results were observed under CAB&lyses (motility of
22.52 + 1.61% and 13.82 + 1.62%; progressive nitif 6.73 + 0.85%
and 2.89 + 0.86%, for supplemented and non-suppitedeanimals,
respectively). It is recommend the addition of om&gin breeding

stallion diets, especially it freezing should beipted.
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Introduction

The use of cooled and frozen semen has becomeceanmon
among equine breeders seeking to improve theirshgedetically, and the
best way to transport this material is through cwpbr freezing (Papa et
al., 2005).

According to Loomis and Graham (2008), the sperawdo
response to sudden temperature changes is differemng animal
species and also among individuals of the sameespéethis occurs due
to specific differences on semen metabolism betweeividuals, which
makes the development of cooling and freezing jgrdtan expensive and
complex process (Squires et al., 1999; Gomes,e2G02).

The reason why some species are more suscepitie thermal
shock by low temperatures than others is direathated to the lipid
composition of the cellular membran®vénzi et al., 201L In equines, the

sperm plasma membrane is characterized by a lowapogion of
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cholesterol in relation to phospholipids (LoomisdaGraham, 2008).
Cholesterol is responsible to increase the fluiditg stability of the cell
membrane, decreasing the temperature in whichaitsttions from the
fluid to the gelatinous phasHEdlt, 200Q Kirk et al., 2001).

Since the proportion between cholesterol and pralgpt cannot
be altered, because it is a characteristic deteangenetically for each
species and individual, recent research has bemssifty of the effect of
the addition of polyunsaturated fat to the dietstiag an increase on its
proportion in relation to the sperm membrane phobpids improving its
fluidity.

The objective was to determine the effect of thetaty
supplementation of polyunsatured fatty acids ontega-the quality of

fresh, cooled and frozen Mangalarga Marchadorigtefiemen.
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Material and Methods

Animals and facilities

The experiment was conducted at the El Far Stasrs/MG,
Brazil) and at Haras do Henrique stud (Carmo dahGeica/MG, Brazil)
from October to December of 2011. Ten stallionstled Mangalarga
Marchador breed from 3.5 to 15 years-old and we@l889.7 + 39.7 kg.

Animals were kept on 4x4 stalls and the dailgt dvas 6 kg of
tifton (Cynodon spphay and 4 kg of a pelleted concentrate (Equitye
Guabi Nutricdo Animal, Campinas/SP, Brazil) offetedce a day, plus
free access to a mineral mix and water.

The diet was calculated based on the NRC (208qQirements

for breeding stallions.

Treatments

Diets were calculated based on NRC (2007) requingsnéor

breeding stallions. The following treatments weapplieed:
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e Treatment A (n= 10) = 150 mL of PUFA omega-3 oilyl@Comércio
e Induastria Uniquimica Ltda., Sdo Paulo/SP, Braadded to the
concentrate;

* Treatment B (n= 10) = no supplementation;

The treatments were imposed during two replicateghe first,
half of the stallions (n=5) were assigned to theegaa3 diet and the other
half (n=5) to no supplementation. In the secondicafe, stallions were
reversed into the treatments after a 15 days iatérom the end of the 60
day treatment period in order to remove the efééthe oil from the body
of those stallions being supplemented previouslg for the ones not
previously supplemented to adapt to the oil (Kihgle2008).

The lipid composition of the oil was analyzed athatography:

22.0% of oleic acid (18:1); 19.0% of linoleic ac{d8:2); 55.0% of

linolenic acid (18:3), 2.1% of eicosapentenoic d@ad.5, EPA) e 1.9% of

docosahexaeoic acid (22:6, DHA). The anti-nutrigloriactors were

deactivated and enriched with vitamin E

Before the initiation of the experiment, stallioment through an
adaptation period of 14 days in which the oil weadgally offered until

the total amount proposed. Daily increments of Z0were firstly offered
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in the first seven days, divided into two equaltpomis given in the
morning and in the afternoon. The seven subseqises were necessary
so that the EPA and DHA blood concentrations redadke maximum

(King et al., 2008).

Semen collection and processing

Three semen samples were obtained for three camnseaays
before the actual experimental samples were takestandardize the
sperm reserve (McKinnon and Voss, 1993). Semen Isamwere
collected at 15 days intervals throughout 60 ddgs,a total of five
collections per stallion (h= 100 collections). Dwithe experimental
period the stallions were submitted to a semerectdin routine of three
times a week in order to ensure stable semen dleasiics.

A Hannover model artificial vagina (AV) was usedtlwia
disposable plastic internal sheath and the semen awllected on a
thermal cup. Water was heated at 45°C before madinn the AV
compartment. Mares in estrous were used for tHeecations. At

collection the gel portion was filtered and the samvas diluted in the
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proportion of 1:1 (BotuSém&nBotucatu/SP, Brazil) and stored in plastic
bags (12 x 5 cm). The average concentrations wWgte1 71.3 x 10and
100.3 + 59.5 x 1®spermatozoa /0.5 mL for the two experimental groups

For cooling the semen was kept at 5°C in the mastgs in a
styrofoam box with ice and a thermometer.

For the freezing process semen was placed in 15ahdo tubes,
centrifuged at 600g for 10 minutes for seminal miasremoval
(Dell'Aqua Jr. et al., 2002) and a crioprotectdut(iCrid°, Botucatu/SP,
Brazil) was added to the remaining pellets. Semas Wwansferred into
0.5 mL pallets and sealed with polyvinyl powder b, Porto
Alegre/RS, Brazil) and submitted to the coolingwaar20 minutes at 5°C,
20 minutes at 7 cm from the liquid nitrogen surfacel plunged into
liquid nitrogen (Avanzi et al., 2011). For thawirtbe pallets were

maintained in water at 37°C for 30 seconds (Gata., 2011)

Evaluation of semen characteristics

The seminal characteristics analyzed were: cdretgm,

motility and vigor (CBRA, 1998); acrosome integr{i§ope et al., 1991);
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osmotic tolerance test (Nie and Wenzel, 2001); ilfig(Mies Filho et
al., 1982) and morphology (CBRA, 1998).

In order to determine semen susceptibility to lipegoxidation the
concentration of thiobarbituric acid reactive sabses (TBARS) in a
spectrophotometer with wave length of 532 nm (Olkatval., 1979).

The evaluations were performed on the fresh sanmgdl€3), 60,

120 minutes and 24 hours after cooling and 24 hafties freezing.

CASA semen analyses of frozen-thawed semen

After thawing, a semen drop was placed on a prelesglide at
37°C and covered with a cover slide so that sperymahic
characteristics could be analyzed on a computeistads system
(Computer Assisted Sperm Analysis - CASA). Thedwihg analyses
were performed: motility (MOT), progressive motiliftPGM), track
speed (VCL), path velocity (VAP), progressive vétpc (VSL),
straightness (STR), linearity (LIN), lateral amptie (ALH) and beat

frequency (BCF).
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Statistical analyses

The experimental design was a cross over, in wthiehanimals
were switched in the treatments.

The fixed effects of treatment, fresh, cooling drekzing semen
and their interactions on the seminal charactesstiere submitted to the
Mixed procedure of SAB(SAS, 1998).

Means were compared by orthogonal contrast at ig#éfisance

level.

Results

Fresh semen motility was greater (P=0.07) for oregapplemented
stallions (89.66 + 1.71%) when compared to no smpphted stallions (85.53 +
1.79%). Viability, proportion of morphological dets and vigor were similar
between treatments (P>0.05).

None of the semen quality parameters at 2, 6, rik® 24 hours of

cooling were influenced by omega-3 supplementa®sr0.05).



73

Motility of frozen-thawed semen was greater for f®299) omega-3
supplemented animals. Vigor and OTT were also gre@@=0.04 e P=0.01,

respectively for vigor and OTT, respectively), fomega-3 supplemented

stallions (Table 1).

Table 1. Quality parameters (numbers are % leasiregmeans + % SEM) of
equine frozen-thawed semen supplemented with pstuned fatty acids

omega-3 enriched oil.

omega-3 No Probability
supplementation supplementation P=
Motility (%) 34.40 £ 2.52 24.59 +2.87 0.009
Vigor (1 - 5) 2.77 £0.17 2.36 £0.17 0.04
Viability (%) 44.75 + 3.69 36.89 + 3.98 0.13
OTT* (%) 3002 +1.7¢° 23.45+2.0° 0.01
Morphologic
8.27 £ 0.97 9.23+1.04 0.47
defects (%)
Acrosome
. _ 46.22 +2.93 40.50 + 3.24 0.15
integrity (%)
TBARs
22.45 +3.87 17.21 £ 4.42 0.29

(ng/1® spermatozoa)

Different letters within the rows indicate statisti differences. 100 samples

were evaluated for each variable studied.
* OTT — osmotic tolerance test.

Although no difference was observed on the TBARw/A0

spermatozoa) concentration between treatments (affeat), but the TBARs



74

concentration was higher (P=0.004) at 60 days d#fterinitiation of treatment
(main effect of period or sample day) comparechdther periods considered
together. There was no difference between thelesntaken at 30 days (13.17
+ 5.45 TBARs ng/10 spermatozoa), 15 days (14.22 + 4.97 TBARs rfg/10
spermatozoa), 30 days (13.01 + 5.54 TBARs ny&kermatozoa) e 45 days
(16.95 + 5.68 TBARs ng/fOspermatozoa) of the experiment, however, on the
60th day of the experiment the concentration ofdative substances was
increase (41.81 + 5.74 TBARs ngf¥permatozoa).

Frozen-thawed semen motility and progressive my#ivaluated in the
CASA system was greater for stallions supplementitd polyunsatured fatty

acids omega-3 enriched oil (Table 2).
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Table 2. CASA* values (numbers are % least squaeans + % SEM) for
Mangalarga Marchador stallions supplemented owitbtomega-3.

omega-3 No Probability
supplementation  supplementation P=

MOT (%) 2252 +1.61 13.82 +1.62 0.001

PGM (%) 6.73+0.88 2.89 +0.88 0.006
VAP (um/s) 60.83 +4.34 52.26 +4.38 0.18
VSL (pm/s) 48.11 £+ 2.95 42.78 £ 2.99 0.22
VCL (um/s) 123.65+8.13 102. 4 +8.23 0.08
ALH (um) 5.94 +0.60 4.85+0.61 0.22
BCF (Hz) 35.12 + 4.26 27.47 +4.29 0.22
STR (%) 64.07 +7.24 54.22 +7.30 0.35
LIN (%) 36.33 + 3.04 31.62 + 3.07 0.29

Different letters within the rows indicate statisti differences. 100 samples
were evaluated for each variable studied.

* MOT — motility; PGM — progressive motility; VCL track speed; VAP — path
velocity; VSL — progressive velocity; STR — straigiss; LIN — linearity; ALH
— lateral amplitude; BCF — beat frequency.

Discussion

Semen motility, vigor and osmotic resistance redpdrpositively
to the addition of omega-3 on the diet of breeeditadlions, for either

fresh or frozen-thawed semen.
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The semen quality parameters evaluated did néerdifetween
treatments. Similarly, Brinsko et al. (2005), aféelding DHA to the diet
of stallions, did not find an effect of DHA supplentation on semen
quality. Those authors evaluated the semen at 24shpost cooling,
however, at 48 hours they detected significantesaisn semen motility
rate and progressive motility. They concluded th&tA may have the
capacity to prolong the plasma membrane resist@nasmotic variation.

Grady et al. (2009) evaluated the effect of twdedént sources of
Omega-3 in stallion diet. They compared fish anssded oils, and
concluded that the source does not interfere viiéhpositive results on
semen quality of stallions by omega-3 supplemesratAccording to
those authors, the most important factor that esad bring about
benefits on semen quality it is its concentratiartize diet.

According to Holt (2000), starting at temperatunesnediately
below 5°C, conformation modifications of the limdmponent of the cell
membrane occur, when it progresses from a fluid @el phase. These
conformational changes decrease the capacity atdhen tolerating the
osmotic stress elicited by addition of diluents arespecially, of

cryoprotectants, which alters the osmotic balaneevéen solute and
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solvent present in the extra and intracellular cartipents (Watson,
2000; Glazar et al., 2009).

Considering the damage to the structural propmeroé the
membrane and its lipid rearrangement, the chanicesllalar rupture are
increased, reflecting negatively on semen qualitifen the spermatozoa
cell membrane is intact, the cell is capable odriating volume shifts that
occur as a result of changes on the osmotic gradighout undergoing
rupture (Holt, 2000; Glazar et al., 2009).

Both, omega-6 and omega-3 are classified as PJURéwever,
animals submitted to diets containing high propmsi of omega-6 and
low omega-3 were associated to lower fertility xele Literature
corroborates this concept in numerous animal spesieh as swine, rats
and even humans (Conquer et al., 1999; Conquér, @080; Maldjian et
al., 2003; Tavilani et al., 2008).

Tavilani et al. (2008) correlated the proportion ahega-3 to
omega-6 on sperm membrane of fertile man versus ohasterile
individuals and observed half of the DHA concembratin sub-fertile

males compared to fertile. Moreover, in comparirgiusated and
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unsaturated fatty acids, they observed that theepiee of the latter on the
sperm membrane of fertile man was significantlyatge

Considering that the diet of equines have soihtsead corn, both
rich in n-6 and poor in omega-3, as major compaéAndrade and
Carmo, 2006), addition of omega-3 may bring cogrsille benefits to
reproduction, as observed in the present trial.

The concentration of TBARs was similar betweerattrents,
indicating that the amount of oil provided to thenaals did not increase
sperm susceptibility to the oxidative damage. Avaet al. (2011)
reported TBARs of the order of 37.7 ngfl€permatozoa in frozen-
thawed semen, as the values observed in the pregpetiment were
2245 and 17.1 ng/f0 spermatozoa, respectively, for omega-3
supplemented or non-supplemented stallions. Thosieoes used only
five stallions of distinct breeds, which may havaused the higher
TBARSs value reported.

TBARs concentration was different dependent onctviperiod
the samples were taken. There were no differebetseen 0, 15, 30 e
45 sampling days, however, on day 60 the concémratas nearly twice

that of previous days. The higher TBARS conceiumnabn the last day of
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sampling may probably related to some chronic eéffean
spermatogenesis. According to McKinnon and Vos®38)9the average
time spermatogonia takes to reach the spermatoztaye is near 40
days. Thus, the spermatozoa present in the ejacofatlay 60 of the
experiment were under the influence of omega-3esitiey entered
spermatogenesis. However, the spermatozoa colldméore were in
contact with the supplementation during only paft tbe sperm
production process.

It is possible that the effects of omega-3 suppla@ation are
more pronounced later in time than that observetigtrial, however the
amount offered must be cautiously calculated tachir@reasing damage
related to the membrane lipid peroxidation. Altgb no difference was
observed between treatments, perhaps in the lamgparmatozoa may
become more susceptible to ROS, incorporating greamounts of
PUFA to the plasma membrane with the consequentdse on semen
quality.

Spermatozoa are constantly subject to the aatiooxidative
agents, even in the female reproductive tract tiesd to counteract the

effect of oxygen reactive species which, in thisegaare produced by
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leukocytes (Aurich, 2005). Spermatozoa containesemzymes that are
capable of fight oxidative damage, such as glutathiperoxidase and
superoxide dismutase (Kovalski et al., 1992). Hewvethe efficiency of

the process is limited in practice. Nutritionalbatances, excessive
PUFAs on the diets, osmotic and thermal stresseslilste the synthesis
of a ROS quantity beyond that of which the cettapable of neutralizing,

causing irreversible damage or even death of teengtozoon.

Conclusions

Polyunsatured fatty acids omega-3 diet supplenientais
recommended for Mangalarga Marchador breedingiatall to increase
motility in fresh and frozen-thawed semen, vigod asmotic tolerance in
frozen-thawed semen. These benefits may reflecitipely on the
pregnancy rate of mares and improve the utilizatbstallions and the

reproductive efficiency of the breed.
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