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Resumen

Resumen

La crioconservacion del esperma es un pilar basicolos programas de
reproduccién asistida en la especie canina, alirdimésta los inconvenientes del
transporte de animales, permitir la reproducciompel@os genéticamente superiores en
aquellos casos en los que el apareamiento natesalta imposible y al ofertar la
posibilidad de almacenar el esperma indefinidampata su posterior uso. Pese a todas
estas ventajas, la fertilidad potencial del esparomgelado se ve comprometida debido
a las alteraciones en la estructura y fisiologladpermatozoide que se producen tras el
proceso de congelacion y descongelacion. Por eHdoe la necesidad de desarrollar
técnicas de congelacibn mas eficaces y procediosemjue contrarresten estas
limitaciones.En la actualidad, las técnicas de separacién derragpozoides mediante
la centrifugacion coloidal son capaces de mejaraalidad del esperma criopreservado,
seleccionando los espermatozoides mas viables nabmente fértiles) de una
poblacion donde la mayoria estan dafilados o muéftogste sentido, la seleccion de
espermatozoides podria ser un prerrequisito paemebtasas de gestacion optimas tras
la inseminacion artificial con esperma congeladsedagelado de perro.

El gradiente de densidad PureSperiue disefiado para la seleccién de
espermatozoides viables y morfolégicamente intaetosumanos. No obstante, ha sido
empleado con éxito en varias especies animalesj.(primates, toro y carnero). Sin
embargo, segun la bibliografia consultada, no tha evaluado en la especie canina. Por
lo expuesto, el objetivo principal de esta Tesictb@l fue estudiar la eficacia del
coloide comercial PureSpefmpara la seleccién de espermatozoides caninos
crioconservados, evaluando diferentes parametroscalilad seminal (motilidad,
morfoanomalias, vitalidad espermatica e integridla@crosoma) en muestras seminales
frescas, no seleccionadas (crioconservadas o tontseleccionadas (crioconservadas

y centrifugadas en PureSpéhm

En la primera y segunda publicacion se evalud fluencia del proceso de
crioconservacion y de la centrifugacion a travdsgdadiente de densidad discontinuo
PureSperfi 40/80 en la calidad seminal y la estructura destgspoblaciones cinéticas

del esperma canino crioconservado. En la tercebficagion buscamos simplificar la
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Resumen

técnica de separacion, realizando en esta ocasguoantrifugacion en una sola capa de
PureSperfi 80. Durante el periodo experimental se empleamriotal de 9 perros
adultos y sanos de diferentes razas (3 Galgos egsail Braco Aleman, 1 Mestizo y 4
Beagles). Un total de 20 eyaculados fueron obtesnidediante estimulacion manual
(10 para las publicaciones uno y dos y 10 parartzeta publicacién), 1 6 2 veces por
semana, Yy la fraccion espermética del eyaculadedparada. Las muestras seminales
fueron crioconservadas empleando un protocolo éatgmétodo Uppsala modificado),
para después de su descongelacion ser centrifugadémvés de los coloides
PureSperffi 40/80 o PureSpeff80. Las muestras seminales (inmediatamente después
de la recogida, tras la descongelacion y después siteccion mediante centrifugacion
coloidal PureSperfh40/80 y PureSperfh80, segiin experimentos) fueron evaluadas
para el movimiento (mediante el sistema de analsissperma asistido por ordenador -
CASA, Sperm Class Analyzer), la morfologia espeitadfen muestras tefiidas con
Diff-Quick®), y la integridad de las membranas plasmaticargséenica (tincién triple

de Yoduro de Propidio, Isocianato de fluoresceim@jugado con la lectina&rachis

Hipogeay Rodamina 123).

La criopreservacion afecto significativamente (B,8601) a todos los parametros
seminales analizados. Asimismo, influyo significaihente (P < 0,001) en la frecuencia
de distribucion de los espermatozoides movilesrdedé cada subpoblacién y los
parametros cinéticos de las mismas. La centrifégagitravés del gradiente discontinuo
de densidad PureSpetrd0/80 mejoré la calidad de las muestras criocoas@s en
cuanto a movimiento y vitalidad (P < 0,001). Paoagdarte, las muestras seleccionadas
fueron enriquecidas en la Subpoblacion 4 (esperoates muy veloces y progresivos),
alcanzando proporciones del 31,9% en comparacidiasomuestras no seleccionadas
(24,9%). En conclusién, el gradiente de densidace$hern? 40/80 es un método

relativamente simple que permite mejorar la calideldesperma canino crioconservado.

En cuanto a la centrifugacion del esperma canimec@nservado a través de una
sola capa del coloide PureSpé&r80, las muestras seleccionadas presentaron mejores
porcentajes de movimiento, morfologia, vitalidaidtegridad de acrosoma (P < 0,001),
en comparacion con las muestras no seleccionadastrdl). Asimismo, la
centrifugacién en una sola capa de PureSPe8® incrementé el porcentaje de

espermatozoides muy veloces y progresivos (Subgiobl2: 44,1%). De los resultados
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Resumen

obtenidos podemos concluir que la centrifugacidraaés del coloide PureSpetrB0
puede ser una alternativa al gradiente discontifumeSperffi 40/80 y un método

satisfactorio para mejorar la calidad del esperamno crioconservado.
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Abstract

Abstract

Sperm cryopreservation is an integral part of ésdiseproductive programs and
eliminates disadvantages of animal transportation, allows genetically superior dogs
to reproduce even if natural mating is impossihale] allows breeders to store semen
for future use. However, cryopreservation induceth la loss of sperm viability and an
impairment of functionally of the spermatozoa sung the thawing, thus reducing
fertilizing ability. Therefore, it is important talevelop a suitable technique to
cryopreserve mammalian spermatozoa. Currently, ribegdition techniques through
layers of colloid has been satisfactorily applied itnprove the quality of sperm
following cryopreservation, thus selecting the mukble spermatozoa (potentially
fertile) from a population where the majority hasehb damage or is dead. In this sense,
sperm selection might be one of the prerequisaesdhieving optimal conception rates

after artificial insemination with frozen-thawedglsemen.

The PureSperfh density-gradient was designed to select viable and
morphologically intact human spermatozoa. Howewtehas been used inter-species
(i.e. primates, bull, and ram) with acceptable tsstHowever, to our knowledge,
studies on the effect of Puresp&rmentrifugation on frozen-thawed dog semen have
not been reported. The main aim of this Doctoraksi$ was to investigate if
centrifugation through PureSpetnsan improved the post-thaw quality of dog semen,
based on the evaluation of sperm motility, morpggloviability and acrosome integrity
in fresh semen, unselected semen samples (posinthaoy control) and selected

preparations (after centrifugation of thawed sampheough PureSpefth

In the first and second papers of this series wauated the effects of both
cryopreservation and discontinuous density-gradientrifugation through PureSpetm
40/80 on semen quality and structures of motilerapgibpopulations of frozen-thawed
dog semen. The third paper tried to simplify thersp selection technique used in the
other ones, using single-layer centrifugation tigtou PureSperfh 80 after
cryopreservation. During the experimental periaderhealthy, mature dogs of different
breeds (3 Spanish Greyhounds, 1 German Pointerp4sfireed and 4 Beagles) were
used. In total, twenty ejaculates were collectedligytal manipulation (10 ejaculates for
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Abstract

the first and second papers and 10 ejaculateshéotthird paper), once or twice per
week, and the sperm-rich fraction of the ejacul@és collected. Semen samples were
cryopreserved following a standard method (modifiggbsala method) and selected by
either density-gradient centrifugation on PureS{Serrd0/80 or single-layer
centrifugation through PureSpetn80. Fresh semen, unselected sperm samples and
selected preparations were evaluated for spermlitpafassessed by computerized-
assisted semen analysis - CASA), morphology (Diffé®® staining) and viability
(triple fluorescent stain of Propidium iodine / tlsiocyanate-labeled peanuiréchis

hypogaea/ Rhodamine 123).

Cryopreservation had a significant (P < 0.001) atffen all studied semen
parameters. Likewise, cryopreservation had a saamif (P < 0.001) effect on both the
frequency distribution of spermatozoa within subgepons and the motion
characteristics of each subpopulation. PureSPeti80 centrifugation yielded sperm
suspensions with improved motility and viability €°0.001).0n the other hand, the
selected sperm samples was enrich in Subpopuldti@mgh speed and progressive
spermatozoa), reaching a proportion of 31.9% ofpfesent spermatozoa, in contrast
with the unselected sperm samples, where this serapopulation accounted for
24.9% of the total. In conclusion, PureSp&rd0/80 centrifugation is a relatively
simple method for successfully improving the qualibf frozen-thawed dog

spermatozoa.

With regard to single-layer centrifugation resuRsireSperffi 80 yielded sperm
suspensions with improved motility, morphology,biisy and acrosome integrity (P <
0.001). The selected sperm samples were enrich8dbpopulation 2 (high speed and
progressive spermatozoa), reaching a proportiofddf% of the present spermatozoa.
From these results, we conclude that single-lagetrifugation with PureSpef80
may be an alternative and successful method forawpg the quality of frozen-thawed

dog spermatozoa.
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Introduccion

La crioconservaciéon de esperma constituye una paegral en los programas
de reproduccion asistida y tiene aplicacién enirdast circunstancias, tales como
aquellas que implican problemas de fertilidad en neghcho, en Técnicas de
Reproduccién Asistida (TRA) y donantes en bancossperma (Kim et al., 2010). Sin
embargo, este procedimiento induce una serie debioanosmoticos, quimicos y
mecanicos al espermatozoide, causando la muedtydeas células y graves dafios en
aquellas que sobreviven tras el proceso de cornigelac descongelacion (Watson,
1995; 2000). Estos dafios son acumulativos y pegquksones pueden resultar en
importantes cambios perjudiciales al final del psm (Nicolas et al., 2012), lo que se
traduce en una disminucion de la viabilidad delees@tozoide y la consecuente
disminucién de su capacidad fertilizante (Wats@9®. Asi, la tasa de gestacion y los
porcentajes de nacidos vivos mediante las TRA Bsuao son completamente
satisfactorios cuando usamos esperma canino csemmado (Kim et al., 2010). Por lo
expuesto, la seleccion de los espermatozoides by (potencialmente fértiles) en
muestras seminales procesadas (congeladas-desmag)eldonde la mayoria estan
dafiados o muertos podria ser uno de los requigpitegios para lograr tasas de
concepcion optimas tras la inseminacion artifi¢ia) u otras TRA con semen canino

congelado-descongelado.

Actualmente, existen diversos procedimientos (p.n@pracion, filtracion y
centrifugacion a través de coloides) disponibles pa seleccion de espermatozoides
funcionales en base a distintas cualidades espeamatMorrell et al., 2011). En
concreto, la centrifugacién a través de gradiedéedensidad ha sido indicada para las
seleccion de espermatozoides en reproduccion desiglilorrell et al., 2009). Esta
técnica ha sido utilizada satisfactoriamente pepaar espermatozoides maviles, con
la cromatina intacta y morfolégicamente normalesrésto del eyaculado (Morrell et
al., 2009). Recientemente, se han desarrolladorediies formulaciones especie-
especifica para su uso en reproduccion asistidaahamny animal (Morrell and
Rodriguez-Martinez, 2009), incluida la especie wani(Morrell et al., 2008a).
PureSperfil (Nidacon International AB, Gotemburgo, Suecia), aigoestos productos

comerciales, fue originalmente disefiado para seleac espermatozoides humanos
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viables y morfolégicamente intactos para su pastenmso en reproduccion asistida
(Soderlund and Lundin, 2000; Morrell et al., 200ousset-Siméon et al., 2004).
PureSperffi ha sido también empleado con éxito en eyaculadusigstras procesadas
de numerosas especies animales, como primatesg@@&ral., 2003), titis (Hernandez-
Lopez et al., 2005), toros (Hollinshead et al.,Z20Maxwell et al., 2007; Underwood
et al., 2009), carneros (O'Brien et al., 2003; idsliead et al., 2004a), osos (Nicolas et
al., 2012) y perros (Dorado et al, 2011a, 2011btliph et al., 2012), con el fin de
separar los espermatozoides del plasma seminduyedies y enriquecer también la
cantidad de células espermaticas con morfologianaloy/o motiles para ser usado
posteriormente en TRA. Sin embargo, segun la lghdiifa consultada, no existen
estudios sobre el efecto de la centrifugacion destnas de semen canino congelado-

descongelado a través de gradientes de PureSperm

Un nuevo método de seleccion de espermatozoidesamedcentrifugacion
coloidal ha sido recientemente desarrollado porr#oet al. (2008a), el cual emplea
una sola capa de coloide. Esta técnica es masesigugl la centrifugacion a través de
gradientes, pero aparentemente igual de eficaz réMloet al., 2009). Asi, usando
diferentes coloides, la centrifugacién en una salaa de coloide ha sido empleada con
exito para mejorar la calidad de muestras de espenrhumanos (Zhou et al., 2010),
sementales (Morrell et al., 2010; Gutiérrez-Cepetal., 2011) verracos (Martinez-
Alborcia et al., 2012), toros (Thys et al., 2009¢yros (Morrell et al., 2009) y gatos
(Chatdarong et al., 2010). Una modificacién de danica de centrifugacion en el
gradiente de densidad PureSp@reentrifugacion a través de una sola capa dedm|oi
ha sido realizada en la especie humana con ressl&zkptables (Zhang et al., 2004).
En cambio, segun nuestro conocimiento, no exisgtndas sobre el efecto que la
selecciébn de espermatozoides mediante la centcifigaen una sola capa de
PureSperfpudiera tener sobre la calidad del esperma de pderalescongelacion.

El movimiento espermatico juega un papel importageel transporte del
esperma dentro del tracto reproductor femeninacalmente para la penetracion de
la zona pellcida. Clasicamente se ha consideradgyasulado como una poblacién
homogénea con una distribucion estadistica nomtiizandose los valores medios de
movimiento para clasificar los eyaculados o pauar el efecto de un tratamiento o

un procedimiento biotecnolégico, lo que a dia de/ s considerado erréneo
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(Mortimer, 1997). Actualmente, la identificacion sigbpoblaciones de espermatozoides
moviles dentro de un mismo eyaculado en mamifezdsasconvertido en un tema de
maximo interés para la correcta evaluacion deyaswdados. Sin embargo, no existe un
consenso sobre el papel fisiologico que represemstas subpoblaciones en el
eyaculado. Ademas es ampliamente conocido queeaxdistintas subpoblaciones de
espermatozoides en los eyaculados de diferentesiesp(Holt, 1996; Abaigar et al.,
1999; Rigau et al., 2001; Quintero-Moreno et @02 Dorado et al., 2010), las cuales
se caracterizan por parametros cinéticos con \&fmexisos, obtenidos por los sistemas
de andlisis de esperma asistido por ordenador (JAS& esta manera, la presencia de
estas subpoblaciones cinéticas se ha relacionadtagesistencia a la criopreservacion
(Martinez-Pastor et al., 2005; Nufiez-Martinez gt28106; NUfiez Martinez et al., 2006;
Flores et al., 2009), la presencia de estimula@baigar et al., 1999), la respuesta a la
refrigeracion y la fertilidad (Quintero-Moreno elt,a2003; Quintero-Moreno et al.,
2004; 2007). No obstante, segin nuestro conocimienat se han realizado estudios en
referencia a la influencia de la centrifugacion skeinen canino crioconservado bien a
través del gradiente de densidad PureSPerm través de una sola capa de este coloide
comercial sobre la estructura de las subpoblaciciesticas del espermatozoide de

perro.
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Objetivos

El objetivo principal de la presente Tesis Dodtdue valorar la eficacia del
coloide comercial PureSpefmen la seleccién del espermatozoide canino

crioconservado, en base a la calidad seminal dal&stras procesadas.

Para alcanzar tal objetivo se plantearon diversbgetivos especificos,

desarrollados en cada una de las tres publicacopreesicluye esta Tesis Doctoral:

Objetivo 1: Evaluar los efectos de la crioconservacion del respecanino en un
diluyente comercial (CaniPR® Freeze A & B, Minitiib, Tiefenbach, Alemania) sobre
la calidad seminal (Dorado et al., 2011a) y lariiation de los espermatozoides dentro
de las diferentes subpoblaciones cinéticas ideatifis (Dorado et al., 2011b).

Objetivo 2: Investigar si la centrifugacion a través del gratiede densidad
discontinuo PureSpef40/80 mejora la calidad espermatica de dosis seesin
crioconservadas (Dorado et al., 2011a), incluyesuw@fecto sobre las subpoblaciones

espermaticas (Dorado et al., 2011b)

Objetivo 3: Valorar como la centrifugacion del esperma cacimaconservado a través
de una sola capa del coloide PureSfer80 mejora la calidad seminal a la
descongelacidn, en base a su capacidad de sepavpoblaciones de espermatozoides
con buen movimiento, morfologia, vitalidad e intdgd de acrosoma (Dorado et al.,
2013).

-11 -
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Material y Métodos

1. Animales

A lo largo del periodo experimental se emplearortaial de 9 perros adultos y
sanos de diferentes razas (3 Galgos espafiolescb Bleman, 1 mestizo y 4 Beagles),
con edades comprendidas entre los 3 y 8 afios grtiledbid desconocida. Los animales
fueron alojados en las instalaciones del Hospitali€» Veterinario de la Universidad
de Cérdoba SL y alimentados con pienso comercgiugad libitum.

2. Obtencion y valoracion de las muestras seminales

Para la primera y segunda publicacion se recogignciotal de 8 eyaculados (2
eyaculados por individuo) de 4 de los perros, mantjue en la tercera publicacion
recolectamos un total de 10 eyaculados (2 eyacsilpdoindividuo) de 5 de los perros.
Los eyaculados fueron recolectados en dias altemediante estimulacion manual
(Linde-Forsberg, 1991). La segunda fraccion dekelgo (fraccion espermatica) se
recolecté en tubos graduados (BD Faltbubes, BD Biosciences, Erembodegem,
Bélgica) atemperados a 38°C, despreciandose ks ads fracciones (preespermatica y
prostatica).

Inmediatamente tras la recogida, las muestrasnsdesifueron evaluadas para el
volumen, la concentracién, el movimiento y la mtfpa espermatica. El volumen de
la fraccion espermatica fue registrado en tubosbrealos. La concentracion
espermatica se evalué mediante fotdmetro (SpernfaCMnitiib, Tiefenbach,
Alemania), como describiéo Pefa et al. (2003). Lafohogia espermatica se valoro
subjetivamente en extensiones tefiidas con la tin®@éf-Quick® (Baxter DADE
Diagnostics AG, Dudingen, Suiza). Un minimo de 28permatozoides por muestra
fueron evaluados en microscopio de campo claroniplys BH-2, Olympus Optical
Co., LTD, Tokio, Japon), obteniendo el porcentage espermatozoides anormales
(ASM, 9%). Solo fueron incluidos en los estudios eps eyaculados cuya

concentracion espermatica fuera superior a 200°x d€permatozoides/ml, volumen
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superior o igual a 0,8 ml, con una motilidad tataperior al 65% y un porcentaje de

morfoanomalias inferior o igual al 30%.

3. Protocolo de congelacién y descongelacion debesma canino

Las muestras seminales fueron procesadas segaétetio Uppsala (Pefia and
Linde-Forsberg, 2000), modificado por Nufiez-Mariet al. (2006). Tras la recogida,
las muestras seminales fueron diluidas al 1:1 (ew)diluyente Tris-acido citrico
(Biladyl® A, Minitiib, Tiefenbach, Alemania) y centrifugadas700 x g durante 10
minutos a temperatura de laboratorio (22°C). Teasdntrifugacion, se elimind el
sobrenadante y el sedimento resultante se resuépartémperatura de laboratorio, con
el volumen necesario de CaniPRUOFreeze A suplementado con un 20% de yema de
huevo para alcanzar una concentracién aproximada 306-400 x 10
espermatozoides/ml. La muestra diluida se refrigenfamente hasta 5°C durante 1
hora en Equitainé | (Hamilton Research, Inc., Danvers, MA, USA). Antiauacion,
realizamos una segunda dilucién con CaniPREreeze B (5°C) con un 20% de yema
de huevo hasta conseguir una concentracién finebxapada de 150-200 x 10
espermatozoides/ml. Finalmente, las muestras fuemowvasadas manualmente en
pajuelas de plastico de 0,5ml, congeladas horiloetste en vapores de nitrégeno
liquido, 4 cm por encima de la superficie del mgno liquido, durante 10 minutos y
almacenadas directamente en nitrogeno liquido a96°Cl Tras 24-48 horas de
almacenamiento, las pajuelas seleccionadas al faeaon descongeladas mediante

inmersion en bafio maria a 37°C durante 30 segyatassu posterior analisis.
4. Seleccién de espermatozoides

Para la separacion y seleccion de espermatozaetlesdosis de semen
criopreservado de perro, empleamos dos técnicasldecion diferentes: 1) el gradiente

de densidad discontinuo para las dos primeras qaddtines y 2) la centrifugacion

coloidal en una sola capa para la tercera pubboaci
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4.1. Centrifugacién en gradiente discontinuo desitted (PureSperfh40/80)

La seleccion de espermatozoides a través del gitadile densidad discontinuo
PureSperffi fue realizada segun las indicaciones del fabricéNtdacon International
AB), a temperatura de laboratorio. En resumen, Xahlcoloide PureSpefin80 es
pipeteado en un tubo de centrifugacién cénico deml5(BDFalcod™ Tubes) vy,
seguidamente, aplicamos cuidadosamente encimaalerés segunda capa de 2 ml del
coloide PureSperfh40. Finalmente, depositamos una alicuota (1,5 dal)esperma
congelado-descongelado (tres pajuelas de 0,5 ml aprdenian entre 150-200
espermatozoides/ml) sobre el gradiente de densiacbntinuacion realizamos una
primera centrifugaciéon a 300 x g durante 20 minispendorf Centrifuge 5702RH,
Eppendorf Ibérica SLU, Madrid, Espafia), tras la gsi@ramos y eliminamos las capas
superiores (diluyente y espermatozoides no viablés) pellet (espermatozoides
seleccionados) se resuspendid en 5 ml de tampdatdosalino atemperado (PBS,
Sigma-Aldrich Chemie GMBH, Steinheim, Alemania)gntrifugado de nuevo a 500 x
g durante 10 minutos. Por altimo, el sedimentoessispendido en PBS hasta obtener
una concentracién de 30 x®&spermatozoides/ml para su posterior andlisis. ZAgem
determinamos la concentracion espermatica de lastnas seleccionadas para calcular

el rendimiento del procedimiento.

4.2. Centrifugacion coloidal en una sola capa dee®perni 80

La técnica empleada para la centrifugacion en uola €apa fue una
modificacion del protocolo por Morrell et al. (201ZEn resumen, 2 ml del coloide
PureSperfii 80, equilibrado a 22°C, fue vertido en un tubcc&@l. Seguidamente,
dos pajuelas de un eyaculado individual, contemied@3100 x 10 espermatozoides/ml,
son descongeladas al mismo tiempo y su contenidwlatw. Después, pipeteamos el
esperma descongelado (1 ml) sobre el coloide yritggamos a 300 x g durante 20
minutos. Finalmente, resuspendimos el pellet derestozoides en un nuevo tubo
cénico con PBS hasta alcanzar una concentraciahda 30 x 10espermatozoides/ml
para su posterior analisis. Al igual que en el goolo anterior, determinamos la
concentracion espermatica de la muestra selec@opac calcular el rendimiento del

procedimiento.
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5. Evaluacion de los parametros de calidad seminal

La calidad seminal fue valorada 1) antes de lgelacion (muestras frescas), 2)
inmediatamente después de la descongelacion (rasegirseleccionadas o control), 3)
tras la centrifugacion coloidal, bien en el grathede densidad o en una sola capa de
coloide (muestras seleccionadas), y 4) tras eldawde las muestras seleccionadas

mediante centrifugacion en gradiente discontinudeatesidad (primera publicacion).

5.1. Morfologia espermatica

La morfologia espermatica fue evaluada en muestfiidas con Diff-Quick
(Kim et al., 2010), bajo microscopia de campo cl@tympus BH-2, Olympus Optical
Co., LTD, Tokio, Japon). Al menos 200 espermatoz®ighor preparacion fueron

contados para determinar el porcentaje de morfoahas

5.2. Movimiento espermatico

El movimiento espermético se valoré objetivamentediente el sistema de
andlisis de imagen asistido por ordenador SpernssChnalyze? (Microptic SL,
Barcelona, Espafia), como describieron Nufiez-Martéeal. (2006) para el perro. El
analisis cinético se basoé en la captura y postandtisis de 25 imagenes digitalizadas
consecutivas, obtenidas de un Unico campo micraszopas imagenes fueron
capturadas en un lapso de tiempo de 1 segund@spomndiéndose con una velocidad
de captura de 1 fotograma cada 40 milisegundos. nhasstras analizadas fueron
previamente diluidas hasta aproximadamente 25 % espermatozoides/ml en el
diluyente correspondiente y se mantuvieron en astt#8°C durante 5 minutos. En cada
analisis, dos alicuotas de 5 pul fueron evaluadadeamdo un microscopio de contraste
de fases (Eclipse 50i, Nikon, Tokio, Japon) equipaah una placa térmica a 38°C. Tres
campos microscopicos fueron capturados aleatorigaresn cada alicuota. Los objetos

identificados erroneamente como espermatozoidesrfugiminados sobre el monitor
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mediante la funcidén playback. Los parametros anétievaluados fueron: velocidad
curvilinea (VCL, pm/s: media de la velocidad detamido de los espermatozoides
desde el punto actual al punto real siguiente etralgectoria descrita por la célula
espermatica), velocidad rectilinea (VSL, um/s: eelad del recorrido medio en linea
recta desde el punto inicial al punto final deréyéctoria), velocidad lineal o promedio
(VAP, um/s: velocidad del recorrido promedio readia por el espermatozoide), indice
de linealidad (LIN, %: resultado del cociente VSCN, estima la proximidad de la
trayectoria real del espermatozoide a una lineta)eindice de rectitud (STR, %:
resultado del cociente VSL/VAP, estima la proxindidadel recorrido del
espermatozoide a una linea recta), oscilacion (W@B, resultado del cociente
VAP/VCL, estima la oscilacién de la trayectoria\dlinea respecto de la trayectoria
media), amplitud de desplazamiento lateral de leza (ALH, um: magnitud del
desplazamiento lateral de la cabeza del espermdé&zon respecto a su trayectoria
promedio) y frecuencia de cruces (BCF, Hz: prometkola frecuencia con que la
cabeza del espermatozoide cruza la trayectoria gaimmen ambas direcciones). El
movimiento total (MOT, %) fue definido como el pentaje de espermatozoides con
una VAP > 15 pum/s, mientras que los objetos con VAR < 10 pm/s fueron
considerados inmoviles. Ademas, el movimiento msigo (PMOT, %) fue definido

como el porcentaje de espermatozoides con una V&®rm/s y un STR >75%.

5.3. Vitalidad espermatica

La vitalidad espermética fue evaluada en términes itegridad de las
membranas plasmatica y acrosomica y de la funciémcondrial. Estas caracteristicas
fueron valoradas simultaneamente usando una maciibic de la técnica de triple
tincion para fluorescencia descrita por Graham let(290), la cual incluye los
fluorocromos yoduro de propidio (Pl), rodamina 12ZR123) e isocianato de
fluoresceina conjugado con la lectidaachis Hipogaea(FITC-PNA). Todos los
reactivos fueron adquiridos de Sigma-Aldrich Che@MBH (Steinheim, Alemania).
En resumen, 200 pl de esperma diluido (aproximademe25-50 x 19
espermatozoides/ml) fueron incubados a 38°C ersdarmlad con 5 pl de R123 (0,1
mg/ml). El exceso de fluorocromo fue eliminado raede centrifugacion (400 x g

durante 6 minutos) y el pellet de espermatozoidea eontinuacion resuspendido en
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200 ul de PBS. Seguidamente, una mezcla de 10 BRI &1mg/ml) y 5 pl de FITC-
PNA (0,1 mg/ml) fue afadida a la muestra, y lasilaél fueron después incubadas
durante 10 minutos a 38°C. Un total de 300 espemumies por muestra fueron
evaluados bajo microscopia de epifluorescencia niPlys BX40, Tokio, Japon),
empleando un filtro U-ND25-2 (filtro de excitaci@®e 460 a 490 nm) y objetivo de
100x. Cuatro patrones de tincion pudieron idergtie: 1) espermatozoides vivos con
un acrosoma intacto (VS), 2) espermatozoides Weosreaccion acrosomica (VS-AR),
3) espermatozoides muertos con un acrosoma intdQuus-Clarke) y 4)
espermatozoides muertos con reaccion acrosomicaAR)S Los valores fueros

expresados como porcentajes.

6. Identificacién de las subpoblaciones cinéticas

Las observaciones obtenidas por el sistema CASlasayaculados frescos, en
las muestras seminales no seleccionadas (congebladdsscongeladas) y en las
preparaciones seleccionadas tras la descongelaméon incluidas en una Unica base
de datos Exc& A continuacién, empleando el andlisis clister tivafiante, los
espermatozoides del conjunto de datos fueron idadds y agrupados en un nimero
reducido de subpoblaciones, de acuerdo a sus patm# movimiento, siguiendo la
metodologia descrita por Martinez-Pastor et al0%20En resumen, empleamos en
primer lugar el procedimiento PRINCOMP para realiga analisis de componentes
principales (PCA) sobre los datos cinéticos. A icmracion, se aplicd un analisis cluster
no jerarquico (procedimiento FASTCLUS) sobre losmponentes principales
seleccionados (variables). Como tercer paso, aptisaun procedimiento cluster
jerarquico (método AVERAGE) para agrupar los clistgtenidos en el paso anterior.
Para determinar finalmente el nimero de clUsteulipablaciones (cuarto paso), se
estudio la evolucion lo largo del proceso de agrigm de tres estadisticos
proporcionados por el andlisis estadistigtseudo-¥, pseudo-F y criterio de

agrupamiento cubico
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7. Andlisis estadistico

Los resultados fueron expresados en media + estan@ar de la media (SEM).
Los datos fueron estudiados empleando un modedalligeneral (PROC GLM) en el
gue los efectos de los machos y de la réplica delgtrcada macho fueron considerados
como efectos aleatorios, asi como la interaccidreesilos. Las variables dependientes
expresadas como porcentajes fueron transformadeisoaseno antes el analisis. Las
diferencias entre los valores medios fueron anddizamediante el test de Duncan.
Ademas, se calcularon las frecuencias relativasada subpoblacién cinética, las cuales
fueron comparadas mediante el analisis de varighik®VA) y el test Chi-cuadrado
(procedimiento FREQ). Todos los analisis fueronlizados mediante el paquete
estadistico SAS v9.0 (SAS Institute Inc., Cary, NG$SA). Los valores fueron

considerados estadisticamente significativos cu@dp05.
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Resultados y Discusion

- Primera Publicacién: Centrifugation on PureSperfi density-gradient improved
quality of spermatozoa from frozen-thawed dog seménDorado, L. Alcaraz, N.
Duarte, J.M. Portero, D. Acha, S. Demyda, A. MuSerrano, M. Hidalgo
Theriogenology 2011, 76: 381-385.

Nuestros resultados mostraron que la criopres@mwaagidujo un aumento
significativo (P < 0,001) en los valores mediosA&M, DS y DS-AR, mientras que se
observé lo contrario para los valores de VS y VS-ABs parametros derivados del
CASA fueron significativamente (P < 0,001) superoen el semen fresco que en las
muestras congeladas-descongeladas. Esta dismineide calidad de la cinética del
espermatozoide canino probablemente se deba asju@tbcondrias son las estructuras
del espermatozoide mas sensibles al dafio criogéReia et al., 2003No obstante,
los resultados de calidad seminal obtenidos tradgsaongelacion tanto en las muestras
seleccionadas como en las no seleccionadas somacalnigs a los obtenidos en otros
estudios (Pefa et al., 2003; Batista et al., 2006).

Hubo diferencias significativas (P < 0,05) entrs fmerros estudiados para los
parametros de calidad espermatica, tanto en mseeftescas como congeladas-
descongeladas, como también observamos un efepidicativo (P < 0,001) de la
réplica. Ademas, observamos interaccion (P < 0,e0ire los perros y la réplica para
los parametros evaluados en estas muestras. Paon#ghrio, no hubo diferencias
significativas (P > 0,05) entre los perros parapasametros de calidad espermatica
evaluados en las muestras seleccionas, como tanglmsmyvamos interaccion (P >
0,05) entre los perros y la réplica. Sin embargobservamos un efecto significativo (P
< 0,001) de la réplica. La variabilidad individu@dservada en la calidad seminal a la
descongelacién sugiere que cada individuo pueder wdiferente susceptibilidad a la
crioconservacion del esperma, como ha sido sefiaatkriormente (Batista et al.,
2006; Silva et al., 2006).

La centrifugacién de espermatozoides congeladossdgslados a través de
PureSperffi produjo un aumento significativo (P < 0,001) de i@lores medios de
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PMOT, VSL, STR, ALH y BCF. No se observaron difaras significativas (P > 0,05)
entre las muestras no seleccionadas y las seleci@eren gradiente de densidad para
VCL, VAP y LIN. Los valores medios de MOT y WOB foa significativamente (P <
0,001) mayores en las muestras originales que ensddeccionadas a través de
PureSperffi. Los valores medios de VS y VS-AR mejoraron sigativamente (P <
0,001) tras la centrifugacion en el gradiente desiiad, mientras que observamos lo
contrario para DS. No se encontraron diferencigsifstativas (P < 0,05) entre las
muestras no seleccionadas y las seleccionadadgsavalores medios de ASM y DS-
AR. Este es el primer intento de utilizar la cdngacion a través de PureSpérpara
separar el esperma canino criopreservado. De arweml los resultados de estudios
previos (Hernandez-Lopez et al., 2005; Maxwellletz007; Underwood et al., 2009),
el protocolo PureSpeffrseleccioné una poblacién de espermatozoides carmcaiidad
mejorada en lo que se refiere a una mayor motilidadlidad e integridad del
acrosoma. Aunque existi6 una tendencia a mejoras lespermatozoides
morfologicamente normales, estas diferencias naltegsn significativas. Debido a
diferentes factores tales como la fuerza de ceggaifion, el volumen de los gradientes
y el volumen de esperma utilizado, los resultadaterodos con éste protocolo deben

ser interpretados con cautela.

Ademas, los espermatozoides seleccionados a tdev&sireSperfhmostraron
mayor velocidad que los no seleccionados. La ral@aabiol6gica de este hallazgo en
el perro ha sido recientemente establecida poa&tval. (2006), demostrando que la
presencia de altas velocidades en el espermatosoiguntos de referencia para la
fertilidad tantoin vivo como in vitro. Asi, es de suponer que los espermatozoides
seleccionados tras la centrifugacion en gradiemgeodtinuo son las alicuotas de
aquellos espermatozoides con mayor capacidad faotendpotencial. Futuras
investigaciones son necesarias para determinaroslificaciones en este protocolo
(formulacidn especifica para el esperma caninofribegacion en una sola capa,
densidad del coloide, fuerza de centrifugacion,) eton requeridas para mejorar la
capacidad fecundante del semen de perro criopeadery seleccionado mediante
gradientes de densidad, incluyendo su uso parsdarinacion artificial de perras.

Por otra parte, el lavado del sedimento tras ldribegacion en gradientes de

densidad discontinuo redujo significativamente (@,601) todos los parametros CASA

-22 -



Resultados y Discusion

evaluados. Valores superiores de ASM, VS-AR y DX (®001) y menores de VS y
DS-AR (P < 0,05) fueron observados también trdavedo del pellet resultante de la
centrifugacion coloidal. Es interesante destacar egte lavado tras la centrifugacion
coloidal en PureSpefifue perjudicial para los espermatozoides criocvas®s del

perro, resultando en una disminucién del porcentige espermatozoides motiles
progresivos, viables y con acrosoma intacto. Estssiltados indican que no hubo
necesidad de incluir una etapa de lavado en ebgwolit, ahorrando asi tiempo y

esfuerzo en la preparacion de las muestras.

Con respecto a la tasa de recuperacion espermalitajimos un rendimiento
del 40,83% tras la centrifugacion en PureSfeyndel 17,31% tras el lavado del pellet
resultante de éste procedimiento. El volumen deufpension de esperma recuperado
tras la centrifugacion en PureSpé&roscilé entre 0,5y 1 ml y fue menor a 0,5 ml detra

el lavado.
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- Segunda PublicacionChanges in the structures of motile sperm subpopidas in
dog spermatozoa after both cryopreservation and tdérgation on PureSpern?
gradient J. Dorado, L. Alcaraz, N. Duarte, J.M. Portero, D. ActM. Hidalga Animal
Reproduction Science 2011, 125: 211-218.

Como esperabamos, la crioconservacion indujo geandmbios en los valores
medios de los parametros cinéticos del esperma®zde perro. Las muestras
congeladas-descongeladas (no seleccionadas y ieaeltas) mostraron una
disminucién significativa (P < 0,001) en los porteges de los parametros CASA, con
la excepcion de STR en las muestras selecciond@®a36(+ 0,22% frente a 74,11 +
0,76%; P > 0,05). La crioconservacion implica estosmotico y la formacion o
reorganizacion del hielo intracelular durante langalacion y de nuevo durante la
descongelacion, lo que resulta en alteracionea fisidlogia de la célula. En el presente
estudio, en lugar de un alto porcentaje de espemvigies inmoviles tras la
descongelaciéon observamos principalmente una disndin en la calidad de la
cinematica del espermatozoide, probablemente pprqoeno se ha propuesto
anteriormente en perros, las mitocondrias del ezxmezoide son las estructuras mas
sensibles al dafio criogénico (Pefa et al., 2008ldé$tante, los valores obtenidos en el
semen congelado son comparables a los de otradies{(ibilva et al., 1996; Strom et
al., 1997; Pefia et al., 1998; Rota et al., 199®tix'et al., 2000; Pefia et al., 2003; Silva
et al., 2003; Batista et al., 2006).

Hubo diferencias significativas (P < 0,05) entrs fmerros estudiados para los
parametros de calidad espermatica, tanto en medstsras, congeladas-descongeladas
como seleccionadas, como también observamos uio sigaoificativo (P < 0,001) de la
réplica. Ademas, observamos interaccion (P < 0,e0ire los perros y la réplica para
los pardmetros evaluados en estas muestras. labiidad individual observada en la
calidad seminal a la descongelacion sugiere qua tatividuo puede tener diferente
susceptibilidad a la crioconservacion del especomo previamente sefialaron (Batista
et al., 2006; Silva et al., 2006).

La seleccion del esperma canino crioconservado antzliel gradiente de
densidad PureSpeftnmejoré significativamente (P < 0,01) la mayoria ks
parametros cinéticos evaluados (PMOT, VCL, VSL, LBIR, ALH y BCF) con el

.25 -



Resultados y Discusion

sistema CASA. Hasta donde sabemos, este es elrgriteato de utilizar PureSpefm
para separar espermatozoides crioconservados ae parcentrifugacion del esperma
descongelado a través del gradiente de densid&Bpem? seleccioné una poblacion
de espermatozoides de calidad mejorada en lo quefieee a un aumento de la
motilidad (valores medios de PMOT, VCL, VSL, LINTR, ALH y BCF elevados).
Esta mejora del movimiento y de la velocidad deleematozoide canino coincide con
estudios previos que emplearon PureSfeem otras especies (Maxwell et al., 2007;
Underwood et al., 2009) y también con aquellos ugsron otras técnicas de seleccion
mediante gradientes de densidad como P&r¢otalcarcel et al., 1996; Suzuki et al.,
2003; Samardzija et al., 2006; Brum et al., 2008rca et al., 2010), BoviPute
(Samardzija et al., 2006; Underwood et al., 200®)ngrocoll-E™ (Johannisson et al.,

2009; Macias Garcia et al., 2009; Morrell et 209D.

No hubo diferencias significativas (P < 0,05) emteeros para los parametros de
cinéticos, tanto en el semen fresco como en lastmasecongeladas-descongeladas, asi
como observamos un efecto significativo (P < 0,0 )a réplica, lo que sugiere que
los perros, de forma individual, pueden tener diiég susceptibilidad a la
crioconservacion del esperma, como anteriormenteshgerido (Batista et al., 2006;
Silva et al., 2006). Ademas, observamos una interacsignificativa (P < 0,001) entre

el perro y la réplica.

El procedimiento FASTCLUS detecté cuatro subpoblaes cinéticas a partir
de los datos de movimiento. La Subpoblacién 1 sgm® aquellos espermatozoides
con baja velocidad (VCL, VSL y VAP bajas), con escenovimiento progresivo (VAP,
LIN y STR bajas) y que cubrieron una distancia mota (VSL muy baja). El total de
espermatozoides maviles incluido en esta subpdhidaie 20,97%. La Subpoblacion 2
incluy6é aquellos espermatozoides cuyo movimientalefeni6 como menos vigoroso,
indicado por valores mas bajos de VCL y ALH. Sasdctorias mostraron una baja
linealidad mayor que los de la Subpoblacién 1 (F091). Esta subpoblacion incluyo6 al
18,24% del total de espermatozoides moviles. La p&bpilacion 3 incluy6
espermatozoides con gran actividad cinética perprogresivos, como indicaron los
altos valores de VCL y BCF junto a valores bajos ld¥ y STR. Su escasa
progresividad fue evidente por su alto valor de ALH total de espermatozoides

moviles incluidos en esta subpoblacion fue 20,7k8&0 Subpoblacion 4 representd a
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aquellos espermatozoides con el mayor grado demmewio progresivo (VSL, VAP,
LIN y STR muy altos junto a valores bajos de ALH}stos exhibieron una vigorosa
actividad flagelar (BCF alta). El total de espemmaides moviles incluidos en esta
subpoblacion fue 40,03%.

Nuestro estudio reveld la presencia de cuatro qalbpiones espermaticas en el
semen fresco, no seleccionado y seleccionado de,pgue pueden ser facilmente
definidas por la combinacién de ocho parametroéticios CASA. La identificacion de
subpoblaciones cinéticas se ha realizado previanemtsemen fresco y congelado-
descongelado de perro (Rigau et al., 2001; Nufezinda et al., 2006). Debido a que
tanto el sistema CASA como los parametros cinétinsados para definir las
subpoblaciones espermaticas en estos estudiosoprdueron diferentes de los
utilizados en el presente estudio, es dificil corapos patrones de movimiento de las
subpoblaciones espermaticas identificadas. A pisatlo, una simple interpretacion de
esta estructura de subpoblaciones de espermatezesleque estos cuatro grupos
representan espermatozoides en diferentes estattiédgicos (Abaigar et al., 1999),
reflejo de las grandes diferentes existentes ercdaacteristicas del comportamiento
natatorio de estos espermatozoides.

La presencia de tres o cuatro subpoblaciones casetdefinidas ha sido
demostrado en numerosas especies (Holt, 1996; abaical., 1999; Quintero-Moreno
et al., 2003; Mir6 et al., 2005; Muifio et al., 20@®rado et al., 2010). Como indican
nuestros resultados y resultados previos (Nufetiméaret al., 2006), la especie canina
parece no ser una excepcion. Sin embargo, segupibleografia consultada, la
existencia de subpoblaciones cinéticas definidas marestras de semen canino

seleccionado no ha sido previamente investigada.

Aunque, el porcentaje de espermatozoides movileduido en cada
subpoblacion experimentd importantes cambios tragaeeso de crioconservacion y
tras la centrifugacién en gradiente de densidaésteuctura de las subpoblaciones se
mantuvo perfectamente tras ambos procedimientosadDerdo con estudios previos
(Cremades et al., 2005; Flores et al., 2008; Mweii@l., 2008; Flores et al., 2009;
Muifio et al., 2009), la criopreservacion tuvo urectd significativo tanto en la

frecuencia de distribucion de los espermatozoiéaesrd de las subpoblaciones como en
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las caracteristicas cinéticas de cada subpobladt&sta indujo una disminucion
significativa (P < 0,001) en el porcentaje de esdozoides moviles incluidos en las
Subpoblaciones 3 (espermatozoides muy activos pergrogresivos; de 24,1% a
13,2%) y 4 (espermatozoides altamente activos grpsivos; de 47,0% a 24,9%). Esta
disminucién fue compensada por un aumento concoteitdP < 0,001) en los
porcentajes de espermatozoides incluidos en lapdbidriones 1 (de 15,9% a 31,1%)
y 2 (de 12,9% a 30,8%). Las Subpoblaciones 3 y diepon perder su actividad
flagelar, probablemente como consecuencia de wsi@nlénducida por el proceso de
congelacion y descongelacion. La crioconserva@aambién modificd la mayoria de los
parametros cinéticos evaluados en cualquiera desuégoblaciones obtenidas. En
general, los parametros de velocidad espermatidak, (VSL y VAP) se redujeron en
todas las subpoblaciones. La trayectoria del maenini espermatico cambié de una
manera diferente en funcion de la subpoblacionresitea. Asi, en las Subpoblaciones
3 vy 4, las trayectorias fueron mas progresivas laasriopreservaciéon (mayor LIN),
mientras que en las Subpoblaciones 1y 2, lasdrayas fueron menos progresivas tras
la congelacion y descongelacion. En este contéxteimple aplicacion de un analisis
multivariante sobre los patrones cinéticos de lepeematozoides moviles para
asignarlos a subpoblaciones parece ser completaniefirmativo, abriendo asi la
posibilidad de utilizar este tipo de analisis parajorar en gran medida el analisis
estandar de la calidad del semen de perro en cw@asto capacidad de resistir a la
crioconservacion. De hecho, Flores et al. (2009jalseon que la resistencia a la
criopreservacion del semen de verraco esta relagmioon cambios especificos tanto
en la estructura de las subpoblaciones cinéticarocen las caracteristicas de

movimiento de cada subpoblacion.

La centrifugacion mediante gradiente de densidadbign enriquecié las
muestras de esperma tratado en aquellas subpatdacton mayores velocidades. La
subpoblacion predominante en las muestras no saheckas fue la Subpoblacion 1, una
subpoblacion caracterizada por un escaso movimienfwogresivo, representando mas
del 30% de los espermatozoides en la muestra. d&hntiento de las muestras
crioconservadas a través de PureSfemodific significativamente la distribucién de
los espermatozoides dentro de las subpoblacior@sloPtanto, la Subpoblacién 4
(espermatozoides muy activos y con movimiento @sigo) representd ahora mas del

31% de los espermatozoides obtenidos tras la fiegddion en el gradiente
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PureSperf. Por otra parte, la Subpoblacién 4 se observéneayor frecuencia en el
semen fresco en comparacion con las muestras eacegladas. Tras la centrifugacion
del semen descongelado a través de PureSpémmho un aumento significativo (P <
0,001) en los valores medios de STR en las Subgiobkes 1-3, como de los valores
medios de BCF fueron significativamente (P < 0,0@a)yores en las Subpoblaciones 3
y 4. Nuestros resultados son consistentes con uesagteriormente obtuvo Macias
Garcia et al. (2009) tras la centrifugacion de wesptozoides congelados-
descongelados de caballo en una sola capa de €oloidue nos permite concluir que
PureSper es un método que mejora la calidad de las muesieassperma en
términos de estructura de las subpoblaciones derragpozoides. En este sentido, el
significado de calidad hace referencia a que |peresatozoides poseen los atributos

basicos de importancia critica para la fertilidadud eyaculado dado.

Es de destacar que la estructura general de edpenities moviles presente en
el perro se mantiene constante a pesar del efaogado tanto por la crioconservacion
como por la separacién en el gradiente PureShesto indica que el mantenimiento
de la estructura global de las subpoblaciones @oser importante a la hora de
mantener la funcion general del eyaculado, indepetemente del estado funcional
especifico. Estos resultados sefialaron hacia lartamcia de mantener una estructura
de subpoblaciones especifica en los eyaculadosaddfaros, independientemente de la
especie en la que los estudios fueron realizadosske sentido, la existencia de una
estructura de subpoblaciones especifica ha sideritdesen diferentes especies
mamiferas como el cerdo (Abaigar et al., 1999)adiallo (Quintero-Moreno et al.,
2003), el toro (Muifio et al., 2008), el macho cal{Dorado et al., 2010), el ciervo
(Martinez-Pastor et al., 2005), la gacela (Abaigaal., 1999), el perro (Rigau et al.,
2001), el hamster dorado (Holt, 1996) y el conépuifitero-Moreno et al., 2007),
indicando que es una caracteristica comun del &dxude mamiferos. Estudios
recientes indican que los cambios en el movimiestaciados con procesos como la
capacitacionin vitro en el semen de verraco (Ramié et al., 2008) noifiroad la
estructura general de las subpoblaciones de est@stras y que los cambios de
movimiento vinculados a estos procesos inducertipaimente cambios concomitantes
en el porcentaje de movimiento incluido en cadgshlacion especifica. Por lo tanto,
el mantenimiento de esta estructura subpoblaciespécifica seria importante en el

mantenimiento de la funcion general del espermaamiferos.
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La mayoria de los parametros de movimiento utitizadn el presente estudio
para la identificacion de subpoblaciones esperamtihan sido identificados
previamente como los marcadores de la calidad semias fiables (Olds-Clarke, 1996;
Holt et al., 1997; De Geyter et al., 1998; Larsérale 2000; Dorado et al., 2009) y
asociados con la fertilidad (Amann, 1989; Farr¢llak, 1993; Macleod and Irvine,
1995; Moore and Akhondi, 1996; Holt et al., 199&rrEll et al., 1998; Vidament et al.,
2000). Estudios en perros (Silva et al.,, 2006) yde® (Holt et al., 1997) han
demostrado que altas velocidades son puntos deemefa de fertilidad tanton vivo
como in vitro. También se ha informado anteriormente de que 04 ¥s de vital
importancia para la formacion de depdsitos de esg@zoides en la union utero-
tubérica en ratones (Olds-Clarke, 1996), que la WOLAP estan relacionados con la
capacidad de los espermatozoides de carnero pae#rgneel moco cervical (Robayo et
al., 2008), y que tras la descongelacién, la VS eslacionado con la fertilidad de
espermatozoides de toro (Gillan et al., 2008) y &nws (Thys et al., 2009). Ademas, el
predominio de una subpoblacién particular de espeEroides mdviles en muestras con
una mejor crioresistencia o fertilidad has sido dstnado en otros estudios (Quintero-
Moreno et al., 2003; Martinez-Pastor et al., 208%). lo tanto, teniendo en cuenta esta
evidencia experimental, y puesto que la técnicaaleccion mediante gradientes de
densidad ha sido estudiada en este estudio, se gudner que las preparaciones de
esperma tratadas con esta técnica obtiene dosimaesicon espermatozoides mas
veloces y, por tanto, son las alicuotas con agueldpermatozoides de mayor potencial
fecundante. Sin embargo, la implicacion en lalidetl del esperma de las diferentes
subpoblaciones de espermatozoides moviles y stubdistbn en éste requieren una

futura investigacion.

Por otra parte, se identific6 una variabilidad uidlial para cada una de las
cuatro subpoblaciones espermaticas (P < 0,0019 tmtel semen fresco como en el
descongelado o en el seleccionado tras la cerddfag en gradiente de densidad. Asi,
se encontraron diferencias significativas (P < )0,8btre los tratamientos para las
Subpoblaciones 1 y 2 del perro 2, para la Subpiina® de los perros 1y 5y para la
Subpoblacion 4 de los perros 2-5.
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Finalmente, la tasa de recuperacién espermatiemiolat dependié de la calidad
de la muestra original tratada y fue del 40,83% tia centrifugacion del semen
descongelado a través del gradiente PureSpelh volumen de la suspensién de

esperma recuperado oscilé entre 0,5 y 1 ml trasr&ifugacion coloidal.
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- Tercera Publicacion: Single-layer centrifugation through PureSperfh80 selects
improved quality spermatozoa from frozen-thawed dsegnenJ. Dorado, L. Alcaraz,
M.J. Galvez, D. Acha, I. Ortiz, M. Urbano, M. Hidal Animal Reproduction Science
2013, 140: 232-240.

El objetivo de este estudio fue evaluar la cergafudn coloidal usando
PureSperfi 80 para la seleccion de espermatozoides criooccaes de perro. La
centrifugacion del esperma congelado-descongeladmedo a través de una sola capa
del coloide PureSpefMm80 mejord significativamente (P < 0,001) los paetios
cinéticos evaluados (MOT, PMOT, VCL, VSL, VAP, LIISTR, WOB, BCF y ALH)
con el sistema CASA. Los valores medios de MOT yHAfLieron significativamente
mayores (P < 0,001) en el semen fresco que endastras congeladas-descongeladas.
Ademas, los valores medios de VS y DS mejoraromnifgigtivamente (P < 0,001) tras
la centrifugacion coloidal, mientras que observatoaontrario para los valores de VS-
AR, DS-AR y ASM (P < 0,001). No hubo diferenciasliinduales (P > 0,05) para los
parametros de calidad del esperma, como tampoa@nabsos interaccion (P > 0,05)
entre los perros y la réplica de los pardmetrosresticos evaluados tras la seleccién
espermatica. Sin embargo, un efecto significatifo < 0,001) de la réplica fue

observado en la calidad seminal.

En relaciéon a las subpoblaciones espermaticasieskepte estudio identificd 3
poblaciones cinéticas definidas tanto en semencdrexongelado-descongelado
(control) como en las muestras tratadas, trasakifidacion de 26.051 espermatozoides
motiles en base a ocho parametros cinéticos (V@EL,WAP, LIN, STR, WOB, ALH
y BCF). Este resultado coincide con lo mostradestadios previos en perros (Rigau et
al., 2001; Nufez-Martinez et al., 2006; Nufiez Mhadiet al., 2006; Dorado et al.,
2011b; Dorado et al., 2011c). La Subpoblacion L)sRcluyé espermatozoides muy
activos pero no progresivos, como lo indican loeres altos de VCL y BCF junto a
valores bajos de LIN y STR. Su escasa progresivsgaglvidencio mediante sus valores
de ALH. Los bajos valores de LIN indican que estédkilas muestran movimientos
circulares o irregulares. Asimismo, los valorevatis de VCL y ALH indican que sP1
se caracteriza por un amplio desplazamiento latkrdla cabeza del espermatozoide.
Esta subpoblacion podria ser considerada como meapmroides con movimiento
similar al hiperactivo. El total de espermatozoidesviles incluidos en esta
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subpoblacion fue 40,3%. La Subpoblacion 2 (sP2essmtoé aquellos espermatozoides
con el mayor grado de motilidad progresiva (valonesy elevados de VSL, VAP, LIN

y STR junto a valores bajos de ALH), probablemeoie el patron de movimiento mas
adecuado para formar parte de la poblacion ddiZadion. Estos exhiben una vigorosa
accion flagelar (BCF elevada). El total de espeomwitles incluidos en esta
subpoblacién fue 30,0%. La Subpoblacion 3 (sP3luyiic aquellos espermatozoides
cuyo movimiento fue menos vigoroso, como lo indit@valores mas bajos de VCL,
VSL, VAP y ALH. Poseyeron escasa progresividaddned bajos de VAP, LIN y STR)

y recorrieron distancias muy cortas (VSL muy bdsta poblacion, con valores bajos
de VCL y LIN, podria representar al grupo de espgomoides metabdlicamente
comprometidos, los cuales rapidamente pierden sulidedd por completo. Ademas,
poseerian alteraciones estructurales o cambiosiipmeps importantes que afectan al
espermatozoide. El total de espermatozoides irm$uéth esta subpoblacion fue 29,7%.
Los espermatozoides con escasa motilidad, compedsnecientes a sP1 y sP3, tienen
menor probabilidad de progresar hasta areas parisu del tracto reproductivo
femenino y por lo tanto es menos probable que estémieltos en la fertilizacion
(Cremades et al., 2005).

La centrifugacion coloidal indujo un aumento sigrfivo (P < 0,001) del
porcentaje de espermatozoides de sP2 (valoresdelevie VCL, VSL y VAP), de un
36,8% en las muestras congeladas-descongeladas 44,48 en las muestras
congeladas-descongeladas y tratadas mediantefegatitn coloidal. Por el contrario,
la proporcion de espermatozoides asignados a siR3€s bajos de VCL, VSL y VAP)
se redujo significativamente (P < 0,001) del 35,2% las muestras congeladas-
descongeladas control al 16,0% en las muestrascgeiadas tras la descongelacion.
Por otra parte, la variabilidad individual se idioh para cada una de las
subpoblaciones espermaticas (P < 0,001), ya seaseemen fresco, congelado-

descongelado o seleccionado.

Nuestros resultados proporcionan, por primera uea, prueba concluyente de
que PureSperfh80 mejora la calidad del esperma canino criocoaser en lo que se
refiere a la integridad de acrosoma, motilidad, fologia y viabilidad, y ademas
modifica la distribucién de las subpoblaciones gggéicas en favor a espermatozoides

con mayor movimiento progresivo (sP2). Esto coiac&h términos generales con
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estudios previos sobre la centrifugacion en una salpa de coloide de esperma
crioconservado de semental (Macias Garcia et @09)2y de macho cabrio (Jiménez-
Rabadan et al., 2012). Del mismo modo, usandortiftegacion a través de una sola
capa de PureSpefnhB0 fue posible preparaciones de esperma con dakeaninal
equivalente a las obtenidas mediante la técnicaegrifugacion en gradiente de
densidad (Dorado et al., 2011b; Dorado et al., 20Rhillips et al., 2012).

La mayoria de los parametros CASA usados en ekpresestudio han sido
previamente identificados como marcadores fiabtesadcalidad del esperma (Holt et
al., 1997; Larsen et al., 2000; Dorado et al., 2088 relacion a esto, la centrifugacion
coloidal usando una sola capa de PureSPethmejoré significativamente todos los
parametros de motilidad evaluados en el espermaca&ongelado-descongelado, lo
gue en términos generales coincide con estudiasogreara la centrifugacioén coloidal
con Androcoll-CM (Morrell et al., 2008b), Androcoll-® (Johannisson et al., 2009)o
EquiPur® (Gutiérrez-Cepeda et al., 2011), y para otrasit¢ésnde centrifugacion en
gradiente de densidad como PureSfefrernandez-Lépez et al., 2005; Maxwell et al.,
2007; Dorado et al., 2011b; Nicolas et al., 201Rijllips et al., 2012), PercSll
(Samardzija et al., 2006; Brum et al., 2008; Garetaal., 2010) y BoviPufe
(Samardzija et al., 2006; Brum et al.,, 2008; Unaer et al., 2009; Garcia et al.,
2010). De especial interés fueron las mejoras ereliacidad de los espermatozoides.
Los tres parametros de velocidad espermatica peimpados por el equipo CASA son
las principales caracteristicas cinematicas retaclas con la fertilidad. Estudios en el
perro (Silva et al., 2006) y el cerdo (Holt et d41997) han demostrado que las altas
velocidades del espermatozoide son puntos de nefarele la fertilidadn vivo e in
vitro. También ha sido descrito previamente que la VE€Hevital importancia para la
formacion del reservorio de espermatozoides enniéanuutero-tubarica en ratones
(Olds-Clarke, 1996), que la VCL y VAP estan vincdda a la capacidad del
espermatozoide de carnero para penetrar el moexa@e(Robayo et al., 2008), y que
la VSL a la descongelacion es relacionada conrtdidad del toro (Gillan et al., 2008)
y humanos (Van den Bergh et al., 1998). Asi, sei@seponer que las preparaciones de
esperma tratadas mediante centrifugacion en urm capa de PureSpetnson las
alicuotas de aquellos espermatozoides con maydididl potencial. Futuros estudios
sobre la correlacion de los parametros cinéticbesigerma canino crioconservado y

seleccionado a través de coloides con la fertilaatbs perros deberan realizarse.
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El predominio de una subpoblacion particular en hagestras con mejor
resistencia al proceso de crioconservacion o itatll ha sido demostrado en otros
estudios (Quintero-Moreno et al., 2003; MartinestBaet al., 2005). En este sentido, la
centrifugacién en una sola capa de PureSPesth modifico la distribucion de los
espermatozoides dentro de las subpoblaciones. SR, (espermatozoides con alta
velocidad y movimiento progresivo) representd mas 44% de espermatozoides
recuperados tras la centrifugacion en PureSPeB@. Nuestros resultados son
consistentes con los obtenidos previamente por ddaGarcia et al. (2009) tras la
centrifugaciéon de espermatozoides equinos congeladtvavés de una sola capa de
coloide. En un estudio previo observamos tambiéa gl gradiente de densidad
PureSperm enriquecio la subpoblacién con velocidades mas &b el esperma canino
crioconservado (Dorado et al., 2011b), lo que reysnfie concluir que el gradiente de
densidad mejor¢ la calidad seminal de las muepta®sadas en términos de estructura
subpoblacional. En este sentido, el término dedadlihace referencia a que los
espermatozoides poseen los atributos basicos datanpia critica para la fertilidad de
un eyaculado dado. Por lo tanto, teniendo en cuéstia evidencia experimental, y
puesto que la centrifugacién coloidal usando Pure8p 80 selecciona los
espermatozoides con mayor velocidad en la dosiss#ninacion, se puede suponer
gue las dosis de esperma obtenidas tras éste proeetb son las alicuotas de
espermatozoides con mayor potencial fecundantestnsentido, somos conscientes de
que futuras investigaciones deben realizarse patadiar la implicacion de las
diferentes subpoblaciones cinéticas y su distrdou@n el semen descongelado en la

fertilidad in vivoo in vitro.

El objetivo de la seleccion de los espermatozoittas la congelacion y
descongelacién debe ser mejorar la calidad de Bstrauseminal, reduciendo el riesgo
de usar espermatozoides no funcionales en laifadibn y optimizando asi los
resultados de las TRA (Underwood et al., 2009).980e6 resultados muestran que la
poblacion seleccionada mediante la centrifugacwipidal tras la descongelacion del
esperma canino mostré una mejor morfologia, vidalid integridad de acrosoma frente
a las muestras crioconservadas (control). Estositages se corresponden con los
obtenidos por diversos estudios en otras espegiggmkes (Macias Garcia et al., 2009;

Jiménez-Rabadan et al., 2012), cuando la centdgfagacoloidal se realiza tras la
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descongelacion de las muestras. Estudios previosi@gran que la centrifugacion en
gradientes de densidad no mejora la morfologia dgpermatozoide canino

criopreservado (Kim et al., 2010; Dorado et al.124 Phillips et al., 2012). Para

concluir, parece claro que la centrifugacion cabuel esperma canino crioconservado
mediante PureSpeffn80 puede ser un procedimiento adecuado para larandg la

calidad a la descongelacion de las dosis seminategeladas.

La mayoria de los sistemas de seleccion de espmroidés resultan en la
pérdida de espermatozoides y, por tanto, puedegserla proporcion de células
funcionales seleccionadas sea su factor criticesti@s técnicas. Se ha demostrado la
eficacia de la centrifugacion coloidal en la mejdeala calidad seminal de muestras
frescas de esperma canino, recuperandose hasta%indd espermatozoides tras el
procesado (Morrell et al., 2008a). Por lo tantocédatrifugacién en una sola capa de
coloide podria ser un método adecuado para mdgcalidad de los eyaculados para la
IA. Sin embargo, el presente estudio adapta laidéatke centrifugacion en una sola
capa de coloide al semen canino congelado-des@mmealsando PureSpetr80 como
coloide. La tasa de recuperaciéon varié entre ur2 32un 84,5% (tasa media de
recuperacion del 61,5%), la cual fue mayor quebkemida por Morrell et al. (2008b).
Esta discordancia entre estudios podria reflejderaehicias entre las muestras
procesadas, lo que podria afectar al numero dermegfmzoides funcionales que
atraviesan el coloide (Martinez-Alborcia et al. 12D Ademas, resulta dificil comparar
estudios que usan métodos diferentes (formulaaboaloide, volimenes de esperma y
de coloide, fuerzas de centrifugacion, tamafo gndiéo de los tubos de centrifugacion)
0 especies, porque la dindmica fisica puede afadts tasas de recuperacion, como ha
sugerido previamente por Nicolas et al. (2012). tbdos modos, se necesitan mas
estudios con vistas a optimizar el rendimiento gielcedimiento de centrifugacion
coloidal en una sola capa.

En un estudio previo, recuperamos un menor poreeka espermatozoides
(40,8%) tras la centrifugaciéon del esperma caniniaronservado a través del gradiente
de densidad PureSpefniDorado et al., 2011a; Dorado et al., 2011b). Deeedo a
estos hallazgos, y desde una perspectiva practitiaiga, la centrifugacion a través de

una sola capa de PureSp&r80 ofrece un método alternativo, mas practico ejue
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gradiente de densidad para la seleccion de espmroidés caninos de buena calidad,

ahorrando asi tiempo y esfuerzo en la prepara@dasdmuestras.

Varios estudios demuestran que los resultados déA lantrauterina son
generalmente buenos cuando dosis de 50-10¢ eskrmatozoides de buena calidad
son depositados en perras sanas y en el momentoaalde (Pretzer et al., 2006;
Thomassen and Farstad, 2009). En nuestro estddiendimiento medio obtenido fue
de aproximadamente 60 x ®1@spermatozoides en cada muestra de semen procesado
(0,5 ml por pajuela x 100 millones de espermat@igpor ml x tasa de
recuperacioén/100), lo cual es suficiente para imsamuna perra si emplearamos la IA
intrauterina. Ademas, la eliminacion de los espéramdes indeseables de la muestra
de esperma canino crioconservado usando la cegddion a través del coloide
PureSper 80 hace posible la preparacién de dosis seminateijuecidas en
caracteristicas espermaticas especificas para lattAuterina y poder obtener asi
mayores tasas de concepcion. Por otra parte, derdaciwcon estudios anteriores
(Hollinshead et al., 2004b; Maxwell et al., 200ahservamos que la centrifugacion en
una sola capa de coloide fue un método eficaz @laranar la yema de huevo de la
muestra congelada-descongelada original, lo qudateher un impacto positivo en la

evaluacion de la calidad del semen.

La criopreservacion indujo una disminucién sigrifica (P < 0,001) de los
valores medios de MOT, PMOT, VCL, ALH y BCF. Lodat@s de ASM, DS, DS-AR
y VS-AR aumentaron significativamente (P < 0,004}k tel proceso de congelacion y
descongelacion, mientras que lo opuesto fue obdemara VS. No existio diferencias
(P > 0,05) individuales para los parametros dedadliseminal, tanto en muestras de
semen fresco como congelado-descongelado, mieqtrasse encontré un efecto
significativo (P < 0,001) de la réplica. Ademasbaunteraccion (P < 0,001) entre los
perros y la réplica para todos los parametros adalst Nuestros resultados mostraron
gue la mayoria de parametros de calidad esperm&étadaados (motilidad, morfologia,
vitalidad e integridad de acrosoma) se deterioran@s la descongelacion en
comparacion con el semen fresco. En cambio, ldazhlseminal obtenida tanto tras la
descongelacién como tras la seleccién medianteSpera? 80 es comparable a la
obtenida por otros estudios (Yildiz et al., 200@/i& et al., 2003; Silva et al., 2003;
Batista et al., 2006).
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A pesar de que el porcentaje de espermatozoidiesdos en cada subpoblacion
experimentd cambios importantes tras el procesarideonservacion y de seleccién, la
estructura subpoblacional se mantuvo perfectameate ambos procedimientos. La
criopreservacion indujo una disminucion signifigatiP < 0,001) en el porcentaje de
espermatozoides moviles incluidos en sP1 (de 44628,1%). Esta disminucion fue
compensada por el consiguiente aumento signifiediv< 0,001) de los porcentajes de
espermatozoides incluidos en sP2 (de 22,5% a 36y8%0)3 (de 32,9% a 35,2%).
Diferencias individuales fueron observadas para cadh de las tres subpoblaciones (P
< 0,001) tanto en muestras de semen fresco, calmydiscongelado como
seleccionado mediante centrifugacion coloidal. Bbido que los cambios en la
motilidad espermatica inducidos por la crioconseidma estan vinculados a cambios
concomitantes en la frecuencia de distribucion ae dspermatozoides dentro de las
subpoblaciones (Flores et al., 2008). Nuestrosltesks confirman estos hallazgos y
también establecen claramente, en concordanciastodios previos de otras especies
de mamiferos (Cremades et al., 2005; Flores e2@08; Muifio et al., 2008), que la
estructura general de los espermatozoides moévikeseptes en el esperma canino se
mantuvo constante a pesar del efecto causado porideonservacion. Esto estuvo
relacionado con cambios simétricos en el porcemspecifico de cada subpoblacion.
Por lo tanto, el aumento global en la mayoria decéacteristicas cinéticas medias del
esperma canino tras la crioconservacion, espeadmda velocidad de los
espermatozoides, se relacion6 con una disminuci@i porcentaje de espermatozoides
en sP1l (espermatozoides muy activos pero no piggsgsy un con un aumento
concomitante de espermatozoides de sP2 (velocitiad/ anovimiento progresivo) y
sP3 (espermatozoides lentos y poco lineales) emisesstras de control (congeladas-
descongeladas), cuando son comparadas con el seesen. La reduccién en el
porcentaje de espermatozoides en sP1 indicé qukaauwspermatozoides muestran un
movimiento similar al hiperactivo que los hace paees de sobrevivir a la congelacion
y descongelacion, probablemente como consecueadaldsion sub-letal inducida por
este proceso, y que quedarian excluidos del postanalisis. Como resultado, la
proporcion de espermatozoides incluidos en sP23yasihentaron parcialmente en el
esperma crioconservado. Ademas, algunos de losnesfozoides de sP1 y sP2 fueron
asignados a sP3, posiblemente a causa de la atede su funcionalidad (Quintero-

Moreno et al., 2003). Por lo tanto, es posible gjueumento en el porcentaje de sP3 sea
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una sefal precoz de los cambios en la funcién sf@renatozoide, los cuales también
podrian ser detectados por las alteraciones es pé&@metros de calidad seminal (p. €j.
movimiento total, vitalidad o alteracion de acrosy)mEl aumento del numero de
espermatozoides en sP2 podria haber sido debafectb de la dilucidn o de la adicién
de fructosa antes de su valoracion. Verstegen .ef28D5) describieron cémo los
parametros de motilidad de espermatozoides refiilger se volvieron a estimular
mediante la centrifugacion y la adicion de masydihie. También se ha demostrado

que la fructosa induce un aumento del movimienbgsivo (Rigau et al., 2001).
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Conclusiones

De acuerdo a los resultados obtenidos en la peeJersis Doctoral, se pueden

extraer las conclusiones que se enumeran a coaifmua

- Primera Publicacién: Centrifugation on PureSperfi density-gradient improved
quality of spermatozoa from frozen-thawed dog semén Dorado, L. Alcaraz, N.
Duarte, J.M. Portero, D. Acha, S. Demyda, A. MuSerrano, M. Hidalgo
Theriogenology 2011, 76: 381-385.

1. La centrifugacién a través del gradiente de dedsiareSperfh puede ser un
método eficaz para mejorar la calidad del espeamao dafiado por el proceso de
congelacion-descongelacién, y presumiblemente can mayor capacidad
fecundante potencial, debido a que la mayoria depetros de calidad espermatica
explorados aparecen significativamente mejoradaes regpecto a la suspension

original de esperma congelado-descongelado.

2. El lavado del pellet resultante de la centrifugac® gradiente de densidad redujo
drasticamente la calidad seminal a la descongelatidicando que la inclusion de

este paso en el proceso de seleccion es innecesario

- Segunda Publicacion:Changes in the structutes of motile sperm subpojialas in
dog spermatozoa after both cryopreservation and tdérgation on PureSpern?
gradient J. Dorado, L. Alcaraz, N. Duarte, J.M. Portero, Bcha, M. HidalgoAnimal
Reproduction Science 2011, 125: 211-218.

1. Los resultados del presente estudio mostraron |&steecia de cuatro
subpoblaciones cinéticas tanto en el semen fresclas muestras no seleccionadas

como en las seleccionadas de perro.

2. La crioconservacion modifico significativamente ttatos parametros especificos

como la distribucion de los espermatozoides eagaslibpoblaciones.
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3. El gradiente discontinuo PureSpérms un método simple para mejorar la calidad
del esperma canino dafiado por el proceso de can@eldescongelacion v,
aungue esto deberia ser confirmado experimentaémeneésumiblernte con la
mayor capacidad fecundante potencial, ya que lap&lacion 4 (espermatozoides
muy veloces y con movimiento progresivo) fue la paidacion mas

frecuentemente observada tras la preparacion gnadiente.

4. Finalmente, este estudio demostré que la estrugjareral de subpoblaciones
cinéticas en el perro se mantuvo constante a piesafecto causado tanto por el
proceso de crioconservacion como por el de segsrazitravés del gradiente
PureSperffi.

- Tercera Publicacién: Single-layer centrifugation through PureSperfn80 selects
improved quality spermatozoa from frozen-thawed dsegnenJ. Dorado, L. Alcaraz,
M.J. Galvez, D. Acha, I. Ortiz, M. Urbano, M. Hidal Animal Reproduction Science
2013, 140: 232-240.

1. La centrifugacion en una sola capa del coloide Bpren? 80 puede ser un método
alternativo y eficaz para la mejora de la calidatesperma canino dafado por el
proceso de congelacion-descongelaciéon, y aunque dedteria ser confirmado
experimentalmente, presumiblemente con la mayaaaidad fertilizante potencial,
ya que la mayoria de los parametros de calidadrregtiea explorados fueron
significativamente mejores que los obtenidos emnasstras originales de esperma

congelado-descongelado.

2. Ademas, la Subpoblacion 2 (espermatozoides canvaliocidad y movimiento
progresivo) se observé con mayor frecuencia traelaccion a traves del coloide
PureSper80.

3. Por dultimo, este estudio también demostr6 que laca@nservacion modifica
significativamente la distribucion de los espermaides dentro de las
subpoblaciones; sin embargo, la estructura gendeal las subpoblaciones
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espermaticas en perros se mantuvo constante a gelsafecto causado por la
crioconservacion o seleccion a través de PureSp&ém
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Abstract

The main objective of this study was to investigate if centrifugation through PureSperm® density-gradient can improve the
post-thaw semen quality of dog semen. Semen from 5 dogs was collected and cryopreserved following a standard protocol. After
thawing, semen samples were selected by centrifugation on PureSperm®. Assessments of sperm motility (assessed by comput-
erized-assisted semen analysis), morphology (Diff-Quick staining) and viability (triple fluorescent stain of Propidium iodine/
isothiocyanate-labeled peanut (Arachis hypogaea) agglutinin/Rhodamine 123), were performed on aliquots of fresh semen,
unselected samples and selected preparations. Cryopreservation had a significant (P < 0.001) effect on all studied semen
parameters. PureSperm® centrifugation yielded sperm suspensions with improved motility and viability (P < 0.001). The washing
step significantly reduced (P < 0.001) all of the kinematics parameters evaluated as well as reduced the proportion of viable
spermatozoa with intact acrosomes (P < 0.05). We concluded that PureSperm® centrifugation is a successful method for
improving the quality of frozen-thawed dog spermatozoa. However, washing after density-gradient centrifugation dramatically
reduces the post-thaw semen quality, indicating that the inclusion of such a washing step is unnecessary.
© 2011 Elsevier Inc. All rights reserved.

Keywords: Sperm separation; CASA; Sperm viability; Cryopreservation; Dog spermatozoa

1. Introduction factory with frozen-thawed dog semen [2]. The selec-
tion of the most viable spermatozoa (potentially fertile)
from a population where the majority has been dam-
aged or is dead might be one of the prerequisites for
achieving optimal conception rates after ART with fro-
zen-thawed dog semen.

Centrifugation through layers of colloid has been
satisfactorily used to separate motile, chromatin-in-
tact and morphologically normal spermatozoa from
Trresponding author. Tel: +0034 957 212136; fax: +0034 957 the ?Xtended SeTnen [3]. Recently, some speme.s—
211093, specific formulations have been developed for use in

E-mail address: jdorado@uco.es (Jesis M. Dorado Martin). human ART and also in animal ART [3], including

Cryopreservation induces a series of osmotic, chem-
ical and mechanical stresses to sperm, causing death of
some sperm and severe post-thaw damage in surviving
cells, reducing fertilizing ability [1]. Therefore, current
pregnancy and live birth success rates of assisted re-
production techniques (ART) are not completely satis-

0093-691X/$ — see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.theriogenology.2011.02.026
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dogs [4]. PureSperm®, one of those commercial

products, has also been used inter-species with ac-
ceptable results [5,6]. However, to our knowledge,
studies on the effect of PureSperm® centrifugation
on frozen-thawed dog semen have not been reported.

The main objective of this study was therefore to
investigate if centrifugation through PureSperm® den-
sity-gradient can improve the post-thaw quality (motil-
ity, morphology and viability) of dog semen.

2. Materials and methods
2.1. Semen collection and processing

Semen was obtained from 5 dogs of different breeds,
ranging between 5 and 6 years of age. Two ejaculates
from each dog were collected by digital manipulation.
Semen volume was measured in a calibrated tube.
Sperm concentration was determined with a photometer
(SpermaCue, Minitiib, Tiefenbach, Germany). Only
ejaculates with volume = 0.8 mL, sperm concentration
= 200 X 10° spermatozoa/mL, motility = 70% and
normal morphology = 70% were included in the study.

Semen was cryopreserved using a standard commer-
cial extender (CaniPRO™ Freeze A & B, Minitiib,
Tiefenbach, Germany). In brief, semen was diluted 1:1
(v:iv) with Tris-based extender (Biladyl A, Minitiib,
Tiefenbach, Germany) and centrifuged at 700 g for 10
min at 22 °C. The sperm pellet was suspended to a final
concentration of 300 to 400 X 10° sperm/mL with
CaniPRO™ Freeze A plus 20% egg yolk at 22 °C.
Extended semen was cooled to 5 °C within an hour and
then diluted to a final concentration of 150 to 200 X 10°
sperm/mL in CaniPRO™ Freeze B plus 20% egg yolk
at 5 °C. Finally, the spermatozoa were loaded in 0.5 mL
plastic straws, frozen horizontally in ranks placed 4 cm
above the surface of liquid nitrogen (LN,) for 10 min
and placed into LN,. After 24 to 48 h of storage, straws
were thawed in a water bath at 37 °C for 30 sec, for
analyses.

2.2. Sperm separation procedure

Sperm selection on PureSperm® gradients was ac-
complished according to producer’s directions (Nida-
con International AB, Gothenburg, Sweden). In brief, 2
mL of PureSperm® 80 was pipetted into a 15 mL
centrifuge tube and then carefully layered with 2 mL of
PureSperm® 40. An aliquot of the frozen-thawed semen
(three 0.5 mL straws containing 150 to 200 sperm/mL)
was layered (1.5 mL) on top of the gradient before
centrifugation (300 X g/20 min at 22 °C). The sperm

pellet was diluted with 5 mL PBS (Sigma-Aldrich Che-
mie GmbH, Steinheim, Germany) and washed by fur-
ther centrifugation at 500 X g for 10 min at 22 °C for
later examinations.

2.3. Sperm quality parameters assessment

Sperm quality were immediately assessed (1) post-
thawing (unselected sperm samples), (2) after centrif-
ugation of thawed samples through PureSperm® (se-
lected sperm samples after DGC) and (3) after washing
of the sperm pellet resulting from the DGC (selected
sperm samples after washing step).

2.3.1. Sperm morphology

At least 200 spermatozoa were counted on slides
stained with Diff-Quick® (Baxter DADE Diagnostics AG,
Diidingen, Switzerland) to determine the percentage of
spermatozoa with abnormal morphology (ASM, %).

2.3.2. Objective sperm motility

Motility was measured using a CASA system (Sperm
Class Analyzer, Microptic SL, Barcelona, Spain), as de-
scribed by Nufiez-Martinez et al [7]. The following pa-
rameters were recorded: curvilinear velocity (VCL,
mum/sec), straight line velocity (VSL, wm/sec), average
path velocity (VAP, wm/sec), linearity (LIN, %),
straightness (STR, %), wobble (WOB, %), amplitude of
lateral head displacement (ALH, wm) and beat cross
frequency (BCF, Hz), total motility (MOT, %) and
progressive motility (PMOT, %).

2.3.3. Plasma membrane integrity, mitochondrial
function and acrosomal integrity

Sperm viability was assessed in terms of plasma
membrane integrity, mitochondrial membrane potential
and acrosome membrane integrity. These characteris-
tics were analyzed simultaneously using a modification
of a triple fluorescent procedure described by Graham
et al [8], which includes the fluorochromes propidium
iodide (PI), Rhodamine 123 (R123) and isothiocyanate-
labeled peanut (Arachis hypogaea) agglutinin assay
(FITC-PNA). All reagents were purchased from Sigma-
Aldrich Chemie GmbH (Steinheim, Germany). Briefly,
200 pL of sperm sample (25 to 50 million cells ap-
proximately) were incubated at 38 °C in the dark for 25
min with 5 uL of R123 (0.1 mg/mL). Excess probe was
removed from the spermatozoa by centrifugation (400
X g/ 6 min), and spermatozoa were re-suspended in
200 pL of PBS. A mixture of 10 uL of PI (0.1 mg/mL)
and 5 pL of FITC-PNA (0.1 mg/mL) was added to the
samples, and the cells were then incubated at 38 °C for
10 min. A total of 300 spermatozoa were evaluated
under 100 X magnification with epifluorescence mi-
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Table 1

Means values of the semen quality analysis of fresh dog semen and frozen-thawed samples.

Parameter

Fresh semen Original frozen-thawed samples

Total abnormalities (%)

Viable sperm with an intact acrosome (%)
Viable sperm with an acrosome reaction (%)
Nonviable sperm with an intact acrosome (%)
Nonviable sperm with an acrosome reaction (%)
Total motility (%)*

Progressive motility (%)

Curvilinear velocity (VCL, wm/sec)

Straight line velocity (VSL, um/sec)

Average path velocity (VAP, um/sec)

Linearity (LIN, %)

Straightness (STR, %)

Wobble (WOB, %)

Amplitude of lateral head displacement (ALH, pum)
Beat cross frequency (BCF, Hz)

10.23 *+ 0.08° 35.07 + 0.06*
71.62 = 0.09* 42.65 * 0.23°
3.93 + 0.02* 2.95 +0.01°
14.10 = 0.07° 26.20 = 0.17°
10.31 = 0.06° 28.20 = 0.21*
97.13 + 0.03* 76.49 + 0.18°
78.92 + 0.09* 35.30 = 0.14°
108.37 = 0.39* 66.00 = 0.67°
67.65 + 0.37* 40.04 * 0.57°
85.46 =+ 0.35° 49.92 + 0.58°
58.27 + 0.23* 47.09 * 0.40°
73.18 + 0.23% 63.89 + 0.41°
75.98 * 0.14° 67.80 = 0.27°
3.17 £ 0.01* 2.84 = 0.02°
8.99 + 0.03* 6.39 = 0.06"

* Total motility is defined as the percentage of spermatozoa with a mean velocity > 15 um/sec.
T Rapid progressive motility is defined as the percentage of spermatozoa with a mean velocity > 50 wm/sec and straightness > 75%.
Semen quality parameters shown here are described in Section 2.3. Each ejaculate was diluted for freezing in CaniPRO™ Freeze A & B containing

20% egg yolk.

*b Different superscripts in the same row indicate significant differences (P < 0.05).

croscopy (Olympus BX40, Tokyo, Japan) in each
smear, using a U-ND25-2 filter (a 460 to 490 nm
excitation filter). Four staining patterns could be dis-
cerned: 1) viable sperm with an intact acrosome (VS),
2) viable sperm with an acrosome reaction (VS-AR), 3)
nonviable sperm with an intact acrosome (DS) and 4)
nonviable sperm with an acrosome reaction (DS-AR).
Values were expressed as percentages.

2.4. Statistical analysis

Results are expressed as mean = SEM. Data were
studied using a general linear model (PROC GLM) in
which the effects of males and replica within male were
considered as random effects, as well as the interaction
between them. Dependent variables expressed as percent-
ages were arcsine-transformed before the analysis. Differ-
ences between mean values were analyzed by the Duncan
method. All analyses were performed with SAS statistic
package v9.0 (SAS Institute Inc., Cary, NC, USA). The
level of significance was set at P < 0.05.

3. Results

3.1. Comparison between mean quality parameters of
fresh semen and frozen-thawed samples

Cryopreservation induced a significant (P < 0.001)
increase in mean values of ASM, DS and DS-AR,
whereas the opposite was found for mean VS and
VS-AR values. CASA-derived parameters were signif-

icantly (P < 0.001) higher in fresh semen than in
frozen-thawed samples (Table 1).

There were significant (P < 0.05) differences be-
tween dogs in sperm quality parameters, both in fresh
semen and frozen-thawed samples, as well as we found
a significant (P < 0.001) effect of the replica (data not
shown). Moreover, there was interaction (P < 0.001)
among dogs and replica for sperm parameters.

3.2. Effect of PureSperm selection on post-thaw
semen quality

Centrifugation of frozen-thawed spermatozoa thr-
ough PureSperm® yielded a significant (P < 0.001)
increase in mean PMOT, VSL, STR, ALH and BCF
values (Table 2). No significant (P > 0.05) differences
between unselected samples and those selected by den-
sity-gradient centrifugation (DGC) were found for
VCL, VAP and LIN. Mean MOT and WOB values
were significantly (P < 0.001) higher in the original
spermatozoa than PureSperm-separated spermatozoa.
Washing of the sperm pellet after DGC reduced signif-
icantly (P < 0.001) all CASA measures (Table 2). As
shown in Table 3, mean VS and VS-AR values im-
proved significantly (P < 0.001) after DGC, whereas
the reverse was found for DS. No significant (P > 0.05)
differences between unselected and selected samples
were found for mean ASM and DS-AR values. Higher
values of ASM, VS-AR and DS (P < 0.001) and lower
values of VS and DS-AR (P < 0.05) were found after
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Table 2

Motility parameters for dog sperm samples before PureSperm® gradient centrifugation, immediately after density-gradient centrifugation
(DGC) and after washing of the sperm pellet resulting from the density-gradient centrifugation.

Sperm Sperm parameter

treat t

reatmen MOT (%) PMOT (%)  VCL (um/sec)  VSL (um/sec) VAP (um/sec) LIN (%) STR (%) WOB (%) ALH (um)  BCF (Hz)
Unselected 7471 £0190  37.09 £021° 6618 = 0.67°  40.87 £0.59° 5064 = 0.60° 47.32 £ 041" 6453 041" 6820 £027° 225+002° 651 %007
Selected

After DGC 68.48 + 048> 4078 = 0.41°  69.10 = 1.22° 4427 + 1.04°  49.66 = 1.04°  49.51 = 0.78" 7411 £0.76° 6231 £0.61° 238+0.04 819+ 0.16°

After 5545063 2047 £ 047° 5414 1.74°  32.80 * 1.48°
washing
step

3731 = 1.47° 4033 = 1.21° 66,15+ 1.27° 5592 +0.99° 2.13 +0.06° 5.88 +0.21°

Results are expressed as means = SEM for 10 semen samples from 5 dogs.

MOT, total motility; PMOT, progressive motility; VCL, curvilinear velocity; VSL, straight line velocity; VAP, average path velocity; LIN, linearity; STR, straightness; WOB, wobble; ALH,

amplitude of lateral head displacement; BCF, beat cross frequenc

Y-
abe Different superscript letters in the same column indicate significant differences (P < 0.05).

washing of the sperm pellet resulting from the DGC
(Table 3).

There were no dog differences (P > 0.05) for sperm
quality parameters, nor was there any interaction (P >
0.05) among dogs and replica for sperm parameters
assessed after semen processing (cryopreservation or
sperm selection). However, a significant (P < 0.001)
effect of the replica was observed in sperm quality.

The yield was 40.83% after PureSperm® centrifuga-
tion and 17.31% after washing of the sperm pellet
resulting from DGC. The volume of the sperm suspen-
sion recovered ranged from 0.5 to 1 mL after DGC and
below 0.5 mL after the washing step.

4. Discussion

We observed mainly decreases in the quality of
sperm kinematics probably because the sperm mito-
chondria are the sperm structures more sensitive to
cryodamage in dogs [9]. Nevertheless, post-thaw semen
quality of both unselected and selected samples is com-
parable with that from other studies [9—11]. There was
a significant male effect on post-thaw semen quality,

Table 3

suggesting that individual dogs may have different sus-
ceptibility to sperm cryopreservation, as previously re-
ported [10,11].

This is the first attempt to use PureSperm® centrif-
ugation to separate cryopreserved canine sperm. In
agreement with findings in previous studies [5,6,12],
the PureSperm® protocol selected a sperm population
with improved quality in regard to higher motility,
viability and acrosome integrity. Although there was a
tendency for morphologically normal spermatozoa to
improve after gradient selection, these differences did
not reach statistical significance. Because of different
factors such as force of centrifugation, volume of gra-
dients and volume of spermatozoa loaded on gradients,
the sperm parameters results in that protocol should be
interpreted with caution.

Additionally, PureSperm-selected spermatozoa had
higher velocity than unselected spermatozoa. The bio-
logic relevance of this finding in dogs has been recently
established by Silva et al [10], demonstrating that high
sperm velocities are landmarks of fertility both in vivo
and in vitro. Therefore, it can be surmised that sperm

Parameters of the sperm morphology and viability assay for dog sperm samples before PureSperm® gradient centrifugation, immediately after
density-gradient centrifugation (DGC) and after washing of the sperm pellet resulting from the density-gradient centrifugation.

Sperm treatment

Sperm parameter

ASM (%) VS (%) VS-AR (%) DS (%) DS-AR (%)
Unselected 35.07 = 0.06° 42.65 = 0.23° 2.95 = 0.01° 26.20 = 0.17° 28.20 = 0.21°
Selected
After DGC 34.84 + 0.09° 44.46 * 0.37° 3.14 * 0.04° 24.02 = 0.28¢ 34.64 + 0.28*
After washing step 36.58 + 0.23% 34.85 + 0.65¢ 3.66 + 0.05° 28.66 + 0.27* 26.82 + 0.57°

Results are expressed as means = SEM for 10 semen samples from 5 dogs.

ASM, abnormal sperm morphology; VS, viable sperm with an intact acrosome; VS-AR, viable sperm with an acrosome reaction; DS, nonviable
sperm with an intact acrosome; DS-AR, nonviable sperm with an acrosome reaction.

&b Different superscript letters in the same column indicate significant differences (P < 0.05).
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preparations following DGC are the aliquots of those
spermatozoa with highest potential fertilizing ability.
Further researches should be performed to determine if
modifications in that protocol (canine-sperm-specific
formulation, single-layer centrifugation, colloid den-
sity, centrifugation regime, etc) are required to improve
the fertilizing capacity of cryopreserved and gradient-
selected dog semen, including its use for artificial in-
semination of bitches.

It was also interesting to note that washing after
PureSperm® centrifugation of the sperm pellet was harm-
ful for cryopreserved dog spermatozoa, resulting in a
decrease in the percentage of motile, progressive, viable
and acrosome intact spermatozoa. These results indicate
that there was no need to include a washing step in the
protocol, thus saving time and effort in preparation.

In conclusion, DGC using PureSperm® may be a suc-
cessful method for improving canine sperm quality dam-
aged by the freezing-thawing process, and presumably
with the highest potential fertilizing ability, since the ma-
jority of the parameters of sperm quality explored hereby
appeared significantly better than the counterpart original
suspension of frozen-thawed spermatozoa. However,
washing after DGC of the sperm pellet reduces dramati-
cally the post-thaw semen quality, indicating that the in-
clusion of such a washing step is unnecessary.
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The aims of the present study were to: (1) determine if discrete motile sperm sub-
populations exist and their incidence in fresh dog ejaculates, (2) evaluate the effects
of cryopreservation on the distribution of spermatozoa within the different subpopu-
lations, and (3) determine the effect of the discontinuous PureSperm® gradient on the
sperm subpopulation structure of frozen-thawed dog spermatozoa. Semen from 5 dogs
were collected and cryopreserved following a standard protocol. After thawing, semen
samples were selected by centrifugation on PureSperm®. Sperm motility (assessed by
computerized-assisted semen analysis, CASA) was assessed before freezing, just after thaw-
ing and after preparation on the PureSperm® gradients. Cryopreservation had a significant
(P<0.001) effect on CASA-derived parameters. PureSperm® centrifugation yielded sperm
suspensions with improved motility (P<0.01). A multivariate clustering procedure sepa-
rated 19414 motile spermatozoa into four subpopulations: Subpopulation 1 consisting of
poorly active and non-progressive spermatozoa (20.97%), Subpopulation 2 consisting of
slow and low-linear spermatozoa (18.24%), Subpopulation 3 consisting of highly active but
non-progressive spermatozoa (20.75%), and Subpopulation 4 consisting of high speed and
progressive spermatozoa (40.03%). Although, cryopreservation had a significant (P<0.001)
effect on both the frequency distribution of spermatozoa within subpopulations and the
motion characteristics of each subpopulation, the sperm subpopulation structure was per-
fectly maintained after freezing and thawing. The selected sperm samples was enrich in
Subpopulation 4, reaching a proportion of 31.9% of the present spermatozoa, in contrast
with the unselected sperm samples, where this sperm subpopulation accounted for 24.9%
of the total. From these results, we concluded that four well-defined motile sperm subpop-
ulations were present either in fresh semen, in unselected sperm samples or in selected
preparations from dogs. The discontinuous PureSperm® gradient is a simple method to
improve the quality of canine frozen-thawed semen samples, since Subpopulation 4 (high-
speed and progressive spermatozoa) was more frequently observed after preparation on
the gradient. Finally, this study also demonstrated that the general motile sperm structure
present in dog remains constant despite the effect caused by either cryopreservation or
separation on PureSperm® gradient.

© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Sperm cryopreservation is an integral part of assisted
conception programs and has its application in many cir-
cumstances, such as situations involving impaired male
fertility, assisted reproduction techniques (ART), and donor
semen banking (Kim et al., 2010). However, cryopreser-
vation induces both a loss of sperm viability and an
impairment of functionally of the spermatozoa surviv-
ing the thawing, thus reducing fertilizing ability (Watson,
2000). Therefore, the selection of suitable spermatozoa
from processed semen (frozen-thawed) where the major-
ity has been damaged or is dead should be one of the
prerequisites for achieving optimal conception rates after
artificial insemination or other ART with frozen-thawed
dog semen. In this sense, the PureSperm® density-gradient
centrifugation (DGC) technique has been designed to select
viable and morphologically intact human spermatozoa and
to purify them for ART (Morrell et al., 2004; Mousset-
Siméon et al., 2004; Sonderland and Lundin, 2000).
PureSperm® gradients have also been satisfactorily applied
to ejaculates and processed semen from many separate
species, such as primates (O’Brien et al., 2003), marmosets
(Hernandez-Lépez et al., 2005), bulls (Hollinshead et al.,
2004b; Maxwell et al., 2007; Underwood et al., 2009) and
rams (Hollinshead et al., 2004a; O’Brien et al., 2003), in
order to clean the spermatozoa from seminal plasma or
extenders and also to enrich the amount of cells with
normal morphology and/or motility to be then used in
ART.

Sperm motility is important for some steps of sperm
transport within the female reproductive tract, primar-
ily, for the penetration of the zona pellucida. The classical
approach, considering the whole ejaculate as a homoge-
neous population with a normal statistical distribution,
and the use of mean values to classify the ejaculates, or to
asses the effect of a treatment or a biotechnological proce-
dure is, nowadays, considered erroneous (Mortimer, 1997).
Currently, the identification of subpopulations within the
mammalian ejaculate has become an issue of utmost inter-
est for the sound evaluation of the ejaculates. Although,
there is no consensus about the physiological role for
these motile sperm subpopulations in the ejaculate, it is
widely known that the ejaculates of many mammalian
species contain different subpopulations of spermatozoa
(Abaigar et al., 1999; Dorado et al., 2010; Holt, 1996; Mir6
et al.,, 2005; Quintero-Moreno et al., 2003, 2007; Rigau
et al.,, 2001), which are characterized by precise values of
the motion parameters obtained after a computer-assisted
sperm analysis (CASA). In this way, the presence of discrete
motile sperm subpopulations has beenrelated to resistance
to cryopreservation (Flores et al., 2009; Martinez-Pastor
et al, 2005; Nufiez-Martinez et al., 2006a,b), presence
of stimulants (Abaigar et al., 1999), storage and fertil-
ity (Quintero-Moreno et al., 2003, 2004). However, to our
knowledge, studies on the effect of PureSperm® density-
gradient centrifugation on frozen-thawed dog semen have
not been reported as well as there are no available ref-
erences relative to the influence of the centrifugation of
thawed semen through PureSperm® on the structure of dog
motile sperm subpopulation.

The aims of this study were therefore to (1) identify
the presence of discrete motile sperm subpopulations, as
well as their incidence, in fresh dog ejaculates, (2) evaluate
the effects of cryopreservation in a used commercial exten-
der on the distribution of spermatozoa within the different
subpopulations, and (3) determine the effect of the discon-
tinuous PureSperm® gradient on the sperm subpopulation
structure of frozen-thawed dog spermatozoa.

2. Materials and methods
2.1. Animals

Semen was collected from 5 clinically healthy exper-
imental dogs (3 Spanish Greyhounds, 1 German Pointer
and 1 Crossbreed) ranging between 5 and 6 years and of
unknown fertility. The study was carried out according to
the Spanish laws for animal welfare and experimentation.

2.2. Semen collection and evaluation

Two ejaculates from each dog were obtained by
digital manipulation on different and nonconsecutive
experimental days, once or twice per week, and the
sperm-rich second fraction of the ejaculates was collected
(Linde-Forsberg, 1991). Immediately after collection sperm
characteristics (volume, sperm concentration, objective
sperm motility and sperm morphology) were assessed.
Sperm concentration was determined with a photometer
(Spermacue, Minitiib, Tiefenbach, Germany), as described
by Pefia et al. (2003). Sperm morphology was examined
by light microscopy evaluation (Olympus BH-2, Olympus
Optical Co., LTD, Tokyo, Japan) of smears stained with
Diff-Quick® (Baxter DADE AG 3186, Diidingen, Sweden)
staining (Kim et al, 2010). At least 200 spermatozoa
per slide were counted to determine the percentage
of spermatozoa with abnormal morphology (ASM, %).
Only ejaculates with volume >0.8 ml, sperm concentration
>200 x 106 spermatozoa/ml, motility >70% and normal
morphology >70% were included in the study.

2.3. Semen processing

Semen was frozen using the Uppsala method (Pefia
and Linde-Forsberg, 2000) modified by Nuafiez-Martinez
et al. (2006a) as follows: After collection, semen was
diluted 1:1 (v:v) with Tris-based extender (Biladyl A,
Minitiib, Tiefenbach, Germany) and centrifuged at 700 x g
for 10min at room temperature (22°C). The resulting
sperm pellet was suspended to a final sperm concentration
of 300-400 x 108 spermatozoa/ml with CaniPRO™ Freeze
A added to 20% centrifuged egg yolk at room tempera-
ture. Extended semen was slowly cooled to 5°C within an
hour and then diluted to a final sperm concentration of
150-200 x 106 spermatozoa/ml in cooled (5 °C) CaniPRO™
Freeze B added to 20% centrifuged egg yolk. Finally, the
spermatozoa were loaded in 0.5ml plastic straws and
frozen horizontally in ranks placed 4 cm above the surface
of liquid nitrogen (LN,) for 10 min, after which they were
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directly placed in LN,. After 24-48 h of storage, straws were
thawed in a water bath at 37 °C for 305, for analyses.

2.4. Sperm separation procedure

PureSperm® 80 and PureSperm® 40 gradients were
prepared in 15ml Falcon tubes (BDFalcon™Tubes, BD
Biosciences, Erembodegem, Belgium) according to pro-
ducer’s directions (Nidacon International AB, Gothenburg,
Sweden). PureSperm® works at room temperature. In brief,
a 2ml of PureSperm® 80 was pipetted into a conical
tube and then carefully layered with 2 ml of PureSperm®
40. Three straws of an individual ejaculate containing
150-200 spermatozoa/ml, were thawed at the same time
and their contents were pooled. Frozen-thawed semen
was gently loaded (1.5ml) onto the top of the gradient
before centrifugation (300 x g/20 min). The upper layers
(egg yolk and dead sperm) were removed, and the remain-
ing pellet (separated sperm population) re-suspended in a
new conical tube to obtain a final sperm concentration of
30 x 10 spermatozoa/ml with PBS (Sigma-Aldrich Chemie
GmbH, Steinheim, Germany) for later examinations.

2.5. Sperm motility

Motility was measured before freezing, just after thaw-
ing and after preparation on the PureSperm® gradients,
using a CASA system (Sperm Class Analyzer, Microptic SL,
Barcelona, Spain), as described by Nuafiez-Martinez et al.
(2006a) for dog semen. The analysis was based on the
analysis of 25 consecutive, digitized images obtained from
a single field. Images were taken in a time lapse of 15,
corresponding to a velocity of image-capturing of 1 photo-
graph every 40 ms. Before the analysis an aliquot of semen
was diluted with TRIS-based extender (Biladyl A, Minitiib,
Tiefenbach, Germany) (Pefia et al., 2003) to reach a sperm
concentration of approximately 25 x 106 spermatozoa/ml
and incubated for 5min at 38°C. Two consecutive 5 .l
drops of each semen sample were then evaluated using
a phase contrast microscope (Eclipse 50i, Nikon, Tokyo,
Japan) with a prewarmed stage at 38°C at 100x magni-
fication. Three microscopic fields per drop were filmed
at random. Objects incorrectly identified as spermatozoa
were minimized on the monitor by using the playback
function. The measured parameters of sperm motion were

Table 1

curvilinear velocity (VCL, wm/s), straight line velocity (VSL,
pmy/s), average path velocity (VAP, pm/s), linearity (LIN,
%), straightness (STR, %), wobble (WOB, %), amplitude of
lateral head displacement (ALH, wm) and beat cross fre-
quency (BCF, Hz). Definitions of these descriptors of sperm
movement can be found in a previous publication (Dorado
et al.,, 2007). Total motility was defined as the percentage
of spermatozoa with a mean average path velocity (VAP)
>15 wm/s, while objects with a VAP <10 wm/s were consid-
ered immobile.

2.6. Statistical analysis

The data matrix consisted of 12,826 observations of
individual spermatozoa for fresh semen, 5154 observations
for unselected sperm samples and 1434 for selected sperm
samples. The FASTCLUS clustering procedure was used to
separate the spermatozoa into their different motility sub-
populations (Martinez-Pastor et al., 2005). A general linear
model (PROC GLM) was used to evaluated significant dif-
ferences (P<0.05) and the Duncan’s Multiple Range test
was applied to list these differences, after arcsine transfor-
mation of percentage data. The summary statistics of the
relative frequencies of spermatozoa belonging to each sub-
population were calculated and compared by ANOVA and
chi-square test (FREQ procedure). All analyses were per-
formed with SAS statistic package v9.0 (SAS Institute Inc.,
Cary, NC, USA).

3. Results

3.1. Changes in mean motility parameters after
cryopreservation and after selection by PureSperm®
density-gradient centrifugation

As expected, cryopreservation induced great changes
in the values of the mean motility parameters of dog
spermatozoa. As shown in Table 1, frozen-thawed sam-
ples (unselected and selected sperm samples) showed a
significant (P<0.001) decrease in the percentages of CASA-
derived parameters, with the exception of STR in selected
sperm samples (75.36 +0.22 versus 74.11 +0.76; P> 0.05).
Selection by PureSperm® density-gradient centrifugation
significantly (P<0.01) improved the majority of sperm

Means values (£SEM) of the semen motility analysis of fresh semen, unselected sperm samples and selected preparations from dogs.

Unselected sperm samples

Selected sperm samples

Parameter Fresh semen

Total motility (%)? 97.03 + 0.03°
Progressive motility (%)° 78.89 + 0.09°
Curvilinear velocity (VCL, pwm/s) 105.77 £ 0.39?
Straight line velocity (VSL, wm/s) 69.54 + 0.382
Average path velocity (VAP, um/s) 85.33 +£ 0.372
Linearity (LIN, %) 60.55 + 0.232
Straightness (STR, %) 75.36 + 0.222
Wobble (WOB, %) 77.24 £+ 0.142
Amplitude of lateral head displacement (ALH, p.m) 3.00 + 0.012
Beat cross frequency (BCF, Hz) 9.14 + 0.042

76.77 + 0.18 69.57 + 0.51¢
35.30 + 0.14¢ 41.86 + 0.43
66.18 + 0.67¢ 69.10 + 1.22°
40.87 + 0.59¢ 4427 + 1.04°
50.64 =+ 0.60° 49.66 + 1.04°
47.32 4+ 0.41°¢ 49.51 + 0.78
64.53 + 0.41° 74.11 + 0.762
68.20 + 0.27° 62.31 £ 0.61¢

2.25 + 0.02¢ 2.38 + 0.04°

6.51 + 0.07¢ 8.19 + 0.16°

Different superscripts (a—c) in the same row indicate significant differences (P<0.05).

2 Total motility (MOT, %) was defined as the percentage of spermatozoa with a mean average path velocity (VAP) >15 pm/s.

b Progressive motility (PMOT, %) was defined as the percentage of spermatozoa with a mean velocity >50 um/s and straightness >75%.
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motility parameters assessed (PMOT, VCL, VSL, LIN, STR,
ALH and BCF) by CASA.

There were significant (P<0.05) differences between
dogs in sperm motility parameters, both in fresh semen
and frozen-thawed samples, as well there was a significant
(P<0.001) effect of the replicate (data not shown). More-
over, there was an interaction (P<0.001) among dog and
replicate for sperm parameters.

3.2. Identification of motile sperm subpopulations

The FASTCLUS procedure detected four motile sperm
subpopulations from the motility data. Summary statistics
for the motility characteristics of the subpopulations are
shown in Table 2.

Subpopulation 1 represented those spermatozoa with
low velocity (low VCL, VSL and VAP). They were poorly pro-
gressive (low VAP, LIN and STR) and covering very short
distances (very low VSL). The total motile spermatozoa
included in this subpopulation was 20.97%.

Subpopulation 2 included those spermatozoa whose
movement was defined as less vigorous, as indicated by the
lowest values of VCL and ALH. Trajectories show low linear-
ity although it was higher than Subpopulation 1 (P<0.001;
Table 2). This populationincluded 18.24% of the total motile
spermatozoa.

Subpopulation 3 included highly active but non-
progressive spermatozoa, as indicated by the high values
of VCL and BCF together with low LIN and STR values.
Their poor progressiveness characteristics were evident
from their high values of ALH. The total motile spermatozoa
included in this subpopulation was 20.75%.

Subpopulation 4 represented spermatozoa showing the
highest degree of progressive motility (as inferred from
the very high VSL, VAP, LIN and STR values together with
low ALH values). They exhibited a vigorous flagellar action
(high BCF). The total motile spermatozoa included in this
subpopulation was 40.03%.

3.3. Changes in the motile sperm subpopulations
structure after cryopreservation and after selection by
PureSperm® density-gradient centrifugation

Although, the percentage of motile sperm included in
each subpopulation experienced important changes after
cryopreservation and after DGC, the sperm subpopulation
structure was perfectly maintained after both procedures
(Table 3). Cryopreservation induced a significant (P<0.001)
decrease in the percentage of motile spermincluded in Sub-
populations 3 (from 24.1% to 13.2%) and 4 (from 47.0% to
24.9%). This decrease was compensated for by concomi-
tant, significant (P<0.001) increases in the percentages
of sperm included in Subpopulations 1 (from 15.9% to
31.1%) and 2 (from 12.9% to 30.8%). On the other hand,
Subpopulation 4 was more frequently observed in fresh
semen compared to unselected sperm samples (Table 3).
Moreover, while the Subpopulation 1 predominated in the
unselected sperm samples, after the centrifugation of the
thawed semen through PureSperm® the predominant sub-
population became again 4. Hereby, Subpopulation 1 was
characterized by low values of VSL and VAP, whereas Sub-

Table 2

Motility parameters for the four sperm subpopulations defined after pattern analysis in fresh semen, unselected sperm samples and selected preparations from dogs.

Sperm motility parameters

Subpopulation

STR (%) WOB (%) ALH (um) BCF (Hz)

LIN (%)

VSL (pm/s) VAP (pm/s)

VCL (pm/s)

4.33 + 0.05¢

2.16 + 0.02¢

50.70 + 0.25¢
71.05 + 0.22P
71.13 + 0.15
88.38 + 0.08?

37.74 + 0.354
67.60 + 0.33¢
68.76 + 0.33
94.62 + 0.072

18.80 + 0.20°¢
48.28 + 0.30P
48.02 + 0.21°
83.70 + 0.112

24.21 + 0314
30.55 + 0.39¢
93.28 + 0.35
108.61 + 0.322

9.98 + 0.17¢
22.38 £+ 0.32¢
62.46 + 0.32°

102.25 + 0.31°

44.06 + 0.46¢
40.65 + 0.464

130.72 + 0.352

4072(20.97)

4.98 + 0.06¢
10.00 + 0.05°
11.20 + 0.04?

1.71 £+0.019
430 + 0.012

3542(18.24)

4029(20.75)

2.74 + 0.01°

121.84 + 035>

7771(40.03)

Results are expressed as means + SEM for 10 semen samples from 5 dogs. The total number of spermatozoa analyzed was 19414.

VCL, curvilinear velocity; VSL, straight line velocity; VAP, average path velocity; LIN, linearity; STR, straightness; WOB, wobble; ALH, amplitude of lateral head displacement; BCF, beat cross frequency.

Different letters (a-d) in the same column indicate significant differences (P<0.05).
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Table 3
Changes in the sperm subpopulation structure of dog spermatozoa in fresh semen, unselected sperm samples and selected sperm samples.
Subpopulation Fresh semen Unselected sperm samples Selected sperm samples
n % n % n %
1 2037 15.9° 1604 31.12 431 30.12
2 1660 12.9¢ 1586 30.8? 296 20.6°
3 3097 24.12 682 13.2¢ 250 17.4°
4 6032 47.0% 1282 24.9¢ 457 31.9°

Different superscript letters (a—c) in the same row indicate significant differences (P<0.05, Chi-square test).

population 4 was still composed of spermatozoa depicting
high values for all sperm velocities (Table 2).

Cryopreservation also modified the majority of motility
parameters evaluated in any of the obtained subpopula-
tions (Table 4). In general, the sperm velocity parameters
(VCL, VSL and VAP) decreased in all subpopulations. The
trajectory of the sperm movement changed in a different
way depending on the sperm subpopulation. In Subpopula-
tions 3 and 4, the sperm trajectories were more progressive
after cryopreservation than fresh semen (higher LIN),
whereas in Subpopulations 1 and 2, the sperm trajectories
were less progressive after freezing and thawing. After the
centrifugation of the thawed semen through PureSperm®,
there was a significant (P<0.001) increase in the mean val-
ues of STR in Subpopulations 1-3, as well as mean BCF
values were significantly (P<0.001) higher in Subpopula-
tions 3 and 4.

Individual variability was identified for each of the four
sperm subpopulations (P<0.001) either in fresh semen,
just after thawing or after DGC. Thus, significant (P<0.05)

Table 4

differences between treatments were found in Subpopula-
tions 1 and 2 for dog 2, in Subpopulation 3 for dogs 1 and
5 and in Subpopulation 4 for dogs 2-5 (data not shown).

3.4. Sperm yield after density-gradient centrifugation

The yield depended on sperm quality of the original
frozen-thawed samples and was 40.83% after the centrifu-
gation of thawed semen through the PureSperm® gradient.
The volume of the sperm suspension recovered ranged
from 0.5 to 1 mL after DGC.

4. Discussion

Cryopreservation implies osmotic stress and the for-
mation or reshaping of intracellular ice during freezing
and again during thawing, resulting in alterations of the
cell physiology. In the present study, instead of a high
percentage of immotile sperm after thawing we observed
mainly decreases in the quality of sperm kinematics, prob-

Effects of two-layer centrifugation through PureSperm® gradient on motility parameters of the motile-sperm subpopulations determined in dog semen

samples.

Sperm motility parameters Subpopulation 1

Subpopulation 2

Fresh semen

Unselected sperm

Selected sperm

Fresh semen

Unselected sperm

Selected sperm

samples samples samples samples

VCL (pm/s) 55.24 £+ 0.672 34.91 + 0.58P 25.28 + 1.00¢ 49.27 + 0.742 32.70 + 0.56¢ 34.88 + 1.33b
VSL (um/s) 12.86 + 0.252 7.71 £ 0.23> 4.79 + 0.40¢ 28.43 + 0.51° 16.62 + 0.40° 19.27 + 0.94°
VAP (pm/s) 31.14 + 0.47° 19.05 + 0.41° 10.71 + 0.60° 38.17 £ 0.63° 23.83 + 0.47° 23.88 + 1.00°
LIN (%) 21.34 +£ 0.292 17.10 + 0.31° 13.10 £ 0.53¢ 51.91 + 0.432 44.30 + 0.44° 49.26 + 0.962
STR (%) 38.87 + 0.47° 34.75 + 0.53¢ 43.61 + 1.41° 70.60 =+ 0.47° 63.33 £ 0.50°¢ 73.67 £+ 1.062
WOB (%) 54.62 + 0.322 49.69 + 0.38P 35.97 + 0.88¢ 73.03 £ 0.29° 69.87 + 0.13" 66.34 + 0.72¢
ALH (pm) 2.57 £ 0.022 1.83 + 0.02° 1.48 + 0.04¢ 1.94 + 0.02?2 1.50 + 0.02° 1.59 + 0.04°
BCF (Hz) 5.29 £+ 0.072 3.69 + 0.08P 2.14 £ 0.12¢ 5.75 £ 0.092 4.07 4+ 0.07° 5.56 + 0.262

Subpopulation 3 Subpopulation 4

Fresh semen Unselected sperm Selected sperm Fresh semen Unselected sperm Selected sperm

samples samples samples samples

VCL (pm/s) 133.14 + 0.40° 126.69 + 0.77° 111.74 £+ 1.02¢ 124.34 + 0.39? 114.55 + 0.88 109.27 £ 1.17¢
VSL (um/s) 61.78 + 0.38> 66.28 + 0.712 60.45 + 0.98¢ 103.99 + 0.35% 98.85 + 0.84° 88.84 + 1.07¢
VAP (pm/s) 96.80 + 0.40° 85.34 + 0.66" 71.28 £ 0.90¢ 110.71 £ 0.352 104.88 + 0.81 91.27 + 1.07¢
LIN (%) 46.56 + 0.25¢ 52.40 + 0.46° 54.11 + 0.69" 83.34 + 0.12° 86.19 + 0.26° 81.48 + 0.47¢
STR (%) 65.31 + 0.37¢ 78.46 + 0.67¢ 84.92 + 0.85° 94.15 + 0.09¢ 95.90 + 0.13 97.23 +£ 0.122
WOB (%) 72.58 £ 0.172 67.27 + 0.29° 63.72 + 0.52°¢ 88.42 + 0.08" 89.79 + 0.222 83.77 + 0.45°¢
ALH (pm) 4.23 + 0.02¢ 4.56 + 0.04° 4.47 + 0.06" 2.81 4+ 0.012 2.49 + 0.03b¢ 2.59 + 0.04b
BCF (Hz) 9.71 £ 0.06¢ 10.70 + 0.12° 11.71 £ 0.232 11.09 + 0.04¢ 10.85 £ 0.11¢ 13.68 +£0.182

Results are expressed as means + SEM for 10 semen samples from 5 dogs. The total number of spermatozoa analyzed was 12826 (fresh semen), 5154 (after
thawing) and 1434 (after density-gradient centrifugation).
VCL, curvilinear velocity; VSL, straight line velocity; VAP, average path velocity; LIN, linearity; STR, straightness; WOB, wobble; ALH, amplitude of lateral
head displacement; BCF, beat cross frequency.
Different superscript letters (a—c) between rows in the same subpopulation or between the mean values indicate significant differences (P<0.05).
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ably because as has been previously proposed in dogs, the
sperm mitochondria are the sperm structures more sensi-
tive to cryodamage (Pefia et al., 2003). Nevertheless, values
obtained in semen frozen are comparable to those from
other studies (Batista et al., 2006; Peia et al., 1998, 2003;
Rota et al., 1999; Silva et al., 1996, 2003; Stréom et al., 1997;
Yildiz et al., 2000). On the other hand, there was a sig-
nificant effect of the individual dog on post-thaw sperm
quality, suggesting that individual dogs may have differ-
ent susceptibility to sperm cryopreservation, as previously
reported (Batista et al., 2006; Silva et al., 2006).

Our study also reveals the presence of four discrete
sperm subpopulations either in fresh semen, in unselected
sperm samples or in selected preparations of dogs, which
can be easily defined by the combination of eight CASA
kinematic parameters. Sperm subpopulations have previ-
ously been identified in fresh semen and frozen-thawed
dog semen (Nuflez-Martinez et al., 2006a,b; Rigau et al.,
2001). Since either the CASA system or the kinematic
parameters used to define the sperm subpopulations in
these studies were different from the one used in the
present study, it is difficult to compare the movement pat-
terns of the sperm subpopulations identified. In spite of
this, a simple interpretation of this sperm subpopulation
structure is that these four groups represent spermato-
zoa in different physiological states (Abaigar et al., 1999),
reflected their very different swimming behaviors.

The presence of three or four well-defined motile
sperm subpopulations has been demonstrated in numer-
ous species (Abaigar et al., 1999; Dorado et al., 2010; Hol,
1996; Mird et al., 2005; Muifio et al.,, 2008; Quintero-
Moreno et al., 2003). As indicated by our current and
previous results (Nafiez-Martinez et al., 2006a), the canine
species does not seem to be an exception. However, to
our knowledge, the existence of separate motile subpop-
ulations in selected canine semen has not been previously
investigated.

In agreement with previous studies (Cremades et al.,
2005; Flores et al., 2008, 2009; Muifo et al., 2008, 2009),
cryopreservation had a significant effect on both the fre-
quency distribution of spermatozoa within subpopulations
and the motion characteristics of each subpopulation.
A significant decrease in the proportion assigned to
the Subpopulations 3 (highly active but non-progressive
spermatozoa)and 4 (highly active and progressive sperma-
tozoa) was seen after cryopreservation. Subpopulations 3
and 4 might loose their flagellar activity, probably as con-
sequence of injury induced by the freezing and thawing
process. In this context, a simple application of a multi-
variate pattern analysis to allocate motile spermatozoa into
subpopulations on the basis of their kinematic parameters
seems to be fully informative, thus opening the possibility
to use this type of analysis to greatly improve the standard
dog-semen quality analysis when ability to resist cryop-
reservation is concerned. In fact, Flores et al. (2009) pointed
out that boar ejaculate resistance to cryopreservation is
related to specific changes in both the structures of motile
sperm subpopulations and the motion characteristics of
each subpopulation.

It is noteworthy that the general motile sperm struc-
ture present in the dog remains constant despite the

effect caused by either cryopreservation or separation on
PureSperm® gradient. This indicates that the maintenance
of an overall subpopulations structure could be important
in order to maintain the general function of the ejaculate,
regardless of the specific functional status. These results
pointed to a specific, important role for the maintenance of
a specific subpopulational structure in mammalian ejacu-
lates, regardless of the species in which the studies were
carried out. In this way, the existence of an specific sub-
populational structure has been described in very different
mammals like boar (Abaigar et al., 1999), horse (Quintero-
Moreno et al., 2003), bull (Muifio et al., 2008), buck (Dorado
etal,, 2010), red deer (Martinez-Pastor et al., 2005), gazelle
(Abaigar et al., 1999), dog (Rigau et al., 2001), golden ham-
ster (Holt, 1996) and rabbit (Quintero-Moreno et al., 2007),
indicating that it is a common feature of all mammalian
ejaculates. Recent studies indicate that motility changes
associated with processes like “in vitro” capacitation in
boar semen (Ramié et al., 2008) do not modify the over-
all subpopulational structure of these samples, the mean
motility changes linked to these processes being induced
mainly to concomitant changes in the percentage of motile
sperm included in each specific subpopulation. Therefore,
the maintenance of this specific subpopulational struc-
ture would be important in the maintenance of the overall
semen function in mammals.

To our knowledge, this is the first attempt to use
PureSperm® centrifugation to separate cryopreserved
canine sperm. The centrifugation of thawed semen through
PureSperm® gradient selected a sperm population with
improved quality in regard to higher motility (high mean
values of PMOT, VCL, VSL, LIN, STR, ALH and BCF). The
improvement in sperm motility and velocity is generally
consistent with previous studies for PureSperm® gradi-
ent (Maxwell et al., 2007; Underwood et al., 2009) and for
other DGC techniques such us Percoll® (Brum et al., 2008;
Garcia-Alvarez et al., 2010; Samardzija et al., 2006; Suzuki
et al., 2003; Valcarcel et al., 1996), BoviPure® (Samardzija
et al., 2006; Underwood et al., 2009), and Androcoll-E™
(Johannisson et al., 2009; Macias Garcia et al., 2009b;
Morrell et al., 2009).

Likewise, the DCG also enriched the subpopulations
depicting higher velocities in the processed frozen-thawed
semen sample. The predominant subpopulation present in
the unselected sperm samples was the Subpopulation 1;
a subpopulation characterized by poorly active and non-
progressive movement, representing more than 30% of
the spermatozoa in the sample. Treatment of the sperm
suspension by PureSperm® density-gradient significantly
modified the distribution of spermatozoa within subpop-
ulations. Therefore, Subpopulation 4 (highly active and
progressive spermatozoa) represented now more than 31%
of the spermatozoa harvested after centrifugation through
PureSperm® gradient. Our results are consistent with those
reported previously by Macias Garcia et al. (2009a) for
single-layer centrifugation of frozen-thawed stallion sper-
matozoa, and this leads to the conclusion that the DGC
process improved the quality of the sperm sample in
terms of the sperm subpopulation structure. Quality in this
respect meant that spermatozoa had the basic attributes of
critical relevance for the fertility of a given ejaculate.
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The majority of the CASA motion parameters used in
the present study for the identification of sperm subpopu-
lations have been previously identified as the most reliable
markers of sperm quality (De Geyter et al., 1998; Dorado
et al., 2009; Holt et al., 1997; Larsen et al., 2000; Olds-
Clarke, 1996) and associated with fertility (Amann, 1989;
Farrell et al., 1993, 1998; Holt et al., 1997; MacLeod and
Irvine, 1995; Moore and Akhondi, 1996; Vidament et al.,
2000). Studies in dogs (Silva et al., 2006) and boars (Holt
et al., 1997) have demonstrated that high sperm velocities
are landmarks of fertility both in vivo and in vitro. It has
also been reported previously that VCL s of key importance
for formation of the sperm reservoir at the utero-tubal
junction in mice (Olds-Clarke, 1996), that VCL and VAP
are linked to the ability of ram spermatozoa to penetrate
cervical mucus (Robayo et al., 2008), and that post-thaw
VSL is related to the fertility of bull (Gillan et al., 2008)
and human (Thys et al., 1998) spermatozoa. Furthermore,
the predominance of a particular motile subpopulation in
samples with better cryoresistance or fertility has been
demonstrated in other studies (Martinez-Pastor et al.,
2005; Quintero-Moreno et al., 2003). Therefore, taking
into account this experimental evidence, and since the
DGC technique herein studied, particularly harvested those
spermatozoa with highest velocity in the insemination
dose, it can be surmised that sperm preparations fol-
lowing DGC are the aliquots of those spermatozoa with
highest potential fertilizing ability. However, the implica-
tions for that the different motile sperm subpopulations
and their distribution in thawed semen can have on
subsequent in vivo or in vitro fertility require further inves-
tigation.

In conclusion, the results of the present study show
that four well-defined motile sperm subpopulations were
present either in fresh semen, in unselected sperm samples
or in selected preparations from dogs. Cryopreserva-
tion significantly modified both the specific parameters
and the distribution of spermatozoa within subpopula-
tions. The discontinuous PureSperm® gradient is a simple
method to improve canine sperm quality damaged by the
freezing-thawing process, and although this should be
experimentally confirmed, presumably with the highest
potential fertilizing ability, since Subpopulation 4 (high-
speed and progressive spermatozoa) was more frequently
observed after preparation on the gradient. Finally, this
study also demonstrated that the general motile sperm
structure present in dog remains constant despite the
effect caused by either cryopreservation or separation on
PureSperm® gradient.
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motility patterns, from doses of frozen dog semen. Semen from 5 dogs was collected
and cryopreserved following a standard protocol. After thawing, semen samples were
divided into two aliquots: one of them was used as control and the other one processed
by SLC. Assessment of sperm motility (assessed by computer-assisted semen analy-

?;}:rlvrﬁrg;aration sis), morphology (Diff-Quick staining) and viability (triple fluorescent stain of propidium
Sperm subpopulations iodine/isothiocyanate-labeled peanut (Arachis hypogaea) agglutinin/Rhodamine 123), were
Sperm quality performed on aliquots of fresh semen, frozen-thawed control and frozen-thawed SLC
Cryopreservation treated samples. A multivariate clustering procedure separated 26,051 motile spermato-
Dog spermatozoa zoa into three subpopulations (sP): sP1 consisting of highly active but non-progressive

spermatozoa (40.3%), sP2 consisting of spermatozoa with high velocity and progressive
motility (30.0%), and sP3 consisting of poorly active and non-progressive spermatozoa
(29.7%). SLC with PureSperm® 80 yielded sperm suspensions with improved motility,
morphology, viability and acrosome integrity (P<0.001). The frozen-thawed SLC treated
samples were enriched in sP2, reaching a proportion of 44.1% of the present spermatozoa.
From these results, we concluded that SLC with PureSperm® 80 may be an alternative and
successful method for improving the quality of frozen-thawed dog spermatozoa. More-
over, sP2 (high-speed and progressive spermatozoa) was more frequently observed after
SLC. Finally, this study also demonstrated that the general motile sperm structure present in
dogs remained constant despite the effect caused by either cryopreservation or separation
by SLC through PureSperm® 80.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Sperm cryopreservation is an integral part of assisted
conception programs and has its application in many cir-
cumstances, such as situations involving impaired male

- fertility, assisted reproduction techniques (ART), and donor

* Corresponding author at: Department of Medicine and Animal semen banking (l(im etal., 2010)_ However, cryopreserva-
Surgery, Faculty of Veterinary Medicine, University of Cordoba, Campus tion induces a series of osmotic. chemical. and mechanical
de Rabanales (Edif. Hospital Clinico Veterinario), Ctra. Madrid-Cadiz, km ) ’ ’
396, 14071 Cordoba, Spain. Tel.: +34 957 212136; fax: +34 957 211093. stresses to sperm, causing death of some sperm and severe

E-mail address: jdorado@uco.es (J. Dorado). post-thaw damage in surviving cells, reducing fertilizing
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ability (Watson, 1995, 2000). Moreover, damage caused by
semen processing procedures is accumulative, and small
injuries may result in important deleterious changes at the
end of the process (Nicolas et al., 2012). Therefore, current
pregnancy and live birth success rates of ART are not com-
pletely satisfactory with frozen-thawed dog semen (Kim
et al.,, 2010). For all these reasons, the selection of suit-
able spermatozoa from processed semen (frozen-thawed)
where the majority has been damaged or is dead should be
one of the prerequisites for achieving optimal conception
rates after artificial insemination (Al) or other ART with
frozen-thawed dog semen.

There are several methods (i.e. migration, filtration,
and colloid centrifugation) available for selecting func-
tional spermatozoa on the basis of certain sperm attributes
(Morrell and Rodriguez-Martinez, 2011). Density gradi-
ent centrifugation (DGC) has been suggested as a means
of selecting spermatozoa for artificial breeding (Morrell
et al,, 2009). This technique has been satisfactorily used
to separate motile, chromatin-intact and morphologically
normal spermatozoa from the extended semen (Morrell
and Rodriguez-Martinez, 2009). Specially, the PureSperm®
(Nidacon International AB, Gothenburg, Sweden) density-
gradient centrifugation technique has been designed to
select viable and morphologically intact human spermato-
zoa and to purify them for ART (Morrell et al., 2004;
Mousset-Siméon et al, 2004). Moreover, PureSperm®
gradients have also been satisfactorily applied to ejacu-
lates and processed semen from many species, such as
primates (O’Brien et al., 2003), marmosets (Hernandez-
Lopez et al., 2005), bulls (Underwood et al., 2009), rams
(Hollinshead et al., 2004), bears (Nicolas et al., 2012) and
dogs (Dorado et al., 2011a, 2011b; Phillips et al., 2012),
in order to clean the spermatozoa from seminal plasma
or extenders and also to enrich the amount of cells with
normal morphology and/or motility to be then used in
ART.

A new method, single-layer centrifugation (SLC)
through a colloid, has been recently developed by Morrell
et al. (2008a), which uses only one layer of colloid. This
technique is simpler to use than DGC, while apparently
being equally effective (Morrell et al., 2009). Therefore,
using different colloids, SLC has successfully been used
to improve the quality of sperm samples in humans
(Zhou et al., 2010), stallions (Gutiérrez-Cepeda et al., 2011;
Morrell et al., 2011), boars (Martinez-Alborcia et al., 2012),
bulls (Thys et al., 2009), dogs (Morrell et al., 2008b)
and cats (Chatdarong et al., 2010). A modification of the
PureSperm® density gradient technique, centrifugation
through a single-layer of colloid, has also been reported
for human spermatozoa (Zhang et al., 2004). However, to
our knowledge, studies on the effect of sperm selection by
means of SLC through PureSperm® on sperm quality after
cryopreservation of dog semen have not been reported.
Likewise, there are no available references relative to the
influence of the centrifugation of frozen-thawed semen
through a single-layer of PureSperm® on the structure of
dog motile sperm subpopulation.

The aim of this study was therefore to evaluate whether
SLC through PureSperm® 80 improves the post-thaw
sperm quality of dog spermatozoa, concerning its ability

to separate the subpopulation of spermatozoa with good
motility, morphology, viability and acrosome integrity.

2. Materials and methods
2.1. Animals

Semen was collected from 5 clinically healthy exper-
imental dogs (4 Beagles and 1 German Pointer) ranging
between 2 and 8 years and of unknown fertility. The study
was carried out according to the Spanish laws for animal
welfare and experimentation.

2.2. Semen collection and processing

A total of 10 ejaculates (2 ejaculates per dog) were
obtained by digital manipulation on different and non
consecutive experimental days, once or twice per week,
and the sperm-rich second fraction of the ejaculates
was collected (Linde-Forsberg, 1991). Semen volume
was determined in a calibrated tube. Sperm concentra-
tion was determined with a photometer (SpermaCue,
Minitiib, Tiefenbach, Germany), as described by Pefia
et al. (2003). Only ejaculates with volume>0.8 mL,
sperm concentration > 200 x 106 spermatozoa/mL, motil-
ity >70% and normal morphology > 70% were included in
the study.

Semen was then frozen using the Uppsala method
(Pefia and Linde-Forsberg, 2000) modified by Dorado et al.
(2011a) as follows: after collection, semen was diluted 1:1
(v/v) with Tris-based extender (Biladyl A, Minitiib, Tiefen-
bach, Germany) and centrifuged at 700 x g for 10 min at
22°C. The resulting sperm pellet was suspended to a final
sperm concentration of 300-400 x 106 spermatozoa/mL
with CaniPRO™ Freeze A plus 20% centrifuged egg yolk
at 22 °C. Extended semen was slowly cooled to 5°C within
an hour and then diluted to a final sperm concentration
of 150-200 x 10° spermatozoa/mL in CaniPRO™ Freeze B
plus 20% centrifuged egg yolk at 5 °C. Finally, the spermato-
zoa were loaded in 0.5mL plastic straws and frozen
horizontally in ranks placed 4cm above the surface of
liquid nitrogen (LN;) for 10 min, after which they were
directly placed in LN,. After 24-48 h of storage, straws
were thawed in a water bath at 37°C for 30s, for analy-
ses.

2.3. Sperm separation procedure

The technique used for SLC was a modification of
the procedure described by Morrell et al. (2012). In
brief, 2 mL of PureSperm® 80, equilibrated to 22 °C, were
poured into a 15 mL Falcon centrifuge tube (BDFalcon™
Tubes, BD Biosciences, Erembodegem, Belgium). There-
after, an aliquot of the frozen-thawed semen (straws
containing 80-100 x 106 spermatozoa/mL) was layered
(1mL) on top of the colloid. The tubes were centrifuged
for 20min at 300xg in a bench centrifuge (Eppen-
dorf Centrifuge 5702RH, Eppendorf Ibérica SLU, Madrid,
Spain) with a swing-out rotor. The sperm pellet was
re-suspended in a new conical tube to obtain a final
sperm concentration of 30 x 108 spermatozoa/mL with
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PBS (Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
for later examinations. Sperm concentration was finally
measured to calculate the yield of the SLC proce-
dure.

2.4. Sperm quality parameters assessment

Sperm quality was assessed (1) before freezing (fresh
semen), (2) just after thawing (frozen-thawed control
samples),and (3)after SLC through PureSperm® 80 (frozen-
thawed SLC treated samples).

2.4.1. Sperm morphology

Sperm morphology was examined by light microscopy
evaluation (Olympus BH-2, Olympus Optical Co., Ltd.,
Tokyo, Japan) of smears stained with Diff-Quick® (Medion
Diagnostics AG, Diidingen, Switzerland) staining (Kim et al.,
2010). At least 200 spermatozoa per slide were counted to
determine the percentage of spermatozoa with abnormal
morphology (ASM, %).

2.4.2. Objective sperm motility

Motility was measured using a CASA system (Sperm
Class Analyzer, Microptic SL, Barcelona, Spain), as described
by Nufiez-Martinez et al. (2006a) for dog semen. The
analysis was based on the analysis of 25 consecutive,
digitized images obtained from a single field. Images
were taken in a time lapse of 1s, corresponding to a
velocity of image-capturing of 1 photograph every 40 ms.
Before the analysis an aliquot of semen was diluted
with TRIS-based extender (Biladyl A, Minitiib, Tiefen-
bach, Germany) (Pefla et al., 2003) to reach a sperm
concentration of approximately 25 x 106 spermatozoa/mL
and incubated for 5min at 38°C. Two consecutive 5 L
drops of each semen sample were then evaluated using
a phase contrast microscope (Eclipse 50i, Nikon, Tokyo,
Japan) with a prewarmed stage at 38°C at 100x magni-
fication. Three microscopic fields per drop were filmed
at random. Objects incorrectly identified as spermatozoa
were minimized on the monitor by using the play-
back function. Total motility (MT, %) was defined as the
percentage of spermatozoa with a mean average path
velocity (VAP)>15 m/s, while progressive motility (MP,
%) was defined as the percentage of spermatozoa with
VAP >50 wm/s and straightness > 75%.

The measured parameters of sperm motion were curvi-
linear velocity (VCL, pm/s), straight line velocity (VSL,
pm/s), average path velocity (VAP, wmy/s), linearity (LIN,
%), straightness (STR, %), wobble (WOB, %), amplitude of
lateral head displacement (ALH, pum) and beat cross fre-
quency (BCF, Hz). Definitions of these descriptors of sperm
movement can be found in a previous publication (Dorado
etal., 2007).

2.4.3. Plasma membrane integrity, mitochondrial
function and acrosomal integrity

Sperm viability was assessed in terms of plasma mem-
brane integrity, mitochondrial membrane potential and
acrosome membrane integrity. These characteristics were
analyzed simultaneously using a modification of a triple
fluorescent procedure described by Dorado et al. (2011a),

which includes the fluorochromes propidium iodide
(PI), Rhodamine 123 (R123) and isothiocyanate-labeled
peanut (Arachis hypogaea) agglutinin assay (FITC-PNA).
All reagents were purchased from Sigma-Aldrich Chemie
GmbH (Steinheim, Germany). Briefly, 200 p.L of sperm sam-
ple (25-50 million cells approximately) were incubated at
38°Cin the dark for 25 min with 5 wL of R123 (0.1 mg/mL).
Excess probe was removed from the spermatozoa by
centrifugation (400 x g/6 min), and spermatozoa were re-
suspended in 200 wL of PBS. A mixture of 10 wL of PI
(0.1 mg/mL) and 5 pL of FITC-PNA (0.1 mg/mL) was added
to the samples, and the cells were then incubated at 38 °C
for 10 min. A minimum of 300 spermatozoa were eval-
uated under 1000x magnification with epifluorescence
microscopy (Olympus BX40, Tokyo, Japan) in each smear,
using a U-ND25-2 filter (a 460-490 nm excitation filter).
Four staining patterns could be discerned: (1) viable sperm
with anintactacrosome (VS),(2)viable sperm with an acro-
some reaction (VS-AR), (3) nonviable sperm with an intact
acrosome (DS), and (4) nonviable sperm with an acrosome
reaction (DS-AR). Values were expressed as percentages.

2.5. Experimental design

The collected ejaculate was immediately transported to
the laboratory for evaluation and processing, as described
previously. Thereafter, two straws from each individual
ejaculate were thawed and their contents were pooled.
An aliquot (1mL) of pooled semen was treated with
PureSperm® 80 (Nidacon International AB) and resulting
sperm pellets were evaluated for sperm quality, and recov-
ery rate. The remaining frozen-thawed semen was used as
control.

2.6. Statistical analysis

Results are expressed as mean & SEM. The data matrix
consisted of 16,904 observations of individual spermato-
zoa for fresh semen, 5928 observations for frozen-thawed
control samples and 5939 for frozen-thawed SLC treated
preparations. Data were first studied using a general lin-
ear model (PROC GLM) in which the effects of males and
replica within male were considered as random effects,
as well as the interaction between them. Dependent vari-
ables expressed as percentages were arcsine-transformed
before the analysis. Differences between mean values were
analyzed by the Duncan method. Secondly, a clustering
procedure was used to classify the spermatozoa of the
data set into a reduced number of subpopulations accord-
ing to their patterns of movement as previously described
(Martinez-Pastor et al., 2005). The summary statistics of
the relative frequencies of spermatozoa belonging to each
subpopulation were calculated and compared by ANOVA
and chi-square test (FREQ procedure). All analyses were
performed with SAS statistic package v9.0 (SAS Institute
Inc., Cary, NC, USA). The level of significance was set at
P<0.05.
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Table 1

Mean values (+SEM) of the semen motility analysis of fresh semen, frozen-thawed control and frozen-thawed SLC treated samples from 5 dogs (10

ejaculates).

Parameter

Fresh semen

Frozen-thawed SLC
treated samples

Frozen-thawed
control samples

Total motility (MT, %)? 97.55 + 0.01° 83.79 + 0.13°¢ 93.65 + 0.05"
Progressive motility (MP, %)® 71.71 + 0.04° 54.61 + 0.16¢ 79.38 + 0.07°
Curvilinear velocity (VCL, wm/s) 137.74 + 0.52b 128.25 £+ 1.10¢ 150.65 4+ 0.782
Straight line velocity (VSL, pm/s) 75.77 + 0.44¢ 88.64 + 0.97° 106.50 + 0.78?
Average path velocity (VAP, pm/s) 103.78 + 0.46¢ 106.77 + 1.02° 124.72 + 0.75°
Linearity (LIN, %) 49.72 + 0.21¢ 56.26 + 0.40° 64.92 + 0.35°
Straightness (STR, %) 65.77 £ 0.21¢ 70.50 + 0.38" 78.89 £ 0.34°
Wobble (WOB, %) 71.28 £ 0.13¢ 73.84 + 0.27° 78.77 £ 0.22°
Amplitude of lateral head displacement (ALH, pm/s) 4.31 + 0.01? 3.19 + 0.02¢ 3.70 + 0.02°
Beat cross frequency (BCF, Hz) 7.80 + 0.03b 7.28 £+ 0.06¢ 10.10 + 0.062

Different superscripts (a-c) in the same row indicate significant differences (P<0.05).
2 Total motility (MT, %) was defined as the percentage of spermatozoa with a mean average path velocity (VAP)>15 wm/s.
b Progressive motility (MP, %) was defined as the percentage of spermatozoa with VAP >50 um/s and straightness > 75%.

3. Results

3.1. Comparison between mean quality parameters of
fresh semen and frozen-thawed samples

As shown in Table 1, cryopreservation induced a sig-
nificant (P<0.001) decrease in the mean values of MT,
MP, VCL, ALH and BCF. Table 2 shows that mean values
of ASM, DS, DS-AR and VS-AR are significantly (P<0.001)
increased after freezing and thawing, whereas the opposite
was found for mean VS values.

There were no differences (P>0.05) in sperm quality
parameters between dogs, both in fresh semen and frozen-
thawed samples, whereas a significant (P<0.001) effect of
the replica was found (data not shown). Moreover, there
was no interaction (P<0.001) among dogs and replica for
all sperm parameters.

3.2. Effect of PureSperm® selection on post-thaw semen
quality

Centrifugation of frozen-thawed dog spermatozoa
through a single-layer of PureSperm® 80 significantly
(P<0.001) improved the sperm motility parameters
assessed (MT, MP, VCL, VSL, VAP, LIN, STR, WOB, BCF and
ALH) by CASA (Table 1). Mean MT and ALH values were
significantly (P<0.001) higher in the fresh semen than
selected frozen-thawed spermatozoa. As shown in Table 2,
mean VS and DS values improved significantly (P<0.001)
after SLC, whereas the reverse was found for VS-AR, DS-AR
and ASM (P<0.001).

Table 2

There were no individual dog differences (P>0.05)
for sperm quality parameters as well as there was no
interaction (P>0.05) among dogs and replica for sperm
parameters assessed after sperm selection. However, a sig-
nificant (P<0.001) effect of the replica was observed in
sperm quality (data not shown).

3.3. Changes in the motile sperm subpopulations
structure after cryopreservation and after SLC through
PureSperm® 80

Three sperm subpopulations were defined by the appli-
cation of nonhierarchical and subsequent hierarchical
classification of 26,051 individual motile spermatozoa
using the eight motility parameters (VCL, VSL, VAP, LIN,
STR, WOB, ALH and BCF). Summary statistics for the motil-
ity characteristics of the subpopulations are shown in
Table 3. Subpopulation 1 (sP1) included highly active but
non-progressive spermatozoa, as indicated by the high val-
ues of VCL and BCF together with low LIN and STR values.
Their poor progressiveness characteristics were evident
from their values of ALH. This subpopulation might be con-
sidered as having an “hyperactivated-like” movement. The
total motile spermatozoa included in this subpopulation
was 40.3%. Subpopulation 2 (sP2) represented spermato-
zoa showing the highest degree of progressive motility (as
inferred from the very high VSL, VAP, LIN and STR values
together with low ALH values). They exhibited a vigorous
flagellar action (high BCF). The total motile spermatozoa
included in this subpopulation was 30.0%. Subpopulation
3 (sP3) included those spermatozoa whose movement was

Mean values (+SEM) of the sperm viability and morphology parameters analysis of fresh semen, frozen-thawed control and frozen-thawed SLC treated

samples from 5 dogs (10 ejaculates).

Parameter Fresh semen

Frozen-thawed
control samples

Frozen-thawed SLC
treated samples

Viable sperm with an intact acrosome (%) 69.13 £+ 0.06*
Viable sperm with an acrosome reaction (%) 9.45 + 0.05°
Nonviable sperm with an intact acrosome (%) 11.00 + 0.05¢
Nonviable sperm with an acrosome reaction (%) 10.47 + 0.05¢
Total abnormalities (%) 15.45 + 0.02°

36.50 + 0.17¢

9.74 + 0.21?
23.24 + 0.08"
36.61 + 0.182
16.49 + 0.05%

58.32 + 0.04°

2.81 + 0.01¢
24.15 + 0.112
14.71 + 0.11°
13.55 + 0.04¢

Different superscripts (a-c) in the same row indicate significant differences (P<0.05).
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2 % defined as less vigorous, as indicated by the lowest value
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Table 4

Changes in the sperm subpopulation structure of dog spermatozoa in fresh semen, frozen-thawed control and frozen-thawed SLC treated samples.

Subpopulation (sP) Fresh semen

Frozen-thawed control Frozen-thawed SLC treated

samples samples
n % n % n %
1 6812 44.6% 1458 28.1¢ 2228 39.9P
2 3438 22.5¢ 1910 36.8P 2464 44,12
3 5022 32.9b 1828 35.22 891 16.0¢

Different superscripts (a-c) in the same row indicate significant differences (P<0.05, Chi-square test).

semen, which is generally consistent with previous stud-
ies for SLC methods with Androcoll-C™ (Morrell et al.,
2008b), Androcoll-E™ (Johannisson et al., 2009; Macias
Garcia et al., 2009b; Martinez-Alborcia et al., 2012; Morrell
et al., 2010) or EquiPure® (Gutiérrez-Cepeda et al., 2011),
and for other DGC techniques such as PureSperm® gradi-
ent (Dorado et al., 2011a; Hernandez-Lépez et al., 2005;
Maxwell et al., 2007; Nicolas et al., 2012; Phillips et al.,
2012), Percoll® (Brum et al., 2008; Garcia et al., 2010;
Samardzija et al., 2006), and BoviPure® (Samardzija et al.,
2006; Underwood et al., 2009). Of special interest were
the improvements in sperm velocity. The three sperm
velocities provided by the CASA equipment are the major
kinematic characteristics related to fertility. Studies in dogs
(Silva etal.,2006) and boars (Holt et al., 1997) have demon-
strated that high sperm velocities are landmarks of fertility
both in vivo and in vitro. It has also been reported previ-
ously that VCL is of key importance for formation of the
sperm reservoir at the utero-tubal junction in mice (Olds-
Clarke, 1996), that VCL and VAP are linked to the ability
of ram spermatozoa to penetrate cervical mucus (Robayo
et al., 2008), and that post-thaw VSL is related to the fertil-
ity of bull (Gillan et al., 2008) and human (Van den Bergh
et al., 1998) spermatozoa. Therefore, it can be surmised
that sperm preparations following SLC are the aliquots of
those spermatozoa with highest potential fertilizing ability.
Further research should be performed to related motil-
ity parameters of cryopreserved and colloid-selected dog
semen with the fertility of dogs.

With regard to sperm motile subpopulations, the
present study identified three motile sperm subpopula-
tions either in fresh semen, in frozen-thawed control or
in frozen-thawed SLC treated samples of dogs, which is
consistent with previous studies in dogs (Dorado et al.,
2011b, 2011c; Naifiez-Martinez et al., 2006a,b; Rigau et al.,
2001). sP1 was characterized by non-linear but vigorous
motion. The low LIN values indicate that these cells possi-
bly show a form of circular or erratic movements. Likewise,
high VCL values coupled with remarkably high ALH values
indicated that sP1 is typified by wide lateral excursions
of the sperm head. sP2 represents active and progressive
spermatozoa, probably the pattern movement most suit-
able for being part of the fertilizing population. sP3 was
characterized by low-speed, non-linear motion. This pop-
ulation, with low VCL and LIN values, might represent a
subgroup of metabolically compromised spermatozoa, that
were soon to lose their motility altogether. Structural alter-
ations or major biochemical changes affected spermatozoa
from sP3. Poorly motile spermatozoa, such as those from
sP1 and sP3, are less likely to progress within particular

areas of the female reproductive tract and are therefore
less likely to be involved in fertilization (Cremades et al.,
2005).

The predominance of a particular motile subpopula-
tion in samples with better cryoresistance or fertility
has been demonstrated in other studies (Martinez-Pastor
et al., 2005; Quintero-Moreno et al., 2003). In relation, the
SLC significantly modified the distribution of spermato-
zoa within subpopulations. Therefore, sP2 (high-speed and
progressive spermatozoa) represented more than 44% of
the spermatozoa harvested after centrifugation through
a single-layer of PureSperm® 80. Our results are consis-
tent with those reported previously by Macias Garcia et al.
(2009a) for single-layer centrifugation of frozen-thawed
stallion spermatozoa. In a previous study we also observed
that PureSperm® DGC enriched the subpopulation depict-
ing higher velocities in the processed frozen-thawed semen
sample (Dorado et al., 2011b), and this leads to the con-
clusion that the DGC process improved the quality of
the sperm sample in terms of the sperm subpopulation
structure. Quality in this respect means that spermatozoa
had the basic attributes of critical relevance for the fer-
tility of a given ejaculate. Therefore, taking into account
this experimental evidence, and since the SLC technique
herein studied, particularly harvested those spermatozoa
with highest velocity in the insemination dose, it can
be surmised that sperm preparations following SLC are
the aliquots of those spermatozoa with highest poten-
tial fertilizing ability. In this regard, we note that the
implications for that the different motile sperm subpop-
ulations and their distribution in thawed semen can have
on subsequent in vivo or in vitro fertility require further
investigation.

The aim of sperm selection after the freezing and
thawing should be to improve the quality of the
semen sample, reducing the risk of non-functional
spermatozoa being used for fertilization and thus opti-
mize the results of ART (Underwood et al, 2009).
Our results show that the population selected by SLC,
after thawing, showed better morphology, viability and
acrosomal integrity that the frozen-thawed control sam-
ple. These results correspond to those from other
studies in other animals (Jiménez-Rabadan et al., 2012;
Macias Garcia et al., 2009b), when SLC is carried out after
thawing. Several studies have reported that DGC sepa-
ration did not significantly improve sperm morphology
in frozen-thawed canine semen (Dorado et al, 2011a;
Kim et al., 2010; Phillips et al., 2012). To conclude, it
seems clear that SLC with PureSperm® 80 of frozen-
thawed dog spermatozoa can be a suitable procedure for
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improving the post-thaw sperm quality of frozen semen
doses.

Most sperm selection systems result in loss of spermato-
zoa and therefore, it may be that the proportion of selected
functional cells is a critical factor of these techniques. SLC
has been shown to be effective in improving sperm qual-
ity of dog semen samples, besides reaching sperm recovery
yields up to 47% (Morrell et al., 2008b). Therefore, SLC could
be suitable for improving the sperm quality of fresh ejac-
ulates for AL. However, the present study adapts the SLC
technique to frozen-thawed canine semen using the col-
loid PureSperm® 80 as a single layer. Sperm yield varied
from 32.2 to 84.5% (mean sperm recovery rate of 61.5%)
in the current study, which was higher than that reported
for SLC by Morrell et al. (2008b). The discordant recovery
yields among studies would reflect differences in the initial
semen traits of the samples, which could affect the num-
ber of functional spermatozoa passing through the colloid
(Martinez-Alborcia et al., 2012). Moreover, it is difficult to
compare assays developed with different methods (colloid
formulation, volumes of sperm and colloid, centrifugation
force and time or size and diameter of centrifuge tubes) or
species because the physical dynamics may affect sperm
recovery differently, as it has been previously suggested
(Nicolas et al., 2012). Anyway, further studies aiming to
optimize the yield of SLC procedure are needed.

In a previous study, we obtained a lower percent-
age (40.8%) of frozen-thawed dog spermatozoa after
PureSperm® DGC (Dorado et al.,, 2011a, 2011b). According
with these findings, from a practical and clinical point of
view, SLC with PureSperm® 80 offers an alternative, more
practical method than discontinuous PureSperm® DGC for
selection of good quality canine spermatozoa, thus saving
time and effort in preparation.

Some previous studies have reported that results
from intrauterine Al generally are good when doses of
50-100 x 10° frozen-thawed spermatozoa of good qual-
ity is inseminated at the right time in healthy bitches
(Pretzer et al., 2006; Thomassen and Farstad, 2009). In our
study, the mean yield obtained was approximately 60 x 106
of spermatozoa in each semen sample processed (0.5 mL
per straw x 100 million spermatozoa per mL x recovery
rate/100), which is enough to inseminate a bitch if
intrauterine Al is used. In addition, elimination of unde-
sirable spermatozoa from frozen-thawed canine semen
with SLC using PureSperm® 80 makes possible to prepare
semen doses enriched in specific sperm characteristics for
intrauterine Al and obtain the highest pregnancy rates.
On the other hand, in agreement with previous studies
(Hollinshead et al., 2004; Maxwell et al., 2007), we found
that SLC was an effective method for removing egg yolk
from the original frozen-thawed sample, which may have
a beneficial impact on measures of semen quality.

Concerning the effects of cryopreservation on semen
quality and motility patterns, the results showed that a
number of sperm quality parameters (motility, morphol-
ogy, viability and acrosome integrity) deteriorated after
thawing in comparison to fresh semen. In contrast, all
the sperm parameters evaluated in the frozen-thawed
SLC treated samples were comparable to freshly ejacu-
lated spermatozoa. Nevertheless, post-thaw semen quality

of both frozen-thawed control and frozen-thawed SLC
treated samples are comparable to those from other stud-
ies (Batista et al., 2006; Pefia et al., 2003; Silva et al., 2003;
Yildiz et al., 2000).

It is noteworthy that motility changes induced by cryo-
preservation are linked to concomitant changes in the
frequency distribution of spermatozoa within subpopu-
lations (Flores et al., 2008). Our results confirm these
findings, but they also clearly establish, in accordance
with those found in previous studies from other mam-
malian species (Cremades et al., 2005; Flores et al., 2008;
Muifo et al., 2008), that the general motile sperm struc-
ture present in dogs remained constant despite the effect
caused by cryopreservation. This was linked to symmetrical
changes in the specific percentage of each subpopula-
tion. Hence, the overall increase in most of the mean
motility characteristics of dog semen after cryopreserva-
tion, especially sperm velocity, was linked to a decrease
in the percentage of spermatozoa in sP1 (highly active
but non-progressive spermatozoa) and a concomitant
increase of spermatozoa from sP2 (high speed and pro-
gressive spermatozoa) and sP3 (low-speed and low-linear
spermatozoa) in frozen-thawed control samples when
compared with the fresh semen. The reduction in the per-
centage of spermatozoa in sP1 indicated that many of
the spermatozoa showing hyperactivated-like movement
were unable to survive to freezing and thawing, probably
as consequence of sublethal injury induced by this process,
and they would be excluded from the subsequent analy-
sis. As a result, the proportion of spermatozoa included in
sP2 and sP3 increased partially in cryopreserved samples.
Moreover, some of the spermatozoa from sP1 and sP2 were
being assigned to sP3, possibly through alteration of their
functionality (Quintero-Moreno et al., 2003). Therefore, it
is possible that the increase in the percentage of sP3 was
an early signal of changes in sperm function, which would
be further detected by alterations in other parameters of
semen quality (e.g. total motility, viability or altered acro-
somes). The increase of spermatozoa in sP2 could possibly
have been due to the dilution effect or to the addition of
more fructose prior to its assessing. Verstegen et al. (2005)
report how motility parameters of cold-storage spermato-
zoa were restimulated by centrifuging and adding more of
the extender. Fructose has also been shown to induce a
higher progressive motility (Rigau et al., 2001).

5. Conclusions

The results of the present study show that SLC with
PureSperm® 80 may be an alternative and successful
method for improving canine sperm quality damaged by
the freezing-thawing process, and although this should
be experimentally confirmed, presumably with the high-
est potential fertilizing ability, since the majority of the
parameters of sperm quality explored hereby appeared
significantly better than the counterpart original sus-
pension of frozen-thawed spermatozoa. Moreover, sP2
(high-speed and progressive spermatozoa) was more fre-
quently observed after preparation on the gradient. Finally,
this study also demonstrated that cryopreservation signif-
icantly modified the distribution of spermatozoa within
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subpopulations; however, the general motile sperm struc-
ture present in dogs remained constant despite the effect
caused by either cryopreservation or selection by SLC
through PureSperm® 80.

References

Batista, M., Alamo, D., Gonzalez, F., Cruz, M.G., Gracia, A., 2006. Influence
of the freezing technique (nitrogen liquid vs ultrafreezer of —152°C)
and male-to-male variation over the semen quality in Canarian Mastiff
breed dogs. Reprod. Domest. Anim. 41, 423-428.

Brum, A.M.,, Sabeur, K., Ball, B.A., 2008. Apoptotic-like changes in equine
spermatozoa separated by density-gradient centrifugation or after
cryopreservation. Theriogenology 69, 1041-1055.

Cremades, T., Roca, J., Rodriguez-Martinez, H., Abaigar, T., Vazquez, J.M.,
Martinez, E.A., 2005. Kinematic changes during the cryopreservation
of boar spermatozoa. J. Androl. 26, 610-618.

Chatdarong, K., Thuwanut, P., Morrell, ].M., 2010. Single-layer centrifuga-
tion through colloid selects improved quality of epididymal cat sperm.
Theriogenology 73, 1284-1292.

Dorado, ]., Alcaraz, L., Duarte, N., Portero, .M., Acha, D., Demyda, S.,
Mufioz-Serrano, A., Hidalgo, M., 201 1a. Centrifugation on PureSperm®
density-gradient improved quality of spermatozoa from frozen-
thawed dog semen. Theriogenology 76, 381-385.

Dorado, J., Alcardz, L., Duarte, N., Portero, ].M., Acha, D., Hidalgo, M.,
2011b. Changes in the structures of motile sperm subpopulations in
dog spermatozoa after both cryopreservation and centrifugation on
PureSperm® gradient. Anim. Reprod. Sci. 125, 211-218.

Dorado, J., Galvez, M J., Murabito, M.R., Muiioz-Serrano, A., Hidalgo, M.,
2011c. Identification of sperm subpopulations in canine ejaculates:
effects of cold storage and egg yolk concentration. Anim. Reprod. Sci.
127,106-113.

Dorado, J., Hidalgo, M., Muiioz, A., Rodriguez, 1., 2009. Assessment of goat
semen freezability according to the spermatozoa characteristics from
fresh and frozen samples. Anim. Reprod. Sci. 112, 150-157.

Dorado, ]., Rodriguez, 1., Hidalgo, M., 2007. Cryopreservation of goat
spermatozoa: comparison of two freezing extenders based on post-
thaw sperm quality and fertility rates after artificial insemination.
Theriogenology 68, 168-177.

Flores, E., Taberner, E., Rivera, M.M., Pefia, A, Rigau, T. Miré, J.,
Rodriguez-Gil, J.E., 2008. Effects of freezing/thawing on motile sperm
subpopulations of boar and donkey ejaculates. Theriogenology 70,
936-945.

Garcia 1. Maroto-Morales, A., Ramén, M., del Olmo, E., Montoro, V.,
Dominguez-Rebolledo, A.E., Bisbal, A., Jiménez-Rabadan, P., Pérez-
Guzman, M.D., Soler, AJ., 2010. Analysis of selected sperm by density
gradient centrifugation might aid in the estimation of in vivo fertility
of thawed ram spermatozoa. Theriogenology 74, 979-988.

Gillan, L., Kroetsch, T., Chis Maxwell, W.M., Evans, G., 2008. Assessment
of in vitro sperm characteristics in relation to fertility in dairy bulls.
Anim. Reprod. Sci. 103, 201-214.

Gutiérrez-Cepeda, L., Ferndndez, A., Crespo, F., Gosdlvez, ]., Serres, C., 2011.
Simple and economic colloidal centrifugation protocols may be incor-
porated into the clinical equine sperm processing procedure. Anim.
Reprod. Sci. 124, 85-89.

Herndndez-Lépez, L., Umland, N., Mondragdn-Ceballos, R., Nayudu, P.L.,
2005. Comparison of the effects of Percoll and PureSperm® on the
common marmoset (Callithrix jacchus) semen. ]. Med. Primatol. 34,
86-90.

Holt, C., Holt, W.V., Moore, H.D., Reed, H.C., Curnock, R.M., 1997. Objec-
tively measured boar sperm motility parameters correlate with the
outcomes of on-farm inseminations: results of two fertility trials. J.
Androl. 18, 312-323.

Hollinshead, F.K., Evans, G., Evans, K.M., Catt, S.L, Maxwell, W.M.C.,,
O'Brien, J.K., 2004. Birth of lambs of a pre-determined sex after
in vitro production of embryos using frozen-thawed sex-sorted and
re-frozen-thawed ram spermatozoa. Reproduction 127, 557-568.

Jiménez-Rabadan, P., Morrell, ].M., Johannisson, A., Ramén, M., Garcia-
ilvarez, 0., Maroto-Morales, A., Alvaro-Garcia, PJ., Pérez-Guzman,
M.D., Fernandez-Santos, M.R., Garde, ].]., Soler, A.]., 2012. Single layer
centrifugation (SLC) improves sperm quality of cryopreserved Blanca-
Celtibérica buck semen. Anim. Reprod. Sci. 136, 47-54.

Johannisson, A., Morrell, J M., Thorén, J. Jénsson, M., Dalin, AM.,
Rodriguez-Martinez, H. 2009. Colloidal centrifugation with
Androcoll-E™  prolongs stallion sperm motility, viability and
chromatin integrity. Anim. Reprod. Sci. 116, 119-128.

Kim, S.H., Yu, D.H., Kim, YJ., 2010. Apoptosis-like change, ROS, and
DNA status in cryopreserved canine sperm recovered by glass wool

filtration and Percoll gradient centrifugation techniques. Anim.
Reprod. Sci. 119, 106-114.

Larsen, L., Scheike, T., Jensen, T.K., Bonde, ].P., Ernst, E., Hjollund, N.H., Zhou,
Y., Skakkebaek, N.E., Giwercman, A., The Danish First Pregnancy Plan-
ner Study Team, 2000. Computer-assisted semen analysis parameters
as predictors for fertility of men from the general population. Hum.
Reprod. 15, 1562-1567.

Linde-Forsberg, C., 1991. Achieving canine pregnancy by using frozen
or chilled extended semen. Vet. Clin. Small Anim. Pract. 21,
467-485.

Macias Garcia, B., Gonzalez Ferndndez, L., Morrell, ].M., Ortega Ferrusola,
C., Tapia, J.A., Rodriguez Martinez, H., Pefia, F.J., 2009a. Single-layer
centrifugation through colloid positively modifies the sperm sub-
population structure of frozen-thawed stallion spermatozoa. Reprod.
Domest. Anim. 44, 523-526.

Macias Garcia, B., Morrell, ].M., Ortega-Ferrusola, C., Gonzdlez-Fernandez,
L., Tapia, ].A., Rodriguez-Martinez, H., Pefia, F.J., 2009b. Centrifugation
on a single layer of colloid selects improved quality spermatozoa from
frozen-thawed stallion semen. Anim. Reprod. Sci. 114, 193-202.

Martinez-Alborcia, M.J., Morrell, ].M., Parrilla, I, Barranco, 1., Vazquez, ].M.,
Martinez, E.A., Roca, J., 2012. Improvement of boar sperm cryosurvival
by using single-layer colloid centrifugation prior freezing. Therioge-
nology 78,1117-1125.

Martinez-Pastor, F., Garcia-Macias, V., Alvarez, M., Herraez, P., Anel, L., De
Paz, P., 2005. Sperm subpopulations in Iberian red deer epididymal
sperm and their changes through the cryopreservation process. Biol.
Reprod. 72, 316-327.

Maxwell, W.M.C,, Parrilla, 1., Caballero, I., Garcia, E., Roca, ]., Martinez,
E.A., Vazquez, ].M., Rath, D., 2007. Retained functional integrity of bull
spermatozoa after double freezing and thawing using PureSperm®
density gradient centrifugation. Reprod. Domest. Anim. 42, 489-494.

Morrell, ].M., Dalin, A.M., Rodriguez-Martinez, H., 2008a. Prolongation of
stallion sperm survival by centrifugation through coated silica col-
loids: a preliminary study. Anim. Reprod. 5, 121-126.

Morrell, J.M., Dalin, A.M., Rodriguez-Martinez, H., 2009. Comparison of
density gradient and single layer centrifugation of stallion spermato-
z0a, yield, motility and survival. Equine Vet. J. 41, 53-58.

Morrell, .M., Mari, G., Katvélgyi, G., Meurling, S., Mislei, B., lacono, E.,
Rodriguez-Martinez, H., 2011. Pregnancies following artificial insem-
ination with spermatozoa from problem stallion ejaculates processed
by single layer centrifugation with Androcoll-E. Reprod. Domest.
Anim. 46, 642-645.

Morrell,J.M., Moffatt, O., Sakkas, D., Manicardi, G.C., Bizzaro, D., Tomlinson,
M., Nilsson, H., Holmes, P.V., 2004. Reduced senescence and retained
nuclear DNA integrity in human spermatozoa prepared by density
gradient centrifugation. J. Assist. Reprod. Genet. 21, 217-222.

Morrell,J.M., Pihl, ]., Dalin, A.M., Johannisson, A.,2012. Restoration of semi-
nal plasma to stallion spermatozoa selected by colloid centrifugation
increases sperm progressive motility but is detrimental to chromatin
integrity. Theriogenology 78, 345-352.

Morrell, J.M., Rodriguez-Martinez, H., 2009. Biomimetic techniques for
improving sperm quality in animal breeding. A review. Open Androl.
J.1,1-9.

Morrell, J.M., Rodriguez-Martinez, H., 2011. Practical applications of
sperm selection techniques as a tool for improving reproductive effi-
ciency. Vet. Med. Int. 2011, 9.

Morrell, ].M., Rodriguez-Martinez, H., Johannisson, A., 2010. Single layer
centrifugation of stallion spermatozoa consistently selects the most
robust spermatozoa from the rest of the ejaculate in a large sample
size. Equine Vet. J. 42, 579-585.

Morrell, ].M., Rodriguez-Martinez, H., Linde-Forsberg, C., 2008b. Single
layer centrifugation on a colloid selects motile and morphologically
normal spermatozoa from dog semen: preliminary results. Reprod.
Domest. Anim. 43, 61.

Mousset-Siméon, N., Rives, N., Masse, L., Chevallier, F., Mace, B., 2004.
Comparison of six density gradient media for selection of cryopres-
erved donor spermatozoa. J. Androl. 25, 881-884.

Muiflo, R., Tamargo, C., Hidalgo, C.O., Pefia, A.l, 2008. Identification
of sperm subpopulations with defined motility characteristics in
ejaculates from Holstein bulls. Effects of cryopreservation and
between-bull variation. Anim. Reprod. Sci. 109, 27-39.

Nicolas, M., Alvarez, M., Borragan, S., Martinez-Pastor, F., Chamorro, C.A.,
Alvarez-Rodriguez, M., de Paz, P., Anel, L., 2012. Evaluation of the
qualitative and quantitative effectiveness of three media of centrifu-
gation (Maxifreeze, Cushion Fluid Equine, and PureSperm 100) in
preparation of fresh or frozen-thawed brown bear spermatozoa. The-
riogenology 77, 1119-1128.

Nafiez-Martinez, 1., Moran, ].M., Pefia, FJ., 2006a. A three-step statisti-
cal procedure to identify sperm kinematic subpopulations in canine



240 J. Dorado et al. / Animal Reproduction Science 140 (2013) 232-240

ejaculates: changes after cryopreservation. Reprod. Domest. Anim. 41,
408-415.

Nifez Martinez, I, Moran, .M., Pefla, FJ., 2006b. Two-step cluster
procedure after principal component analysis identifies sperm sub-
populations in canine ejaculates and its relation to cryoresistance. J.
Androl. 27, 596-603.

O’Brien, ].K., Hollinshead, F.K., Evans, K.M., Evans, G., Maxwell, W.M.C,,
2003. Flow cytometric sorting of frozen-thawed spermatozoa in sheep
and non-human primates. Reprod. Fertil. Dev. 15, 367-375.

Olds-Clarke, P., 1996. How does poor motility alter sperm fertilizing abil-
ity? J. Androl. 17, 183-186.

Pefia, A., Linde-Forsberg, C., 2000. Effects of equex, one- or two-step dilu-
tion, and two freezing and thawing rates on post-thaw survival of dog
spermatozoa. Theriogenology 54, 859-875.

Pefia, A.l, Lugilde, L.L., Barrio, M., Herradén, P.G., Quintela, L.A., 2003.
Effects of Equex from different sources on post-thaw survival,
longevity and intracellular Ca2+ concentration of dog spermatozoa.
Theriogenology 59, 1725-1739.

Phillips, T.C., Dhaliwal, G.K., Verstegen-Onclin, K.M., Verstegen, J.P., 2012.
Efficacy of four density gradient separation media to remove erythro-
cytes and nonviable sperm from canine semen. Theriogenology 77,
39-45.

Pretzer, S.D., Lillich, R.K., Althouse, G.C., 2006. Single, transcervical insem-
ination using frozen-thawed semen in the Greyhound. A case series
study. Theriogenology 65, 1029-1036.

Quintero-Moreno, A., Mir6, J., Teresa Rigau, A., Rodriguez-Gil, J.E., 2003.
Identification of sperm subpopulations with specific motility charac-
teristics in stallion ejaculates. Theriogenology 59, 1973-1990.

Rigau, T., Farré, M., Ballester, ]., Mogas, T., Pea, A., Rodriguez-Gil, J.E., 2001.
Effects of glucose and fructose on motility patterns of dog spermato-
zoa from fresh ejaculates. Theriogenology 56, 801-815.

Robayo, I., Montenegro, V., Valdés, C., Cox, J.F., 2008. CASA Assessment
of kinematic parameters of ram spermatozoa and their relationship
to migration efficiency in ruminant cervical mucus. Reprod. Domest.
Anim. 43, 393-399.

Samardzija, M., Karadjole, M., Matkovic, M., Cergolj, M., Getz, 1., Dobranic,
T., Tomaskovic, A., Petric, J., Surina, J., Grizelj, ]., Karadjole, T., 2006.
A comparison of BoviPure® and Percoll® on bull sperm separation
protocols for IVF. Anim. Reprod. Sci. 91, 237-247.

Silva, A.R., Cardoso, R.C.S., Uchoa, D.C,, Silva, L.D.M., 2003. Quality of canine
semen submitted to single or fractionated glycerol addition during the
freezing process. Theriogenology 59, 821-829.

Silva, AR., Cardoso, R.d.C.S,, Silva, LD.M,, Chirinéa, V.H., Lopes, M.D.,
Souza, F.F.,, 2006. Prognostic value of canine frozen-thawed semen
parameters on in vitro sperm-oocyte interactions. Theriogenology 66,
456-462.

Thomassen, R., Farstad, W., 2009. Artificial insemination in canids.
A useful tool in breeding and conservation. Theriogenology 71,
190-199.

Thys, M., Vandaele, L., Morrell, J., Mestach, ]., Van Soom, A., Hoogewijs,
M., Rodriguez-Martinez, H., 2009. In vitro fertilizing capacity of
frozen-thawed bull spermatozoa selected by single-layer (glyci-
doxypropyltrimethoxysilane) silane-coated silica colloidal centrifu-
gation. Reprod. Domest. Anim. 44, 390-394.

Underwood, S., Bathgate, R., Maxwell, W., Evans, G., 2009. Development
of procedures for sex-sorting frozen-thawed bovine spermatozoa.
Reprod. Domest. Anim. 44, 460-466.

Van den Bergh, M., Emiliani, S., Biramane, J., Vannin, A.S., Englert,
Y., 1998. A first prospective study of the individual straight line
velocity of the spermatozoon and its influences on the fertiliza-
tion rate after intracytoplasmic sperm injection. Hum. Reprod. 13,
3103-3107.

Verstegen, J.P., Onclin, K., Iguer-Ouada, M., 2005. Long-term motility and
fertility conservation of chilled canine semen using egg yolk added
Tris-glucose extender: in vitro and in vivo studies. Theriogenology
64, 720-733.

Watson, P.F., 1995. Recent developments and concepts in the cryopres-
ervation of spermatozoa and the assessment of their post-thawing
function. Reprod. Fertil. Dev. 7, 871-891.

Watson, P.F., 2000. The causes of reduced fertility with cryopreserved
semen. Anim. Reprod. Sci. 60-61, 481-492.

Yildiz, C., Kaya, A., Aksoy, M., Tekeli, T., 2000. Influence of sugar supple-
mentation of the extender on motility, viability and acrosomal
integrity of dog spermatozoa during freezing. Theriogenology 54,
579-585.

Zhang, Y., Qian, Y., Feng, T., Cai, L., Liu, J., 2004. Separation of high-quality
sperm by PureSperm centrifugation applied to intra-uterine insemi-
nation cycles. Natl. J. Androl. 10, 348-350.

Zhou, Q.Z., Feng, C.Q., Zou, Y.G., Shu, W, Li, T.Q, Li, F, Liu, CD.,,
Mao, X.M., 2010. Single- and two-layer gradient centrifugation in
sperm separation: comparison and appraisal. Natl. ]J. Androl. 16,
217-219.



