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NOVELLO, G. CRIOPRESERVACAO DO SEMEN DE GARANHOES DA RACA
CRIOULA COM BAIXO E ALTO ESCORE DE CONDICAO CORPORAL E
REFRIGERACAO DE SEMEN EQUINO COM DILUENTES A BASE DE CASEINA.
Botucatu — SP. 2020. 96p. Universidade Estadual Paulista “Julio de Mesquita Filho™ -

Faculdade de Medicina Veterinaria e Zootecnia.

RESUMO

A criopreservacao (resfrigeracdo e congelamento) de sémen equino é uma biotecnologia
amplamente utilizada na industria de criagdo de cavalos. No entanto, varios fatores podem
afetar a qualidade seminal e a fertilidade do sémen criopreservado. Claramente, as
individualidades dos garanhdes associadas a capacidade de resfriamento ou
congelamento do sémen, diluentes de sémen, sistema de transporte e processamento séo
bem descritas como associadas a alteragdes na qualidade seminal. Nos homens, a
obesidade e a sindrome metabdlica tém sido associadas a efeitos adversos nos parametros
espermaticos. Com isso, 0 objetivo deste estudo foi testar diferentes diluentes de sémen,
dispositivos de resfriamento, processamento, bem como comparar a capacidade de
congelamento de sémen de garanhfes com baixo escore de condicédo corporal e alto escore
de condigdo corporal. Capitulo 2: Primeiramente, foram testados os pardmetros de
cinética espermatica e as taxas de recuperacao embrionaria do sémen diluido e refrigerado
com diferentes extensores a base de caseina (INRA 96 ou BotuSémen Gold) com ou sem
plasma seminal e armazenados em trés diferentes dispositivos comerciais de refrigeracéo.
No experimento 1, 45 ejaculados de nove garanhdes foram coletados, avaliados e
igualmente divididos entre os diluentes e depois diluidos para 50 milhGes de
espermatozoides/mL. Em seguida, o sémen diluido foi armazenado em trés containers de
refrigeracdo passiva (Equitainer, Equine Express Il e BotuFlex) por 48 horas. No
experimento 2, os mesmos ejaculados diluidos no experimento 1 foram centrifugados
com cushion, o sobrenadante foi descartado e o “pellet” foi ressuspenso a 100 milhdes de
espermatozoides/mL com seu respectivo extensor. O sémen foi entdo refrigerado como
no experimento 1. Nos dois experimentos, os parametros de cinética espermatica,
integridade da membrana plasmatica e o alto potencial da membrana mitocondrial foram
avaliados as 0, 24 e 48 horas ap0s o resfriamento. Para o experimento 3, 12 éguas (n = 24
ciclos) foram inseminadas com sémen de um garanhdo refrigerado por 48 horas. O sémen

foi processado como descrito no experimento 1. O lavado de embrido foi realizado 8 dias
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apos a ovulacdo. No experimento 1, o BotuSémen Gold apresentou motilidade total e
progressiva superior em relacdo ao INRA 96 (P <0,05). Ndo houve diferengas
significativas entre os sistemas de refrigeracdo em nenhum dos experimentos. No
experimento 2, os diluentes INRA 96 e BotuSémen Gold apresentaram motilidade total e
progressiva semelhante, no entanto o BotuSémen Gold apresentou parametros superiores
de velocidade espermatica em todos os momentos. A recuperacdo embrionéria foi
idéntica para os dois extensores (50%). Finalmente, os resultados aqui obtidos sugerem
que o BotuSémen Gold é um diluente de sémen equino a ser incluido nos testes frente ao
INRA 96 na pratica clinica. Em segundo lugar, foi avaliado o efeito do escore de condi¢édo
corporal (ECC) na capacidade de congelamento de sémen de garanhdes da raca Crioula.
Vinte garanhdes foram alocados em 2 grupos de acordo com o ECC: os garanhdes com
ECC <7 foram caracterizados como Baixo-ECC (11/20) e os garanhdes com ECC >7
como Alto-ECC (9/20). Foi obtida uma histéria clinica completa seguida de medidas
morfométricas e de acimulo de gordura subcutdnea. As concentracdes plasmaticas de
glicose foram avaliadas apds teste oral de tolerancia a glicose. Para isso, 0s garanhdes
foram submetidos a jejum durante a noite e o xarope de milho foi administrado por via
oral as 8h da manhad. Amostras de sangue foram coletadas para avaliacdo da glicose antes
e apoOs a administracdo oral de xarope de milho. Além disso, um ejaculado de cada
garanhdo foi coletado e diluido a 50 milhGes de espermatozoides/mL com extensor a base
de leite desnatado (BotuSémen, Botupharma, Brasil). O sémen foi centrifugado (600 x g
/ 10 min), 0 sobrenadante foi descartado e o “pellet” ressuspenso a 200 milhdes de
espermatozoides/mL com BotuCrio (Botupharma, Brasil) e submetido ao processo de
criopreservacdao. A cinética espermatica foi avaliada por CASA e integridade da
membrana plasmatica, anion superédxido, potencial mitocondrial, peroxidacdo lipidica e
peroxido de hidrogénio pela citometria de fluxo em amostras de sémen pds-
descongelamento. O estudo morfométrico (peso corporal, ECC e circunferéncia do
pescoco em 25% e 50%) foi superior em garanhdes com alto-ECC (P <0,05). No entanto,
ndo houve diferencas nos parametros espermaticos ou na concentracdo plasmatica de
glicose entre os grupos (P> 0,05). Em resumo, o alto ECC ndo afetou os parametros

espermaticos e a capacidade de congelamento de sémen de garanhdes da Racga Crioula.

Palavras-chave: Sémen; criopreservacdo; escore de condigdo corporal; diluente de

sémen equino.
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NOVELLO, G. SEMEN CRYOPRESERVATION OF CRIOULO STALLIONS WITH
LOW AND HIGH BODY CONDITION SCORE AND SEMEN COOLING USING
CASEIN-BASED EXTENDERS. Botucatu — SP. 2020. 96p. Universidade Estadual

Paulista “Julio de Mesquita Filho” - Faculdade de Medicina Veterinaria e Zootecnia.

ABSTRACT

Cryopresrvation (e.g. cooling and freezing) of equine semen is a widely used
biotechnology in the horse breeding industry. However, several factors can affect sperm
quality and fertility of the cryopreserved semen. Clearly, stallion individualities
associated with semen cooling- or freezing-ability, semen extender, transport system and
semen processing are well described to be associated with changes in sperm quality. Of
interest, in men the obesity and metabolic syndrome have been associated with adverse
effects in sperm parameters. Therefore, the objective of this study was to test different
semen extenders, cooling devices, semen processing, as well as to compare the semen
freezing ability of stallions with normal body condition score and those characterized as
obese. Chapter 2: Firstly, semen parameters and embryo recovery rates of cooled stallion
semen extended with different casein-based extenders (INRA 96 or BotuSemen Gold)
with or without seminal plasma and stored in three commercial cooling devices were
tested. In experiment 1, 45 ejaculates from nine mature stallions were collected, assessed,
and equally split between both extenders and then extended to 50 million sperm/mL.
Then, the extended semen was stored in three passive cooling containers (Equitainer,
Equine Express Il, and BotuFlex) for 48 hours. In experiment 2, the same ejaculates
extended in experiment 1 were cushion-centrifuged, the supernatant was discarded, and
the pellets were resuspended at 100 million sperm/mL with their respective extender.
Semen was then cooled and stored as in experiment 1. In both experiments, sperm motility
parameters, plasma membrane integrity, and high mitochondrial membrane potential
were assessed at 0, 24, and 48 hours post cooling. For experiment 3, 12 mares (n = 24
cycles) were bred with 48 hour—cooled semen from one stallion. Semen was processed as
described in experiment 1. Mares had embryo flushing performed by 8-day post-
ovulation. In experiment 1, BotuSemen Gold displayed superior total and progressive
motility relative to INRA 96 (P<0.05). There were no significant differences between the
types of containers in any experiment. In experiment 2, INRA 96 and BotuSemen Gold

extenders had similar total and progressive motility, but BotuSemen Gold had superior
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sperm velocity parameters at all timepoints. Embryo recovery was identical for both
extenders (50%). Finally, the results obtained herein suggest that BotuSemen Gold is a
suitable alternative to be included in semen cooling tests against INRA 96 in clinical
practice. Secondly, the effect of obesity in semen freezing ability of Crioulo stallions was
evaluated. Twenty stallions were allocated into 2 groups according to their body condition
score (BCS): stallions with BCS <7 were characterized as Low-BCS (11/20) and stallions
with BCS >7 as High-BCS (9/20). A complete clinical history followed by morphometric
and subcutaneous body fat measurements were obtained. Serum glucose concentrations
were evaluated after oral sugar test. For this, the stallions were fasted overnight and corn
syrup was orally administered at 8 am. Blood samples were collected for glucose
assessment before and after oral administration of corn syrup. In addition, one ejaculated
of each stallion was collected and extended at 50 million sperm/mL with skimmed-milk
based extender (BotuSemen, Botupharma, Brazil). Semen was centrifuged (600 xg/10
min), the supernatant discarded, the pellet resuspended at 200 million sperm/mL with
BotuCrio (Botupharma, Brazil) and submitted to cryopreservation. Sperm kinetics were
assessed by CASA and plasma membrane integrity, ROS, mitochondrial membrane
potential and lipid peroxidation by flow cytometer in post-thawed semen samples. The
morphometric study (e.g. body weight, BCS and neck circumference at 25% and 50%)
were superior in obesity stallions (P<0.05). However, there were no differences in sperm
parameters or serum glucose concentration between groups (P>0.05). In summary the
high-BCS in Crioulo horse didn’t affect sperm parameters and freezing ability of Crioulo

stallions.

Keywords: Sperm, cryopreservation, body condition score, stallion semen extender.
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INTRODUCAO

Nos ultimos anos, as tecnologias para a refrigeracdo de sémen equino vém
evoluindo. Isso estd acontecendo devido a uma alta porcentagem de garanhdes que
respondem mal ao processo de criopreservacdo, (VIDAMENT et al., 1997), também
porque a grande maioria das racas permite a realizacdo de inseminagéo artificial,
beneficiando assim a reproducéo de equinos e contribuindo com o progresso genético da
espéecie (AURICH; AURICH, 2006) e ainda pela praticidade no controle do ciclo estral
da égua, sendo esse menos intensivo quando o sémen refrigerado é utilizado. Isso tudo
sO é possivel, pois a evolucdo das biotécnicas possibilitaram o transporte de sémen por
longos periodos, com diluentes e caixas de transportes que mantém o material genético
em condig¢des adequadas para manutencdo da viabilidade espermatica.

Com o uso da inseminacéo artificial a partir do sémen refrigerado, destacam-se
algumas vantagens como: a otimizacéo do uso de garanhGes com alto valor zootécnico,
reducdo de gastos inerentes ao transporte e hospedagem, diminuicdo do estresse e de
acidentes durante o transporte. Além da ndo exposicdo dos animais a patdgenos de um
novo ambiente, diminuindo a transmisséo de doengas (BRINSKO; VARNER, 1992a).

No entanto, quando utilizamos a inseminagdo com sémen refrigerado, varios sdo
os fatores que influenciam no resultado final, ou seja, na taxa de concepcdo. O efeito
individual do garanhdo, a temperatura e o tempo de armazenamento, a caixa de transporte,
a curva de refrigeragdo, 0 momento da inseminacdo, assim como o diluente de sémen
utilizado, o qual pode ser adequado conforme a sua composi¢édo e adaptacdo individual
do garanhdo (PUGLIESI, 2009).

Quando falamos em fatores individuais, por mais que nao temos comprovagdo em
equinos, sabemos que a obesidade em touros afeta a qualidade seminal devido ao deposito
de gordura no escroto que consequentemente afetando a termorregulagdo. Em humanos
ja é comprovado que somente a obesidade ja afeta a qualidade seminal e esta relacionada
com infertilidade. Homens com diagndstico de sindrome metabdlica também apresentam
alteracdo ndo s6 nos padrfes seminais como também hormonais.

Os diluentes mais utilizados no mundo, segundo Canisso et al., (2008) s&o a base
de leite em po desnatado, sendo que estes sao derivacdes do diluente descrito por Kenney
etal., (1975), que € a base de leite em pd desnatado, glicose, penicilina e estreptomicina.
Alguns trabalhos apontam também, que quando esses diluentes sdo utilizados, a melhor

faixa de temperatura para refrigeracdo do sémen equino é entre 4 e 6°C quando
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comparada a temperaturas entre 15 e 20°C (MORAN et al., 1992; VARNER et al., 1988,
1989).

Contudo, algumas pesquisas evidenciam a superioridade de novos diluentes que
tem como base fracdes especificas do leite. Além de evitar interacfes indesejadas com as
substancias presentes no leite (POMMER; LINFOR; MEYERS, 2002), as fragdes
especificas, como a caseina e o fosfocaseinato, sdo utilizadas nos diluentes de sémen
devido a capacidade de interagir com determinadas proteinas plasmaticas, aumentando a
fertilidade dos espermatozoides (MANJUNATH, 2012).

Visto a importancia do transporte de sémen, o constante aprimoramento das
técnicas de refrigeragdo associado aos produtos disponiveis no mercado visa melhorias
na qualidade espermatica, a fim de potencializar as taxas de fertilidade. Além de fatores
individuais do garanhdo, que ainda sdo poucos estudados, podem fazer com que nossos
resultados finais caiam drasticamente. Com isso, 0 objetivo deste estudo foi avaliar os
parametros de cinética, integridade de membrana plasmatica, potencial mitocondrial e
fertilidade frente a dois diluentes de sémen equino, compostos por fracdes especificas do
leite, sendo um composto por fosfocaseinato nativo (INRA 96), e outro a base de
caseinato de sodio acrescido de colesterol (BotuSémen Gold), na presenca ou remogao
do plasma seminal, submetidos ao processo de refrigeracdo em diferentes dispositivos de
armazenamento a 5°C ou 15°C por 24 e 48 horas. Além também de avaliar o efeito do
escore corporal de garanhdes da raca Crioula, sobre a qualidade do sémen congelado,

cruzando esses dados com um estudo morfométrico e perfil de glicose desses animais.

REVISAO DE LITERATURA

1. Célula espermética

O processo para producdo da célula espermatica é conhecido como
espermatogénese, a qual ocorre dentro do parénquima testicular, mais especificamente
dentro dos tubulos seminiferos, sendo dividida em trés fases: espermatocitogénese, fase
meiotica e espermiogénese (AMANN, 1993b). ApoOs esse processo, se inicia a maturacao
nos ductos epidimarios e armazenamento na cauda do epididimo até que ocorra a
gjaculagdo (SETCHELL, 1993). Quando a ejaculagdo acontece, temos uma celula
relativamente simples, composta por cabeca e flagelo ou cauda, porém altamente

especializada devido a sua funcéo: fertilizacdo (VARNER et al., 2015).
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A cabeca do espermatozoide equino tem uma forma eliptica e é achatada em um
plano dorsoventral, sendo mais espessa na porcéo posterior da cabeca do que na porg¢ao
apical (VARNER et al., 2000). Pode ser dividida em regido acrossomal, pos-acrossomal
e fossa de implantacdo que demarca a juncdo entre a cabeca e a cauda. Na cabeca
encontra-se o nlcleo, onde esta armazenado o material genético altamente condensado: o
DNA (PESCH; BERGMANN, 2006; VARNER et al., 2015).

O acrossoma, estrutura essencial para que aconteca a fecundacdo, é uma espécie
de capuz, derivado do complexo de Golgi (BURGOS; FAWCETT, 1955; PESCH;
BERGMANN, 2006). Essa estrutura contém enzimas hidroliticas, como, acrosina,
hialuronidase, hidrolases e esterases, imprescindiveis para a lise da zona pelicida e
penetracdo no odcito (YAMAGATA et al., 1998).

Jaa cauda, que é a estrutura que da movimento a célula, pode ser dividida em peca
de conex&o, peca intermediaria, peca principal e peca terminal. A peca de conexao serve
para conectar a cabeca a peca intermediaria, tendo como estrutura de desenvolvimento os
centriolos que também d&o origem ao axonema. O axonema é composto por uma par de
microtUbulos centrais envolto por outros 9 pares de microtubulos externos, formando
assim uma configuragdo “9 + 2”, que deslizam sobre si promovendo movimento a célula
(VARNERet al., 2015). Ainda, o axonema da peca intermediaria € envolto pela bainha
mitocondrial, composta pela matriz energética geradora de adenosina trifosfato (ATP),
dando entdo a capacidade de movimento flagelar através do axonema (FERREIRA etal.,
2002; PESCH; BERGMANN, 2006).

A estrutura espermética é envolta por uma membrana plasméatica complexa,
formada por uma bicamada lipidica, composta por fosfolipidios, glicolipidios, colesterol
e proteinas de membrana (ALBERTS; BRAY; LEWIS, 1989). Cada um destes compostos
se apresenta em diferentes proporcdes, sendo 57% de fosfolipidios, 37% de colesterol e
6% de glicolipidios. No entanto, o0s equinos apresentam uma relacdo de
colesterol:fosfolipidio baixa, quando comparado a varrdes e touros (DARIN-BENNET e
WHITE, 1977). Essa composi¢cdo da membrana plasmatica forma uma barreira de
permeabilidade altamente seletiva (ZUCCARI, 1998), onde o colesterol promove uma
maior estabilidade da membrana (CROSS, 1998; YEAGLE, 1985).
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2. Efeitos da refrigeracéo sobre o espermatozoide equino

No momento da colheita a temperatura do sémen é de aproximadamente 35°C, a
partir dai a temperatura comeca a cair, até atingir a temperatura ambiente. Segundo Moran
et al. (1992), até que os espermatozoides atinjam a temperatura de 20°C 0s mesmos ndo
sofrem alteracGes drésticas que comprometam sua viabilidade. No entanto, quando
submetidos a refrigeracdo, se inicia um processo de estresse, até 0 momento em que a
temperatura final de 5°C seja atingida (MORAN et al., 1992).

O processo de refrigeracdo afeta a estrutura espermaética, sendo 0s componentes
da membrana plasmaética os mais afetados. Quando o sémen atinge temperaturas que se
aproximam aos 5°C, a membrana se torna mais susceptivel a danos, que levam a
alteracdes na permeabilidade associada a mudancas morfofuncionais, e afetam
diretamente a motilidade e capacidade fecundante dos espermatozoides (AMANN;
GRAHAM, 2011).

Quando os espermatozoides sdo submetidos ao processo de refrigeracao, se inicia
a fase de transicao dos fosfolipideos da membrana plasmatica do estado liquido-cristalino
para o estado de gel (AMANN; GRAHAM, 2011). Periodo esse classificado como critico
para o espermatozoide, o qual deve ter uma taxa de refrigeracdo de 0,05°C por minuto,
entre as temperaturas de 19°C até 8°C, para que danos irreversiveis ndo ocorram as
células espermaticas, causando queda no potencial fertilizante das mesmas (MORAN et
al., 1992).

Outro fator alterado durante o processo de refrigeracdo € o metabolismo
espermatico. Logo apos a colheita, enquanto o sémen esta em temperatura ambiente o
metabolismo celular é alto, no entanto durante o processo de refrigeracdo, para cada 10°C
de decréscimo na temperatura, 0 metabolismo espermatico reduz cerca de 50%. Dessa
forma, no momento em que a temperatura atinge 5°C, apenas 10% do seu metabolismo é
utilizado para sobrevivéncia, possibilitando o armazenamento por periodos mais longos
(SQUIRES et al., 1999).

3. Sistemas de refrigeracao
Para a refrigeragdo de sémen, existem sistemas passivos e ativos. A diferenca entre

esses dois sistemas se d& em relagdo as taxas de resfriamento e custo do equipamento. Os

sistemas passivos sdo equipamentos de menor valor, no entanto a taxa de refrigeragéo
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depende de alguns fatores como a temperatura ambiente, temperatura inicial e massa da
amostra (VALLE et al., 1999). J& os sistema ativos apresentam valor mais elevado, porém
com taxas de refrigeracdo pré-determinadas (VALLE et al., 1999) e lineares (KAYSER
etal., 1992).

Por mais que apresentem taxas de refrigeracdo dependente, os sistemas passivos
sdo o0s mais utilizados nacional e internacionalmente, que s&o feitos em caixas
(containers) (SILVA FILHO; PALHARES; FONSECA, 1994). Para que seja classificado
como um bom container é preciso que algumas caracteristicas sejam atingidas, como:
completo isolamento ambiente, baixo custo, ser indcuo para 0s espermatozoides, possuir
curva de resfriamento lento, manutencao da temperatura para o periodo proposto, possuir
estrutura resistente, simples e leve para aceitacdo pelos sistemas de transporte aéreo e
terrestre, além de ser seguro contra violacdes entre outras situacdes adversas que possam
comprometer o material (BRINSKO; CROCKETT; SQUIRES, 2000; SILVA FILHO,
PALHARES, FONSECA, 1994).

A refrigeracdo do sémen é feita em sistemas de refrigeracdo passivo, onde, caixas
isotérmicas sdo utilizadas e o conteido € mantido proximo a uma fonte de frio (gelo
reciclavel), que de acordo com o sistema pode estabilizar a 15 — 20°C, ou 4 — 6°C. Essa
reducdo de temperatura do sémen auxilia na conservacao, pois assim temos diminuicao
do crescimento bacteriano, reducdo do metabolismo espermatico e reducdo também das
espécies reativas de oxigénio (AURICH, 2008; KATILA, 1997).

Diversos sdo o0s modelos de dispositivos de refrigeracdo nacionais e
internacionais, com diferentes taxas de refrigeracdo, temperatura final e tempo maximo
de armazenamento (RAPHAEL, 2007). Essas caixas isotérmicas podem ser de
poliestireno, como a BotuFlex® (Botupharma, Botucatu, SP, Brasil) ou Equine Express®
I (MP& J Associates, DeMoines, IA, USA) ou de fibra, como o Equitaner® (Equitainer
I; Hamilton Research, Inc., Ipswich, MA, USA), Butu-Box® (Botupharma, Botucatu, SP,
Brasil) ou Botutainer® (Botupharma, Botucatu, SP, Brasil).

Sistemas como BotuFlex®, Equitaner® e Botutainer® podem atingir temperaturas
finais de 15 e/ou 5°C. Para que a temperatura de 15°C seja atingida, apenas um bloco de
gelo reciclavel deve ser colocado na caixa. J& para se obter temperatura final de 5°C sdo
necessarios dois blocos de gelo reciclavel. Sendo assim, para cada temperatura final existe
um periodo maximo de manutencao de 24 e 48 horas, respectivamente. Quando utilizados
os sistemas Equine Express® 11 ou Botu-Box®, é possivel apenas o armazenamento com

temperatura final de 15°C.
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4. Plasma seminal

O sémen é composto por duas fracBes: 0s espermatozoides, que compdem menos
de 1% do volume total, e o plasma seminal, sendo sua principal funcéo, servir como meio
de transporte e manutencdo para os espermatozoides (WITE, 1988). O plasma seminal
consiste em um fluido proveniente da rete testis, epididimo e glandulas sexuais
acessorias. Em equinos, este fluido é expelido em fragbes durante a ejaculacédo
(KARESKOSKI; KATILA, 2008).

A primeira fracdo é a pré-espermatica, com aspecto aquoso e proveniente das
glandulas bulbouretrais e préstata, com funcdo de limpeza da uretra. A segunda fracdo é
rica em espermatozoides, leitosa e composta por secre¢des do epididimo e das ampolas
dos ductos deferentes. Ja a terceira fracdo é pobre em espermatozoides, porém com
grandes quantidades de &cido citrico e gel proveniente das vesiculas seminais, tendo a
funcéo de carrear os espermatozoides remanescentes na uretra (AMANN; GRAHAM,
2011; KARESKOSKI; KATILA, 2008).

Devido ao grande volume e complexa composi¢cdo do plasma seminal no
ejaculado de garanhdes, inimeras pesquisas direcionadas ao estudo da proteémica do
plasma seminal tem sido desenvolvidas (GAMBOA e RAMALHO-SANTQOS, 2005;
GUASTI et al., 2014; KARESKOSKI; KATILA, 2008; TOPFER-PETERSEN et al.,
2005). Segundo Topfer-Petersen et al. (2005), as proteinas especificas do plasma seminal
desempenham func@es no processo de fertilizagdo, como estabelecimento do reservatorio
espermatico na tuba uterina, modulacdo da resposta imune no Utero, regulacdo da
capacitacdo, transporte espermatico no trato reprodutivo da fémea e a interacdo e fusdo
entre 0s gametas.

Gamboa e Ramalho-Santos, (2005) e Topfer-Petersen et al. (2005) identificaram
e caracterizaram proteinas especificas do plasma seminal de equinos, e associaram as
mesmas com a fertilidade. Guasti et al. (2014) mostraram que a quantidade de proteinas
presentes no plasma seminal de garanhdes férteis era maior que no grupo dos subférteis,
hipotetizando que essas proteinas poderiam melhorar o potencial fertilizante dos
espermatozoides destes garanhdes, no entanto isso ndo se repetiu quando as proteinas
ligadas a membrana plasmaética foram estudas, ndo havendo diferenca no conteddo
proteico entre 0s dois grupos.

Calvete et al. (1994) isolaram e caracterizaram oito proteinas de baixa peso

molecular as quais compdem mais de 70% do contetdo proteico total do plasma seminal,
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denominadas proteinas do plasma seminal equino (HSP-1 a HSP-8). Outros autores
avaliaram o perfil eletroforético de proteinas do plasma seminal equino e observaram que
as HSPs possuem propriedades bioldgicas semelhantes as BSPs, que séo proteinas do
plasma seminal de outros mamiferos, podendo ser utilizadas como marcadores de
fertilidade (BRANDON et al., 1999; NOVAK et al., 2010). Dado que, no momento da
ejaculacdo as BSPs entram em contato com os espermatozoides, modulando a reacdo de
capacitacdo espermatica a qual é essencial para a fertilizacdo (MANJUNATH,;
THERIEN, 2002). No entanto, segundo Bergeron et al., (2006) e Manjunath et al., (2007)
durante o0 processo de armazenamento essas proteinas se tornam prejudiciais, pois
modificam a composic¢do da membrana plasmatica, extraindo fosfolipidios e colesterol da
mesma.

Contudo, o plasma seminal ainda gera questionamentos em relacédo ao seu papel
no processo de fertilizacdo. Estudos mostram que espermatozoides recuperados da cauda
do epididimo de garanhdes tem capacidade de fertilizar o odcito, mesmo sem nenhum
contato prévio com as secrecOes provenientes das glandulas anexas (GUAST I et al., 2012;
MONTEIRO et al., 2011b; PAPA et al., 2008).

Rigby et al. (2001) mostraram que garanhdes que apresentavam queda acentuada
da motilidade espermatica apds processo de refrigeracdo a 5°C pelo periodo de 24-48
horas, apresentavam aumento na cinética espermatica quando o plasma seminal era
parcialmente removido. Nesta mesma linha, Love et al. (2005) sugerem que para
garanhdes que mantem os padrGes de cinética espermatica, mas apresentam baixa
fertilidade, seja retirado o plasma seminal. Os autores constataram que quando removiam
o plasma seminal e submetiam o sémen a refrigeracéo por 24-48 horas, havia uma melhor
integridade do DNA espermatico, quando comparado as amostras onde o plasma seminal
ndo era removido e submetido as mesmas condi¢Bes. Dessa forma, sugere-se que as
substancias que compdem o plasma seminal sdo prejudiciais a integridade do DNA
espermatico.

Para a congelacdo do sémen equino, a centrifugacdo previa do sémen para
concentracdo dos espermatozoides, remocdo do plasma seminal e seus possiveis efeitos
deletérios, é considerado procedimento padrdo (KARESKOSKI; KATILA, 2008). Moore
et al. (2005) congelaram sémen com concentragdes de plasma seminal maiores que 80%,
ndo notando diferenca nos parametros de cinética espermatica. J& Alghamdi et al. (2002)
observaram que a remocéo total ou a adi¢do de concentragdes entre 10 e 30% resultou na

queda nos parametros de cinética espermatica, no entanto quando foi adicionado baixa
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quantidade de plasma seminal (<5%), foi possivel observar efeito benéfico, com melhora
na qualidade do sémen descongelado.

Entre todas essas divergéncias, Aurich et al. (1996) observaram que efeitos
maléficos a célula espermatica podem ser reduzidos, pois quando adicionavam plasma
seminal de garanhdes que apresentavam altos padrGes de cinética espermatica pos-
descongelacdo ao sémen de garanhdes com baixa congelabilidade, foi possivel aumentar
a motilidade e a integridade de membrana plasmatica. O oposto aconteceu quando o
plasma seminal de garanhdes com baixa congelabilidade foi adicionado ao sémen de
garanhdes com alta congelabilidade. Este estudo mostra a variabilidade individual na
composigdo do plasma seminal de garanhdes, podendo determinar a habilidade dos
mesmaos frente ao processo de criopreservacao.

Embora a influéncia do plasma seminal sobre a viabilidade espermaética esteja
evidente, estudos mostram que espermatozoides colhidos da cauda do epididimo se
mostram mais resistentes frente ao processo de criopreservacdo quando comparado aos
espermatozoides ejaculados (JOHNSON; AMANN; PICKETT, 1980; MONTEIRO et
al., 2011a). Isso pode estar relacionado com as alteracfes no conteldo e composi¢ao dos
lipideos da membrana plasmaética quando os espermatozoides entram em contato com o
plasma seminal, dando maior fluidez a membrana plasmatica, o que leva a uma reducéo
da resisténcia ao choque térmico (JOHNSON; AMANN; PICKETT, 1980).

Segundo Guasti et al. (2012), as divergéncias nos resultados de estudos
envolvendo plasma seminal, estdo relacionadas a diferentes metodologias aplicadas.
Sendo que fatores como, temperatura, diluicdo, método de centrifugacao, tempo e ainda
as variacOes individuais entre garanhdes, sdo os principais causadores dos conflitos ente
os resultados (KARESKOSKI; KATILA, 2008).

5. Meios diluidores

Os meios diluidores de sémen tém como principais fungdes a reducdo das
concentragdes de plasma seminal, dar aporte nutricional aos espermatozoides,
estabilizacdo do pH e osmolaridade, alem da acao antimicrobiana (PUGLIESI, 2009). No
entanto, o controle do pH e da osmolaridade sdo imprescindiveis para que a cinética
espermatica seja mantida, quando um destes se encontra fora dos padrées normais (pH:
7,7 e osmolaridade: 315 mOsm), temos reduc¢do na motilidade (GRIGGERS et al., 2001).
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Os diluentes de sémen sdo responsaveis pela manutencdo dos espermatozoides
durante o processo de refrigeragcdo e possuem diversos constituintes, sendo agucares,
eletrolitos, tampdes, antibidticos, gema de ovo, leite e produtos de leite, cada um com
suas funcdes. Os agucares séo utilizados pelos espermatozoides para producédo de ATP.
Os eletrolitos e tampBes garantem o controle da osmolaridade e pH. Ja os antibidticos
previnem o crescimento bacteriano durante o armazenamento. A gema de ovo o leite e 0s
produtos do leite servem para protecdo da célula espermatica contra o choque frio
(KATILA, 1997).

A acdo protetora dos diluentes a base de gema de ovo se d& pelas lipoproteinas de
baixa densidade (LDL) presentes nessa substancia (FOULKES, 1977; KAMPSCHMIDT
et al. 1953). Segundo Quinn et al. (1980) a fracdo fosfolipidica presente no LDL forma
uma pelicula protetora na superficie da membrana. Uma segunda hipotese € que as LDL
permanecam ligadas & membrana do espermatozoide, neutralizando potenciais agentes
danosos presentes no plasma seminal (AMANN; GRAHAM, 2011). Em estudo realizado
por Manjunath et al. (2002) foi visto que as LDLs se ligam as BSPs, impedindo o efeito
prejudicial desta proteina sobre a membrana plasmatica dos espermatozoides durante a
criopreservacao.

Quanto a protecdo dada aos espermatozoides pelos diluentes a base de leite,
segundo Amann e Graham (2011), estes parecem ser similares aos diluentes contendo
gema de ovo, onde as proteinas do leite atum na protecdo da membrana e também na
estabilizacdo de elementos proteicos na membrana do espermatozoide. Esta protecdo é
dada pelas micelas de caseina e proteinas presentes no leite desnatado, esses compostos
se ligam diretamente as BSPs , neutralizando o efeito deletério das mesmas sobre os
espermazoides (BERGERON; MANJUNATH, 2006; MANJUNATH, 2012).

No entanto, por mais eficientes que sejam na protecdo dos espermatozoides
durante o processo de criopreservacao, o leite desnatado e a gema de ovo, possuem grande
variabilidade em suas composi¢6es. Buscando solucdes para isso, Batellier et al. (1997)
testaram a adigdo de fragdes do leite a diluentes de sémen equino. Mais recentemente,
Garcia (2016) testou a substituicdo do leite desnatado pelo caseinato de sodio no diluente
de sémen equino, demostrando ser uma alternativa viavel, pois 0 mesmo observou a
manutencgéo das caracteristicas e viabilidade espermatica durante a refrigeragdo por 24
horas. O mesmo autor, pode ainda observar um aumento na taxa de prenhez, quando
utilizado diluente composto por caseina em garanhdes sensiveis ao processo de

refrigeracdo. Nesta mesma linha Coutinho da Silva et al. (2012) observaram que quando
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usaram caseinato de sodio na diluicdo do sémen equino, houve um aumento no nimero
de espermatozoides ligados a zona pelGcida, processo esse fundamental para a
fertilizacdo. Ja Martins et al. (2016) observaram divergéncias em relacéo aos resultados
anteriores, mostrando que apenas a adicdo de proteinas do leite, como as caseinas, ao
diluente de sémen equino, ndo melhorou a cinética espermética quando comparado com
o diluente a base de leite.

Outra substancia derivada do leite é o fosfocaseinato nativo, fracdo proteica, a
qual ja se mostrou eficaz na manutencédo da viabilidade espermatica e com capacidade de
proteger a membrana plasméatica (BATELLIER et al., 1997). No entanto, ndo se sabe
como o fosfocaseinato age na protecdo dos espermatozoides. Batellier et al. (2000)
puderam observar que o fosfocaseinato nativo tem um efeito direto na protecdo do
espermatozoide, mas sem qualquer ligacdo com a membrana da célula espermatica.
Segundo Batellier et al. (2001), uma alternativa para melhorar a qualidade do sémen
refrigerado e aumentar a taxa de fertilidade € o armazenamento a 15°C, pois assim,

poderiam ser diminuidas as lesdes de membrana causadas pelo choque frio.

6. Obesidade

A alimentacdo de equinos em condicGes naturais é rica em fibras e pouco
caldrica, assim, quando o animal € submetido a uma situacdo em que ha a ingestdo de um
excesso de fibras néo estruturais contendo carboidratos, inicia-se a conversiao em gordura
durante a lipogénese (SILLENCE et al., 2007). Sendo que o excesso de deposicéo de
tecido adiposo no organismo torna o animal obeso (WORLD HEALTH
ORGANIZATION, 1998).

Além da funcdo de armazenar energia, o tecido adiposo vem sido conhecido
como um 6rgdo enddcrino, capaz de secretar diferentes substancias conhecidas como
adipocitocinas (GERHARDT et al., 2001). Segundo Braga (2014), essas substancias tém
diferentes papéis, atuando de forma autdcrina, paracrina ou enddcrina no organismo dos
animais. Dentre elas, os adipocitos secretam TNF (fator de necrose tumoral), interleucina-
6, leptina, adiponectina e resistina (BRAGA, 2014).

Em consequéncia a obesidade apresentada pelos equinos acometidos por
sindrome metabdlica, alteragdes enddcrinas encontram-se associadas, dentre elas, baixos
niveis de tiroxina, e elevados niveis de leptina e insulina sdo comumente observados

nesses animais (VICK et al.; 2006). A resisténcia a insulina é caracterizada por uma
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alteracdo na resposta do organismo & insulina, ou seja, quando os niveis hormonais estdo
normais ou até mesmo aumentados, e a resposta desenvolvida encontra-se diminuida
(WILCOX, 2005).

A obesidade em animais causa inflamagdo cronica do organismo, a qual esta
relacionada ao desenvolvimento da resisténcia a insulina, isso ocorre pela secre¢do de
TNF e citocina pro-inflamatéria produzida pelo 6rgdo adiposo que estimula a
gliconeogénese hepéatica por atuar inversamente ao metabolismo de glicose
(GUIMARAES et al., 2007; RAYMOND, 2008). O TNF estimula o estabelecimento de
hiperinsulinemia em decorréncia da resisténcia a insulina gerada no organismo do animal
(VOLP et al., 2008).

A interleucina-6 tem acdo em respostas inflamatorias agudas (FANTUZZI,
2005). Além disso, é capaz de aumentar a circulacdo de &cidos graxos pela inibi¢do dos
receptores de insulina nos hepatdcitos, ocasionando resisténcia a insulina tecidual
(GUIMARAES et al., 2007). O aumento da concentracio de IL-6 encontra-se de forma
proporcional ao aumento de peso corporal e inverso a sensibilidade a insulina
(LACERDA; MALHEIROS; WILKEN-ABREU, 2016). Ja a resistina € um horménio
altamente relacionado a resisténcia insulinica, encontrando-se em concentragdes elevadas
em animais diabéticos e obesos (LACERDA; MALHEIROS; WILKEN-ABREU, 2016).

6.1 Deposicao de gordura

Em bovinos reprodutores jovens, dietas altamente energéticas geram um
aumento de deposicdo de gordura escrotal, capaz de interferir na termorregulacéo,
aumentando a temperatura dos testiculos e do escroto, consequentemente a isso um maior
namero de alteracfes morfoldgicas e queda nos parametros de cinética espermatica foram
observadas nesses animais, quando comparados com animais que recebiam uma dieta
menos energética (COULTER; COOL; KASTELIC, 1997).

Ja em cordeiros, foi avaliada a capacidade da dieta materna em influenciar na
histologia testicular, e a submisséo as dietas altamente caloricas foi capaz de influenciar
na estrutura testicular da prole, sendo observando um aumento no tamanho dos tabulos
seminiferos (MOSSA et al., 2018). Em homens, a mensuracdo da gordura testicular é

mais especifica que o volume para diagnostico de infertilidade (LI et al, 2019).
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6.2 Sindrome Metabdlica Equina

A sindrome metabolica (SM) é uma doenca crénica, caracterizada pela obesidade
e deposicdo de gordura localizada, causadora da resisténcia a insulina nos animais
acometidos (KEEN, 2013). Desde 1985, Henneke e colaboradores relataram a influéncia
da obesidade no manejo reprodutivo das éguas. 1sso ocorre pela secrecdo de diferentes
substancias pelo tecido adiposo, capazes de influenciar na concentracgdo de insulina no
organismo desses animais (RADIN; SHRKEY; BETHANY, 2009).

Os sinais clinicos caracteristicos de SME sdo comumente confundidos com
disfuncéo da pars intermédia da glandula pituitaria, entretanto, os cavalos acometidos por
SM ndo apresentam hirsutismo (KEEN, 2013). As principais caracteristicas atribuidas a
um animal com SM séo: sobrepeso e acimulo de gordura de forma localizada na nuca,
supraorbital, prepacio ou glandula mamaria e garupa, laminite recorrente ou cronica e
infertilidade em éguas (KEEN, 2013). Além disso, animais acometidos por SM
comumente apresentam hiperlipemia, hiperglicemia e hipertrigliceridemia, o que é

sugerido como causa de subfertilidade em éguas e garanhdes (DURHAM et al., 2019).

6.2.3 Resisténcia a insulina

A resisténcia a insulina nos equinos pode ocorrer por diferentes mecanismos,
entretanto, esta principalmente atribuida a obesidade, que gera lipotoxicidade, alteracdes
na transducdo dos sinais da insulina e inflamaces sistémicas resultantes da secrecédo de
citocinas pré-inflamatorias pelo tecido adiposo (KACZMAREK; JANICKI;
GLOWSKA, 2016).

Em um experimento realizado por Gmez-Elias e colaboradores (2019), ratos
submetidos a uma situacdo semelhante a sindrome metabdlica, tiveram seu aparelho
reprodutor e sémen analisados, apresentando uma diminui¢do do tamanho do epididimo
e 0 aumento de gordura gonadal, quanto a qualidade seminal, estes animais apresentaram
uma contagem inferior de espermatozoides, ainda que, a viabilidade, morfologia,
motilidade, reacdo acrossomal e fertilidade in vitro foram semelhantes as do grupo
controle.

O desenvolvimento de uma inflamac&o crénica nos equinos portadores de SM é
causado pela constante estimulacdo da producdo de citocinas inflamatdrias circulantes, as

quais aumentam o estresse oxidativo no organismo do animal (KEEN, 2013). Em éguas,
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0 aumento das espécies reativas de oxigénio (ERO) devido a SM, foi descrito por Mota
(2014) como prejudicial ao desenvolvimento de odcitos.

7. AlteracOes Reprodutivas

A infertilidade é um importante fator observado na industria equina, e o estresse
oxidativo parece interferir na fertilidade do garanh&o. Segundo Ball (2009) a producéo de
especies reativas de oxigénio pelos espermatozoides é capaz de interferir na
sobrevivéncia e fertilidade espermatica quando de forma exacerbada. A congelacdo ou
resfriamento de sémen parece aumentar as reagdes oxidativas, sugerindo sua relagcdo no
processo de fertilizagdo (BALL, 2009).

As EROs, geram alteracdes epigenéticas na expressao génica em decorréncia de
diferentes fatores, tais como a obesidade (GIBB et al., 2020). O sémen de garanhdes é
altamente dependente da fosforilacdo oxidativa como fonte de ATP, e quando
armazenado, é capaz de produzir altas concentracdes de ERO, as quais acarretam em
peroxidacdo lipidica, disfuncdo mitocondrial, danos ao DNA e reduc¢do da longevidade
dos espermatozoides (GIBB; LAMBOURNE; AITKEN, 2014). O espermatozoide
humano é altamente susceptivel ao estresse oxidativo, isso ocorre por apresentar quarenta
vezes menos catalase do que os garanhdes (GIBB; LAMBOURNE; AITKEN, 2014).

Humanos com diabetes mellitus apresentam alteracdes na funcéo testicular, as
quais prejudicam o desenvolvimento espermatico, dificultando o transporte de glicose por
GLUTSs, prejudicando o metabolismo de glicose, ocasionando estresse oxidativo,
implicando em fragmentagGes de DNA mitocondrial e nuclear, e ainda, ocasionando
apoptose (DIAS et al., 2014). Individuos com diabetes mellitus comumente apresentam
baixa qualidade seminal, sendo que isso acontece principalmente pelas alteracbes
hormonais que ocorrem no organismo, assim como na obesidade e na sindrome
metabdlica (DIAS et al., 2014).

Em um experimento realizado por Gibb, Lambourne e Aitken (2014), foi
observado pela primeira vez relacdo positiva entre o estresse oxidativo e a fertilidade de
garanhd@es, com isso, 0s autores ressaltam que o estresse oxidativo ndo € benéfico para o
organismo, e que, apenas amostras de sémen com baixas concentracdes de ERO pode ser
dita como altamente fértil.

Segundo Durham e colaboradores (2019), o IGF-1 parece estar relacionado ao

desenvolvimento da laminite na SM em equinos. Os receptores de IGF-1 parecem sofrer



25

um estimulo ao estabelecimento de dietas ricas em carboidratos ou ainda em infusées de
insulina (LANE et al., 2017). Em éguas, a concentracdo de insulina e de IGF-1 foi
associada ao crescimento folicular e interacdo no desenvolvimento reprodutivo (BESEN
et al., 2018). Segundo Roser (2008), a relacdo entre os niveis de IGF-1 e a fertilidade dos
machos é varidvel, entretanto, os altos niveis de IGF-1 parecem estar associados as
maiores taxas de prenhez, com isso, ainda que possa ocorrer um aumento de IFG-1
durante a SM, este ndo parece ser a causa de subfertilidade nos animais.

Segundo Agarwal e Said (2004), todas as células aerdbicas passam por um
processo de exposicdo a ERO, entretanto, 0 excesso é que causa 0 estresse oxidativo,
sendo o estresse oxidativo o principal responsavel pela infertilidade em homens, estando
associado ao processo de apoptose celular, constituindo assim um mecanismo molecular
patogénico.

Em homens, a obesidade e o sobrepeso sdo determinantes no aumento da
subfertilidade, sendo essa caracteristica atribuida a diminuigdo de andrdgenos, globulina
de ligacdo de horménios sexuais e aumento dos niveis de estrogeno (AGGERHOLM et
al, 2008. Em garanhdes, os receptores de IGF-1 foram encontrados nas membranas das
células germinativas, células de Leydig e células de Sertolli, indicando que podem ser
influenciados pela secrecdo de LH, FSH, sendo o LH o fator mais importante, além disso,
0 grau de obesidade € correlacionado a reducao dos niveis séricos de inibina B, ainda que
0 aumento de FSH e LH compensatorio nao seja observado, mesmo assim é sugerido que
uma desregulacdo do eixo hipotalamico-pituitario-gonadal explica a infertilidade e
alteracdo na qualidade seminal observada em humanos com este fen6tipo (PLESSIS et
al., 2010).

O mecanismo pelo qual a obesidade relaciona-se a infertilidade em humanos, foi
descrito por envolver o desenvolvimento de hipotesteronemia, capaz de impactar na
espermatogénese e funcdo espermatica dos individuos, além disso, 0 excesso de tecido
adiposo na espécie estd relacionado ao aumento de estrdgenos e consequentemente
alterac6es como diminuigdo da concentracdo espermatica, além do aumento de lesbes de
DNA (KATIB, 2015). Entretanto, em equinos, ainda € desconhecido o impacto que a

sindrome metabolica possa causar no estado reprodutivo de garanhdes.
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HIPOTESE

O uso de um diluente de sémen equino a base de caseinato de sodio acrescido de
colesterol, pode apresentar resultados superiores em relacdo a cinética espermatica e
viabilidade, apos a refrigeracdo a 5 e 10°C por até 48 horas, quando comparado a um
diluente j& difundido no mercado que possui em sua composicao fosfocaseinato nativo.

O alto escore de condicdo corporal, sem consequéncias secundarias, como a sindrome

metabdlica equina ndo afeta a qualidade seminal de garanhdes da raga Crioula.

OBJETIVOS

- Comparar dois diferentes diluentes, um a base de caseina acrescido de colesterol e um
segundo composto por fosfocaseinato nativo, em sua capacidade de manutencdo da
cinética e viabilidade espermatica durante o processo de refrigeracdo a 5 e 10°C por até
48 horas.

- Avaliar se ha efeito do plasma seminal sobre a cinética e viabilidade dos
espermatozoides diluidos com dois diferentes meios um a base de caseina e um segundo

a base de fosfocaseinato nativo.

- Determinar a fertilidade do sémen diluido em dois diferentes meios um a base de caseina

e um segundo com fosfoscaseinato nativo.

- Comparar a qualidade do sémen congelado de garanhdes com alto e baixo escore de

condicéo corporal.
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Abstract

The objective of this study was to compare semen parameters and embryo
recovery rates of cooled stallion semen extended with INRA 96 or BotuSemen Gold. In
experiment 1, 45 ejaculates from nine mature stallions were collected, assessed, and
equally split between both extenders and then extended to 50 million sperm/mL. Then,
the extended semen was stored in three passive cooling containers (Equitainer, Equine
Express |1, and BotuFlex) for 48 hours. In experiment 2, the same ejaculates extended in
experiment 1 were cushion-centrifuged, the supernatant was discarded, and the pellets
were resuspended at 100 million sperm/mL with their respective extender. Semen was
then cooled and stored as in experiment 1. In both experiments, sperm motility
parameters, plasma membrane integrity, and high mitochondrial membrane potential
were assessed at 0, 24, and 48 hours post cooling. For experiment 3, 12 mares (n = 24
cycles) were bred with 48 hours—cooled semen from one stallion. Semen was processed
as described in experiment 1. Mares had embryo flushing performed by 8-day post-
ovulation. In experiment 1, BotuSemen Gold displayed superior total and progressive
motility relative to INRA 96 (P < 0.05). There were no significant differences between
the types of containers in any experiment. In experiment 2, INRA 96 and BotuSemen
Gold extenders had similar total and progressive motility, but BotuSemen Gold had
superior sperm velocity parameters at all timepoints. Embryo recovery was identical for
both extenders (50%). Finally, the results obtained herein suggest that BotuSemen Gold
is a suitable alternative to be included in semen cooling tests against INRA 96 in clinical

practice.

Keywords: semen extender; horses; passive semen cooling device



46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

39

1.Introduction

Cooled-transported stallion semen is a widely used approach to breed mares in
North America, Western Europe, Australia, New Zealand, and Brazil. It first became
popular in the 1990s, when most American breed registries began accepting cooled-
transported equine semen. In the 1970s, a skim milk-based extender was introduced by
Dr. Robert Kenney to be infused in the uterus of mares immediately before mating [1].
After this, the extender was used for on-farm artificial insemination with fresh semen, for
the cooling and transporting semen, and as a centrifugation extender before semen
freezing. Kenney’s extender has been commercialized with a variety of antibiotics (e.g.
amikacin, penicillin, and gentamicin) added by the manufacturer or to be added to the
extender immediately before use. Stallions would have semen collected and extended in
Kenney’s extender containing different combinations of antibiotics to determine the best
antibiotic(s) to sustain sperm motility longevity during cooling for a given stallion [2].
Kenney’s extender spread worldwide and was the main extender used to transport stallion
cooled semen until the early 2000s.

In the 1990s, French investigators working at the Institut National de La
Recherche Agronomique (INRA) identified that native phosphocaseinate was
cryoprotective for stallion sperm during cooling [3], and this molecule was used to replace
the skim milk component in INRA 82, a traditional French extender, to create the novel
extender INRA 96 [3]. About a decade later, the extender became commercially available
and then widely used around the world. Given the superior results extending stallion
semen with INRA 96 over any Kenney combination, many practices and breeding centers

discontinued cooling tests [4,5].
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As other extenders (e.g., Ghent and Equi-Pro) were introduced, investigators
performed cooling tests [5]; however, INRA 96 remained the superior and most widely
used extender overall. One concern with INRA 96 is that the concentration of antibiotics
present may be insufficient to prevent bacterial overgrowth during cooling [6].
Pseudomonas aeruginosa in particular, a highly contagious cause of chronic endometritis
in mares, may not be inhibited; thus, it became an industry standard to include ticarcillin
with clavulanic acid, an anti-Pseudomonas beta-lactam [7]. Additionally, while INRA 96
is a suitable extender for most stallions, there is still a portion of stallions that do not cool
well with this extender. Therefore, an alternative extender to serve the needs of this
stallion population is warranted.

Recently, a new semen cooling extender was introduced containing sodium
caseinate in combination with cholesterol loaded-cyclodextrin (BotuSemen Gold).
Caseins are milk proteins that can presumably prevent sperm cryodamage by
competitively binding to seminal plasma proteins involved in this process [8,9]. Caseins
also interact with ionized calcium, which plays a paramount role in tyrosine
phosphorylation during sperm capacitation [10,11]. Cyclodextrin works as a carrier to
incorporate cholesterol into the plasma membrane, thus presumably improving sperm
survival during cooling [12,13]. Stallions with poor semen cooling are thought to have
lower levels of cholesterol in the sperm plasma membrane [14,15], and cholesterol loaded
cyclodextrin has been suggested as an alternative to prevent sperm damage during cooling
in this type of stallion [12,17-19]. However, to date, a study comparing this novel
extender with INRA 96 is lacking.

Equitainer, a passive cooling device, was developed in the mid-80s to transport
equine semen [20]. It provides excellent temperature insulation and a suitable cooling

curve for equine sperm, and it maintains the temperature for up to 48h [20,21]. Since the
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Equitainer is expensive, cheaper alternative passive cooling semen devices (e.g., Equine
Express Il) were developed. While less expensive than the Equitainer, disposable boxes
have questionable insulation from extreme temperature variations [21]. Recently, another
passive cooling device was developed using high-density Styrofoam material (BotuFlex),
which can presumably allow for a cooling curve similar to the Equitainer [22]. However,
these three passive cooling devices have not been simultaneously compared.

The objective of this study was to compare the most widely used semen extender
based on native phosphocaseinate (INRA 96) and a new extender based on sodium
caseinate associated with cholesterol loaded cyclodextrin (BotuSemen Gold), and three
semen cooling containers by assessing semen parameters and embryo recovery rates of
cooled stallion semen. We hypothesized that the combination of cholesterol and sodium
casein results in superior parameters for cooled stallion semen than native

phosphocaseinate.

2. Materials and Methods

The experimental protocols were approved by the Animal Care and Use
Committee, the Institutional Animal Care Unit Committee of the University of Illinois,
under protocols # 19134 and #17140. Three experiments were carried out at the College
of Veterinary Medicine of the University of Illinois Urbana-Champaign, IL, USA.
Experiments 1 and 2 were conducted between August and September 2019, and
Experiment 3 was conducted from November to December 2019. Seven out of nine
stallions were client-owned, and all the owners signed a consent form permitting us to

use their animals in this study.
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2.1. Stallions, semen collection, and initial evaluation

Nine mature stallions (four Quarter Horses, two Standardbreds, one Paint Horse,
one Morgan, and one Arabian), (ranging from 8 to 17 years), were enrolled in the study.
Stallions were kept in stalls at the Illinois Veterinary Teaching Hospital in Urbana, IL,
for the duration of the study. All animals were fed with mixed alfalfa-grass hay, with free
access to water. Prior to the beginning of the study, three wash-out semen collections
were performed. Thereafter, semen collections were performed at 48-72 h intervals on a
dummy mount in the presence of an estrus mare. A Missouri model (Nasco, Fort
Atkinson, WI, USA) artificial vagina coupled with a collection bag (Whirl-Pak, Nasco)
and inline filter (Har-Vet, Spring Valley, WI, USA) was used. The artificial vagina was
lubricated with a non-spermicidal gel (Clarity® A.l. Lubricating Jelly Aurora
Pharmaceutical, LLC, Northfield, MN, USA).

Immediately after semen collection, the total gel-free volume of the ejaculate was
weighed and loaded in 50 mL conical tubes (Corning®, Centristar™, Corning, NY, USA).
Then, raw semen was immediately extended at 1:1 (v:v) ratio with temperature-matched
BotuSemen Gold (Botupharma USA, Phoenix AZ, USA) or INRA 96 (IMV, Maple
Grove, MN, USA). The sperm concentration was determined using an automated cell
counter (Nucleocounter® SP-100™, Chemometec, Denmark) following the manufacturer
instructions. Briefly, 50 uL of semen was diluted in 5 mL of lysis buffer (Reagent S100,
Chemometec, Denmark) and loaded into the cassettes before the assessment. After the
assessment of concentration, semen was further extended to 50 million sperm/mL with

INRA 96 or BotuSemen Gold.
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Experiment 1. Stallion semen cooling extended with INRA 96 or BotuSemen Gold

The extended semen was hermetically packed in a disposable plastic bag Whirl-
Pak® and stored in three different containers, Equitainer (Equitainer Il; Hamilton
Research, Inc., Ipswich, MA, USA), Equine Express Il (Exodus Breeder Supply, York,
PA, USA) or BotuFlex (Botupharma USA). Two units of each container were prepared
for evaluations at 24 and 48h post-cooling. Each passive cooling device was prepared
according to manufacturer recommendations.

Equitainer’s ice cans and ice packs for BotuFlex and Equine Express 11 were deep-
frozen for at least 24h at -20°C. The Equitainer (46 x 25 cm, height x width, 5.4 kg)
consists of two metal frozen cans, whereas, the BotuFlex (30x24.5x24.5 cm, length x
width x height, 1.4 kg) consists of two ice packs to be placed on each side of the device
and a well in the center of the device where semen can be placed (Figure 1). Equine
Express 11 (35.5 x 25 x 20 cm, length x width x height, 1.8 kg) consists of only one large
ice pack (Figure 1). According to the manufacturer, the Equitainer is designed to have a
cooling curve of -0.03 °C/min and to maintain semen at 4-8°C for 48h. BotuFlex is
designed to have a curve of 0.05°C/min and to maintain semen at 5 °C for ~48h when two
ice packs are included. Whereas, Equine Express Il is designed to have a cooling curve
of - 0.035 °C/min to maintain semen below 10°C for 48h. Worth noting that Equitainer
is supposed to have 120 to 180 mL of semen inside the isothermolizer to have the proper
cooling curve, whereas BotuFlex 150 to 200 mL volume of semen is needed in the well
for a proper cooling curve. The ideal volume for a cooling curve is not disclaimed by the
manufacturer of Equine Express Il, but it holds the capacity to have two syringes of 60

mL.
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For this experiment, sperm motility parameters, intact plasma membrane, and
percentage of sperm with intact plasma membrane and high mitochondrial potential were

assessed at times 0, 24, and 48h after cooling-storage, as described below.

2

EQUITAINER

= =
D
s
oc

BIOLOGICAL MATERIALS

Figure 1. Passive cooling devices used to transport cooled stallion semen. (A) Equitainer
(Hamilton Research, Inc., Ipswich, MA, USA), * denotes the two frozen cans and +
isothermolizer; (B) Equine Express Il (Exodus Breeder Supply, York, PA, USA),
*denotes the icepacks, and the two arrows denotes the pit where semen can be placed for

cooled-shipped; (C) BotuFlex (Botupharma, Phoenix, AZ, USA). * indicate the ice packs,

and the arrow is pointing to the semen well.



176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

45

Sperm motility evaluations

Assessment of the sperm motility parameters was carried out using computer-
assisted sperm analysis (CASA) using default settings recommended by the manufacturer
(Spermvision, Minitube of America, Verona, WI, USA) for equine sperm. The preset
values for the CASA were: static cell area 14-80 um?; straightness threshold for
progressive motility 90%; average path velocity threshold for static cell <9.5 um/s; cell
intensity 106; light-emitting diode illumination intensity 1800-2550. Each sample was
incubated for 10 min at 37°C before each evaluation. A small aliquot (10 pL) of extended
semen was placed on a pre-heated slide with a coverslip for the assessments. Total percent
of sperm motility (%), progressive sperm motility (%), sperm velocity parameters
assessed included curvilinear velocity (VCL, um/s), average path velocity (VAP, um/s),

and straight-line velocity (VSL, um/s).

Membrane integrity and mitochondrial potential

The evaluation of the percentage of sperm with intact membrane and percentage
of sperm with intact plasma membrane and high mitochondrial potential was conducted
using a spectral flow cytometer as previously described [22]. Briefly, the staining solution
of Zombie Green dye (#423112 Biolegend, San Diego, CA, USA) was freshly prepared
with 100 uL of DMSO added to each vial of dye; similarly, MitoTracker Deep Red FM
(M22426, Molecular Probes, Eugene, OR, USA) stock solution was prepared by adding
DMSO to have a solution of 10 uM. The stock solution was aliquoted and frozen at -20°C

until the use.
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One milliliter containing 50 million sperm/mL was centrifuged (600g x 10 min)
and then resuspended in PBS to a concentration of 3-5 million sperm/mL. An aliquot of
100 pL of this solution was stained with 1 uL of Zombie Green and 1 uL MitoTracker
Deep Red. After mixing, the sample was incubated for 30 min at room temperature in the
dark. The incubation was followed by a centrifugation 400g x 5 min. At this point, the
samples were fixed with 500 uL of buffered formalin 2% until flow cytometry evaluation.
The fixed samples were stored in the dark at room temperature until the assessment within
72 h from the fixation. Before the flow cytometric analyses, samples were washed with 1
mL of PBS, centrifuged at 400 g x 5 min, and resuspended in PBS (250 uL). The analyses
of the stained samples were conducted using a full-spectrum detector based (filter-less)
Cytek Aurora Flow Cytometer (Cytek Biosciences Inc., Fremont, CA, USA). The
analysis was concluded when at least 10,000 fluorescent gated events were recorded.
Zombie Green was excited and detected with a 488nm fluorescence detector, whereas
MitoTracker Deep Red was excited with a 644/665 nm detector. Unstained and single
stained controls were used to unmix the signals. As previously described [22] four
subpopulations of sperm were identified. The populations of sperm with intact (low
Zombie Green signal) or damaged (high Zombie Green signal) plasma membrane were
subdivided into low or high mitochondrial membrane potential based on the intensity of
the signal given by Mitotracker Deep Red staining. Debris was manually excluded based
on the minimal emitted fluorescence. Data from the flow cytometer were exported and
analyzed with FlowJo (FlowJow v. 10 Software; Ashland, OR, USA). The percentage of
sperm with intact plasma membrane and the percentage of sperm with intact plasma
membrane and high mitochondrial membrane potential were accounted for comparisons

across groups.
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Experiment 2. Cooling test of stallion semen, cushion-centrifuged and re-extended with

INRA 96 and BotuSemen Gold

The same 45 ejaculates obtained in experiment 1, were further processed with
cushion centrifugation after being initially extended to 50 million sperm/mL in INRA 96
or BotuSemen Gold. Cushion centrifugation was performed as previously described [23—
26]. Briefly, extended semen in both extenders were loaded in 50 mL conical tubes
(Corning®, Centristar™) and then added 1 mL of cushion fluid (Red-Cushion,
Botupharma) placed at the bottom of the tube with a blunted spinal needle (18G x 13.5
cm). Centrifugation was carried at 1000g x 20 min at room temperature. Following
centrifugation, the supernatant and cushion solution were discarded. The concentration
of the remaining pellet was assessed with Nucleocounter and then resuspended in fresh
extenders, INRA 96 or BotuSemen Gold, to a final concentration of 100 million
sperm/mL. Thereafter, the extended semen was loaded in the three types of containers as
described in experiment 1. Cooled semen was then assessed for sperm motility
parameters, plasma membrane integrity, and sperm with intact plasma membrane and
high mitochondrial potential were assessed at 0, 24, and 48h after cooling-storage, as
described above for experiment 1.

According to BotuSemen Gold’s manufacturer, once stallion semen is
centrifuged, it should be resuspended to at least 100 million sperm/mL. If a lower dilution
is used, the high cholesterol/seminal plasma ratio may prevent sperm from undergoing
capacitation, despite satisfactory motility. There are no manufacturer recommendations

regarding sperm concentration after centrifugation with INRA 96.
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Experiment 3. Embryo recovery rates of 48h-cooled stallion semen extended in INRA 96

or BotuSemen Gold

A 13 years-old Quarter Horse stallion enrolled in experiments 1 and 2 had semen
collected for a fertility test. This stallion was kept at the Illinois Veterinary Teaching
Hospital, and fed with mixed alfalfa-grass hay, with free access to water. Semen
collections and initial evaluations were performed as previously described. After
collection, two semen samples were extended with BotuSemen Gold or INRA 96 at 50
million sperm/mL and then stored in an Equitainer for 48 h before insemination.

Twenty-four estrous cycles (BotuSemen Gold n=10 cycles and INRA 96 n=14
cycles) were used to inseminate fourteen light breed mares (ranging from 5 to 18 years
old). The mares were kept on grass pasture and monitored by transrectal ultrasonography
every other day until at least one pre-ovulatory follicle (35 mm of diameter in the presence
of endometrial edema) was detected. Then mares were checked daily, and ovulation was
then hastened with histrelin acetate (500 ug/IM, Strelin®, Botupharma USA). At 24 h
post-induction of ovulation, all mares were artificially inseminated with 1 billion total
sperm previously-stored for 48 h in Equitainer. Mares were examined 24 h after
insemination to check for ovulation and the presence of free intrauterine fluid
accumulation. Mares were treated if necessary, with oxytocin or uterine lavage. Uterine
flushing for embryo recovery was performed with 4 L of sterile Lactated Ringer’s solution
8 days post-ovulation. Immediately after uterine flushing, mares received an injection of

250 g of cloprostenol sodium.
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2.2. Statistical analyses

Data analyses were carried out with RStudio v 0.99.489 (RStudio Team, Boston,
MA). Data were analyzed by mixed models, with extender, passive cooling devices, and
time considered as fixed effects and stallion and ejaculate number as random effects.
Tukey’s test was used for post-hoc comparisons. Data are expressed as mean + SEM.
Statistical significance was set at p<0.05. The embryo recovery rates were identical
between extenders, and results were descriptively presented below.
3. Results

Experiment 1

Total motility and progressive motility decreased over time for semen extended
in BotuSemen Gold and INRA 96 (p<0.05) (Figures 2A-F). Overall there were no
differences between the three passive cooling devices used for the transport of cooled
stallion semen (p>0.05). Semen extended with BotuSemen Gold, stored in Equitainer or
Equine Express I, had superior sperm motility when compared to INRA 96 at 48 h
(p<0.05) (Figures 2AB, 2DE). There were no differences between INRA 96 and
BotuSemen Gold when semen was stored in BotuFlex (p>0.05) (Figures 2C and 2F).
There were no effects due to time, passive cooling device, or extender in the percentage
of sperm with intact plasma membrane or sperm with intact plasma membrane with high
mitochondrial membrane potential (p>0.05) (Figure 2G-L). There were no differences in
curvilinear velocity, average path velocity, straight-line velocity across passive cooling
devices, extenders, or time (p>0.05) (Table 1). Representative images of spectral flow
cytometry for plasma membrane integrity and mitochondrial membrane potential are

portrayed in Figure 3.
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Figure 2. Parameters for stallion semen extended in INRA96 or BotuSemen Gold and

cooled for 48 h in three different passive cooling devices (Equitainer, Equine Express Il,

and BotuFlex, rows 1-3). (A-C) Total sperm motility; (D-F) Percentage of progressive

motility; (G-1) Intact plasma membrane; and (J-L) Percentage of sperm with intact plasma

membrane with high mitochondrial membrane potential (Intact HMMP). Different

superscripts denote effects of time (**) and differences between extenders for within each

time point ("8) (p<0.05).
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Table 1. Motility parameters for stallion sperm extended in INRA 96 or BotuSemen Gold (BG) cooled in three passive cooling devices

(Equitainer, Equine Express 1, and BotuFlex).

VCL VAP VSL
Time (h) INRA 96 BG INRA 96 BG INRA 96 BG

0 146.0 £ 2.7 153.0+£2.3 80.0+1.9 88.0+1.9 62.2+1.6 68.2+2.0
% 24 141.0+ 3.5 153.0+ 3.0 77.0+2.2 852+1.8 61.0+1.8 67.6+1.6
'-'gJ- 48 143.0+ 4.3 150.0 £ 3.7 746124 81.8+2.2 57.7+2.1 63.8+2.0
i 0 146.0 £ 2.7 153.0+£2.3 80.0+1.9 88.0+1.9 62.2+1.6 68.2+2.0
7
:;':' 24 142.0+ 3.8 152.0+£ 3.5 77.0+2.3 84.7+2.2 61.3+1.8 67.4+19
'qg_ 48 138.0+4.8 1520+ 4.4 73.8+2.6 829127 S1.7+22 64.8+2.4
- 0 146.0 £ 2.7 153.0+2.3 80.0+1.9 88.0+1.9 62.2+1.6 68.2+1.9
é 24 1440+ 3.5 151.0+ 3.4 785+2.2 85.2+22 63.3+19 68.8+1.9
@ 48 1420+ 4.8 143.0t4.1 752127 78.1+2.4 60.0+2.4 62.2+2.0

VCL: curvilinear velocity (um/s); VAP: average path velocity (um/s); VSL.: straight-line velocity (um/s)
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Figure 3. Representative flow cytometry images of one stallion ejaculate extended in
INRA96 or BotuSemen Gold and cooled in three passive cooling devices (Equitaner,
Equine Express Il, and BotuFlex) for 48 hours. (A) semen was not cushion-centrifuged;

(B) semen was cushion centrifuged. On each subset of images, the samples were stained
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with Mitotracker Deep Red and Zombie Green. The left quadrants display sperm with
intact plasma membrane and high (HMMP) (upper), or low (LMMP) mitochondrial
membrane potential (lower), the right quadrants display sperm with damaged plasma
membrane and high (HMMP) (upper) or low (LMMP) mitochondrial membrane potential
(lower). Abbreviations. Intact: sperm with intact plasma membrane PMI: plasma
membrane integrity; Damaged: sperm with damaged plasma membrane; HMMP: high
membrane mitochondrial membrane potential; LMMP: low membrane mitochondrial

membrane potential.

Experiment 2

Total motility and progressive motility decreased over time for semen extended
in BotuSemen Gold and INRA 96 (p<0.05) (Figures 4A-F). There were no differences
between the three passive cooling devices used for the transport of cooled stallion semen
(p>0.05). There were no effects due to from time, passive cooling device, or extender in
the percentile of sperm with intact plasma membrane or percentile of sperm with intact
plasma membrane and high mitochondrial membrane potential (p>0.05) (Figure 4 G-L).
The only exception being that semen extended in BotuSemen Gold stored in Equitainer
had a reduction in plasma membrane integrity between 0 and 48 h of cooled storage
(Figure 4G). Curvilinear velocity, average path velocity and straight-line velocity were
similar across passive cooling devices (p>0.05); however, BotuSemen Gold had superior
sperm velocity parameters relative to INRA 96 for all timepoints assessed in all three

passive cooling devices (p<0.05) (Table 2).
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Figure 4. Parameters of stallion semen cushion-centrifuged extended in INRA96 or

BotuSemen Gold and cooled for 48h in three different passive cooling devices

(Equitainer, Equine Express Il, and BotuFlex, rows 1-3). (A-C) Total sperm motility; (D-

F) Progressive motility; (G-1) Percentage of sperm with intact plasma membrane; and (J-

L) Percentage of sperm with intact plasma membrane and high mitochondrial membrane

potential (Intact HMMP). Different superscripts denote effects of time (**°) (p<0.05)
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Table 2. Motility parameters for stallion sperm after cushion centrifugation and resuspension in INRA 96, and BotuSemen Gold (BG). Semen

was stored in three passive cooling devices (Equitainer, Equine Express I, and BotuFlex) for 48h.

VCL VAP VSL
Time (h) INRA 96 BG INRA 96 BG INRA 96 BG

0 128.0 + 3.14 148.0 + 1.6° 66.6 + 1.74 85.0 + 1.28 50.8 +1.3* 66.0 + 1.35

% 24 129.0 +2.94 148.0 + 2.58 68.1+1.6% 83.4+1.78 54.9 + 1.5% 66.8 + 1.6°

'-'?Jr 48 133.0+ 2.8~ 146.0 + 3.28 70.7 + 1.94 80.7 + 2.08 57.6 + 1.74 65.1 + 1.88

= 0 128.0 + 3.14 148.0 + 1.6° 66.6 + 1.6 85.0 + 1.28 50.8 + 1.2 66.0 + 1.3%
@

;‘:— 24 130.0 + 2.6 149.0 +2.28 68.4 + 1.6% 82.8 +1.6° 55.1 + 1.44 66.7 + 1.58

'%:_ 48 129.0 +3.0% 147.0 +2.48 69.0 + 1.9% 80.6 + 1.6° 56.6 + 1.6" 64.5 + 1.58
L

0 128.0 + 1.6% 148.0 + 1.6° 66.6 + 1.6 85.0 + 1.28 50.8 + 1.3 65.9 +1.3%

g 24 135.0+ 2.3~ 147.0 + 2.48 70.5+1.4% 83.0 +1.6° 55.9 + 1.2% 67.4+1.48

@ 48 135.0 + 2.5% 148.0 +2.38 717177 815+ 1.78 58.2 + 1.5" 66.1 + 1.58

VCL: curvilinear velocity (um/s); VAP: average path velocity (um/s); and VSL.: straight-line velocity (um/s). Different superscripts (“?)

denote difference between extenders (p<0.05).
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Experiment 3

Embryo recovery rates were identical between extenders 50%; (Figure 5). All
embryos recovered were expanded grade 1 blastocysts. While this was not an endpoint
assessed in the present study, mares did appear to develop a similar post-breeding

inflammatory response to both extenders.

Figure 5. Representative blastocysts harvested from a mare bred with 48h-cooled stallion

semen extended with INRA 96 (A) or BotuSemen Gold (B)

4. Discussion

This is the first study aimed to compare the most widely used equine extender,
INRA 96, and BotuSemen Gold, a new commercially available equine semen extender.
In addition, the present study examined the most traditional passive semen cooling device
(i.e., Equitainer), with the most widely used device (i.e., Equine Express Il), and a new
device (i.e., BotuFlex). In addition, embryo recovery rates were assessed in mares bred
with 48h-cooled equine semen. The results obtained with both extenders were largely

similar for most endpoints assessed, except that BotuSemen Gold was superior to INRA
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96 for total and progressive motility during cooled-storage when semen was not
centrifuged, and BotuSemen Gold had superior sperm velocity parameters to INRA 96
after cushion-centrifugation for all time points in all three passive cooling devices. These
findings suggest that there was an interaction between components of BotuSemen Gold
and seminal plasma, as once seminal plasma was removed via cushion-centrifugation, the
differences for total and progressive motility between extenders disappeared. However,
removal of seminal plasma-enhanced all sperm velocity parameters for cooled semen
extended in BotuSemen Gold when compared to INRA 96 in the various time points.
While we cannot be certain of the mechanisms of action, centrifugation is a known
method to remove membrane-bound membranes in other species [29,30]. Sperm velocity
has been suggested to be essential for the assessment of frozen stallion semen [31], but
its relevance for cooled-transported semen has not been clear.

The mechanism by which total and progressive motility were enhanced in the
cooled semen extended with BotuSemen Gold not undergoing centrifugation was not
studied herein. Presumably, the cholesterol present in this extender can be responsible for
the differences in extenders. It has previously been demonstrated that cholesterol-loaded
cyclodextrin helps to promote cryotolerance in horses, cattle, sheep, goats, and dogs
[12,32-35]. Therefore, shifting the lipid composition of the sperm plasma membrane can
be useful to enhance the cryotolerance of sperm at low temperatures [18].
Cholesterol/phospholipid ratio in the plasma membrane is essential to maintain the
fluidity and stability of the sperm membrane at low temperatures [17-35]. Higher
concentrations of cholesterol in the plasma membrane are known to result in a reduction
in cryodamage through the transition phase during cooling [14]. Sperm from certain
species (e.g., rabbits and dogs), have higher cholesterol/phospholipid ratio in the plasma

membrane and display higher resistance to freezing than stallions [37]. In addition, sperm
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quality and longevity are highly variable across animals [12,38] which may, in part,
explain the variability of sperm resistance to the cooling in this species. Thus, since native
phosphocaseinate present in INRA 96 and sodium caseinate present in BotuSemen Gold
are similar molecules, these two molecules may provide equivalent protection during
cooling, and the addition of cholesterol via cyclodextrin in BotuSemen Gold could
partially explain the difference in results for total and progressive motility. Regardless of
the differences in motilities, both extenders supported excellent semen parameters up to
48 h of cooled-storage.

Surprisingly, plasma membrane integrity and percentage of sperm with both intact
plasma membranes and high mitochondrial membrane potentials were not different
between extenders with or without centrifugation. Other studies have shown a strong
correlation between these variables and sperm motility parameters [39]; however, the
previous studies used different staining methods for flow cytometric analyses. Herein, we
have used a novel protocol using Mitotracker Red and Zombie green, which was fixed
and read within 72h as stated above and recommended by the original study [24]. It is
possible that the lack of difference for sperm with both intact plasma membrane and high
mitochondrial membrane potential was due to the fact that the mechanism enhancing
motility parameters for semen extended in BotuSemen Gold was not directly mediated
by plasma membrane or mitochondrial functions. Alternatively, the flow cytometric
technique used herein may not have been sensitive enough to detect subtle differences
between extenders.

The cholesterol-loaded cyclodextrin extender used in the present extender was
reported to be a useful extender for stallions displaying poor semen cooling ability when

compared to a standard skim milk-based extender [12]. However, since none of the
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stallions enrolled in this experiment had poor semen cooling ability, we were unable to
compare INRA 96 and BotuSemen Gold for such a population of stallions.

Cryodamage results in capacitation-like changes that alters the sperm structure
and metabolism, which results loss of sperm motility [40]. Caseins can prevent
cryodamage by the competitively binding with seminal plasma proteins, such
sequestering binder sperm proteins, which are involved in modifications on sperm
membrane lipids during capacitation [9,41-43]. In pigs, the addition of casein to semen
extenders prevented the cholesterol efflux from sperm membranes caused by seminal
plasma proteins [44]. As both extenders assessed in the present study contain caseins, we
believe that a similar mechanism of protection happens for both extenders, but the exact
mechanism remains to be determined [8].

Centrifugation of semen pre-cooling is routinely applied for semen from stallions
presenting less than 100 million sperm/mL in raw semen, and for stallions known to
produce semen with poor cooling ability [45]. In the present study, cushion centrifugation
was applied to test these two extenders under typical practical settings. However, because
none of the stallions needed centrifugation before cooling, it is unknown if we would
have obtained different results with the present experimental design if stallions with low
semen concentration or semen with poor tolerance to cooling were used. In the present
study, only one horse had slightly worse semen quality than the remaining, even so his
semen was not poor enough to be classified as having poor semen cooling.

Previously, semen cooling tests were widely applied in North America to
determine the best extender and antibiotics for stallion semen. This practice has been
largely discontinued by most breeding centers since INRA 96 outperforms other
extenders and became the most popular extender used commercially. The findings of the

present place the BotuSemen Gold extender at the similar level than INRA 96, which in
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suggest that a semen cooling test could be beneficial to determine the most suitable
extender for a given stallion. In addition, the results obtained with BotuSemen Gold
provides evidence to have this extender included in any semen cooling test against other
extenders available in the market.

The embryo recovery obtained in the present study was satisfactory for 48h-
cooled semen. The present results were similar to those obtained by French investigators
[3], breeding mares with 48h-cooled semen extended with INRA 96. As the mares used
in the present experiment had been known to have marginal fertility, the results could
have been superior if mares of high fertility were used.

In conclusion, our results indicated that INRA 96 and BotuSemen Gold result in
satisfactory semen parameters upon cooled-storage in all three passive cooling devices
tested herein. However, for the group of stallions used in our study, BotuSemen Gold
extended semen had superior total and progressive motility than INRA 96 without
cushion-centrifugation. Cushion-centrifugation resulted in similar total and progressive
motility between extenders. However, BotuSemen Gold had superior sperm velocity
parameters for all time points assessed in all three passive cooling devices. Cushion-
centrifugation and its absence in the processing of semen resulted in similar plasma
membrane integrity and sperm with intact plasma membrane and high mitochondrial
membrane potential. In addition, embryo recovery rates of 48h-cooled semen resulted in
similar percentiles for both extenders. It remains to be determined if semen from stallions
with poor cooling ability behave similarly to those with satisfactory semen cooling
ability. Nonetheless, the present study suggests that BotuSemen Gold could be included
in semen cooling tests against INRA 96 and other extenders to optimize the identification

of the best extender for a given stallion.
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Abstract

This study compared the post-thaw semen parameters of stallions with high and low
body condition scores (BCS) and evaluated associations between body morphometric
parameters and post-thaw semen parameters. Twenty stallions were split into Low-BCS
(BCS<7, n=11) and High-BCS (BCS >7, n=9) groups, and underwent a complete
morphometric analysis (e.g., neck scores and circumference, crest neck height, body
weight, and height), and subcutaneous body fat thickness (SFT) at the tail head, withers,
shoulders, and retroperitoneal space. A fasted oral sugar test was conducted on all
stallions. One ejaculate was obtained from each stallion and diluted to 50 million
sperm/mL with a skim milk-based extender. Semen was centrifuged, the supernatant
discarded, the pellet resuspended at 200 million sperm/mL with an egg yolk-based
extender, and then frozen. Post-thaw sperm motility parameters were assessed by CASA.
Similarly, post-thaw plasma membrane integrity, mitochondrial membrane potential,
hydrogen peroxide, intracellular superoxide production, and lipid peroxidation were
analyzed with fluorescent probes and flow cytometer. The circumference at 25% and 50%
of the neck’s length were larger for High-BCS stallions (p<0.05). There were no
differences between groups for the neck crest height (p>0.05). Stallions with High-BCS
had greater SFT at the tail head than stallions with Low-BCS (p<0.05); however, there
were no differences between groups in the SFT at the shoulders and withers (p>0.05).
The retroperitoneal fat tended to be increased in the High-BCS group (p=0.06). All
stallions had resting blood glucose <105 mg/dL which was below the suggested cutoff
for equine metabolic syndrome. There were no differences between groups for resting
glucose concentrations or for peak blood glucose concentration at 30 or 60 min after
initiation of the oral sugar test (p>0.05). There were no differences in motility, sperm

velocity parameters, plasma membrane integrity, mitochondrial membrane potential,
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hydrogen peroxide, intracellular superoxide production, or lipid peroxidation between
groups (p>0.05). Collectively, the findings of the present study suggest that High- or
Low-BCS alone cannot explain post-thaw semen parameters in stallions. Further studies
should address the associations between body fat deposition overtime and post-thaw

semen parameters.

Keywords: Sperm, cryopreservation, metabolic syndrome, obesity, horse.
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1. Introduction

The Crioulo is the most numerous horse breed in South America. The breed
evolved from Spanish horses brought to the continent by settlers in the 16th century from
the Iberian Peninsula [1]. These stock horses were widely used for farm work such as
plowing plantation fields, transportation, and herding cattle [1]. Over the past few years,
the wide use of this breed in various equestrian modalities has resulted in the increasing
popularity and economic value of these animals, leading to remarkable changes in animal
husbandry practices [2,3]. Previously, these horses were kept free-range on nutritionally
poor native grassland, which forced them to adapt and to thrive under harsh conditions
[1]. However, with their ever-increasing values, these horses are increasingly housed on
temperate climate pasture or confined in stalls and fed energy-dense diets [3].

Anecdotally, the Crioulo seems to have a high proportion of animals classified as
metabolically efficient (“easy keepers”) compared with other horse breeds such as the
Thoroughbred raised under similar conditions. Metabolically efficient horses tend to
deposit fat in the neck, shoulders, and rump when fed at maintenance levels [4]. This
phenotype is associated with insulin dysregulation and equine metabolic syndrome,
however, not all horses with high body condition scores are affected, and clinical
examination coupled with blood tests (e.g., baseline glucose or tolerance testing) can be
used to identify horses with equine metabolic syndrome [4]. Horses affected with this
condition are prone to a variety of clinical conditions ranging from endocrinophatic
laminitis to hyperlipidemia, preputial, or mammary gland edema, mesenteric lipomas,
and inappropriate lactation [4]. High body fat deposition has been a concern for
broodmares and stallions of all breeds, and little has been done to study its effect on

reproduction, though subfertility has been anecdotally one of the primary concerns
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associated with equine obesity [4]. It has not been critically assessed whether if obese
stallions with or without equine metabolic syndrome have semen quality affected.
Specifically, it is unknown if stallions with high body condition scores have poor semen
freezing ability in comparison with stallions of the same breed with lower body condition
scores.

It is well-documented that high body condition score can impair semen quality in
ruminants [5]. In bulls and rams, overfeeding presumably results in fat deposition around
the scrotum neck, which increases testicular temperature and impairs spermatogenesis
[5,6]. In humans, obesity alone does not appear to influence sperm quality [7], but other
conditions associated with obesity (e.g., diabetes) have been suggested to affect semen
quality [8,9]. A controversy exists in practice regarding whether stallions should be
maintained at a higher (e.g., >7, scale 1-9) or lower (<7) body condition score (BCS)
during the breeding season. To date, there are no studies determining the ideal stallion
body condition score during the reproductive season or examining the association
between body fat deposition and semen quality in stallions.

The objective of this study was to compare post-thaw semen parameters of
stallions with high and low body condition scores and to determine the associations
between body morphometric parameters and post-thaw semen parameters. We
hypothesized that obesity alone in absence of equine metabolic syndrome does not affect

post-thaw semen quality.

2. Materials and Methods

The experimental protocols were reviewed and approved by the Ethics Committee

for Animal Use, S&o Paulo State University, under protocol # 0167/2019. This study was
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carried out from September of 2019 to March of 2020, during the physiological breeding
season of the Southern hemisphere. Privately-owned stallions (n=20, 10.5 £ 5.2 years old)
housed in seven farms in the Rio Grande do Sul state, Brazil were enrolled in this study.
All stallions enrolled in the study were registered as purebred with the Brazilian
Association of Crioulo Horse Breeders. The animals were fed according to industry
standards, which consisted of ad libitum alfalfa hay, trace minerals, and commercial grain
(2 to 5 kg/day). None of the stallions in this study had a history of laminitis. All stallions
were client-owned, and all eleven owners signed a consent form permitting us to use their

stallions in this study.

2.1. Semen collection and freezing

During the present study, all animals were being actively collected for breeding
mares or semen freezing. Sexual rest varied from 2 to 4 days before enrollment in the
present study. One stallion was scheduled to breed 80 mares in the season and the rest
were scheduled for less than 20 mares. One ejaculate was obtained from each stallion
enrolled in the study. Semen collection was performed with a rigid artificial vagina
(Botupharma, Botucatu, Sdo Paulo, Brazil) off an estrus mare. Immediately after semen
collection, each ejaculate was filtered with a paper filter (Minitube, Porto Alegre, Rio
Grande do Sul, Brazil) to remove debris and the gel fraction. On-field, sperm motility
was subjectively assessed via light microscopy and gel-free semen volume recorded.
Sperm concentration was determined with a hemocytometer (Kasvi, Sdo José dos Pinhais,
Parana, Brazil) using a 1:20 dilution with distilled water.

Semen was extended to 50 million sperm/mL with a commercial skim milk-based
extender (BotuSemen, Botupharma), and the extended semen was centrifuged at 600xg
for 10 min at room temperature (Excelsa II, Fanem, Sao Paulo, Sao Paulo, Brazil).

Following centrifugation, the supernatant was discarded, the pellet was resuspended in a
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commercially available, egg-yolk-based semen freezing extender (Botucrio,
Botupharma) at a concentration of 200 million sperm/mL. The diluted semen was
manually loaded in 0.5 mL straws and maintained for 20 min in a passive cooling device
(BotuFlex, Botupharma) with internal temperature previously stabilized at 5 °C [10].
Afterward, the straws were placed 6 cm above liquid nitrogen for 20 min and then plunged
into liquid nitrogen [11]. The straws were placed in goblets and racks and then transported
in liquid nitrogen to the Sao Paulo State University for post-thaw semen analyses as

described below.

2.2. Morphometric measurements

Bodyweight (kg), height at the withers, thoracic circumference, neck length, neck
crest height, and neck circumference at 25% (N 25), 50% (N 50), and 75% (N 75) along
the neck was measured in centimeters using a metric measuring tape (Figure 1). Neck
length was measured from the poll to the highest point of the withers [12]. Crest height
was measured at 50% of neck length, and to differentiate the crest (tissue apparent above
the ligamentum nuchae) from the neck muscles, palpation, and visual assessment were
performed [13]. All measurements were taken while the neck was held in a relaxed
position, approximately at a 45° angle. The BCS and crest neck scores (CNS) were
determined by two experienced clinicians. The BCS was rated from 1 to 9 as previously
described [14]; whereas CNS were graded from 0 to 5 [13]. Scores were rated to the
nearest half score increment, and the median of each horse’s scores was used for data

analysis.
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2.3. Body fat determination

Subcutaneous fat thickness (SFT) was measured with the use of ultrasound
coupled with a 7.5-MHz linear transducer (Mindray’s DP 2200, Mindray, Sdo Paulo,
Brazil). Subcutaneous fat thickness was measured at 4 different sites (Figure 1). Sites 1
and 2 were located approximately 5 cm lateral from the midline on the left side; the first
was on the flat area on the rear of the rump approximately 7-8 cm cranial to the tail head,
and the second site was at the withers [15]. Site 3 was located immediately behind the
scapula (shoulder SFT) on the left side, approximately 25 cm lateral to the dorsal midline.
The last site was the area immediately caudal to the xiphoid process and lateral to the
midline (retroperitoneal fat), with the transducer in a parallel position to the ventral

midline, as previously described [16].

Figure 1. Representative image of the measurement sites in the stallions enrolled in the
present study. Neck circumferential measurements were performed as shown above at
25%, 50%, and 75% of the neck’s length. Sites used to determine subcutaneous fat

thickness measurements are represented in circled numbers 1 to 4.
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2.4. Oral sugar test

All stallions were subjected to an oral sugar test (OST) to assess their risk for
equine metabolic syndrome. The OST was conducted the day after semen collection as
described elsewhere [17]. Briefly, the stallions fasted overnight. In the night before OST,
each horse received one flake of alfalfa hay at 10 pm. At 7 am, an intravenous catheter
was placed in the left jugular vein. Blood samples were obtained at time 0 h (7:45 am)
for baseline glucose determination. Corn syrup (Yoki, General Mills Brazil Food, Séo
Paulo, Brazil) was orally administered (0.15 mL/kg) at 8 am. Blood samples were
obtained at 30, 60, 75, 90, 120,150, 180, 210, and 240 minutes after corn syrup
administration for glucose determination. Care was taken to keep each horse calm and
undisturbed in its stall during the sampling time. Glucose concentration was determined
immediately after each collection using a handheld glucometer (Accu-Chek Performa,
Roche Diabetes Care, Sdo Paulo, Sdo Paulo, Brazil) [18]. Glucose concentrations were
plotted over time for each horse and the glucose curve generated was interpreted as

previously described [11].

2.5 Post-thaw semen analyses

Two straws were thawed at 38°C for 30s in a water bath. Immediately after
thawing, the content of the straws was transferred to a 2 mL tube, diluted (temperature-
match 1:1) with the same egg-yolk semen freezing extender for immediate sperm motility
analyses with a computer assisted-sperm analysis (HTM-IVOS 12, Hamilton Thorne
Research, Beverly, MA, USA). Five random fields were assessed for each sample. The
percentage of total sperm motility (TM), progressive motility (PM), average path velocity
(VAP), straight-line velocity (VSL), curvilinear velocity (VCL), and fast-moving

spermatozoa (RAP) were evaluated using customized settings for equine sperm. The
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CASA-established settings were as follows: image capture (frames per second: 60Hz),
image capture (number of frames: 45), detected cells (minimum contrast: 30), detected
cells (minimum 30 pixels), defaults (cell size 5 pixels), defaults (cell intensity: 40),
progressive cells (VAP 70 um/s), progressive cells (STR 80%), slow cells (VAP cutoff
30 um/s), slow cells (VSL cutoff 20 um/s), illumination intensity (2,200), illumination
photometer (125), video source (darkfield 60 Hz), static intensity gates (min/max: 0.48
and 1.45), static elongation gates (min/max: 0 and 97), chamber-type (Maklerl),
temperature (38°C), field selection (automatic).

Post-thaw all semen samples were submitted to fluorescent staining using a
Fortessa LSR equipment (Becton Dickinson, Mountain View, CA, USA) equipped with
blue (488-nm, 100 mW), red (640 nm, 40 mW) and violet (405-m, 100 mW) lasers. For
flow cytometry assays, all the samples were extended in TALP-PVA containing Hoechst
33342 (7uM ) to discard the non-cellular particles [19]. The composition of the TALP-
PVA medium was as follows: 100 mM NaCl, 3.1 mM KCI, 25.0 mM NaHCO3, 0.3 mM
NaH 2 PO 4, 21.6 mM DL 60% sodium lactate, 2.0 mM CaCl 2, 0.4 mM MgCl2, 10.0
mM Hepes-free acid, 1.0 mM sodium pyruvate, 1.0 mg/mL polyvinyl alcohol-PVA and
25 pg/mL gentamicin. For each assay, at least 10,000 cells per sample were analyzed.

For the evaluation of intracellular hydrogen peroxide (H202) production CM-
H.DCFDA (C6827, Life Technologies) was used in combination with propidium iodide
thus, in 500 pL of the diluted semen solution, 1.5 uM of propidium iodide and 1 uM of
CM-H.DCFDA were added, the incubation was performed for 20 minutes at 37°C.
Assessments of mitochondrial membrane potential, intracellular superoxide (O2)
production and plasma membrane stability were carried out, with the association of
YoPRO (YP; labeling for cells with destabilized plasma membrane), MitoStatus Red

(MST; mitochondrial potential) and MitoSOXTM Red (MSR; generation of superoxide
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anion in the mitochondrial matrix) [20]. Thus, in a 500uL sample of diluted semen, 25nM
YP, 20uM MST, and 2uM MSR were added, incubated at 37°C for 20 minutes. Propidium
iodide (PI), and FITC-PSA (Pisum sativum agglutinin conjugated to fluorescein
isothiocyanate) were used to assess the integrity of the plasma and acrosomal membrane
[21]. A sample of 200uL of semen was diluted in 1.5uM of Pl and 2ng of FITC-PSA and
incubated for 15 min at 37°C while protected from light

Lipid peroxidation assessments were carried out with the fluorescent probe C11
BODYPY (D-3861; Molecular Probes, Carlsbad, CA, USA). A sample of the semen was
diluted in TALP-PVA to a concentration of 5 x 10® sperm/mL with a final volume of
500pL. These samples were stained with 5 uM C11BODIPY581/591, 1.5 uM IP, and
incubated for 30 minutes at 37°C. After incubation, 2 consecutive washes were performed
by centrifugation at 300g for 5 minutes with TALP-PVA and TALP-PVA and the pellet
resuspended in 300uL of TALP-PVA [22]. After all the flow cytometric assays, data were

extracted using the manufacturer’s software (BD FACSDiva™ v6.1).

2.6 Statistical analyses

Statistical analysis was performed using GraphPad Prism (Istat 8.0 software,
GraphPad Software Inc. USA). Stallions were grouped as high body condition score (>7)
(High-BCS, n=9) or low body condition score (Low-BCS n=11) <7 (scale 1-9). To
evaluate the Gaussian distribution, morphometric and fat measurements, glucose levels,
and sperm parameters were subjected to a Shapiro-Wilk normality test. T-test (parametric
variables) or Mann-Whitney U tests (non-parametric variables) were used to compare
groups. Fisher’s exact test was used to assess the proportion of stallions peaking glucose
concentrations at 30 and 60 minutes after initiation of the oral sugar test. Pearson’s

coefficient of correlation was calculated for all variables assessed. Significance was set
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at p<0.05. The statistical tendency was defined as 0.05<p<0.10. Data are represented as

means and standard error means.

3. Results

3.1 Morphometric study and subcutaneous fat thickness

The group with High-BCS had greater body weight (Table 1) and higher body
condition scores than the Low-BCS group (p<0.05) (Figure 2), though there were no
differences in height between groups (p>0.05) (Table 1). The circumference at 25% and
50% of the neck’s length were larger for the High-BCS group (p<0.05) (Table 1). There
were no differences between groups for the CNS and neck crest height (p>0.05) (Figure
2). Stallions with High-BCS had greater subcutaneous fat thickness than Low-BCS
stallions at the tail head (p<0.05); however, there were no differences between groups in
the subcutaneous fat measured at the shoulders and withers (p>0.05); whereas the
retroperitoneal fat tended to be increased in the High-BCS group (Table 2).
Representative images of the neck and whole body for stallions in the High-BCS and

Low-BCS groups are depicted in Figures 3 and 4.
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Figure 2. Box plots for body condition scores (BCS) (A) and crest neck scores (CNS)
(B). The stallions were group in Low-BCS (<7, n=11) or High-BCS (>7, n=9) (scale 1-
9). The box represents the 25% quartile, median, and 75% quartile, whereas the lower
whiskers represent the 25% quartile — 1.5 x (interquartile range) and the upper whisker
represents the 75% quartile + 1.5 x (interquartile range). Different superscripts®® denote

effects of groups (p<0.05).
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Table 1. Morphometric parameters for stallions classified as Low Body Condition Scores

(Low-BCS, n=11; <7) and High Body Condition Scores (High-BCS, n=9; >7).

Group
Variables p-values
Low-BCS High-BCS

Age (years) 11.2+1.75 9.8+ 17 0.60
Withers height (cm) 143.0+£0.4 143.4 £0.6 0.50
Body weight (kg) 400.1 + 6.9 450.0 +17.1° 0.01
Neck crest height (cm) 8.0x0.3 9.4+09 0.11
NC 25 (cm) 75.7+£0.8? 82.0+0.7° 0.0001
NC 50 (cm) 97.1+2.42 105.4 + 1.8 0.01
NC 75 (cm) 121.0+21 1242+1.1 0.21

NC neck circumference at 25%, 50%, and 75% of the neck’s length, respectively. Data

expressed as means + SEM. Different superscript letters®® within row indicate

differences between groups (p< 0.05).

Table 2. Subcutaneous fat thickness measured at 4 different sites in stallions classified as

Low Body Condition Scores (Low-BCS, n=11; <7) and High Body Condition Scores

(High-BCS, n=9; >7).

Group
Sites p-values
Low-BCS High-BCS
Tailhead 1.5+0.1° 2.2+0.1° 0.0008
Withers 0.6 £0.09 0.5+0.09 0.23
Shoulder 0.3+0.03 04+0.1 0.61
Retroperitoneal 0.9+0.07 1.1 +0.05 0.06

Different superscript letters®® in the row indicate differences between groups (P < 0.05).
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273 Figure 3. Representative images of the neck of a stallion in the group with a Low Body
274  Condition score (A lateral view and B dorsolateral view) and a stallion with a High-Body

275  Condition Score (C lateral view and D dorsolateral view).
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Figure 4. Representative images of the tailhead and other sites evaluated of a stallion in
the group with a Low-Body Condition score (A and B) and a stallion with a High-Body

Condition Score (C and D).

3.2 Oral sugar test

All stallions had resting blood glucose <105 mg/dL, which is below the suggested
cutoff for equine metabolic syndrome [17]. There were no differences between groups
for resting glucose concentrations (Table 3). For all stallions except one, glucose
concentration peaked at 30 or 60 minutes after the administration of corn syrup (Table 3).
There were no differences between groups for peak glucose concentrations 30 or 60

minutes after initiation of the OST (p>0.05).
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287  Table 3. Mean glucose concentrations in stallions classified as Low Body Condition Scores (Low-BCS, n=11; <7) and High Body Condition

288  Scores (High-BCS, n=9; >7) subjected to oral sugar test.

Resting glucose Peak glucose (mg/dL) 30 min* Peak glucose (mg/dL) 60 min** Glucose (mg/dL) at
(mg/dL) 75 min
Mean + Ranges Mean + Ranges Proportion Mean + Ranges  Proportion  Mean Ranges
SEM SEM SEM SEM

Low-BCS 85.64+2.7 74-100 108.4+4.8 94-111 7/11 103.0+£29  95-108 4/11 91.8+29 79-113

High-BCS 83.67+19 7795 1155+8.1 96-148 6/9 105.7+£10.4  89-125 3/9 99.1+51 75-125

There were no differences between groups for any of the endpoints assessed (p>0.05). *Mean glucose concentration for stallions that reached
maximal blood glucose concentration within 30 minutes of the oral glucose bolus. **Mean glucose concentration for stallions that reached maximal

blood glucose concentration at 60 minutes of the oral glucose bolus.
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Figure 5. Plasma glucose concentrations from stallions classified as Low Body Condition
Scores (Low-BCS, n=11; <7) and High Body Condition Scores (High-BCS, n=9; >7).

There were no differences between groups (p>0.05).

3.3 Post-thaw semen parameters

There were no differences between Low BCS and High BCS stallions in total
motility, progressive motility (Figure 6), or sperm velocity parameters (p>0.05) (Table
4). Plasma membrane integrity, mitochondrial membrane potential, lipid peroxidation,
intracellular superoxide production, and hydrogen peroxide were not different between

groups (p>0.05) (Figures 7 and 8).
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Figure 6. Total and progressive motility for stallions classified as Low Body Condition
Scores (Low-BCS, n=11; <7) and High Body Condition Scores (High-BCS, n=9; >7).

There were no differences between groups for either endpoint assessed (p>0.05).

Table 4. Post-thaw sperm velocity parameters for stallions classified as Low Body

Condition Scores (Low-BCS, n=11; <7) and High Body Condition Scores (High-BCS,

n=9; >7).
VAP VSL VCL RAP
Groups
(um/s) (um/s) (nm/s) (nm/s)
L-BCS 823+2.2 702 160 £ 4.5 30.0+£3.5
H-BCS 78.0+3.1 66.3+2.7 155+ 7.0 304+5.1

Average path velocity (VAP), straight-line velocity (VSL), curvilinear velocity (VCL),
and spermatozoa with rapid movement (RAP). Data expressed as Mean £ SEM. There

were no differences between groups for any of the endpoints assessed (p>0.05).
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Figure 7. Plasma membrane integrity (A), mitochondrial membrane potential (B), and

lipid peroxidation (C) for stallions classified as Low Body Condition Scores (Low-BCS,
n=11; <7) and High Body Condition Scores (High-BCS, n=9; >7). There were no

differences between groups for any of the endpoints assessed (p>0.05).
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Figure 8. Intracellular superoxide (A), hydrogen peroxide (B), for stallions classified as
Low Body Condition Scores (Low-BCS, n=11; <7) and High Body Condition Scores
(High-BCS, n=9; >7). There were no differences between groups for any of the endpoints

assessed (p>0.05). AU, arbitrary unit.

3.4 Coefficient of variations

The neck crest height was moderately correlated (r= -0.5 to -0.6) with sperm
motility parameters such as progressive motility, average path velocity, straight-line
velocity, and sperm with rapid movement (Table 5). Fat deposition at withers was
moderately correlated (r= -0.5 to -0.6) with progressive motility. Sperm velocity and
motility parameters were highly correlated, as well as superoxide production and

mitochondrial membrane potential (Table 5).
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Table 5. Coefficient of correlation for all endpoints evaluated.
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BCS CNS Age WH BW NCH NC25 NC50 NC75 TLD WTR SDR RTP BG TM PM VAP VSL VCL RAP PMI MMP Oz H0: LP
BCS 1.0
CNS 038 1.0
Age -015 NC 1.0
wH 016 -011 NC 1.0
BW 033 NC NC 014 1.0
NCH 017 078 NC NC -0.15 1.0
NC25 0.60 0.34 -0.24 0.13 0.60 024 1.0
NC50 048 046 -0.23 NC 030 034 069 1.0
NC75 030 0.18 026 NC 014 013 036 058 1.0
TLD 053 NC -0.11 -013 0.70 -0.20 0.65 040 020 1.0
WTR NC 023 013 -0.12 -041 019 -032 NC -015 -025 1.0
SDR 030 NC -030 NC NC -023 029 034 040 016 011 1.0
RTP 031 NC NC NC 015 NC 028 028 013 024 NC 026 10
BG -0.34 -058 -0.19 0.23 -0.12 -0.25 -0.12 -0.16 -0.12 NC NC NC 042 10
™ 0.16 -0.17 NC NC 031 -038 NC 013 018 037 -036 NC 014 NC 1.0
PM NC -041 NC NC 033 052 NC NC NC 032 -056 -016 NC NC 086 1.0
VAP -0.14 -050 -0.15 0.14 NC -058 -0.18 NC -0.15 -0.13 -0.35 NC -0.18 NC 0.19 054 1.0
vsL -0.17 -058 -0.15 0.16 NC -057 -0.15 -0.24 -028 NC -047 -014 -013 0.17 NC 052 092 1.0
vcL 011 -0.18 -0.14 NC -027 -011 NC 026 NC NC 020 NC -018 011 NC NC 053 035 10
RAP NC -031 NC NC 033 -054 -015 NC 012 027 -039 NC NC -0.16 088 092 055 042 014 1.0
PMI 016 NC 025 013 NC NC 018 NC 015 -017 -016 NC NC -038 NC NC 034 034 NC 016 10
MMP NC -025 NC 026 NC -023 017 NC NC -012 -012 0.18 -0.23 -0.17 -0.31 -0.19 021 021 NC -0.14 055 1.0
Oy NC 022 NC NC NC 019 -019 024 NC NC NC -020 NC NC 046 033 NC NC 027 033 -050 -0.87 1.0
H.0, NC NC NC NC -036 NC -020 -048 -034 -023 031 026 034 036 -039 -047 -031 -0.17 -0.31 -053 -0.16 0.15 -031 1.0
LP 012 NC 020 NC 040 NC NC NC NC 039 -042 -056 -029 -0.19 045 045 NC NC NC 039 -022 -038 045 -050 1.0

BCS, body condition score; CNS, crest neck score; WH, withers height; BW, body weight; NCH, neck crest height; NC, NC neck circumference; TLD,
tailnead; WTR, withers; SDR, shoulder; RTP, retroperitoneal; BG, baseline glucose; TM, total motility; PM, progressive motility; VAP, average path
velocity; (VCL) and VSL, straight-line velocity VCL, curvilinear velocity; RAP, spermatozoa with rapid movement PMI, plasma membrane integrity;
MMP, membrane mitochondrial potential; Oz, intracellular superoxide; H>O> hydrogen peroxide; LP, lipid peroxidation. The shaded area indicates
moderate to strong correlations (r > 0.5). NC: no correlation or r<0.1.
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4. Discussion

The present study is the first to assess the associations between body
morphometric parameters, fat deposition, and in stallions. The Crioulo breed was used
herein as a model because the breed has been the focus of concerns regarding high body
fat deposition [2,3]. However, the results can be extrapolated to other horse breeds kept
under similar husbandry practices. While there were no associations between Low-BCS
or High-BCS with post-thaw semen parameters, none of the stallions enrolled in the
present study had a history of endocrinopathy-induced laminitis, abnormal baseline
glucose concentration or glucose dysregulation after OST. It is possible that if stallions
with glucose dysregulation were used (i.e., affected with equine metabolic syndrome),
the results could have been different. Collectively, the findings of the present study
suggest that High- or Low-BCS alone cannot explain post-thaw semen quality in stallions.
It is worth noting that only a single time point was evaluated and the effects of high or
low bodyfat deposition may show detrimental effects over time rather than in a single
time point. Since all the stallions used herein had stable routines and diets, it unknown if
having High- or Low-BCS for multiple seasons can have detrimental cumulative effects
on semen freezing ability or reproductive longevity. Further studies are needed to address
the effects of adiposity overtime on semen freezing characteristics.

Studies of horses with abnormal oral sugar test reported that animals with clinical
signals of equine metabolic syndrome (e.g., obese and laminitis) have peak glucose
concentrations starting at 75 minutes after sugar administration [3]. In the present study,
the stallions had peak glucose concentrations between 30 and 60 minutes, suggesting that
they were able to quickly metabolize glucose after its oral administration. One study

involving horses with Low-BCS and High-BCS similar to ours suggested that low-BCS
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horses should have fasting baseline glucose around 87 mg/dL and peak around 108
mg/dL, however, non-equine metabolic Crioulo horses with High-BCS had baseline
glucose of 92 mg/dL and then peak around 124 mg/dL after OST [3]. Horses with equine
metabolic syndrome are reported to have resting glycemia >110 mg/dL [17].

High-BCS in ruminants is associated with fat deposition in the scrotum neck,
resulting in problems with testicular thermoregulation and abnormal spermatogenesis
[5,6]. However, stallions tend to deposit fat around the external lamina of the prepuce,
rather than the scrotum. Therefore, increased BCS/adiposity does not appear to interfere
with testicular thermoregulation. If body condition/adiposity can affect semen quality and
fertility in stallions it would be due to mechanisms other than deposition of fat in the
scrotum. The present study is consistent with findings in man, where high-fat deposition
alone does not result in poor semen quality [7], however, other conditions associated with
obesity such as diabetes and hyperestrogenism, hypo-gonadotropic hypogonadism,
sexual dysfunctions, and sperm epigenetics disturbances can impair semen quality [23].

A controversy exists in practice regarding whether stallions should be kept with
higher (e.g., >7, scale 1-9) or lower body condition scores (e.g., <7) during the breeding
season. The argument against high body condition score is that popular stallions having
to breed or collect semen multiple times per week may struggle to do so effectively due
to lack of fitness and perceived lower libido than leaner stallions. Conversely, stallions
that are too thin or that lose too much weight during the breeding season tend to
experience a reduction in semen quality, thus, if the stallion starts the season with a Low-
BCS it could experience a further reduction in semen quality. In the present study
conducted in the peak of the breeding season in the Southern Hemisphere, BCS did not

affect semen quality, which agrees with our hypothesis. Although fertility was not
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assessed in the present study, it unlikely that BCS similar to the ones in the present study
would affect fertility.

When assessing BCS the typical points assessed are neck, withers, retroperitoneal
space, behind the shoulders, and tail head as done in the current study. Our results
indicated that subcutaneous fat deposition at the tail head and neck thickness are the
variables best correlated with BCS in stallions. In the present study, the variation in BCS
within groups was small (5-8). It is possible if stallions with a wider range of BCS were
used, we may have yielded different results.

It is unknown if chronic insulin dysregulation and endocrinopathy-induced
laminitis can affect testicular function, spermatogenesis, and sperm function in stallions.
As none of the horses used in the current study had equine metabolic syndrome or
endocrinopathy-induced laminitis, our findings do not allow us to make inferences about
insulin metabolism and laminitis and semen quality. In addition, neither Low- nor High-
BCS appeared to affect plasma membrane metabolism or oxidative stress in stallions. In
bulls, thermal dysregulation is associated with increase morphologic sperm defects [5]
and suggested a reduction in plasma membrane integrity [25]. Obesity in man is
associated with increased oxidative stress on sperm and increased lipid peroxidation [26—
28]. However, in horses with High-BCS in absence of equine syndrome metabolic, there
was no increase in oxidative stress herein.

In conclusion, our findings suggest that High- or Low-BCS alone cannot explain
post-thaw semen quality in stallions. It is possible that if stallions with glucose
dysregulation were used (i.e., affected with equine metabolic syndrome), the results could
have been different. Our results suggest that if a stallion has High-BCS, and does not have
insulin-dysregulation or endocrinopathy-induced laminitis, its semen quality will likely

not be affected by the high body fat deposition; however, it remains to be determined if
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there is a long-term detrimental effect of High-BCS and post-thaw semen quality in
stallions. Further studies are warranted to determine the chronic body fat deposition in
stallions and the effects of the equine metabolic syndrome and insulin resistance on sperm

parameters and reproductive efficacy of stallions.
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