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Thesis Outline

The present thesis dissertation has been divided four chapters and a final part for
concluding remarks. It also includes a summary @sdranslation into Catalan, Spanish,
French and German.

Thefirst chapter is a general introduction outlining some of thegml concepts relating
to boar sperm which appear in the other chapters.

Thesecond chapteris a methodological section describing the assessof boar sperm
functional parameters that are used in both Chapteze and Chapter Four.

The third and fourth chapters focus on the results obtained and are organised in
similar way:

a) A specific introduction as background to the chapte

b) The objectives, the material and methods used.

c) The results (i.e. the three articles forming edwpter).

d) A general discussion that deals with the resultsiobd in the articles as a
whole, but also mentioning other aspects not reteto in the articles.

e) The conclusions of the chapter.

The third chapter basically concerns boar spermatozoa in refrigdragminal doses.
Two of the three reports aim to improve the quadtyseminal doses in storage at 15-17°C by
adding different substances, and the last docuntbateffects of osmotic changes on sperm
quality. It provides evidence to support osmotiertance’s relevance as a functional sperm
parameter and a predictor of the fertilising cafyaci an ejaculate.

The fourth chapter studies oviductal epithelial cells in culture, holnese cells affect
some sperm parameters in co-culture, and how tbsepce of spermatozoa influences the
expression of some genes in oviductal cells. Fallgvihis, the chapter ends with a study of

the effects of a gene silencing on sperm viabititgo-culture.



Thesis Outline

The last part of this dissertation, tlteoncluding remarks, summarises the most
important findings from the third and fourth chapteand suggests some points that could be

usefully addressed in further research.



Summary

The addition of different substances to seminaledosas been described as a method of
improving sperm quality in storage at 15-17°C, oyopreservation. Prostaglandin,,F
(PGFRy) is a hormone that has been used to improve repto@ performance in pigs. The
present study has shown that the addition of R@Fextended semen at 2.5, 5 and 10 mg/100
ml does not damage spermatozoa in storage at 183€n sperm viability, acrosome and
mitochondrial sheath integrity, sperm motility, spemorphology and agglutination and
osmotic resistance are assessed. Moreover, thécaddi PGk, at 5 mg/100 ml seems to
maintain sperm viability better than un-supplemdrgemen extender. Apart from the effects
of PGF,, it has also been observed in the present stuatyhgraluronic acid (HA, 50 and 100
ng-miY) delays boar sperm capacitation in short-termasg@r(up to three days), without
affecting other functional sperm parameters. Thakaying effect is clearer when compared
with the effects of caffeine. Thus, P&Fand HA can be added to seminal doses without
damaging sperm quality, with the latter delayingrep capacitation after two days of cooling.
Many efforts to predict the fertility outcome ofgaven ejaculate have been developed in
the pig industry, and the present study has alstied the effect of osmolality changes (from
100 to 4000 mOsm-KY on boar spermatozoa. It has been observed thattizschanges in
the environment significantly impair functional speparameters, especially at the extreme
osmolalities. The tolerance of spermatozoa to tlesmmges has therefore been used as a
parameter for assessing sperm function, being aieelated with fertility and prolificacy
data, assessed as non-return rates within 60 ddke first inseminations (NRdgy) and litter
size (LS) respectively, and finally included in tiple regression models. From this, the
tolerance of spermatozoa to osmotic treatmentsin@i@ffor every parameter as quotient
between each treatment and the negative contradnelated with NRRg and LS. Three

treatments present the highest determination @iefiis (R): 150 mOsm-Kd with non-
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return to isotonic conditions, 200 mOsm-Kgvith return to such conditions, and 500
mOsm-Kg" using sodium citrate and non-return to isotoniaditions.

Oviductal epithelial cells (OECs) influence sperel parameters due to their direct
contact and secretory activity. The present stugy eeports the effects of OEC co-culturing
on functional sperm parameters, the differencesdst the follicular and luteal stages in the
gene expression of cultured OECs, the effects ef phesence of spermatozoa on the
expression of some significant genes in OECs, hadetfects of heat shock protein 90 kDa
alpha A.1 HSP90AA silencing in OECs on sperm viability in co-cubur

It has been observed that co-culturing with OECstams sperm viability and motility,
especially when the spermatozoa are bound to tHeésO&nd induces sperm capacitation. The
effects of OECs have also been observed after aiowp spermatozoa with medium
conditioned by those epithelial cells, although twtthe same extent as with co-culturing.
This suggests that direct contact between spermataad OECs is needed to prolong sperm
survival in pigs, in accordance with the formatafra sperm reservoin vivo.

On the other hand, no differences between follicalad luteal cultured OECs have been
observed in the analysis of the expression of fgnificant genes (clusterirCLU), heat
shock protein 90 kDa alpha A.HEP90AA), heat shock 70 kDa cognate protein related
(HSPA§ and glucose regulated protein 78 kKIB¥5PAS), all of their corresponding proteins
being present in a 70 kDa-fraction of porcine sARdlubilised apical plasma membranes
from OECSs) that binds to boar spermatozoa. More@&is clear from the results about how
spermatozoa influence gene expression in OECs, gaateetes upregulate the expression of
HSP90AA1HSPA8and HSPAS all belonging to the heat shock protein familyt do not
affect the expression of clusterin. Some role mrgproductive processes taking place in the
oviduct is therefore suggested for this proteinifam

In addition, the role of HSP90OAA1 among these pnstén prolonging sperm viability in
co-culture has been studied using RNA interfere(RBAI). After delivering the small
interfering RNA that works wheim vitro electroporation is used in primary culture of OEC,
but fails when chemical transfection is employeal,changes in sperm viability are observed
whenHSP90AA1silenced-OECs and ndAiSP90AA1silenced-OECs are compared after co-
culturing over 48 hours. These data lead to thelosion that HSP90OAAL does not extend
sperm survival, although according to other repdrtould be involved in other important

reproductive processes, such as sperm capacitation.



Resum

L’addicié de diferents substancies a les dosis saisis’ha descrit com una estratégia de
millora de la qualitat espermatica en refrigeracién congelacié. La prostaglandina, F
(PGFRy) és una hormona que s’ha utilitzat per augmeritagreliment reproductiu en porci.
Aquest estudi ha determinat, mitjancant les arsatisi la viabilitat, la motilitat, la morfologia

i aglutinacié espermatiques, aixi com també deniegritat de la beina mitocondrial i
I'acrosoma i de la resistencia osmotica dels esp&rmoides, que I'addicio de la P& les
concentracions de 2,5, 5 i 10 mg/100 ml no malml@ngualitat espermatica del semen
preservat a 15°C. A més, sembla que I'addicié datpuhormona a una concentracio de 5
mg/100 ml manté amb millors condicions la viabileégpermatica que la resta de tractaments.
A més dels efectes de la P&Fen aquest estudi s’ha determinat també que, e, pacid
hialuronic a 50 i 100 pg-miretarda la capacitacié espermatica quan els espeznides son
preservats en refrigeracio durant un periode autechps (fins a tres dies), sense que la resta
de parametres funcionals en quedin afectats. Acgfeste de retardament és més evident
qguan es comparen els efectes d’aquest glicosansaaghb els de la cafeina. Aixi, la PF
'acid hialuronic es poden addicionar a les dossmisals sense que malmenin, en
determinades concentracions, la qualitat espermatica més, aquest darrer retarda la
capacitacié espermatica després de dos dies d’eatresgament de les mostres a 15°C.

Atés que s’han desenvolupat un bon nombre d’exmetisnamb I'objectiu de predir la
capacitat fecundant d’'una ejaculacio, aquest estadavaluat també I'efecte dels canvis de
I'osmolalitat (de 100 a 4000 mOsm-Kdel medi en els espermatozoides de porci. Ensaque
sentit, s’ha observat que aquests canvis d’osntetlamalmenen significativament els
parametres espermatics funcionals, especialmeniesrcondicions d’estrés osmotic més
extremes. Endemés, la tolerancia dels espermagxai@dquests canvis d’'osmolalitat ha estat
utilitzada també com a parametre funcional delemsatozoides i s’ha demostrat, en alguns

casos, que esta correlacionada amb dades detderiiliprolificitat in vivo, assajades,
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respectivament, com a taxes de no-retorn a l'edesprés de 60 dies de la primera
inseminacio (NRky) i de mida de la camada (LS), i que fins i tot pet inclosa en models
de regressio multiple. A partir d’aquests resultésresistencia dels espermatozoides als
canvis d’osmolalitat del medi (definida com a qentidel tractament i el control negatiu)
esta més ben correlacionada amb les MRR les LS, i presenta els coeficients de
determinaci6 (B més elevats en tres dels tractaments assajatstghic a 150 mOsm-Kyi
sense retorn a les condicions isotoniques, hipot@ni200 mOsm-K§ i amb retorn, i
hipertonic amb citrat de sodi i 500 mOsm-Kaense retorn a la solucié isotonica).

Les ceél-lules epitelials de I'oviducte (OECs) aéecels parametres cel-lulars espermatics,
com a consequéncia del contacte directe entre anbpds de cél-lules i de I'activitat
secretora d’aquestes cel-lules somatiques, tal<baobservat en aquest estudi. De fet, al
capitol quart s’han investigat els efectes del kmchomoleg amb cel-lules oviductals sobre
els parametres funcionals dels espermatozoideslifle®ncies en I'expressié d’alguns gens
entre els estadis fol-licular i luti d’aquestes-loéds somatiques, els efectes de la preséncia
d’espermatozoides sobre I'expressié d’aquests ragajens a les cel-lules oviductals després
de cocultiu, i els efectes del silenciament del gee codifica per la proteina de xoc termic
alfa A.1 de 90 kDa (HSP90AA1) sobre la viabilitapermatica.

Com s’ha demostrat, el cocultiu amb cel-lules épltede I'oviducte manté la motilitat i
la viabilitat espermatiques, especialment a la @bl d’espermatozoides units a aquestes
cel-lules epitelials, i indueix la capacitaci6é. E$ectes d’aquestes cél-lules oviductals
s’observen també després d’incubar els esperma@zoamb el medi condicionat per
aquestes cel-lules, encara que no amb el matest gba el cocultiu. Aixd suggereix que el
contacte directe dels espermatozoides amb lesllesl-¢pitelials de I'oviducte és necessari
per perllongar la viabilitat espermatica en poeci concordanca amb la formacio del reservori
seminalin vivo.

D’altra banda, no s’observen diferéncies entreestadis fol-licular i luti de les cel-lules
epitelials de l'oviducte quan s’analitza I'expréssie quatre gens rellevants (clusterina,
HSP90AA1HSPAS8I HSPAY, els productes proteics dels quals foren previdntentificats
en una fraccio soluble de 70 kDa preparada a paetiles membranes apicals d’aquestes
cel-lules. A més, la preséncia d’espermatozoidesesgpressa els geR$SP90AALHSPASI
HSPAS tots pertanyents a la familia de proteines det&anic, perd no afecta I'expressio de
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la clusterina, de manera que se suggereix que @gupsoteines tenen algun paper en els
processos reproductius que tenen lloc a I'oviducte.

Finalment, d’entre aquestes proteines, s’ha egtl@i@cte del silenciament del gen
HSP90AAlen el manteniment de la viabilitat espermaticajamgant la tecnica de la
interferéncia de I'RNA i el cocultiin vitro. Després de transferir les molecules curtes i de
doble cadena de RNA (siRNA) necessaries per dedenaa aquest mecanisme, mitjancant
I'electroporacidin vitro (ates que la transfeccio no és efectiva en elucpttmari de cel-lules
oviductals), no s’han observat canvis en la vitdiilespermatica comparant les cel-lules que
tenen el getHSP90AAlsilenciat amb les que no el tenen. Aquest respianet concloure
que la HSP90AAl no perllonga la viabilitat espeilogat Malgrat tot, altres treballs
suggereixen que aquesta proteina té algun pagarcapacitacio espermatica, de manera que
estudis futurs podrien tenir en compte aquest &speestudiar els efectes del silenciament

sobre aquest parametre funcional.






Resumen

La adicion de distintas sustancias en las dosisnsd®es se ha descrito como estrategia para la
mejora de la calidad espermatica en refrigeracid@n ycongelacion. La prostaglanding, F
(PGFRy) es una hormona que se ha utilizado para aumehtandimiento reproductivo en
porcino. Por ello, el presente estudio ha deterdunanediante los analisis de viabilidad,
motilidad, morfologia y aglutinacion espermaticasj como de la integridad de la vaina
mitocondrial y del acrosoma y de la resistencia @ga de los espermatozoides, que la
adicion de la PG en un rango de concentraciones de 2,5 a 10 mghl®® produce dafio
alguno sobre la calidad espermatica del semergeefiilo a 15°C. Ademas, parece que la
adicién de esta hormona a una concentracion de AO0Mdgml mantiene la viabilidad
espermatica en mejores condiciones que el restmatignientos. Aparte de los efectos de la
PGFR,, en el presente estudio se ha determinado quads Bialuronico en concentraciones
de 50 y 100 pg-rilretrasa la capacitacién espermatica en refrigemagicorto plazo (hasta
tres dias), sin que se vean, por ello, afectadogdémas parametros esperméaticos analizados.
Este retraso es mas evidente, aun, cuando se cangpar el comportamiento de los
espermatozoides después de la adicién de cafesindafGE, y el acido hialuronico pueden
ser afladidos a las dosis seminales refrigeradassiinddas a inseminacion artificial en
determinadas concentraciones, sin que se produdafos en la calidad espermaética, y
ademas éste Ultimo retrasa la capacitacion de dpsrmatozoides después de dos dias de
conservacion a 15°C

Dado que se han desarrollado un elevado numenabajas con el objetivo de predecir
la capacidad fecundante de un eyaculado, el peesstidio ha evaluado, también, el efecto
de los cambios en la osmolalidad del medio (de 40@000 mOsm-K§ sobre los
espermatozoides de verraco. En este sentido, sbdsvado que dichos cambios producen
graves dafos en los parametros espermaticos fuatemrespecialmente en las condiciones de

estrés osmotico mas extremas. Ademas, la tolerdecias espermatozoides a estos cambios
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ha sido utilizada también como un parametro furalignse ha demostrado que, en algunos
casos, dicha tolerancia se halla correlacionadadapruebas de fertilidad y prolificidaal
Vivo ensayadas, respectivamente, mediante la tasa mamo al estro dentro de la 60 dias
posteriores a las primeras inseminaciones (MBR el tamafio de la camada (LS), y que
puede ser aun incluida en modelos de regresioml limglltiple. Con todo, la resistencia
osmotica de los espermatozoides a los cambiosrdelalédad del medio (definida como el
cuociente del tratamiento y el control negativdpesejor correlacionada con las NGRy
los LS y presenta mayores coeficientes de detenidingR’) en tres de los tratamientos
ensayados (hipoténico a 150 mOsmi*Kgsin retorno a las condiciones isoténicas, hipiot

a 200 mOsm-Kg y con retorno, e hipertonico con citrato s6dic6® mOsm-Kg y sin
retorno a la solucién isotonica).

Las células epiteliales del oviducto (OECs) afeci@nlos parametros celulares
espermaticos como consecuencia del contacto dieti@ ambos tipos celulares y de la
actividad secretora de estas células somaticag,ctaino se ha observado en este estudio. En
realidad, en el cuarto capitulo se han investigadoefectos del cocultivo homdlogo con
células oviductales sobre los parametros funciendéelos espermatozoides, las diferencias
en la expresion de algunos genes entre las falseddo y luteal de dichas células, los efectos
de la presencia de espermatozoides sobre la edprdsi estos mismos genes en las células
oviductales después de cocultivo vitro, y los efectos que produce sobre la viabilidad
espermatica el silenciamiento del gen que codgara la proteina de choque térmico alfa A.1
de 90 kDa (HSP90AAL).

Como se ha demostrado, el cocultivo con célulagledes del oviducto mantiene la
motilidad y la viabilidad espermaticas, especialfmeren aquellas poblaciones de
espermatozoides que se hallan unidas a estas sé@piteliales, e induce la capacitacion
espermatica. Los efectos de estas células ovidscsal observan también después de incubar
los espermatozoides con el medio condicionado mdrad células, aunque no en la misma
medida que el cocultivo. Ello sugiere, en fin, gleontacto directo de los espermatozoides
con las células epiteliales del oviducto es necegzara la prolongacion de la viabilidad
espermatica en porcino, de acuerdo con la formatgbreservorio seminah vivo.

Por otra parte, no se observan diferencias sigtivias entre la fase folicular y la fase
luteal de las células epiteliales del oviducto clease analiza la expresién de cuatro genes

relevantes (clusterind)SP90AA1HSPA8yY HSPAY, los productos proteicos de los cuales

12



Resumen

fueron previamente identificados en una fraccidnlde de 70 kDa, preparada a partir de las
membranas plasmatica apicales de dichas célulaamasl la presencia de espermatozoides
sobreexpresa los geneBlSP90AALHSPA8yY HSPAS todos ellos pertenecientes al grupo de
genes que codifican para las proteinas de chogméecté sin afectar la expresion del gen que
codifica para la clusterina, de modo que ello segie dichas proteinas juegan algun papel
en los procesos reproductivos que tienen lugavidluoto.

Finalmente, de entre estas proteinas, se han adtuths efectos del silenciamento del
genHSP90AAlen el mantenimiento de la viabilidad espermatiealiante las técnicas de la
interferencia del RNA y del cocultivia vitro. Después de transferir las moléculas cortas y de
cadena doble de RNA (siRNA) necesarias para indaste mecanismo, mediante la
electroporaciornin vitro (puesto que la transfeccidn no es efectiva enukivo primario de
células oviductales), no se han observado caminida eiabilidad esperméatica comparando
las células que tienen el getSP90AAlsilenciado de las que no lo tienen. Este resultado
permite concluir que la HSP90AA1 no prolonga labilidad espermatica. A pesar de ello,
otros trabajos han sugerido que esta proteina ju@gan papel en la capacitacion
espermatica, de modo que en estudios futuros sdapther en cuenta dicho aspecto y

ensayar los efectos del silenciamiento sobre estenetro funcional.
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Résumé

En élevage porcin, l'addition de différentes substs aux doses séminales a été décrite
comme une stratégie d’amélioration de la qualigrs@atique lors de la réfrigération et de la
surgélation. En l'occurrence, la prostaglanding(PGF,,) est une hormone qui a été utilisée
afin d’augmenter le rendement reproductif. La pnésestude vise a déterminer I'effet de
I'addition de PGE, aux concentrations de 2,5, 5 et 10 mg/100 ml auyulalité spermatique
du sperme préservé a 15°C, et ce au moyen deysnde la viabilité, de la motilité, de la
morphologie et de I'agglutination spermatiquessiaiue de l'analyse des intégrités de la
gaine mitochondriale et 'acrosome, et de la résist osmotique.

Outre la détermination des effets de la RGHr la qualité spermatique, cette étude vise
eégalement a évaluer les conséquences de 'addltaamde hyaluronique au sperme. Il a été
précédemment rapporté que I'ajout d'acide hyalupoeia 50 et 100 pg-thlagit sur la
capacitation spermatique, qui peut étre ainsi détaren réfrigération pendant une courte
période de temps (jusqu’a trois jours), ceci sansommager les autres parameétres
fonctionnels. Cet effet de retardement apparais glairement lorsque les effets de cette
substance sont comparés a ceux provoquées patelaeca_es résultats obtenus confirment
que la PGE, et l'acide hyaluronique peuvent étre additionnéx aoses séminales a
concentrations déterminées sans affecter la qusligématique, ce dernier retardant aussi la
capacitation spermatique apres deux jours de masem du sperme a 15°C. De plus,
'addition de cette hormone a une concentration5deng/100 ml a été décrite comme
contribuant a 'amélioration de la viabilité desspatozoides.

Puisque des études concernant la prédiction dedacité fécondant d’'un éjaculé donné
ont été préalablement développées, cette thesalenggnt évalué les effets des changements
de I'osmolalité (dés 100 & 4000 mOsm7#gle I'environnement sur les spermatozoides du
porc. Les résultats obtenus démontrent que lesgemaents d’'osmolalité malmeéenent les

parametres spermatiques fonctionnels, notammerg gnconditions les plus extrémes du
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stress osmotique. Ces résultats nous ont permiglifger I'utilisation de la tolérance des
spermatozoides a ces changements comme param@étt®ioel des spermatozoides, et il a
éte démontré que (1) cette tolérance est en cooélavec la fertilité et prolificitén vivo (via
I'utilisation des taux de non retour a I'cestruséspb0 jours des premieres inséminations,
NRRsoq, €t de la taille de la portée, LS) et que (2)ecattérance peut étre incluse dans des
modeéles de régression linéaire multiple. A parte des résultats, la résistance des
spermatozoides aux changes d’osmolalité du milagfifie comme le quotient entre le
traitement et le control négatif) apparait comna€tnieux reliée aux NRf et aux LS, et
présente les coefficients de déterminatiord) (Rs plus élevés dans les trois traitements
suivants: hypotonique & 150 mOsm¥gt sans retour aux conditions isotoniques,
hypotonique & 200 mOsm-Kgavec retour, et hypertonique avec citrate sodigus00
mOsm-Kg' et sans retour & la solution isotonique.

Les cellules épithéliales de l'oviducte (OECs) eftmt les paramétres cellulaires
spermatiques, et ceci non seulement a cause dactatitect entre les deux types cellulaires,
mais aussi a cause de l'activité sécrétoire deceisles somatiques, comme reporté dans
cette étude. De ce fait, dans le Chapitre 4 lesteffle la coculture homologue avec les
cellules épithéliales de I'oviducte sur les paraegfonctionnels des spermatozoides ont été
analyses, ainsi que les différences entre I'expyesde quelques génes entre les phases
folliculaire et lutéale des cellules de I'oviductes effets de la présence des spermatozoides
sur I'expression de ces genes aux mémes celluless aculture et, enfin, les effets de
I'éteignement du géne qui encode la protéine dec dhermique alfa A.1 de 90 kDa
(HSP90AAL) sur la viabilité spermatique.

Les résultats obtenus sont les suivants: tout dthbla coculture avec ces cellules
somatiques maintient la motilité et la viabiliteegmatiques, notamment dans la population de
spermatozoides qui sont unis a ces cellules éjatbg| et induise la capacitation. Les effets
de ces cellules de I'oviducte sont aussi observésd les spermatozoides sont incubés avec
le medium conditionnée par ces cellules, mémeaiast observé a une moindre échelle que
lors de la coculture. Ce résultat suggere que idacd direct entre les spermatozoides et les
cellules épithéliales de I'oviducte est nécessaita prolongation de la viabilité spermatique
des porcs, tout en s’accordant a la formation dark®ir séminain vivo.

Dailleurs, I'analyse de I'expression de quatre egiiclusterineHSPO90AALHSPAS8et

HSPASY, les protéines résultants desquels furent préafemt identifiées dans une fraction
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soluble préparée a partir des extraits des membragpieales (SAPM) des cellules épithéliales
de l'oviducte, ne révele pas de difféerences enteallules épithéliales de I'oviducte a cause
des phases folliculaire et lutéale. En outre, ksence des spermatozoides méne a la sur-
régulation des gené$SP90AALHSPA8etHSPAGS tous appartenant a la famille de genes qui
encodent les protéines de choc thermique, sansfierotBxpression du gene de la clusterine
(CLU). Il apparait donc que ces protéines jouent um déhs les processus reproductifs qui se
passent dans l'oviducte.

Enfin, I'effet de I'inhibition de I'expression duegeHSP90AAlsur la maintenance de la
viabilité spermatique a été étudié, et ceci ensatilt les techniques d’interférence de I'ARN
et de la coculturen vitro. Depuis le transfert des molécules courtes d’ARNibde brin
(SiRNA) pour déclencher ce mécanisme moyennanedtebporationin vitro (car la
transfection chimique n’est pas effective dansukive primaire de cellules de I'oviducte),
des changements dans la viabilité spermatique npaist été observés en comparant les
cellules qui ont le gene éteint de celles qui netlpas. Ces résultats permettent de conclure
que la protéine HSP90AA1 ne prolonge pas la vigb#permatique. Malgré tout, des travails
précédents suggerent que cette protéine est inmpertars du processus menant a la
capacitation spermatique, de telle sorte que deshpines études pourraient prendre en
considération cet aspect et étudier les effets 'iMibition génique sur ce parameétre

fonctionnel.
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Zusammenfassung

Die Hinzufligung der unterschiedlichen Substanzemeru besser Samendosierungen ist als
Methode des Verbesserns von Samenzellenqualitddein Ablage bei 15-17°C oder
Kryokonservierung beschrieben worden. Prostaglariéin (PGF,) ist ein Hormon, das
benutzt worden ist, um reproduktive Leistung ben déchweinen zu verbessern. Die
vorliegende Untersuchung hat gezeigt, dass dieufligeing von PG, gezeigt zu Samen bel
2.5, 5 und 10 mg/100 ml Spermien in der Ablage bB?C nicht beschadigt, wenn
Samenzellenentwicklungsfahigkeit, Acrosome und ambmdrische Hulle,
Samenzellenmotilitat, Samenzellenmorphologie und gl&gation und osmotischer
Widerstand festgesetzt werden. AulRerdem scheintizufiigung von PGk bei 5 mg/100
ml, besser die Samenzellenentwicklungsfahigkeitzuimhalten nicht vervollstandigte
Samenbesser als andere Behandlungen. Abgesehaterodaffekten von PGE ist auch in
der vorliegenden Untersuchung beobachtet wordess, di@ hyaluronische Saure (50 und 100
ng-miY) Ebersamenzellen Kapazitation in der kurzfristigemerung (bis 3 Tage) verzdgert,
ohne andere Funktionssamenzellenparameter zu hesief. Dieser ,Verzogern Effekt” ist
im Vergleich zu den Effekten des Koffeins klareo. BGk, und hyaluronische Séaure kdénn zu
Samendosierungen hinzugefigt werden ohne die Saftemgualitat zu vermindern, mit den
letzten Verzogern-Samenzellen Kapazitation bei Gagje des Abkuhlens.

Viele Bemihungen, das Ergiebigkeitresultat vorasagan bei einem Ejakulat haben sich
entwickelt in der Schweinindustrie, und die vorbage Untersuchung hat auch den Effekt der
Osmolalityanderungen (von 100 bis 4000 mOsr)Kguf Eber Spermien studiert. Es ist
besonders an den extremen Osmolalititen beobagbteen, dass osmotische Anderungen
im Milieu erheblich Funktionssamenzellenparametemdémn. Die Toleranz von
Spermatozoen zu diesen Anderungen ist folglich Résameter fir das Festsetzen von
Samenzellenfunktion verwendet worden und aufeinat@zogen worden spater mit den

Ergiebigkeitsdaten (festgesetzt worden als Niclkgébe innerhalb 60 Tage nach der ersten
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Zusammenfassung

Befruchtung) und eingeschlossen worden in den Mexleler mehrfachen Ruckbildung. Von
diesen Ergebnissen her wird die Toleranz von Spezoan zu den osmotischen
Behandlungen (definiert fir jeden Parameter alst@obzwischen jeder Behandlung und der
negativen Steuerung) mit NRR drei Behandlungsmethoden ergeben das héchdte R
aufeinander bezogen: 150 mOsm?*Kmit Nichtriickkehr zu den isotonischen Bedingungen,
200 mOsm-Kg mit Riickkehr und 500 mOsm-Kgnit Natriumzitrat und Nichtriickkehr zu
den isotonischen Bedingungen.

Oviductal Epithelzellen (OECs) beeinflussen die 8arpellenparameter wegen ihres
direkten Kontaktes und ausscheidenden Tatigkei. \@irliegende Untersuchung berichtet
auch uber die Effekte von OEC, das auf Funktionssemellenparametern die Unterschiede
zwischen follicularen und luteal Stadien im Genauskl von kultiviertem OECs, die Effekte
des Vorhandenseins von Spermien auf den Ausdrunigegibedeutender Gene in OECs und
das Warmewirkungs-Protein alpha A.1 90 kDa (HSP9DhAdas in OECs die
amenzellenentwicklungsfahigkeit in der Co-Kultunz&chweigen bringt.

Es ist beobachtet worden, dass Co-Zichtungen mitidudtal Epithelzellen,
Samenzellenentwicklungsfahigkeit und -motilitat Hmhalten, besonders wenn die
Spermatozoen zum OECs springen, und SamenzelleazKafon verursachen. Die Effekte
von OECs sind auch beobachtet worden, nachdem npa@nm&tozoen mit dem Mittel
ausgebritet hatte, das durch jene Epithelzellegleai nicht im gleichen Umfang wie mit
dem Co-Zichten bedungen wird. Dieses lasst vermutass direkter Kontakt zwischen
Spermien und OECs erforderlich ist, um das Samiméerleben in den Schweinen zu
fordern, in Ubereinstimmung mit der Anordnung eiBasnenzellenvorratsbehalter in Vivo.

Andererseits sind keine Unterschiede zwischencidbir und luteal kultivierten OECs in
der Analyse des Ausdruckes von vier bedeutendereGdreobachtet worden (clusterin
(CLU), Hitzeschlagproteine 90 kDa alpha A.HSP90AA), verwandtes Proteine des
Hitzeschlages bezog 70 kDASPAS und Glukose reguliert das Proteine 78 KBISPAS).
AulBerdem wie aus den Resultaten zu entnehmen isthbev Spermieneinfluss-Genausdruck
in OECs, mannliche Keimzellen upregulate den Auskiruon HSP90AA1 HSPAS8 und
HSPASLregulieren, alle gehérend zu der Hitzeschlag-rtamilie, aber nicht den Ausdruck
von Clusterin beeinflussen. Irgendeine Rolle in degproduktiven Prozessen, die im Eileiter
stattfinden, wird folglich fir diese Proteinfamiergeschlagen.
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Zusammenfassung

Zusatzlich ist die Rolle von HSP90AAl unter diesétroteinen, wenn man
Samenzellenentwicklungsfahigkeit in der Co-Kultwsdehnte, mit RNS-Storung (RNAI)
studiert worden. Nach dem Liefern der kleinen beainden RNS, die arbeitet, wenn in-
vitroelectroporation in der Priméarkultur von OECrwendet wird, aber, fallen aus, wenn
chemische Transfektion eingesetzt wird, aber kein&nderungen in der
Samenzellenentwicklungsfahigkeit werden beobackhtenn HSP90AA1silenced-OECs und
nonHSP90AA1silenced-OECs verglichen werden, nachdem man @&:rStunden Co-
gezuchtet hat. Diese Daten fihren zu der Zusamrssunig, dass HSP90AAl
Samenzellenliberleben nicht verlangern, obgleickraibstimmend mit anderen Reports, es
in andere wichtige reproduktive Prozesse mit eiogem werden konnte, so wie bei

Samenzellen Kapazitation.
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General Introduction

1 The domestic pig and the Piétrain breed

1.1 Introduction
The domestic pigSus scrofa domesticukinnaeus 1758) occupies a significant position in

the global economy, especially in Europe and Anaefldoneyman et al., 2006), where the

three most popular breeds on farms are Landraé&al®i and Duroc (Figures I-1, I-2 and I-

3).

Figure -2 Piétrain boar
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Figure 1-3 Duroc boar

All sperm samples used in the present thesis caoma Piétrain boars. This breed is
named after a place of the same name in Brabamto\dance in the Francophone Walloon
region of Belgium. The breed seems to have madappearance on farms for the first time
between 1919 and 1920.

Although this date is known, there are doubts altlmeiorigin of these animals, which are
principally characterised by their ability to pradupork meat. The latest reports hypothesise
that the breed was the result of a cross betweekskie and Bayeux pigs (a breed imported
from Normandy during the First World War).

The breed only became widespread during the selcalfidf the last century. In 1953, it
was recognised in Brabant province, with the bigaddard being set in 1954. In 1956, it was
recognised all over Belgium.

In 1955, it was exported to France; in 1958 then€ineZootechnics Society was founded,
and in 1963 a genealogic book for the breed estadydi (Buxadé, 1984).

1.2 Morphologic characteristics of Piétrain pigs

In terms of its morphology, the Piétrain pig cancharacterised by the following traits:
a. Strong musculature in the front and rear thirds.
b. White skin with black and/or red spots and a sra#d with straight or sub-concave
profile.
c. A short, round appearance, with males weighing betw280 and 300 Kg, and
females between 240 and 260 Kg, and a height rgriggtween 0.75 and 0.85 m. Its

length is never more than 1.55 m (Buxadé, 1984).
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1.3 Productive characteristics of Piétrain pigs

In terms of productive features, which account tfog pig industry’s great interest in this
breed, the most important are:

» Exceptional quality of the dressed carcassThis characteristic is the one that has
made the breed famous. It yields a high perceraafgan meat and low fat. The mean
yield is about 72.5%, the percentage of ham amu iiapproximately 57%, and the
thickness of dorsal fat is about 20 mm.

* Quality of its pork meat. Although higher than that of the white Belgium pits
quality is lower than that of the Large White breed

* Acceptable technical yields.Normally up to 75 Kg of living weight. Beyond this
threshold, the animal tends to fatten, increadnegconversion index.

e Low reproductive performance. Litter size is often not high and the number of
weaned piglets is low (approximately 10 piglets laoen alive, and between 7 and 8
are weaned).

« Anatomic-functional disequilibrium. The low heart/body ratio causes frequent heart
failure in Piétrain pigs and leads to higher madmgathan in other breeds. This
disequilibrium goes some way towards explaining bfgms related with their
breeding in Spain, where climatic conditions proyskress in these pigs.

Finally, another characteristic of the Piétraindafeoncerns the sows. Although Piétrain
females are docile and good mothers, they are sexl as reproductive sows because they do
not produce much milk and their mammary glandgelaively under-developed.

At present, Piétrain boars are used in cross-tmgegrogrammes in many countries
(Spain, France, United Kingdom, Germany, Italy, #asRumania, Poland, Denmark, Czech
Republic, Hungary, Brazil and Argentina) with sofsem other breeds, such as Hampshire,
Duroc and various hybrids. This illustrates thevahce of the Piétrain breed as a contributor

of pork meat in the male line (Buxadée, 1984).

2 Boar ejaculate and spermatozoon

2.1 The ejaculate

In pigs, first ejaculations occur at the beginnofguberty, between five and six months of

age. Boars are considered to be post-pubertal éight to twelve months, and as adults from
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one year onward (Martin, 1982; Hugues and Varl&g41 Sancho, 2002; Cérdova-lzquierdo
et al., 2004).

In terms of volume, boar ejaculate varies betwesh dnd 300 ml (Martin, 1982; Garner
and Hafez, 1986; Rothschild, 1990; Pinart et &99). The volume is subject to considerable
variations as a result of individual characterstand environmental conditions (Setchell,
1991). In comparative terms, it is much higher thamother species of domestic mammals.
In goats, for example, it is between 0.2 and 2.53eftchell, 1991); in horses, it ranges from
30 to 150 ml (Rasbech, 1984; Bonadonna, 1989)ulls lit is between 5 and 30 ml (Garner
and Hafez, 1986; Rasbech, 1984; Setchell, 1991)jranams the range is from 0.8 to 1.2 ml
(Garner and Hafez, 1986). As for humans, standalgeg vary between 2 and 6 ml (Ludwig
and Frick, 1990; Andolz and Bielsa, 1995; WHO, 2000

Three fractions can be distinguished in boar egeulthe result of testicular and
epididymal activity as well as of different secoets coming from accessory sexual glands
(Pond and Houpt, 1981; Fournier-Delpech and Thibal893; Garner and Hafez, 1996;
Sancho, 2002; Cordova-lzquierdo et al., 2004; Ref#h, 2006):

e Pre-spermatic fraction. This is formed by the secretions produced by ptest
seminal vesicles and Cowper or bulbourethral glaitt® volume of this fraction is
about 10-15 ml. It does not contain spermatozoaramthally presents a transparent
or clear appearance.

* Spermatic fraction rich in spermatozoa. The volume of this fraction is between
approximately 70 ml and 100 ml and is milky—whiteaijppearance. Testicular activity
produces a high sperm concentration, varying betv@es* 10° and 18 spermatozoa
per ml. This fraction also contains secretions poedl by both the prostate and
seminal vesicles. It is this fraction that is cotkx to prepare the seminal doses.

» Post-spermatic fraction poor in spermatozoaThe volume of this fraction is about
150-200 ml. It is pale white in appearance and aiost little spermatozoa (the
concentration is lower than 4Gpermatozoa per ml). In addition, secretions of a
gelatinous consistency coming from the prostate @adper glands are found in it.
This fraction contains a large amount of seminabpia that acts in such a way as to
stimulate the spermatozoa. For this reason, ittecan when preparing seminal

doses to be used for artificial insemination (Alniot recommended.
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2.2 The spermatozoon

The spermatozoon (Figure 1-4) is the male gameteisithe product of gametogenesis and
later epididymal maturation. In porcine, the lengthmature spermatozoon is 45 um, and
three regions can be differentiated: the headctimmecting piece and the tail (Bonet et al.,

2000). The tail consists of a mitochondrial or intediate, main and terminal piece.

<+— Acrosomt Head
<+— Nucleut
< Neck
<— |ntermediate piec \
E
3
i <«— Main piece > Tai
&1
<— Terminal piece ]

Figure 1-4 Schema of boar spermatozoa (Briz, 1994; Bondt,e2@00)

2.2.1 The head

The head is flat and oval and measures 7 pum irtHentgis 3.7 um wide and 0.4 pum thick.

The two faces of the head are different: whereas ienflat, the other presents an apical
protuberance like a half moon and is 0.4 um wid# B2 pum long (Garner and Hafez, 1996;
Bonet et al., 2000). The nucleus contains a higlagdensed chromatin; in the acrosome,

which is a specialised cellular organelle located tbe nucleus, three regions can be
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differentiated: the apical, principal and equatorifwo acrosomal membranes are
distinguishable: internal, in contact with the raud, and external, in contact with

plasmalemma. Acrosome specificity is largely exptai by the great variety and chemical
heterogeneity of the molecules that it containghsas mucopolysaccharides, proteins and
lipids. The presence of hydrolytic enzymes must dmphasised. Thus, for example,

hyaluronidase breaks up granulosa cells and acrssi very important protease at the
moment of fertilisation because it breaks up theazpellucida of oocytes (Knobil and Neil,

1994).

2.2.2 The neck

The length of the neck or connecting piece is ¥ and its thickness is 0.5 um. It is cone-
shaped, with the widest region of the neck beingelto the head (1.3 um) and the narrowest
near the tail (0.6 pm). An annular protuberance treahead has a diameter of about 0.15 pm
(Bonet et al., 2000).

2.2.3 The tall

The tail is filamentous and cylindrical and thresgions or pieces may be distinguished:
intermediate, main and terminal. The intermediat® pum long and 0.7 um in diameter. This
piece contains the mitochondrial sheath that iparsible for providing the energy needed to
move the flagellum (main and terminal pieces). éaissring separates the intermediate and
main pieces. The main piece is 26.2 um in length iss1diameter is 0.4 um; the terminal

piece is 2.2 um in length and its diameter is O12(Briz, 1994; Bonet et al., 2000).

3 Sperm quality

The sperm quality of seminal doses can be assdsgsadalysing both cell and biochemical
parameters (Briz, 1994; Knobil and Neil, 1994; 3anc2002). In terms of cell parameters,
sperm viability, motility, concentration, morphol@nd agglutination, as well as acrosome
and mitochondrial sheath integrity and osmoticstasice (Osmotic Resistance Test, ORT)

are usually evaluated. These assessments mustrbedcaut using a large number of
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spermatozoa because of the high level of varighiitand between individual samples, and
the subjectivity of the assays (Woelders, 1990).

3.1 Sperm viability and acrosome and mitochondriatheath integrity

Sperm viability is a very important parameter whesting the quality of an ejaculate, and
basically describes the percentages of viable aneviable spermatozoa.

3.1.1 Nucleus

To assess sperm viability, different methods candesl. On the one hand, specific stains for
optic microscopy such as eosin-blue aniline (Sheadfed Almquist, 1948) or eosin-nigrosin
(Dott and Foster, 1972; Garcia-Artiga et al., 199440, 2000; Kvist and Bjorndahl, 2002;
Sancho, 2002) can be carried out. The basis ofntieithod is that the plasma membrane of
viable spermatozoa is non-permeable to dyes, whkeneanon-viable spermatozoa the
membrane remains permeable.

However, as conventional staining methods have gatawt good enough, other more
effective techniques have been developed. Accolglingluorochrome stains and,
subsequently, monitoring using either fluorescenpsic microscopy or flow cytometry
(O'Neill et al., 1997) have replaced conventiongésl The fluorochromes used are able to
not only stain the nucleus but also the acrosorhe, rhitochondrial sheath and other
membrane proteins (Gravance et al., 2000). For plgmacridine orange is a nuclear
fluorochrome that has been used in a wide rangeashmal species, such as human (Hoshi et
al., 1996; Zini et al., 2000), bovine (Dobrinskiat, 1994) and porcine (Bonet et al., 1995;
Pinart et al., 1999). This staining is based on piheperties of acridine orange as an
intercalating agent, binding to denaturised nucI&&dA (Lewin et al., 1999). When excited at
a wave length of between 450 and 490 nm, this diclmome emits either green fluorescence
if the DNA is not altered (double stranded DNA),anmg that the spermatozoon is viable, or
red fluorescence if the DNA is denatured (singlearsled DNA), meaning that the
spermatozoon is non-viable (Zini et al., 2000)etastingly, the degree of red acridine orange
staining of sperm DNA has been shown to correlatéh \male infertility in the sperm

chromatin structure assay (Silva and Gadella, 2006)
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Since the half of ninety years, the use of doultéensyg has become prevalent as a
method for assessing cell viability, in both spend other somatic cells, not only in humans
but also in porcine and other domestic animals ri@aet al., 1994; Garner and Johnson,
1995). When a double vital staining is used, onerfichrome specifically stains viable cells,
whereas the other is specific to non-viable céllady et al., 2003; Rowland et al., 2003). The
basis of a fluorochrome for viable cells is thaspiecifically binds to enzymes that are only
active when cells are alive, or emits fluorescepnody when ionic pumps are working
(Shapiro, 1998). The fluorochromes used most ditewiable cells are SYBR-14 (Garner et
al., 1994; Gravance et al., 2000; Huo et al., 2Q@Re et al., 2003; see also Chapter 1V),
Hoechst 33342 (Cai et al., 2005; Hallap et al.,608nd bisbenzimide Hoechst 33258
(Bussalleu et al., 2005; Gonzéalez-Urdiales et 2006; Pinart et al., 2006). Specifically,
bisbenzimide Hoechst 33258 48,4NsO - 3 HCI) is a membrane-permeable fluorescent
chromosome stain that binds to DNA. It is a DNAemalating agent between Adenine-
Thymine base pairs. When excited at 346 nm, it ®itie fluorescence at 488 nm when
bound to DNA.

The fluorochromes specific for non-viable cells besed on their ability to pass through
plasma membrane when cells are dead, and theimplasama is therefore permeable. The
fluorochromes used most often for non-viable calls ethidium homodimer (EthD-1) and
propidium iodide (PI), which is a DNA-intercalatiragent that is widely used as a vital dye
(Garner et al., 2004). When intercalated with nigcéeid helix and irradiated at 488 nm, it
emits fluorescence at 615 nm (Love et al., 2003yN\&t al., 2003; Rowland et al., 2003).

In recent years, multiple staining techniques imi@ more than two fluorochromes have
been developed with the aim of assessing not drdystate of the nucleus but also other cell
compartments (Bussalleu et al., 2005; Pinart e2806), so that a more accurate prediction
of spermatozoon fertilising ability can be obtair{@donala et al., 1999; Nagy et al., 2003).

In the present thesis, most sperm viability assesssnhave been carried out using the
multiple staining method described by Bussalleu emitbagues (2005), except in Chapter IV
(Articles 4 and 6) where SYBR-14/EthD-1 was usedctSmultiple staining allows us to
know about not only the state of the nucleus bsb @crosome and mitochondrial sheath
integrity. This provides a more adequate methodafsessing sperm function, by utilising
specific fluorochromes for testing the acrosome mitdchondrial sheath.
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3.1.2 Acrosome

Molecules for acrosome analysis consist of lectnf@mily of glycoproteins that specifically
recognises and binds to carbohydrates of plasmabmaer®, conjugated with fluorochromes.
The lectinsPisum sativunagglutinin (PSA) (Farlin et al., 1992; Casey et1#893), peanut
agglutinin (PNA) (Cheng et al., 1996; Fazeli et 4B97), soybean trypsin inhibitor (SBTI)
combined with biotine (Arts et al., 1994), and camavalin A are conjugated either with the
fluorescein isothiocyanate (FITC) fluorochrome (&&m and Rajalakshm, 1995; Ozaki et al.,
2002) or with the fluorochrome Alexa Flfo488 (Bussalleu et al., 2005).

In general, these lectins recognise the proacasiosin enzyme, and spermatozoa
appear less stained when an intact acrosome iergres higher level of staining is observed
when the acrosome is reacted (Ozaki et al., 20@@acrosin is the zymogen (inactive form)
of acrosin and converts into the active form du@mgacrosome reaction (Goodpasture et al.,
1980; Honda et al., 2002; Howes and Jones, 2002josi is a serine protease that is
characteristically present in the mammal acrosontepdays a basic role in sperm penetration
of the zona pellucida (ZP).

Lectin specificity to acrosin varies (Tao et al99B), and the highest resolution for
distinguishing acrosome-intact and acrosome-reaspEtmatozoa is obtained when lectin
SBTI is used (Tollner et al., 2000; Ozaki et a02). Specifically, SBTI is an inhibitor of the
catalytic activity of serine proteases that bindatal inhibit acrosin (Tollner et al., 2000;
Fukami et al., 2003). In the protocol describedBogsalleu and her colleagues (2005), SBTI
is used conjugated with Alexa Flfo#88 in a commercial kit (Molecular Proffesnc.,
Eugene, Oregon, USA) (Arts et al., 1994). This fagihrome is excited at 490 nm and emits
green fluorescence at 519 nm.

3.1.3 Mitochondrial sheath

With regard to the mitochondrial sheath, previogggorts have used different fluorochromes
to study the sperm of different species. In humaksger and co-workers (1993) and
O'Connell and co-workers (2002) used rhodamine-1&dle Poot and colleagues (1996)
used chloromethyl-X-rosamine. In pigs, rhodamin8-1Braser et al., 2001) and iodide of
5,5,6,6-tetracholoro-1,1’,3,3'-tetraethylbenzinaizblyl-carbocianine (JC-1) (Huo et al.,
2002) have also been used. Since fluorochromes dsta@ the mitochondrial sheath are
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cationic and lipophilic, they are able to passivdiffuse across the plasma membrane and
accumulate in the negatively charged mitochondrnatrix. Thus, depending on the
membrane potential of mitochondria, fluorochromes ar not accumulated (Gilmore and
Wilson, 1999; Fraser et al., 2001).

Another fluorochrome for staining the mitochondséleath is MitoTrack& Green FM,
which has higher specificity than rhodamine-123] umose emission wave length makes it a
good candidate for being included in multiple stagnprotocols (Fazeli et al., 1997; Sutovsky
et al., 1999; Ozaki, 2002; Kavak et al., 2003)fdat, the fluorochrome MitoTrack®iGreen
FM (Molecular Probé%Inc., Eugene, Oregon, USA) has been shown to deptimum for
the identification and localisation of mitochondrspecifically because it binds to membranes
of functional but not to those of altered mitochnadKeij et al., 2000; Fraser et al., 2001).
This selectivity is due to protein labelling, astMirackef’ Green FM covalently binds some
mitochondrial-matrix proteins after reacting withet free thiol groups (-SH) of cysteine
residues (Presley et al., 2003). MitoTrack&reen FM is excited at 490 nm and emits green

fluorescence of 516 nm.

3.1.4 Sperm viability in standard conditions

As far as percentages of viable sperm under stdndanditions are concerned, porcine
ejaculate contains between 65% and 85% of viab¥nsgtozoa (Martin, 1982; Buxadé,
1984; Briz, 1994; Bonet et al., 1995, Briz et dl995; Pinart et al., 1999). When the
proportion of viable spermatozoa does not reachthiheshold of 65%, it is referred to as

necrospermia or necrozoospermia.

3.2 Sperm motility

Mature mammal spermatozoa have the ability to niigvmeans of tail beats. Conventionally,
sperm motility is one of the most frequently anatysand used parameters in production
centres of seminal doses to assess the spermygaéld given ejaculate (Flowers, 1997;
Rigau et al., 2001; Sancho, 2002). However, theetation between sperm motility and
sperm fertilising ability, measured as the festiliate and non-return rates to oestrus within 60

days (NRRyg), is a controversial subject (Berger et al., 199€rez-Llano et al., 2001).
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Sperm motility assessments usually consist of deteng the percentages of motile and
non-motile spermatozoa; amongst motiles, those eptasy progressive motility are
distinguished from the others (WHO, 2000). Thisgess of determination can be performed
in both an objective and subjective way. In reggzdrs, the use of assisted computer systems
to determine classical spermiogram parameters hash nncreased. Computer-Assisted
Semen Analysis (CASA) systems provide more pregisiod objectivity to the conventional
assessment of sperm parameters, significantly negiicne consumed and the standard error
of the analysis (WHO, 2000; Kvist and Bjorndahl02Q All sperm motility assessments in
the present thesis have been performed in an olgeduantitative and qualitative way to
determine at least the percentages of static, en@tild progressive motile spermatozoa
(Article 3). In the first, second and fourth papeadditional velocity parameters, such as -
amongst others - straight line velocity (VSL), dlinear velocity (VCL), and percentage of
linearity (LIN), have also been measured (see @lsapter II).

However, attention must be paid to the fact thaarbgpermatozoa easily lose their
motility when they are subjected to small variaipsuch as slight temperature changes or
even low speed centrifugations. Although this peablcan be solved by incubating sperm
samples at 37°C for between 15 and 20 minutes,hwhituces motility (Briz, 1994), or by
stimulating the spermatozoa using compounds likeice (Vazquez et al., 1985), inter and
intra-group variability is very high. In an attentptexplain this variability, different reports
have recently studied the ejaculate structure bglyamg the forming subpopulations of
spermatozoa. In these studies, the cluster analysperm motility parameters plays a basic
role (Abaigar et al., 1999; Quintero-Moreno et 2004; Satake et al., 2006).

3.3 Sperm morphology

The evaluation of the morphological characteristEspermatozoa plays a principal part in
semen analysis, especially in connection with thdysof aberrant spermatozoa. For several
researchers, sperm morphology is a good prediotofeftilising ability (Kruger et al., 1986,
1988; Jouannet et al., 1988; Oehninger et al., 19880; Boyle et al., 1992; Ombelet et al.,
1995; Bonde et al., 1998; Martinez et al., 200@aRiet al., 2001; Alm et al., 2006).
Microscopic examination allows the percentages aftume, immature and aberrant
spermatozoa to be determined. As with sperm vighia threshold of 75-80% of mature
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spermatozoa has been set as the standard valze 1B#i4; Bonet et al., 1995, 2000; Pinart,
1998a; Pinart et al., 1998b; WHO, 2000; Kvist apdri&dahl, 2002).

When the percentage of immature spermatozoa isehigiian 30%, an epididymal
dysfunction is assumed, mainly due to the absehspaym maturation along the epididymis,
and the velocity of the spermatozoa’s transit. dotf this absence of maturation is often
caused by a rapid rate of ejaculations (Thibaudl.et1993; Pruneda et al., 2005).

Aberrant morphologies can affect the head and/a thail of the spermatozoon.
Depending on the origin, malformations can be pryimarhen produced in the testicle during
the spermatogenesis, or secondary, when occumitigei epididymis (Bonet et al., 1995). In
terms of the malformed structure, head and tail fonalations are different. Head
malformations can be in the form of number (twonwre heads), shape (triangular, ovoid,
pear-formed etc) or size (micro- or macro-cephali@il malformations can be in the form of
number (two or three tails), length or trajectdiolded or coiled tails).

In recent years, computer assisted systems hawvebalsn developed to assess sperm
morphology, measuring the area, the perimeterlethgth and the width of the spermatozoa's
head. Using this method and the degree of intemdighromatin fragmentation, it has been
demonstrated that differences in sperm morphologgrey boars are not related to deviations
in chromatin structure (Saravia et al., 2007).

As far as percentages of aberrant sperm in standardlitions are concerned,
teratospermia or teratozoospermia occurs when riy@option of aberrant spermatozoa in an
ejaculate is higher than 50% (OMS, 1999; WHO, 2000)

3.4 Sperm agglutination

Sperm agglutination is observed when a spermatobiotis to another spermatozoon by
head to head or tail to tail contact. In normalditans, agglutination should not occur and an
immunological cause of infertility may be suggestdten it is often present. It is well known
that bivalent and trivalent cations in seminal plas as well as long storage, induce sperm
agglutination (Sanchez, 1991; Yeste et al., 2007a).
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Assessment of sperm parameters

In this study, the following sperm parameters wassessed: sperm viability (two different
methods), sperm capacitation, sperm concentrasjperm morphology, sperm agglutination

and the osmotic resistance of spermatozoa.

1 Sperm viability
1.1 Sperm viability (SYBR-14/EthD-1)

In co-culture experiments (Chapter IV, Articles @de6), sperm viability (both in bound and
in unbound to epithelial cells populations) waseassd by a double staining method using
two nuclear fluorochromes: SYBR-14 and ethidium bdmer (EthD-1), both purchased
from Molecular Probes (Molecular Probelic., Eugene, Oregon, USA). Before staining, a
10:1 working solution of SYBR-14 (final concentati 100 nM) and EthD-1 (final
concentration: 2 uM) was prepared. In an aliquatt@ioing 1 ml of sperm sample, 11 pl of
SYBR-14/EthD-1 working solution was added and thetane was incubated at 37.5°C for 15
minutes. After that, a sample drop containing ®dispermatozoa was deposited on a slide,
and then covered with a coverslip.

The observation of samples was performed by usuagfluorescence microscopes: Leica
DMLR-XA (Leica, Wetzlar, Germany) in Article 4 anikio Imager.Z1 (Zeiss, Oberkochen,
Germany) in Article 6, at 400x magnification. Intbaases, two filter cubes were employed:
an 13 filter (excitation filter: bandpass (BP): 4800 nm; dichromatic mirror: 510 nm;
suppression filter: longpass (LP): 515) and an Ntdr (excitation filter: BP 515-560 nm;
dichromatic mirror: 580 nm; suppression filter: 880 nm). Three counts of 100 spermatozoa
each were carried out to distinguish viable speoa (green fluorescence) from non-viable

spermatozoa (red fluorescence) (Garner et al.,;1@8er and Johnson, 1995) (Figure 11-1).
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Figure 1l-1 Sperm viability (SYBR-14/EthD-1) at 200x magnifimat

1.2 Sperm viability, mitochondrial sheath and acrosme integrity (triple-stain

technique)

In almost all sperm viability assessments, excépse in Article 6 (Chapter 1V), sperm
viability was assessed using the protocol descrilyeBussalleu and co-workers (2005). This
method allows us to see the state of the three admpnts of the spermatozoa, i.e. the
nucleus, acrosome and mitochondrial sheath, andbice® the use of four different
fluorochromes:
e Two nuclear fluorochromes, bisbenzimide Hoechst583DAPI (4’-6’-diamino-2-
phenyl-indole) (Sigma-Aldrich, St. Louis, Missouri, USA) for viable cells, and
propidium iodide (P1) (Sigma-Aldrich for non-viable cells.
« MitoTracke” Green FM (specifically for functional mitochondriavlolecular
Probes) to stain the mitochondrial sheath.
* The lectinTrypsin inhibitorfrom Soybean (SBTI) conjugated with the fluoroche
Alexa Fluof® 488 (specifically for proacrosin; Molecular Probes
The protocol distinguishes two steps: nucleus stgirand mitochondrial sheath and

acrosome staining:

a) Nucleus staining (Bisbenzimide Hoescht 33258Rihd
One pl of bisbenzimide Hoescht 33258 (5 pM) waseddtb a 2 ml Eppenddtftube
(Eppendorf AG, Hamburg, Germany) containing 1 mkpérm sample (sperm concentration

should range from 25-7610° spermatozoa-i). Next, it was incubated at 37°C for 10
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minutes. Ten pl of PI solution (500 pgdhlwas then added and samples were again
incubated at 37°C for 10 minutes. Subsequentlys#mples were removed from the heater

and centrifuged at 439g for 10 minutes, after which the supernatant wasatded.

b) Mitochondrial Sheath and acrosome staining (Miticke Green FM and SBTAlexa
Fluor® 488conjugate)

Prior to staining, the remaining pellet was resugeé in a pre-warmed (to 37°C) solution
containing 1 ml of Mitotrack&r Green FM (working solution at 100 nM) and 1 mlAléxa
Fluor® 488 Conjugate-SBTI (working solution 15 pM). Tisiglution was incubated at 37°C
for 20 min and then centrifugated at 40 for 10 min. Supernatant was later discarded and
the pellet was resuspended in a pre-warmed (37%Ms\Blle Thawing Solution (BTS)
extender. Finally, samples were stored in the hedt87°C until monitoring.

Spermatozoa were monitored under an epifluorescemcemscope (Leica DMLR-XA)
using a Leica 40x 1.32 HCX PL APO objective lenistek filter cubes were used:

- Filter A (DAPI) to assess viable sperm (blue fluorescence), stdigdaisbenzimide

Hoescht 33258. (Excitation filter; BP 340-380 nmichdomatic mirror: 400 nm;

suppression filter: LP 425 nm) (Figure 1I-2).

Figure 11-2 Image of triple staining obtained with A (DAPI}tér at 400x magnification

- Filter 13 (FITC) for the simultaneous observation of the samplas phesent green
fluorescence, generated by MitoTrackeGreen FM and SBTI-Alexa FluBr 488
Conjugate flurochoromes, as well as the weak flsmgace of non-viable spermatozoa.
(Excitation filter: BP 450-490 nm; dichromatic narr 510 nm; suppression filter: LP 515
nm) (Figure 1I-3).
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Figure 11-3 Images of triple staining obtained with I3 (FITid)er at 400x magnification

- Filter N2.1 (Rhodamine) to assess non-viable spermatozoa (which presaeda
nucleus), stained by PI. (Excitation filter: BP 5860 nm; dichromatic mirror: 580 nm;

suppression filter: LP 590 nm) (Figure II-4).

After observation, the spermatozoa were classified eight categories (Table 1I-1)
according to the fluorescence emitted by the fdworbchromes. However, in all analyses a
spermatozoon was only considered as completelylevi@B) when it showed an intact
nucleus, intact acrosome and intact mitochondtigath. When a spermatozoon presented

any damage to at least one of these three cell ocoemts, it was considered non-viable.

Figure 11-4 Image of triple staining obtained with N2.1 (Rhodiae) filter at 200x magnification

2 Sperm capacitation

Chlortetracycline (CTC) co-staining with ethidiurorhodimer (EthD-1; Molecular Prob@s

was used to assess sperm capacitation (Ward amdyStt984), following the procedure
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described by Wang and colleagues (1995) and Mg co-workers (1996), and adjusted
to boar spermatozoa by Fazeli and co-workers (1888)Funahashi (2002).

Table 11-1 Reading of triple staining technique

Fluorescence
Typology

Nucleus Mitochondrial sheath  Acrosome

Viable spermatozoon with intact acrosome and

Green Green . )
mitochondrial sheath (VB)
Non-stained ) ]
Viable spermatozoon with damaged acrosome andtintac
Blue Green Swollen and .
mitochondrial sheath
green
. Viable spermatozoon with intact acrosome and dadhage
Non-stained Green _ )
mitochondrial sheath
Non-viable spermatozoon with intact acrosome and
Green ) )
mitochondrial sheath
Green Non-stained

Non-viable spermatozoon with damaged acrosome and
Swollen and _ )
intact mitochondrial sheath

Red green
e
_ Non-viable spermatozoon with intact acrosome and
Non-stained Green ) )
damaged mitochondrial sheath
Non-stained ) )
_ Non-viable spermatozoon with damaged acrosome and
Non-stained Swollenand )
mitochondrial sheath
green

First, the CTC staining solution was prepared bying CTC (750 mM) (Sigma-
Aldrich”), and D, L — cysteine (5 mM) (Sigma-Aldrichwith a Tris-NaCl buffer (20 mM).
After mixing, the staining solution was filteredrdlugh a filter of a diameter of 0.22 um per
pore (Millipore Corp., Spain), and pH was adjudied.8.

In a 50 ul aliquot containing 18 ul of semen samgleul of EthD-1 (23.3 uM) were
added and incubated at 37°C for 10 minutes. Aftat, t10 pl of CTC solution was added
prior to adding 10 pul of fixative (2% paraformalgele in Phosphate-Buffered Saline, PBS;
Gibco, Invitrogen Corp., Spain). A drop of 5 ul walsiced on a slide and mounted with
DABCO™ anti-fading medium (Sigma-Aldrich and a cover-slip.

Slides were then observed under an epifluoresaogmt microscope (Leica DMLR-XA)

with blue-violet illumination (excitation 330-380m emission 420 nm) using the Leica 40x
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1.32 HCX PL APO objective lens and the H3 filtebeu(Excitation filter: BP 420-490 nm;
dichromatic mirror: 510 nm; suppression filter: PS5 nm). Two hundred viable spermatozoa
(EthD-1 negative) were counted, and differentiaéedong the three fluorescence patterns
shown in Table II-2 (Wang et al., 1995).

Table 11-2 Reading of CTC staining technique

Abbreviation State Description
NC/F Uncapacitated spermatozoa Uniform fluorescewves the whole head
C/B Capacitated spermatozoa Fluorescence-freeihahd post-acrosomal region

No fluorescence over the head or a thin fluoresbant
AR Acrosome reacted sperm ) ]
in the equatorial segment

3 Sperm motility and concentration

Sperm motility and concentration were assessed lmpraputer assisted sperm analyzer
(CASA) system, consisting of a phase contrast mmwpe (Olympus BX41; Olympus
Europe, Hamburg, Germany) with a heat plate (aégusd 37°C), hardware and software
(Sperm Class Analyzer; Microptic SL, Barcelona, iSpéormed by two different programs
(SCA” production 2002 and SCAmotility modules). This system provides an objesti

means to assess sperm motility and concentration.

Figure 1I-5 Image of sperm motility taken with SEAroduction 2002 at 100x magnification
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A sperm sample (15 pul), previously incubated atC3#%r 15 minutes, was placed in a
pre-warmed Makler counting chamber (Sefi-Medicatinments, Haifa, Israel). Observation
and monitoring were performed using an Olympus Q@30 PLAN objective lens (negative
phase-contrast field). At least 1000 spermatozoee weunted in each analysis, and several
fields captured (Figure 11-5).

In Article 3 (resistance of boar spermatozoa to @snchanges and its correlation with
fertility), the analyses of sperm motility and centration were performed using SEA
production 2002, which only provided measures oérall motility (MOT), progressive
motility (PMOT) and the percentage of immotile spatozoa (EST) (Table 1I-3).

Table 11-3 Classification of sperm motility

Spermatozoa Movement characteristics
Immotile Static (EST)

. Non-progressive motility
Motile (MOT) i -
Progressive motility (PMOT)

Table II-4 Sperm velocity parameters using SCrotility module

Abbreviation Parameter Units Description

Average velocity measured in a straight line from
) ) ] the beginning to the end of a track. VSL measures
VSL Straight line velocity pum-s _
the speed of a spermatozoon in a forwards
progression

Average velocity of the smoothed path of the sperm
head

Average velocity measured over the actual point-to-

VAP Average path velocity pmts

VCL Curvilinear velocity um:$ _
point track followed by the sperm head

Amplitude of lateral turn regarding intermediate

) piece. ALH is an important parameter because it
Amplitude of lateral head o S
ALH ) um affects thein vitro fertilisation (IVF) result and the
displacement - .
ability of human spermatozoa to penetrate cervical

mucus and fuse with oocytes. (Barlow et al, 1991)

BCF Beat cross frequency Hz

LIN Percentage of linearity % VSL/VCL
STR Percentage of straightness % VSL/VAP
wOB Motility parameter wobble %
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By way of contrast, in the other papers, excepriicle 4 (Chapter IV) and the analysis
of motility in sperm bound to oviductal epitheliaélls, motility and concentration were
analysed using SCAmotility module. This software supplies more d#tan production
module. Thus, after acquiring several fields, noltydhe percentages of motile, progressive
motile and immotile spermatozoa but also the patarseshown in Table 1I-4 (according with
the cut-off settings recommended by the manufacforeanalysis of boar sperm, see Tables
[I-5 and 1I-6) were assessed (Abaigar et al., 1989stegen et al. 2002; Maes et al., 2003).

Table 1I-5 Parameter settings for sperm motility assessment

Parameter Settings
Frame rate 60 Hz
Frames acquired 25
Minimum contrast 18 pixels
Minimum cell size 10 pnf
Maximum cell size 80 pnf
Minimum static intensity gates 0.5
Maximum static intensity gates 2.5
Minimum static size gates 0.65
Maximum static size gates 2.6
Minimum elongation gates 10
Maximum elongation gates 100

Characteristics of PMOT spermatozoa
VAP cut-off > 45 pm-3
STR > 45%
Cell size 9 pixels
Cell intensity 125

Characteristics of slow-static spermatozoa
VSL cut-off 10 pm-3
VAP cut-off 25 um-3

On the basis of WHO classification (WHO, 2000) arging the motility module, the
overall sperm population may also be subdivided faur categories, based on low VAP cut-
off (LVV) and medium VAP cut-off (MVV) (Table II-7)
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Table 11-6 Kinetic parameters’ restrictions for sperm motiissessment

Parameter Minimum Maximum
VSL 1um-§ 500 um-s
VAP 1um-g 500 pm-3
VCL 1um-& 500 pm-3
ALH Oum 100 pm
BCF 0 Hz 100 Hz
LIN 10% 98%
STR 10% 98%
WOB 10% 98%

Table 11-7 Sperm subpopulations depending on VAP

Sperm subpopulation Relationship with VAP
Spermatozoa with fast velocity VAP > MVV
Spermatozoa with medium velocity LVV < VAP < MVV
Spermatozoa with slow velocity VAP < LVV
Static spermatozoa Cells that do not move duringdtanalysis

4 Sperm morphology

Sperm morphology was determined by placing 5 (dpefrm sample on a slide, later mounted
with a coverslip. Prior to assessment, samples vmrebated for 30 minutes in 100%
humidity at 25°C to immobilise the spermatozoa.

A CASA system was also used, consisting of a pltasgrast microscope (Olympus
BX41) equipped with a Sperm Class Analyser provithgda production module (SCA
production 2002 module, Microptic S.L., BarceloSgpain). Samples were observed at 200x
magnification (Olympus 20x 0.40 PLAN objective lepssitive phase-contrast field) (Figure
[1-6).

Sperm morphology was assessed subjectively by raurhree times one hundred
spermatozoa, differentiating among mature, immasne aberrant spermatozoa (Table 11-8)
(Bonet, 1990; Bonet and Briz, 1991, Briz, 1994; Boet al., 1995, 2000; Pinart, 1997; Pinart
et al, 1998; WHO, 2000; Kvist and Bjérndahl, 2002rstegen et al., 2002).
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Figure 11-6 Image of sperm morphology taken with SC2002 at 200x magnification

Table 11-8 Classification of sperm morphology

Spermatozoa Classification

Mature Normal

Proximal cytoplasmic droplet
Immature spermatozoa _ _
Medial cytoplasmic droplet

] Head morphology/size
Aberrant head morphologies
Isolated head

Tail folded at the connecting piece
) ) Tail folded at intermediate piece
Aberrant tail morphologies ) )
Tail folded at the Jensen’s ring

Coiled tail

Other abnormalities Other aberrant spermatozoa

5 Sperm agglutination

Sperm agglutination was assessed by placing 5 gholi sample on a glass slide, mounted
with a coverslip (Chapter 1ll, Article 2). After &, samples were incubated at 25°C in 100%
humidity for 30 minutes to immobilise the spermat@z

In each analysis, three counts of one hundred sgemba each were performed at
random by distinguishing percentages of agglutoh@sticking to each other head-to-head or
tail-to-tail) or non-agglutinated (free cells) spetozoa. Observations were carried out using
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a phase contrast microscope (Olympus BX41) undedlgmpus 20x 0.40 PLAN objective
lens (positive phase-contrast field). This methaffes slightly from those previously

reported (Harayama et al., 1994; Harayama et @D3R

6 Acrosome-reacted sperm by phase contrast

Percentages of acrosome-reacted spermatozoa (Ch#ptérticle 3) were subjectively
assessed by means of a phase contrast microsctpepi@® BX41) under an Olympus 40x
0.65 PLAN objective lens (positive phase-contrastlj.

To accomplish this, 5 pl of sperm sample were plame a slide, then mounted with a
coverslip, and later incubated at 25°C in 100% litynifor 30 minutes to immobilise the
spermatozoa. Three counts of 100 sperm cells e&ck warried out, and the spermatozoa

were classified into two categories according ®gtate of their acrosome: intact or reacted.

7 Osmotic resistance test (ORT)

The osmotic resistance of spermatozoa was cartiedsong a Schilling (1986) modified test,
as described by Rodriguez-Gil and Rigau (1995). @Gmedred pl of sperm sample were
added to two different Eppendorf tubes. Then, 9D6fa hypotonic solution containing 1%
(w/v) sodium citrate, and adjusted to pH 7.4 (osmptessure: 102 + 5 mOsm-Ry were
added to one tube, and 900 ul of an adjusted (gMHigotonic solution of 3.2% (w/v) sodium
citrate (osmotic pressure: 305 + 7 mOsmi*Ktp the other. Aliquots were then incubated at
37°C for 1 hour, and subsequently stained by tlsnetdgrosin method (Rodriguez-Gil and
Rigau, 1994; Rodriguez-Gil et al., 2006). Threentswf 100 spermatozoa were carried out,
taking into account the viability and percentagé¢hef altered acrosomes (AR).

The percentage of ORT was calculated by applyimgftiimula described by Sanchez
(1991):

ARsotonic + ARhypotonic
2

ORT =100-
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1 Introduction

1.1 Pig reproduction: semen extenders and artificlansemination

1.1.1 General concepts relating to semen extenders

The extender or diluent is defined as an aqueolfi@o that allows us to increase the
volume of the ejaculate up to the required amotantdistribution as seminal doses, while
preserving sperm function and maintaining a suiafdrtility level. Spermatozoa are
contained in the seminal plasma that provides tthesmutrients required to maintain the high
level of metabolic activity necessary for theirnsport along the female genital tract. From
the time of the first studies concerning boar sppraservation, it has been well known that
semen ejaculate is only able to maintain this n@alactivity for a few minutes. For this
reason, the metabolic activity of spermatozoa rbesteduced if they are to be preserved for
longer, by means of dilution in an appropriate mediand a reduction in their storage
temperature (Gadea, 2003; Estienne et al., 2007).

Boar spermatozoa are very sensitive to cold shogk tb their physico-chemical
characteristics (Pursel et al., 1973). Specificallye lipid composition of the plasma
membrane explains this phenomenon. The lateral mewmts of plasma membrane
phospholipids are reduced when the temperatureedees, causing a lipid-phase separation
and involving irreversible changes to membraneginst These changes alter the function of
the sperm membrane, thereby compromising cell Mal{Buhr et al., 1989; White, 1993).
This susceptibility to cold shock makes it necegsarkeep sperm samples at between 15°C
and 20°C, as a more extreme reduction in storaggdrature may limit the viability of
seminal doses (Paulenz at al., 2000, 2002; Komuhist@al., 2002).

However, storage at these temperatures puts adimihe length of time sperm samples
can be kept, because cell metabolism is not sefftty reduced and the control of

microbiological contamination is not as effectiseitawould be at lower temperatures, such as
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5°C. On the other hand, sperm dilution involvegduction in the levels of certain ions and
molecules that are present in the seminal plasrdgblay a key role in sperm viability, such
as potassium ion (K (Harrison et al., 1978) and seminal plasma pnstebince the reduction
of these substances may alter sperm viability o@gar formulation of the extender is required.
With this aim, bovine serum albumin (BSA) or somegetal proteins have been added to
extender as a means of improving its ability tospree sperm, because it has been
demonstrated that these proteins stimulate spertiitjn@NVaberski et al., 1989) and improve

the reproductive performance of stored semen (Vg&bet al., 1994).

1.1.2 Extender composition and functions

In order to carry out its function, extender musbvide nutrients needed to maintain
spermatozoon’s metabolism (monosaccharides sudjiuasse and fructose), to protect it
from cold shock (BSA), to control environmental pBicarbonate, Tris, Hepes) and osmotic
pressure (NaCl, KClI, sodium citrate), and to inhrhicrobiological growth (antibiotics such

as kanamicine) (Estienne et al., 2007).

1.1.2.1 Nutrients

A spermatozoon is able to produce the energy requin maintain cell metabolism and to
beat its tail, principally by glycolytic pathwayBhese processes occur in mitochondria, which
are located in the intermediate, also known as chdadrial, piece. In the extender, the
source of energy is often glucose, even thoughratbaerces such as galactose, ribose and
threhalose have also been used, without betteltsester being observed than those obtained
for glucose (Gadea, 2003).

1.1.2.2 pH regulation

Immediately after ejaculation, semen pH is appr@tety 7.4 £ 0.2, like other organic fluids.
When pH decreases, the energetic metabolism ofghanatozoon and its motility are also
reduced. The spermatozoon’s glycolytic metaboligtuces the intracellular pH, and cell
metabolism also decreases. Lactate is the mainbwlégof this biological process, and its

biochemical analysis has been used as a sperntygualex (Rigau et al., 1996). The addition
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of buffers to the extender is therefore neededaotatrol the pH. Various buffers are used,
differentiating between simple systems, such aarbanate or sodium citrate, which both
have only a limited ability to buffer pH, and maremplex systems such as Tes, Hepes, Mops
or Tris, that are able to regulate pH within a witknge, even if changes in temperature occur
(Mops and Hepes) (Gadea, 2003).

The pH of commercial extenders usually ranges frérf@ to 7.2 units, but two
considerations must be taken into account. Fitdtjgonot stabilised until 90 minutes after
dilution of the powder in water; and second, déferextenders present different patterns of
pH values over time (Newth and Levis, 1999). Foesth reasons, care is needed when
preparing the extender in order to avoid additiggrablems in the procedures for preserving

the sperm

1.1.2.3 Osmotic pressure

Osmotic pressure varies among commercial exterfdenefrigerated storage, ranging from
240 to 380 mOsm-KY a range of osmolality that boar spermatozoorbis # tolerate. In
fact, various reports have studied spermatozoaaabe against different osmotic pressures,
and concluded that neither sperm motility nor digbare compromised when osmolality is
ranged between 250 and 390 mOsnt-Kgraser et al., 2001). Conversely, damage occurs
when osmotic pressure is lower than 200 mOshi-Kgilmore et al., 1996, Fraser et al.,
2001).

In any case, isotonic (300 mOsm:Kgor slightly hypertonic extenders have been
reported as the best diluents for maintaining spimation and commercialising the seminal
doses destined for artificial insemination (Schdliand Vengust, 1986). Halide salts such as
sodium chloride (NaCl) and potassium chloride (K@ftg those most often used in semen

extenders in order to regulate osmotic pressure.

1.1.2.4 Antibiotics

Antibiotics are added to avoid bacterial growthtlre extender, because nutrients such as
glucose and the storage temperature (15°C) of gerited semen doses allow the
development of gram-negative bacteria likescherichia coli Salmonella sp.and

Pseudomonas sp-urthermore, bacterial contamination causes uari@terations in sperm
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function, i.e. a decrease in sperm motility, spexgglutination, acrosome reaction and a
decrease in pH to acidic levels of between 5.7 @ddAlthouse et al., 2000), resulting in a

reduction in the time that seminal doses can hedtmn the proper conditions.

1.1.3 Refrigeration and cryopreservation extenders

Depending on the aim, two types of extenders canlis@nguished: diluents to store boar
sperm at 15-20°C (refrigeration) or diluents tefe/thaw sperm (cryopreservation).

Refrigeration extenders are divided into two grodgased on the period of storage.
Accordingly, there are short-term extenders, whemen is kept for between one and three
days (Johnson et al., 1982); and long-term extender keeping the semen for more than
four days (Dubé et al., 2004; Vyt et al., 2004; gl et al., 2007). The former are usually
used in Europe, where the distances between cenfrafose production and artificial
inseminations (Al) farms are small, or where dosmlpction and Al even occur on the same
farm. The latter are employed, for example, in W@ted States and Norway where the
distances are considerably greater.

Cryopreservation extenders contain egg Yyolk (LEY)d aglycerol (LEYGO) as
cryoprotective agents, a high glucidic contentfé&usystems (like Tris) and detergent agents
(Royere et al.,, 1996; Gadea, 2003). As a resulthsf formulation, the method of sperm
cryopreservation is based on two stages: a coslieyg (up to 5°C) and the so-called freezing

stage (Eriksson and Rodriguez-Martinez, 2000).

1.1.4. Artificial insemination

The first artificial insemination (Al) was carriexuit by lvanow in Russia at the beginning of
the last century (lvanow, 1907; 1922). Later, ie thirties, its use was extended around
Russia (Rodin and Lipatov, 1935; Milovanow, 193&)d arrived in other countries such as
the United States (McKenzie, 1931) and Japan {#438). In the fifties, Al extended to the
United Kingdom thanks to work developed by Polg®&5@). This technique offers the
advantage of using the genetic potential of thet besrs with a large number of sows,
making genetic improvement easier. However, Al waisgeneralised commercially until the

eighties, when insemination protocols were standedd(Crabo, 1990; Johnson et al., 2000).
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It is evident that the use and methods of Al haenbimproved since its beginning almost a
century ago.

Currently, porcine artificial insemination with e and cooled semen is a widely used
technique in the developed world, although its isevariable in different countries. In
European countries (Spain, France, the United KongdGermany, Netherlands, Norway
etc.), Al is more widely used than in the Unite@t8s. The most recent studies reported that
99% of Al is performed using sperm cooled to 15€@3ohnson et al., 2000). Of these
inseminations, 85% are carried out within 24 hoafrsemen extraction. There are various
reasons to explain the generalised character ahAdligs, such as the dissemination of the
best boar’s phenotype and that results are béterwith natural mating.

Conversely, frozen—thawed boar semen is rarely fedonventional (cervical) Al in
commercial piglet production (Waterhouse et alQ&)0 due to farrowing rates being lower
than when cooled sperm is used. However, in regearts other Al techniques, such as post-
cervical, intrauterine and deep intrauterine, hiagen developed with the aim of improving

success rates (Figure IlI-1).

Uterine body 7 to @ in. past
\ end of Cervix

Literina hoen

3. DIUI
10 in. from
the UTJ

Utero-Tubal
Junction (UTJ)

in the Cervix
2. Intrauterine Insemination

In the Uterine Body
3. Deep Intrauterine Insemination
213 of the way up a Uterine Horn

Figure IlI-1 Diagram of the sow reproductive tract illustratthg site of semen deposition

for three different types of artificial inseminatigBelstra, 2002)

One of these procedures is known as deep intraeteki (Ekwall et al., 1996) and
consists of placing spermatozoa near to the uteabtjunction. This is an advantage with
regard to conventional Al because the populatiospgrmatozoa that colonises the oviducts

is higher in deep intrauterine Al, so that the nembf spermatozoa that are able to fertilise
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the oocyte is higher, and the volume and the spemgentration of the seminal dose required

to inseminate is lower.

1.2 Improvement of seminal doses and sperm quality

1.2.1 General concepts

Currently, the majority of artificial inseminatioms porcine farms are performed using doses
of cooled semen. Although different studies (Cotanber et al.., 2003; Christensen et al.,
2004) have demonstrated that ejaculate charaatsrishly explain a low percentage (less
than 10%) of the variance in fertility outcomes, asred as farrowing rates, the uses of
seminal doses of high sperm quality has been satsaase qua nohcondition (Correa et al.,
1997; Vyt et al., 2004; Gillan et al., 2006). Fhistreason, the improvement of seminal doses
and sperm quality is still a broad field of reséanthen boars present poor semen quality.

Different techniques exist to improve sperm qualnainly assessed by biochemical and

cell parameters (sperm viability, motility and mbgbogy). Among these methods, sometimes
used as a step previous to the experimental matipal of seminal doses in research
laboratories (Petrunkina et al., 2003), the follogvcan be distinguished:

» Centrifugation with continuous or discontinuowensity gradients.These gradients
can be made up of various different substancesyrtbst commonly employed are
Percoll, Ficoll and BSA (Vincent and Nadeau, 198faham and Graham, 1990;
Petrunkina et al., 2003). Specifically, after Pdravashing with a discontinuous
gradient (35/70%), the procedure used to wash sjgemna prior to co-culture with
epithelial cells in Chapter IV, cytoplasmic drogleire located at the interface between
the extender and the 35% Percoll, gel debris agdeggted sperm in gel material are
located at the interface between 35% and 70%, ledreat majority of the individual
spermatozoa should have passed through the 70% laye

* Spermatozoa migrationthat allows the separation of sperm cells accagrdintheir
motility. On this basis, different techniques lilssvim-up, swim-down and their
variants can be distinguished (Georgiou et al.3).99

* Gel-filtration of seminal dosesthrough columns containing matrices varying inrthe
chemical nature and with different electric chargegh as Sephadex, wool and glass
beads or Leucoscorb (Centola et al., 1998; Adighkaummar, 2001; Bussalleu et al.,
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2007). Although the sperm concentration of filterdolses is lower than for non-
filtered ones, the matrix also retains non-vialbie aberrant spermatozoa so that the
sperm quality of filtered doses is higher thantfa others.

» The addition of different substances to extended s®nal doses and the
administration of numerous pharmacological ageotintrease the speed of sperm
transport (Traas and Kustritz, 2004). The improveimen cooling and
freezing/thawing extenders, by adding different @écales, such as prostaglandig F
or hyaluronic acid, has been performed both in humad other domestic animals
species (Barkay et al., 1984; Fattouh et al., 1%8dnce et al., 1999; Lopez et al.,
2000; Yeste et al., 2007a; Yeste et al., 2007b).

1.2.2 Prostaglandin

Prostaglandins (PGs) are 20 carbon fatty acidogaiwoids) that have a cyclopentane ring.
They are widely distributed in vertebrate tissued @lay several roles in a wide array of
physiological processes (Kingsley et al., 2005)oskiglandins are produced by this-
dioxygenation of arachidonic acid (20:4) to formdigperoxy endoperoxide (PGG
followed by the reduction of the PGGto hydroxyl endoperoxide (PGH These
transformations are catalysed by cyclooxygenasggui@ I11-2). Hydroxyl endoperoxide is
then transformed by different enzymes to PGs amahthoxane A (Kingsley et al., 2005).
Such cyclooxygenases are present in the apicalmegfithe head, the post-acrosomal region
and the mid-piece of the tail of ejaculated anddielymal bovine spermatozoa, as
immunohistochemical studies have shown (Shalel;,1304).

Prostaglandins are related to several reprodugireeesses, being present in seminal
fluid (Templeton et al., 1978) and in cervical msi{@Charbonnel et al., 1982), and Roy and
Ratnam (1992) even showed that human spermatoeoabée to synthesise prostaglandins.
These hormones produce different effects on tuinalosh musclén vitro; thus, prostaglandin
F.. (PGRy,) increases tubal muscle contractility and prostadin & (PGE) inhibits the
contraction of circular muscles (Lindblom, 1978)ttHBeb and co-workers (1988b) reported
that the oral administration of PGEad an effect on the contractile elements in ferent
duct, influencing cyclooxygenase activity. Recentdges suggest that the transport of the

embryo and the communication between the embryo thed fallopian tube involve
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prostaglandin action through PgBnd PGE, receptors, in addition to the effect of PGs on

the vascular system and muscular contractility (gémen et al., 2006).
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Figure 1lI-2 Prostaglandins syntheses from arachidonic acwmingi, 2006)

In the research field of PGs and oviductal cellsn&o and colleagues (1985) studied the
effect of follicular fluid containing PGs on the tiiby of isolated oviducts in sows. The role
of PGs and other arachidonic acid metabolites enetvents leading to acrosome reaction and
fertilisation has been investigated (Joyce etl&187). Several papers regarding the study of
prostaglandins £Fand & (PGE and PGE) and their effects on sperm function have alssmbee
delivered (Aitken and Kelly, 1985; Gottlieb et @988a). Early on, Aitken and Kelly (1985)
reported relevant results concerning human sperunaisuch as a significant increase in both
sperm velocity and penetrating ability. These argtadso pointed out that certain PGs might
change the functional competence of human spermato@ther studies have shown that
progesterone and follicular fluid cause an immediatrease in intracellular calcium g
in human spermatozoa, and that some prostaglamdeng stimulate acrosome reaction
(Margalioth et al., 1988; Thomas and Meizel, 1988man et al., 1989; Blackmore et al.,
1990; Baldi et al., 1991). In line with this, Henweand colleagues (1997) concluded that
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PGE is a capacitating factan vitro for mouse spermatozoa, and Shimizu and co-workers
(1998) studied the mechanisms by which prostagrenelkist in seminal fluid; they concluded
that PGE and PGE promoted C&-influx in human spermatozoa.

On the other hand, the hormone BGEFigure 111-3) has been used in swine operations
for the synchronisation and induction of farrowiagd to increase the libido of boars
(Estienne and Harper, 2004). It is thought that RGflded to boar semen for Al may
increase reproductive performance. Moreover, thgsiplogical role of PGl and other
seminal components in a sow’s reproductive tracitrdaute to the timing of ovulation in

response to mating (Claus, 1990).

I,\_l\,,'l\.l'l. M
N = COOH

HO'
Figure 111-3 Chemical formula of Prostaglandin,F

The effects of different types and amounts of @gisindins (19-OH-PGE, 19-OH-PGF,
PGE, PGk, PGR, and PGE,) on human sperm function have also been repoBeddvold
et al., 1984). While the addition of PgHReduced sperm motility, 19-OH-PGE stimulated
motility and penetration ability positively and TH-PGF diminished ATP concentration in
sperm. In contrast, the other assessed prostagl(lGE, PGE, and PGE,) had no effect
on sperm function (Gottlieb et al., 1988b).

It is well known that PGJ; improves fertility (Gustaffson et al., 1975; Gakyci980;
Hawk, 1983). Sperm transport is a combination divacand passive transport, and passive
transport is mediated by uterus contractions; RGhlke other PGs, may enhance such
contractions by inducing them. As has been prelWoosentioned, PGE is an important
smooth muscle contractile agent that exerts a faegnit uterotonic effect via the specific
PGR,,-receptor that has been identified in the myometraf humans, sheep and rats (Friel et
al., 2005). Prostaglandinfacts by binding to the PGJreceptor, and a signal transduction
pathway that leads to the mobilisation of intradelf C&* is then activated (Olson et al.,
2003). The role of this mechanism is so importaat failure in parturition occurs when the

PGR,-receptor gene is knocked out (Sugimoto et al.,719%urthermore, the effects of
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oxytocin are partially mediated by P&gFwhich also augments the expression of an oxytocin
receptor (Mirando et al., 1995).

Regarding the use of PGHn porcine reproduction, Cheng and colleagues 1p@dded
PGF, to boar sperm doses 72 hours before Al withouenlisg the inactivation of this
hormone, and Kos and Bilkei (2004) also reportedt tRGFk, significantly improves
reproductive performance when used to supplemdrnded sperm. The role of P&#n the
sequence of ovarian events has also been studiadefMt al., 2005). This report documented
that significant changes in the plasma concentratioP Gk, metabolite are observed 15-21
minutes after starting stimulation and Al, reachiagplateau after 30 minutes, thereby
indicating the importance of this hormone.

As far as administering it is concerned, BGEFeatment has been used to expedite
mounting behaviour and to restore libido, resultimghe display by boars of increased sex
drive (Hawk, 1983; Szurop et al., 1985). Estiennd Harper (2004) studied the effects on
boars’ semen characteristics and libido of sevieealtments of injection with PGF(10 mg)
immediately before semen collection during a 16&vegaluation period. These authors
reported there were no significant effects of laagn treatment with PG either on boar
sperm quality or on their libido. In cows, treatrhevith PGF,,, when compared with no
hormonal intervention, does not significantly imyeothe reproductive performance of
postpartum dairy cows not detected in oestruswithta detectable corpus luteum (Rhodes et
al., 2001). Finally, the postovulatory effect ofpeated administration of P@Fon the
endocrine status, ova transport, binding of acegsspermatozoa to the zona pellucida, and
embryo development of recently ovulated sows hae Been investigated (Mwanza et al,
2002).

Regarding the addition of PGFto semen, Hashizume and Niwa (1984) reported that
sperm concentration was improved, and Cheng andorkers (2001) demonstrated that
PGFRy, supplementation in extended boar semen used spédifically increases myometrial
contractility.

1.2.3 Hyaluronic acid

Hyaluronic acid (or hyaluronan, HA) (Figure llI-& a member of the glycosaminoglycans, a
family of glucidic biomolecules. Glycosaminoglycaff&AGs) are a group of linear,
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unbranched heteropolysaccharides consisting of achenstic disaccharide repeated
sequences. Disaccharide unities are formed by anoasugar and an uronic acid (Lindahl
and Hook, 1978; Jackson et al., 1991).

In mammals, there are four major types of GAGs: nchoitin sulphate, dermatan
sulphate, heparin/heparan sulphate, and HA (FegzaBdtran et al., 2004). Specifically, HA
is a high molecular mass (ranging from 1 to 10iomliDa) and non-sulphated GAG (Crater et
al., 1995), where the repeating disaccharide wutssist of D-glucuronic acid (GIcUA) and
N-acetyl-D-glucosamine (GIcNAc) joined alternatély beta 1-3 , 1—3) and beta 1-4f(
1—-4) glycosidic bonds (Fuchs et al., 2005). Unlikénest GAGs, HA is not generally
covalently bound to proteins to form proteoglycand is not sulphated (Knepper et al., 2003;
Suh et al., 2005).

Hyaluronic acid is produced in the chorionic vilfgetal lung, and connective tissue
fibroblasts locatedh the uterine cervix during parturition, by theddn of sugars to the
reducing end of the polymer. Although HA is a comguat of the extra-cellular matrix of the
connective tissue, it presents a high overall tuenoate (its half-life or 7, is from half a day
to a few days). Naturally occurring HA may be foumdthe tissue of higher animals,
whenever there is rapid tissue proliferation, regaton and repair (Balazs, 1993). It is found
in great concentrations in the vitreous humourhaf ¢ye, in the synovial fluid of articular
joints, and in subcutaneous tissue where it funstias a cementing agent (O'Regan et al.,
1994). The loweuterine segment and the amniotic fluid are alsocsuof HA (Kobayashi et
al., 1999).

In respect of its functions, HA plays several pbiagical roles in bacteria and higher
animals including humans, e.g. in water and plagrgin homeostasis, in cell development,
differentiation and regulation (Lauren and Frad®92), and in cell migration by interacting
with its receptor (CD 44). The most important pmapef HA is its water binding capacity
that gives structure to tissue and lubricates $oartd muscles, and its anti-inflammatory and
anti-oedematous roles. In osteoarthritis, changeke HA level occur in cartilage, leading to
its degradation (Balazs, 1993).

Different studies have shown that HA plays some mlmammal reproduction. It is able
to improve the motility of mammal spermatozoa, wilaelded to sperm (Huszar et al., 1990,
Sbracia et al.,, 1997; Pefia et al., 2004), and allandecrease in polyspermy im vitro

fertilisation (IVF) procedures (Suzuki et al., 200Mhtriguingly, HA seems to induce an
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acrosome reaction in several species, includingamsr(Slotte, 1993; Sabeur et al., 1998),
monkeys (VandeVoort et al., 1997), hamsters (Syaateal., 1986) and boars (Pefa et al.,
2004), although Rodriguez-Martinez and co-work@®01) observed a delaying effaat

vivo. Regarding sperm capacitation and the female degtove tract, HA may also play a key

role in releasing spermatozoa from the oviducts¢reoir (Liberda et al., 2006).

0 E HO H H
H I_H H WHCOCH,
Dz haaomic acid F-acetyl ghicosanore

weuranic acid M-peebylglusGaming

Figure 1lI-4 Chemical formula of repeating disaccharide unitia

1.2.4 Caffeine

Caffeine is a 1, 3, 7-trimethylxanthine nitrogertdnecyclic purine analogue (Figure IlI-5)
and a competitive antagonist at adenosine recedomse it binds to these receptors in the
brain without activating them, it acts as a stimutlaf the central nervous system.

Caffeine also inhibits competitively phosphodieaser enzyme within the cell, resulting
in an increased concentration of intracellular atign cyclase-cyclic adenosine
monophosphate (cCAMP), a second messenger thatasesesperm motility (Nassar et al.,
1999). It has even been shown to have the abibtityptevent some re-uptake of nor-
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epinephrine (Combettes et al., 1994), and it has llkemonstrated that it is rapidly absorbed
and distributed in all body tissues and fluids unlthg the central nervous system, foetal
tissues, and breast milk.

In the field of mammal reproduction, caffeine i®dgo stimulate sperm motility and the
capacitation of spermatozoa in humans (Rees €940), boars (Funahashi and Nagai, 2001)
and bulls (Coscioni et al., 2001). In IVF proceduyreaffeine is usually employed not only to
induce sperm capacitation (Mattioli et al., 1988n&hashi and Day, 1993; Funahashi and
Nagai, 2001), but also to facilitate the penetratad cervical mucus (Aiken et al., 1983).
However, reports on the effects of caffeine on hunsgerm morphology have been
contradictory. Whereas Harrison and colleagues QL@&monstrated that caffeine causes

ultrastructural abnormalities, Barkay and co-wosk@r984) reported that it did no damage.

CH;

/

CH;;\N/C\C/N\

o/“\n/°\//

CHs

Figure 111-5 Chemical formula of caffeine

1.3 Concepts relating to osmolality

1.3.1 Osmosis, osmotic pressure and biologic memines

Osmosis is the phenomenon observed when a soiste@parated from its solvent by a semi-
permeable membrane, and consists of the solvefdsdih from a lower to a higher
concentration through this semi-permeable membr&wmotic pressure is the pressure
applied to the hyperosmotic compartment to pregehtent movement.

Biological membranes offer different permeabilitiegespect of different solutes; for this
reason, biological membranes are often referredstsemipermeables because of the way
they permit some small molecules to pass throughpbevent bigger ones (Sten-Knudsen,
2002).
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1.3.2 Osmolality and molarity

Osmolality depends on molarity and whether thetsdlnises or not. lonisation increases the

number of particles in solution, so the relatiobwsEn osmolality and molarity is:

Osm = kxM
Where:
Osmis the osmolality
M is the molarity
k is the number of particles with solute ionisedatution

Thus, for example, when 180 g of glucose are digsbin a litre of water, the molarity is
1 M and the osmolality is 1 Osm-Kgbecause glucose does not ionise in solution.
Conversely, when 58.5 g of sodium chloride (Na@lxalt that ionises in two ions (Nand
CI"), are dissolved in a litre of water, then molaiityl M but osmolality is 2 Osm-Kg(Table
[-1).

Table 111-1 Osmolality and molarity

Type of solute Example Dissolution Relationship OsmM
Not ionises Glucose @El1,0g) CeH1206 )+ H:O — CeH1206(aqg Osm =M
lonises Sodium chloride (NaCl) NaCl )+ H,0 — Na' g+ Cl 5qy Osm =2M

Therefore, osmotic pressure depends on the nunfljarticles, but does not depend on
electric charges or molecular mass. Thus, a bigeouté such as haemoglobin, which has a
high molecular mass and several charges, exertsdime osmotic pressure as an ion, like
sodium cation (N3 or chloride anion (CJ (Sten-Knudsen, 2002).

1.3.3 Isotonic, hypotonic and hypertonic solutions

The osmotic pressure of most body fluids is simitaan isotonic aqueous solution of 0.9%
NaCl. In fact, a solution is isotonic in terms o€l when change is neither produced in the
water balance in the cell nor observed when thatisol comes into contact with the cell.

In general, the osmolality of an isotonic solutisnsimilar to that of blood plasma, i.e.
about 300 mOsm-KYy Most refrigeration extenders, such as Beltsvilleawing Solution

(BTS), the one employed in this study that was Ipased from Cidosa (Valencia, Spain), are
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isotonic (Schilling and Vengust, 1986). On the othand, the osmolality of a hypotonic
solution is lower than 300 mOsm-Kgand that of a hypertonic one higher than thisshold.

An increase in osmotic pressure of any solution lsaraccomplished by a variation in
ionic concentration. However, the addition of thases requires previous knowledge of their
effects. Thus, for example, bivalent and trivaleations induce sperm agglutination;*Ca
induces sperm capacitation (Tulsiani et al., 208/¥J acrosome reaction, and chloride anion
(CI) activates C4 channels. Sodium and chloride ions play a prirfigipke in the regulation
of the osmotic pressure of epididymal fluid dursgerm maturation (Rossato et al., 1996).

When studying the effects of osmolality changeshenenvironment, different media are
used. Basically, these media consist of isotonlmesasolutions, such as Krebs—Henseleit
Ringer (KHR), supplemented with water or other roales (e.g. sodium chloride, glucose,
fructose, glycerol or sodium citrate) to modify tbemotic pressure (Caiza de la Cueva,
1997b). In order to determine whether the effe¢tesmnotic changes on spermatozoa were
only due to osmolality or also due to the substaaadged, two ionic molecules (NaCl and
sodium citrate) and one non-ionic molecule (glugagere used in Article 3, in accordance
with previous reports (Fraser et al., 2001; Rigaal.e 2001; Agca et al., 2002; Pommer et al.,
2002).

1.3.4 Osmotic resistance of spermatozoa

The integrity of spermatozoa plasma membrane cammbasured by the hypoosmotic
swelling (HOS) test. This test, first describedhomans (Jeyendran et al.,, 1984; 1992),
measures sperm cell resistance against hypotondiagnand consists of diluting 0.1 ml
ejaculate with 0.9 ml hypotonic solution (contagpiinuctose and sodium citrate and adjusted
to 150 mOsm-Kg). After dilution, sperm samples are incubated Z#C3for 30 minutes and
intact or plasmolysed acrosomes are monitoredfityaae contrast microscope.

Some years later, Chan and co-workers (1993) desti@ method combining the HOS
test with a supravital stain. While the HOS tesintyatells us about the stability (functional
integrity) of the tail membrane, this test, knoventhe VHOS, is more specific to the integrity
of the head membrane. Although the technique ig saperform and provides information
about the state of spermatozoon membranes, its usstricted in routine clinical practice in

humans, because of controversy about its correlatith fertility ratesin vivo (Keel, 1990;
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Weiske and Maleika, 1990; Van den Saffele et 81921 Takahashi et al., 1990, 1994). On the
other hand, Lechniak and co-workers (2002) havel ube HOS test to assess the sperm
membrane function after capacitation.

In boars, the determination of osmotic resistascniimportant test, especially in centres
where Al seminal doses are produced. The osmaisteace test (ORT), similar to HOST,
was described by Schilling and co-workers (1986) has been used as a predictor of the
potential fertility and prolificacy of an ejaculag@anchez, 1991). This test consists of diluting
0.1 ml sperm sample with 0.9 ml of two differenfusmns of sodium citrate in double
distilled water, one isotonic (300 mOsm:Kgnd the other hypotonic (115 mOsm¥@nd
then incubating it at 37°C for 1 or 2 hours. Afteunting, folded tails and reacted acrosomes
in both solutions and the ORT index are calculagtdndard values of the ORT index ranged
from 55 to 67 (depending on the incubation timettd sample). When the ORT index is
lower than 50, the ejaculate is considered as ppa@lity semen and it is not usually
commercialised (Schilling et al., 1986).

As with the HOS test, other studies have been deeel to improve ORT. Rodriguez-Gil
and Rigau (1994 and 1995), for example, introdwcetbdification by staining with a double
vital method using trypan blue-giemsa dye followingubation (HRT). Pérez-Llano and co-
workers (1998, 2003) reduced the incubation timd ahanged the anisotonic solution,
maintaining the osmolality of the isotonic soluti@®0 mOsm-Kg), but decreasing the
osmolality of the hypotonic to 75 mOsm-KgSimilarly, Rota and colleagues (2000) reduced
the osmolality of the hypotonic solution to 100 m©OKg" with bulls. Both solutions are
made by adding fructose and sodium citrate to doutbistiled water. And finally,
Nascimento and co-workers (2001) described a viaohthe ORT, consisting of a reduction
in the incubation period (called short ORT).

Regarding the ability of the osmotic tolerance pérsnatozoa to predict ejaculate fertility
in domestic species, Petrunkina and colleaguesl{®Ound a relationship between sperm-
cell volume (measured electronically) in resporsé@ypo-osmotic changes, and 56-day non
return rates (NRRg) in bulls. Interestingly, Pérez-Llano and co-wask€003) have found a
relationship between hypoosmotic shock and feytilit boar spermatozoa, so that HOS test
and ORT are jointly assessed along with other spguality parameters, such as sperm
viability, motility and morphology, in sperm qualiassessments and in experiments of IVF
(Gadea and Matas, 2000; Gadea, 2005).
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1.3.5. Effects of osmotic stress on spermatozoa

In general, osmotic shock affects the diffusionpbbspholipids in the bilayer membrane of
spermatozoa (Christova et al., 2002), and an iser@aosmotic pressure in the environment
reduces sperm motility and damages the acrosomey(@od Watson, 1994; Liu and Foote,
1998, Rossato et al., 2002; Chantler and AbrahaskiR004).

It has been reported that the addition of raffintisthe media, in a range of osmolalities
from 276 to 450 mOsm-KY induces volume changes in the vesicles of plasmambrane at
the intermediate piece, and even damages them e hbman spermatozoa of
normozoospermic patients (Chantler and AbrahamiPe2R04). Citing this response by
spermatozoa to osmotic stress, Chantler and AbrdPeskir (2004) concluded that the
presence of these vesicles in the intermediateepéays a relevant role in sperm function in
non-stressful conditions.

The properties of spermatozoa response to osmmdicges occurring in the environment
have been used for studying sperm function (Pomehex., 2002; Chantler and Abraham-
Peskir, 2004), for improving sperm cryopreservapoocedures (Gao et al., 1993; Curry and
Watson, 1994; Gilmore et al., 1996; Liu and Fodi@98; Rossato et al., 2002; Abraham-
Peskir et al., 2002; Guthrie et al., 2002), anag dsol to predict fertility (Petrunkina et al.,
2001b), not only in boar but also in human and othemmal species.

Osmotic tolerance is one of the most important raeigms involved in sperm resistance
to cryopreservation protocols (Mazur, 1984; Curng &Vatson, 1994). Osmotic challenges
due to cryopreservation protocols initially trigggrerm-cell shrinking because of the osmotic
efflux of intracellular water. When this happenrs spermatozoa swell and return to normal
volume (from isotonic conditions) when the cryopitint agent and water enter (Gao et al.,
1997; Curry et al., 2000). In short, the freezihgiting procedures cause extreme osmotic
stress that potentially damages the function ofsjermatozoon and its chances of survival
(Pukazhenthi et al., 2000).
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2 Objectives

The main objective of this chapter is to contribtdeboar sperm preservation technology in
storage at 15-17°C (Articles 1 and 2) and the agweéent of other sperm parameters that will
allow us to predict fertilising capacity (Articlg.3

Nowadays, the use of artificial insemination hgdaeed natural mating in pigs and great
efforts are being made to enhance reproductiveopeence by improving Al techniques,
semen extenders, and the quality of seminal dd&&iese the hormone PGJFcan increase
reproductive performance when added to extende@rsé@heng et al., 2001; Kos and Bilkei,
2004), thefirst objective of this chapter is to demonstrate that the additbthis hormone
alone or in combination with caffeine and hyalumatid does not cause any harm to sperm
quality in storage at 15°C over a 10 day period.

Also with the aim of improving the quality of seraindoses, thesecond objective
consists of assessing the effects on sperm paresmaitehe addition of hyaluronic acid in
short-term storage at 15°C for three days, withcigpaeference to sperm capacitation.
Although the effects of hyaluronic acid are coniteaty when refrigeration and incubation
are compared (Rodriguez-Martinez et al., 2001; Refial., 2004), it does seem to delay
sperm capacitation in the former case. Since cadfstimulates sperm motility and induces
sperm capacitation, this methylxanthine was use@ @®sitive control in the experiment
designed to achieve the second objective.

Finally, the last three objectives are relatedhi® $tudy focus of the third article. Thus,
the third objective is to evaluate the response of boar spermatoziooterms of sperm
quality, to osmotic stress (in a range of osmaéaitfrom 100 to 4000 mOsm-Ky The
fourth objective is to find the relationship between conventionagresniogram parameters
andin vivo fertility and prolificacy trials, assessed as meturn rates within 60 days of first
inseminations (NRRg) and litter size (LS).
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Since one of the goals in pig reproduction is to dmvn a method of predicting the
fertilising capacity of an ejaculate (Rodriguez-Maez, 2003) and some classical
spermiogram parameters are not good enough togbreatth capacity, thiéfth objective of
this chapter is to use the tolerance of spermatagamst a wide range of osmolality changes
as a new parameter for assessing sperm functiagrthiSoreason, osmotic tolerance for sperm
viability, morphology and percentages of acrososeeted sperm are later used in

formulating optimised regression models, utilishBResoq and LS as dependent variables.
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3 Material and methods

3.1 Effects of the addition of prostaglandin &, on sperm quality

3.1.1 Boars and sperm samples

In this study, sixteen ejaculates (n=16) from @xt®iétrain boars were used. The boars were
healthy and sexually mature, their age (mean zdst@herror of the mean, SEM) was 20.9 +
0.7 months and their average weight was 164.1 +k§2They were housed in climate-
controlled buildings (relative humidity and tempera) and fed twice with an adjusted
commercial diet (2.3 Kg per day).

The boars were subjected to a twice-weekly extaatate (with an interval of three days
between collections) using the gloved-hand techmiqnd mounting on a dummy sow
(Hancock and Howell, 1959). The total volume of sperm-rich fraction was filtered through
gauze to remove the gelatinous fraction. After ttblu 1:5 (v/v) in a BTS-based extender
(Cidosa; TecnoVit, Valencia, Spain; Johnson etl#l88), samples were packaged in seminal

doses of 80 ml and cooled to 15°C. These weretthesported to the laboratory at 15°C.

3.1.2 Treatments

Overall, eleven treatments were assayed. Thesetmieets consisted of different
concentrations of PG (Dinolytic”, Pharmacia, Barcelona, Spain; 5 mg P&FnlY) with
three of them also combining P&Rvith hyaluronic acid (HA; Sigma-Aldrich or caffeine
(Caf; Panredg, Barcelona, Spain), as follows:

- 0.625 mg PGf/100 ml

- 1.25 mg PGE/100 ml

- 2.50 mg PGE/100 ml

- 5mg PGE,/100 ml
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10 mg PGE,/100 ml

- 12.50 mg PG/100 ml

- 25 mg PGE,/100 ml

- 50 mg PGE,/100 ml

- 0.625 mg PGE/100 ml + 200 pg-rift HA
- 1.25 mg PGEK/100 ml + 200 pg-rifl HA
- 0.625 mg PGE/100 ml + 7.5 uM Caf

3.1.3 Experimental design

On arrival, the sperm samples were aliquoted ir@@ance with the treatment and cooling
time to be tested. The negative control consistesperm in commercial diluent. Treatments
were then added to sperm samples diluted in BT8ebastender and immediately after their
addition (time 0), an aliquot was incubated at 3¥8C15 minutes. The sperm parameters
(sperm viability, sperm morphology, sperm motilitgperm agglutination and osmotic
resistance (ORT)) were then assessed. The redteofliquots were stored at 15°C and
analysed at the following relevant time pointserafone day, three days, six days and ten
days. As a consequence of this procedure, theteftdcPGEF, on boar sperm quality were
tested in relation to the amount of added substabiceary combinations with two other
compounds, and preservation time.

This study was carried out over eight weeks frond-danuary to mid-March, in winter
2005. In the first, third, fifth and seventh weeksjr ejaculates from four different boars were
received, and the analyses were performed at e pioints that immediately followed, i.e.
after the first and the third days. In the secdadrth, sixth and eighth weeks, the assessments
were carried out after the sixth and tenth daysaufling. Each ejaculate was split into 60
aliquots (11 treatments + negative control, andf®rént preservation times; i.e., ¥5).

No contamination, assessed by phase contrast roapgsat 40x magnification, was
observed at any time during the study.

3.1.4. Statistical analyses

Each ejaculate (every ejaculate coming from a bea3 considered as a statistical case
(n=16). Data from all ejaculates were managed udifigrosoft Office Excel 2003
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(Microsoff® Corporation, Redmond, Washington, USA) and SPS&tware (version 13.0)
for Windows® (SPSS Inc., Chicago, lllinois, USA). Eighteen wates were subjected to
statistical analysis: viable spermatozoa (VB), aome reacted spermatozoa, mitochondrial
sheath damaged spermatozoa, PMOT, MOT, VCL, VAR, \A H, BCF, LIN, STR, WOB,
mature, immature, aberrant, agglutinated spermatand ORT.

Firstly, these variables were assessed in negabtwrols and compared to each other
using either a one-way analysis of variance (ANOM#) a Kruskal-Wallis test when,
although transformed, the distribution of the vialgawas non-normal. In both tests, the boar
was the factor. No significant differencé®>0.05) were observed among them.

It was necessary to remove the effect of individoehrs because the treatments were
assessed within aliquots from the same sampleegdiata). Therefore, ratios were calculated

per variable and treatment with respect to corasdiollows:

V treatment
V negativecontrol

Ratiqv,y =

Ratio variables were then tested for normality gshre Kolmogorov—Smirnov test and for
homoscedasticity with Levene’s test (setting thgnigicance level at 5%). When data (x)
were non-normal, three transformations were perornisquare rootvVk), logo (x) and
arcsine square root (arcsinx)) to achieve normal distribution and accomplide t
assumptions of variance analysis.

Parametric statistics were used for transformedabbes that reached normality (ALH,
BCF, LIN, STR, WOB, percentages of mature, immatanel aberrant spermatozoa, the
percentage of agglutinated spermatozoa, and ORMgsd tests consisted of one-way
ANOVA for repeated measures (where the cooling twees the intra-subject factor, the
treatment was the inter-subject factor and eadb pstrameter was the dependent variable)
with post hoc Dunnett's test. Moreover, each treatnwas compared with the control for
each period of time using a Student's t-test withfBrroni correction.

Non-parametric statistical procedures were usednwhe transformation remedied the
normality (viable spermatozoa, acrosome reactethsgtezoa, mitochondrial sheath damaged
spermatozoa, PMOT, MOT, VCL, VAP and VSL). Friedrisarest was carried out as a non-

parametric alternative to repeated measures ANOY®A the Wilcoxon matched pairs test
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was used to evaluate differences between contrlt@atments as well as the effects of
preservation time (Sheskin, 2000).

In all statistical analyses, the significant lewgls set at 5%.

3.2 Effects of the addition of hyaluronic acid anataffeine on sperm quality

3.2.1 Boars and sperm samples

In this study, twenty-eight sperm samples from tyenght healthy and post-pubertal
Piétrain boars were used. The age (mean + SEMjeobbars was 21.2 + 0.7 months and the
average weight was 163.0 + 4.0 Kg. These boars weresed in buildings with stable
conditions of controlled temperature and humidayd were fed an adjusted commercial diet
(2.3 Kg per day).

Semen was collected twice a week, with an inteo¥ahree days between collections, by
means of the gloved-hand method and mounting onnanmdy sow (Hancock and Howell,
1959). The sperm-rich fraction was filtered througguze to remove the gelatinous fraction
and, after dilution 1:9 (v/v) in a BTS-based exten(Cidosa, TecnoVit; Johnson et al., 1988),
split into 80 ml semen doses and used to assess speality. These doses were later
transported to the laboratory at 15°C and usedmnwith hours after extraction.

No fertility problems were recorded by the Al sbati

3.2.2 Treatments

As a step prior to setting treatments to be assgyatiminary trials were carried out using
different concentrations of HA (Sigma-Aldrich and caffeine, the positive control (Caf;
Panreal. After that, the following eleven treatments wdesigned:

HA 12.5 pg-mf

HA 25 pg-mtt

- HA 50 pg-mt

- HA 100 pg-mit

- HA 200 pg-mt

- CAF0.25mM

- CAF0.5mM
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- CAF1mM
- CAF2mM
- CAF4 mM
- CAF8mM

3.2.3 Experimental design

After arrival the sperm samples were aliquoteddooadance with the treatment and cooling
time to be assessed. The negative control consistexperm in commercial diluent and
treatments were added to sperm samples also dilutdet same extender. After preparation
(time 0), an aliqguot was incubated at 37°C for lbutes and then the sperm quality
parameters (sperm capacitation, sperm viabilitgrspmorphology, sperm motility and ORT)
were tested. The rest of the aliquots were stord®%C and analysed after one, two, and three
days of storage.

This study was performed over seven weeks from Deee 2004 to January 2005. Four
ejaculates obtained from four different boars wexeived per week, and each ejaculate was
split into 48 aliquots (i.e. 11 treatments + negattontrol and four different cooling times,
i.e. 12X4).

During this study, bacterial growth was never obsdrwhile using a phase contrast
microscopy at 40x magnification.

3.2.4 Statistical analyses

Each of the twenty-eight ejaculates from twentyheigoars was considered as a statistical
case (n=28). The data were analysed using Micr@fite Excef 2003 (Microsoff Corp.)
and SPS&for Windows® software (SPSS Inc.; version 14.0).

For each variable resulting from the assessmentspg#rm parameters (viability,
capacitation, motility, morphology and ORT), a oatiwith the temporal axis (t), was
calculated as follows:

V treatment

Ratiqv,y = _
V negativeeontrol

83



Chapter lll

The aim of using ratios instead of raw data to qrenfstatistical analyses was to remove
any distortion due to individual effect in the aysds of the effects of treatments and
preservation time on sperm quality. These ratioswere then tested for normality and
homoscedasticity using the Kolmogorov—Smirnov aeddne’s tests. Three transformations
of data (/x), logio (x) and arcsinVx) were effected when the distribution was not rarm
and/or heteroscedastic and the most suitable tranation was chosen. After transformation,
data were analysed by means of one-way ANOVA fpeated measures (where the time was
the intra-subject factor, the treatment was theristibject factor and each sperm quality
parameter was the dependent variable) with the post Dunnett's test. Moreover, each
treatment was compared with the negative contmoéézh period of time, using a Student’s t-

test with Bonferroni correction. In all statistiGaialyses, the significant level was set at 5%.

3.3. Effects of osmolality changes on sperm qualitgnd fertility prediction

using osmotic resistance

3.3.1. Boars and sperm samples

In this study, ninety seminal samples from nineffedent post-pubertal Piétrain boars were
used. These boars were housed in buildings undbtesttemperature-controlled conditions
and fed an adjusted commercial diet (2.3 Kg pel).dalyeir age (mean + SEM) was 21.0 =
0.8 months and their average weight was 163.2 X4g.2

Ejaculates were obtained by the gloved-hand methtmla 37°C glass container with
males mounted on a dummy sow (Hancock and How@89), and collected twice a week,
with an interval of three days between collectiombe sperm-rich fraction was filtered
through gauze to remove the gelatinous fraction aftdr dilution 1:9 (v/v) in a BTS-based
extender (Cidosa, TecnoVit; Johnson et al., 1988l into 80 ml semen doses and then
cooled at 15°C. From each ejaculate, a semen dasdransported at 15°C in an insulated
container from the farm to the laboratory within Bdurs after extraction to assess the
experimental design, while the others were usedAfofdouble inseminations), the fertility
field probes being performed.

Upon arrival, sperm viability, motility, morpholognd the percentage of acrosome-intact
sperm in each seminal dose (diluted in commercitdreler) were assessed (sperm evaluation

before applying treatments.
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3.3.2. Preparation of osmotic solutions and treatnmes

All osmotic pressure measurements were carried using a freezing-point depression
osmometer (1313 DR Autocal; Rébling, Berlin, Geryjanwhich determines osmolality by
conductivity. This machine was calibrated daily iaga 0 and 300 standards provided by
Robling.

Hypertonic solutions were prepared by adding Nalicose or sodium citrate to Krebs—
Henseleit Ringer (KHR) solution (103 mM NaCl, 4. MnKClI, 2.56 mMCaCl, 1.13 mM
MgCl,, 25 mM NaHCQ, 1.15 mM NaHP@ 2.8 mM glucose, 4.9 mM sodium pyruvate, 2.7
mM sodium fumarate, 4.9 M sodium glutamate, and@Mdovine serum albumin, buffered
with 12.5 mM Hepes at pH 7.4). The osmolality oé tiHR solution was experimentally
measured as 291 + 4 mOsm-K@HR291).

A simple linear regression was worked out to inigegée the relationship between the
concentration of the compound added to the KHR tewmlu(independent variable) and
medium osmolality (dependent variable) (Table )l4dypotonic solutions were prepared by
adding double distilled water (milli-Qwater, Millipore) to the KHR solution.

Table 11l-2 Preparation of hypertonic treatments

Compound Linear regression equation Multiple R R?
NacCl Osmolality = 1842.8[NacCl] + 287.75 0.992 0.984
Glucose Osmolality = 984.85fH,,0¢] + 289.13 0.989 0.978
Sodium citrate Osmolality = 960.65[N#CsHs0;] + 290.84 0.993 0.987

Treatments consisted of a combination of osmolabtycompound used to prepare the
anisotonic treatment, and the return or non-retiorrisotonic conditions after osmolality
change (Table IlI-3). For NaCl, glucose and sodiitrate, six different osmolalities were
prepared (500, 750, 1000, 1500, 2000, 3000 and #0D6M-K@). With regard to hypotonic
treatments, three different osmolalities were ass#$100, 150 and 200 mOsmKg

3.3.3 Experimental design

Ten pl from a seminal dose (sperm diluted in th&BBRsed extender at 15°C) were added to
200 pl of each of 24 different osmolalities (takimgo account that three compounds were

used to prepare the hypertonic treatments) or io,2@f KHR (the negative control).
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Table 11I-3 Osmotic treatments

Treatment Type Osmolality Compound Modality
Hypo-NR-100 Hypotonic 100 mOsm-Kg miIIi-Q® water Non-return
Hypo-R-100 Hypotonic 100 mOsm-Kg  milli-Q® water Return
Hypo-NR-150 Hypotonic 150 mOsm-Kg  milli-Q® water Non-return
Hypo-R-150 Hypotonic 150 mOsm-Kg  milli-Q® water Return
Hypo-NR-200 Hypotonic 200 mOsm-Rg  milli-Q® water Non-return
Hypo-R-200 Hypotonic 200 mOsm-Kg  milli-Q® water Return
NaCI-NR-500 Hypertonic 500 mOsm-Kg NaCl Non-return
NaCl-R-500 Hypertonic 500 mOsm-Kg NacCl Return
Gluc-NR-500 Hypertonic 500 mOsm-Kg Glucose Non-return
Gluc-R-500 Hypertonic 500 mOsm-Kg Glucose Return
NaCit-NR-500 Hypertonic 500 mOsm-Kg Sodium citrate Non-return
NaCit-R-500 Hypertonic 500 mOsm-Kg Sodium citrate Return
NaCI-NR-750 Hypertonic 750 mOsm-Kg NaCl Non-return
NaCl-R-750 Hypertonic 750 mOsm-Kg NaCl Return
Gluc-NR-750 Hypertonic 750 mOsm-Kg Glucose Non-return
Gluc-R-750 Hypertonic 750 mOsm-Kg Glucose Return
NaCit-NR-750 Hypertonic 750 mOsm-Kg Sodium citrate Non-return
NaCit-R-750 Hypertonic 750 mOsm-Kg Sodium citrate Return
NaCI-NR-750 Hypertonic 1000 mOsm-Kg  NaCl Non-return
NaCl-R-750 Hypertonic 1000 mOsm-Kg  NaCl Return
Gluc-NR-1000 Hypertonic 1000 mOsm-Kg  Glucose Non-return
Gluc-R-1000 Hypertonic 1000 mOsm-Kg  Glucose Return
NaCit-NR-1000 Hypertonic 1000 mOsm-Kg  Sodium citrate Non-return
NaCit-R-1000 Hypertonic 1000 mOsm-Kg  Sodium citrate Return
NaCl-NR-1500 Hypertonic 1500 mOsm-Kg  NaCl Non-return
NaCl-R-1500 Hypertonic 1500 mOsm-Kg  NaCl Return
Gluc-NR-1500 Hypertonic 1500 mOsm-Kg  Glucose No return
Gluc-R-1500 Hypertonic 1500 mOsm-Kg  Glucose Return
NaCit-NR-1500 Hypertonic 1500 mOsm-Kg  Sodium citrate Non-return
NaCit-R-1500 Hypertonic 1500 mOsm-Kg  Sodium citrate Return
NaCl-NR-2000 Hypertonic 2000 mOsm-Kg  NaCl Non-return
NaCl-R-2000 Hypertonic 2000 mOsm-Kg  NaCl Return
Gluc-NR-2000 Hypertonic 2000 mOsm-Kg  Glucose Non-return
Gluc-R-2000 Hypertonic 2000 mOsm-Kg  Glucose Return
NaCit-NR-2000 Hypertonic 2000 mOsm-Kg  Sodium citrate Non-return
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Table 111-3 Osmotic treatments (continuation)

Treatment Type Osmolality Compound Modality
NaCit-R-2000 Hypertonic 2000 mOsm-Kg  Sodium citrate Return
NaCl-NR-3000 Hypertonic 3000 mOsm-Kg NaCl Non-return
NaCl-R-3000 Hypertonic 3000 mOsm-Kg NaCl Return
Gluc-NR-3000 Hypertonic 3000 mOsm-Kg  Glucose Non-return
Gluc-R-3000 Hypertonic 3000 mOsm-Kg  Glucose Return
NaCit-NR-3000 Hypertonic 3000 mOsm-Kg  Sodium citrate Non-return
NaCit-R-3000 Hypertonic 3000 mOsm-Kg  Sodium citrate Return
NaCl-NR-4000 Hypertonic 4000 mOsmKg  NaCl Non-return
NaCl-R-4000 Hypertonic 4000 mOsmKg  NaCl Return
Gluc-NR-4000 Hypertonic 4000 mOsmKg  Glucose Non-return
Gluc-R-4000 Hypertonic 4000 mOsm-Kg  Glucose Return
NaCit-NR-4000 Hypertonic 4000 mOsm-Kg  Sodium citrate Non-return
NaCit-R-4000 Hypertonic 4000 mOsm-Kg  Sodium citrate Return

Samples were then incubated at 37°C for 15 mindiest, sperm viability, motility and

morphology and the percentage of acrosome-intaetnspwere assessed for non-return
treatments (NR).

For return treatments (R) to isotonic media, 4®fuéach sample were added to a tube
containing 2 ml of KHR (iso-osmotic conditions) pieusly warmed to 37°C, and the
solution incubated for 15 minutes at 37°C. Therrmspviability, motility and morphology
and the percentage of acrosome-intact sperm weessed.

For each treatment (n=48), the parameters of osmesistance parameters (see Section
3.3.4) were also calculated. These parameters there correlated with data from fertility
probes (see Section 3.3.5) using linear regresaighods (see Section 3.3.6) (Figure 111-6).

The present study was performed over nine weets) Dctober to December 2004, with
10 ejaculates being received per week. The insdiaimsgawere carried out during the same

period, each ejaculate being used for insemindtingsows.

3.3.4 Resistance to osmotic stress

The resistance to osmotic stress was defined fon epermatological parameter (P) (i.e.

sperm viability, motility, and morphology, and asome-intact sperm) as a value in osmotic
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treatment (T) (from 100 to 200 and from 500 to 4600sm-Kg") divided by the value in
isotonic KHRg; as follows:

Resistancef Pm =

Where:
P is the spermatological parameter

T is the osmotic treatment

Table IlI-4 shows the osmaotic resistance parametesessed and their description.

Table 111-4 Osmotic resistance parameters (spzoa=spermatozoa)

Parameter Description Calculation

VB, Osmotic resistance in sperm viability VB,=(VByeatmerdVBiir) X 100

PMOT, Osmotic resistance in sperm progressive motility PMOT,=(PMO TyeatmedPMOTkur) X 100
MOT, Osmotic resistance in sperm motility MOT,=(MOTyeamedtMOTrur) X 100
MR, Osmotic resistance in percentage of mature spzoaMR,=(MRyeamerfMRkir) X 100

ACR; Osmotic resistance in percentage of intact acresomCR,=(ACRyeatmeACRKr) X 100

3.3.5 Sows and field fertility probes

The sows (n=360) used in the fertility trial werealtiparous (sow parity, mean £ SEM: 3.1 +
0.6), aged between 1.5 and 2.5 years old, and fiedaxcommercial adjusted diet (2.2 Kg per
day). They were housed in a commercial pig fariGimona (Spain).

These females were weaned at 21 days, and the tiovulavas then hormonally
synchronized. With this aim, 1250 IU of equine ébnic gonadotrophin (eCG, Folligdn
Intervet S.A., Salamanca, Spain) 24 hours afternimeg followed by 750 IU of human
chorionic gonadotrophin (hCG, Veterin CorigrDivasa, Farmavic S.A., Barcelona, Spain)
72 hours later, were administrated by intramusculjgction to every sow. After 24 hours of
administering eCG, the oestrus detection was choig by an expert technician, with the
standing reflex being tested once a day.

Sows were inseminated twice per oestrus, withimgerval of four hours, in the presence
of a boar and Al was performed with seminal dosesrfy dose had a concentration &f BY

spermatozoa-ntl and a volume of 90 ml) within 12 hours of semetrastion. Artificial
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inseminations were carried out using a conventichlaimethod with a cervical catheter
(Magapor S.L., Zaragoza, Spain) lubricated with eran oil (Fertilub&, Magapor S.L.), the
sows being kept under the usual farm conditions.

The field fertility of a given boar was determinky the non-return rate to oestrus after
the first insemination, which is defined the proportion of sows that are inseminateddand
notreturn for another service within 60 days (Nf2JR Pregnancy diagnosis was also verified
by ultrasonography with an Echoscan T-100 scanimepdtt-vet S.A., Barcelona, Spain).
Litter size (LS) was recorded at parturition, byatonumber of the piglets born per litter.
Every ejaculate was used to inseminate twice fdterdnt sows.

Fertility data were collected and transferred tdasgabase for correlation with treatment
data. The farmers provided us the NiRwhich ranged from 81.8% to 87.9%, and the LS,
which ranged from 11.8 to 12.6 piglets born peelitonly after the experiments had been
performed. The average NBR(mean * standard error of the mean, SEM) of tivessased
to evaluate boar fertility was 84.5 + 2.1% anddkerage of LS was 12.0 £ 0.5.

3.3.6. Statistical analyses

All statistical analyses were performed by means Mitrosoft Office Excel 2003
(Microsoft® Corp.) and SPSSfor Window$’ software (SPSS Inc.; version 14.0) with a
significant level ofP<0.05.

3.3.6.1 Effects of osmotic shocks on sperm vigpititotility, morphology and acrosome-

intact sperm

For each sperm quality parameter subjected tcsttati analyses, a ratio per ejaculate (x) was
calculated as a quotient between the value in dsmsotution (depending on the compound:

double distilled water, NaCl, Glucose, Sodium ¢érand the osmolality: 100, 150, 200, 500,
750, 1000, 1500, 2000, 3000 and 4000 mOsm)Kand the value of the same parameter in
BTS, as follows:

Ratiagpm =

Pets
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The results obtained were analysed using a oneAMVA with an independent factor
(the treatment) and a dependent variable (the speatty parameter) and post hoc Tukey’s
test. Each ejaculate (n=90) was considered adiatist@ case. Before applying the ANOVA
test, the ratios (x) were tested for normality dmmoscedasticity using the Kolmogorov—
Smirnov and Levene’s tests. When necessary, theewdate transformed using either square

root (VX), loguo(X) or arcsine square root (arcsix).

3.3.6.2 Correlations between sperm viability, nitytil morphology and acrosome-intact
sperm with NRRqand LS

Firstly, NRRsog Were transformed using logit transformation, tbg-6dds being used for

subsequent calculations (i.e. correlation and pleltiegression).

| NRR
Logit (NRR,,) = In| ———>%
o = |

Sperm viability, motility, morphology and acrosommact sperm measured in BTS-based
extender were correlated with logit (NRg and LS by means of Pearson correlation using

previously linear transformed data when necessary.

3.3.6.3 Regression between osmotic tolerance arigbdyBNd LS

Linear regression analyses (Pearson correlation ranttiple regression) were used to
determine the resistance capacity to osmotic clawfespermatological parameters (VBr,
OTr, PMOTr, MORFr and ACRYr) to predict logit(NR§&) and LS.

The procedure used (Forward stepwise model) caasist optimising the regression
equation to increase the RHolt et al., 1997; Petrunkina et al., 2001a). Shyificance level
for introducing each parameter in the multiple esgion model was 0.10 and the significance

level (@) for the model was 0.05.
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5 General Discussion

The use of Al with fresh and cooled semen has becamoutine practice in the swine
industry, and in developed countries it has remlagatural mating (Johnson et al., 2000).
Attempts to improve Al techniques (Ekwall et al996) and the quality of seminal doses
(Correa et al., 1997; Vyt et al., 2004) have beeimg on for a long time, with the aim of
increasing reproductive performance. In relationht latter, much of the effort has focused
on boar sperm preservation technology, even thapgrm quality only explains a small
percentage (less than 10%) of the variance inlifgrtrials (Vyt et al., 2004; Gillan et al.,
2006). For example, Christensen and co-workers4P88ve demonstrated that variation in
litter size is mainly due to herd effects and realdvariations, and have shown that the effect
of an individual male and an ejaculate on fertibiytcome is limited.

Because only 5.5% of variation in fertility is dieesperm quality (according to the report
mentioned above), and in view of the studies repgits minor role, it is very difficult to see
how methods of assessing its quality can be immtot#®wever, farms only commercialise
ejaculate of high sperm quality. It is for this sea that some different methods have been
developed in an effort to find such an improvemémt,example centrifugation with density
gradients, swim up, and gel-filtration of seminalsds (Georgiou et al., 1998; Adiga and
Kumar, 2001; Bussalleu et al., 2007).

Another strategy for increasing fertility outcomamnsists of adding different substances
to cooled or frozen seminal doses in order to im@rtheir storage. Depending on the
substance added, the effects on sperm quality aadyaffect different sperm parameters, i.e.
sperm viability, capacitation and motility, as showy previous reports on humans and
domestic animals (Dougherty et al., 1976; Barkaglet1984; Fattouh et al., 1991; Lopez et
al., 2000).

As has been previously explained, sperm qualitybmassessed by evaluating cell and/or
biochemical parameters (Knobil and Neil, 1994; B1i294; Sancho, 2002). In Articles 1, 2, 3
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and 4, sperm quality has been assessed by mearsdl glarameters. Thus, sperm viability
was assessed by staining with a multiple fluorocteestaining test (Bussalleu et al., 2005),
and sperm motility and morphology were determingdubing a CASA system, because
CASA systems have been validated in different malhamapecies (human, dog and boar)
(Maes et al., 2003).

In the present chapter, two studies (Articles 1 ahdhave been carried out to improve
boar semen preservation technology by adding tWferdnt substances, namely P&nd
HA, with in both cases an evaluation of the effexftsaffeine addition, and also the effects of
long-term (ten day) and short-term (three day)agjer In Article 1, the effects of the addition
of PGk, to seminal doses in a BTS-based extender have bealnated over a 10-day
preservation period at 15°C. As is well known, #meidition of PGE, improves fertility
outcomes (Gustaffson et al., 1975; Gamcik et &80} by increasing uterus contractions and
thus performing a role in sperm transport. The mgoal of Article 1 was therefore to
investigate whether the addition of this hormoneseal any damage to sperm quality during
this period.

In fact, this is not the first time that the effeaf different concentrations of PgFon
sperm parameters have been studied (Maes et @B).28owever, the original contribution of
the study described in Article 1 is that differét®F,, treatments and different preservation
time points are assessed, and that sperm gqualibptisonly evaluated in terms of sperm
motility (Maes et al., 2003), but also in termsspkrm viability and mitochondrial sheath and
acrosome integrity, sperm morphology, agglutinatiad sperm osmotic resistance.

Concentrations of PGf-have been revealed as cytotoxic when equal tagbreh than
12.5 mg/100 ml. At these concentrations, spermilaldrops dramatically and the reduction
in sperm motility and cinematic parameters (VSL,LY@nd VAP), and also in osmotic
resistance, is very significant. Moreover, presggvéperm in BTS for more than six days is
considered harmful for sperm storage, since BT8 short-term extender. Interestingly, a
dramatic reduction in sperm viability is observedmany treatments and negative controls
after six days’ preservation at 15°C, but not wharnaddition of 5 mg of PG100 ml and
treatments with HA and caffeine (see Material anethods section of this chapter) have
previously been made at day 0. This result is siry because the first hypothesis in this
study did not predict changes in sperm qualityradteaddition of PGJ, but only no harmful

effect. Data for different sperm parameters (iiabiity, motility and osmotic resistance) are
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correlated, and significant increases compared thighnegative control at the sixth and tenth
days are found. From this we can conclude theaetisatment (PGE 5 mg/100 ml) that may
be used to improve the BTS extender, but since BESshort-term extender, further research
might be needed to assess the effects of suchmeeaton sperm quality using long-term
extenders (Dubé et al., 2004; Haugan et al., 2007).

On the other hand, the added substances {RPGIR and caffeine) cause no damage to
sperm morphology as no decrease in the percenfagatare spermatozoa and no increase in
the percentage of aberrations, such as coileddaltsy head, are shown in either study.

In general, impairments to sperm viability, mogliagglutination and osmotic resistance
are not caused by treatments but by preservatioe, tias observed after ten days of
preservation. Even though the use of long-termraddes is controversial because of pathogen
contamination when preserving sperm for more thaet days, no bacterial contamination
was observed during the cooling period. This figdia consistent with a previous study
dealing with short (BTS) and long-term commercideaders (e.g. Mulberry 1ll, Androhep™
and Acromax™) (Vyt et al., 2004). Specifically, oviethe consequences of preserving sperm
in BTS for a too-long period is sperm agglutinatias observed after six days of storage, and
matching previous reports (Sanchez, 1991).

The study of the addition of PG@Hwith or without low concentrations of caffeinedan
HA) allows us to conclude that this hormone camtéed to seminal doses to increase sperm
transport by inducing contractions in the myomaeiri(Gil et al., 1998; Kos and Bilkei, 2004;
Friel et al., 2005), without damaging sperm quaditylong as its concentration level is less
than 10 mg PGE/100 ml. These substances, therefore, can be addgeerm doses diluted
in BTS-based, and perhaps to long-term extendedspeoduce beneficial effects for Al.

The effects of HA and caffeine on sperm qualitydalso been compared in short-term
(over three days) preservation at 15°C in a BT®dbaxtender, principally focusing on the
effects of these substances on sperm capacitassegsed with CTC staining). Although the
addition of HA has been shown to improve velocitg éhe retention of motility in both fresh
(Huszar et al.,, 1990) and cryopreserved/thawed hu@&bracia et al.,, 1997) and boar
spermatozoa (Pefia et al., 2004), and it has besmrdgrated that HA also induces an
acrosome reaction of spermatozoa in humans (Skdttal., 1993; Sabeur et al., 1998),
monkeys (VandeVoort et al., 1997), hamsters (Syaateal., 1986) and boars (Pefia et al.,
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2004), it is not clear what the effects are of HA sperm capacitation. Indeed, while some
reports (Suzuki et al., 2002) reported an indu@ffgctin vitro, others (Rodriguez-Martinez
et al., 2001) documented a delaying-effectvivo. Since the effects of caffeine on sperm
capacitation are clearer than those of HA, becatigs nature as a CAMP-phosphodiesterase
inhibitor acting as a stimulator of sperm capamta(Rees et al., 1990; Funahashi and Nagai,
2001), this methylxanthine was used as the postiverol in Article 2.

Caffeine, as expected, increases the proportionsapacitated and acrosome-reacted
spermatozoa both immediately after its addition aver the storage period. Conversely, HA
has no effect on sperm capacitation immediatebr afis addition. After three days of storage
at 15°C, two HA treatments (50 and 100 pgmhave been revealed as delayers of
capacitation, because the percentages of capacgpsgmatozoa are lower than those of the
negative control. This result, which suggests aeraction between treatments and cooling, is
in disagreement with the study by Bergqvist andwookers (2006), which reported a
significant increase in the percentages of capacitapermatozoa after incubation with HA,
albeit in this report spermatozoa were incubatéuerahan preserved at 15°C, and the species
and the experimental conditions were different.

Since caffeine is used as the positive control, ¢hact effects of HA on sperm
capacitation in refrigeration are more evident. §hdA appears to play an opposite role in
respect of caffeine. Whereas the latter clearlyoed sperm capacitation, the former seems to
delay this process throughout the three days afgpvation at 15°C. Moreover, in accordance
with a previous report on humans (Sabeur et al98)9the addition of HA without
progesterone or solubilised zona pellucida (ZPthen medium containing the male gametes
does not induce the acrosome reaction. Similarrovetsy about the effects of HA on sperm
capacitation and acrosome reaction is even obsevithth the different treatments assessed.
Thus, when the HA concentration is 200 pg-nthe proportions of reacted acrosome sperm
increase relative to the negative control. Thisiitegn disagreement with the report of Sabeur
and colleagues (1998), matches the study by Sdoiteco-workers (1993), who documented
that sperm prepared in culture medium with HA ireBiacrosome reaction in humans. Also
in disagreement with our results, both in termgpefcentages of capacitated and acrosome-
reacted spermatozoa, Suzuki and co-workers (20@9reed that high concentrations of HA
(500 pg-mt) in Tyrode's medium induces sperm capacitationnbtiacrosome reaction after

incubation at 37°C. The fact that in our study dlpposite is observed may be explained by
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the concentrations, the media and the incubatioditions assayed being quite different to
those set by Suzuki and his colleagues.

The effect of caffeine as an inducer of sperm cdégizan and acrosome reaction, and as a
stimulator of sperm motility, because of its cheahiproperties, is widely known. Thus, Ain
and co-workers (1999) observed that caffeine msdslienough intracellular calcium from
sperm to increase the levels of cAMP. However,ehse also reports, such as the one by
Funahashi and Nagai (2001) in cryopreserved spshmowing that the sperm capacitation
induced by caffeine is not directly related to itherease in the percentage of acrosome-
reacted in frozen-thawed boar spermatozoa, bstdue to “capacitation-like processes” that
occur in freezing/thawing (Watson, 1995).

To our knowledge, the study carried out in Arti2lés the first to be performed on storing
at 15°C that allows us to make clear what HA's &xate in sperm capacitation is. Some
studies have suggested HA is both an inducer cdaggtionin vitro (Suzuki et al., 2002) and
a delayeiin vivo (Rodriguez-Martinez et al., 2001), and two treatimién Article 2 (50 pg-ml
1 and 100 pg-r) with cooling at 15°C have confirmed the last hixesis.

Regarding sperm viability, a small decrease is oask over the period of cooling,
becoming statistically significantly different onlyy the third day. This again raises the
suggestion that the nature of BTS-based extendetslé to maintain sperm characteristics for
up to three days (Dubé et al., 2004). As for tHeot$ of HA and caffeine on sperm viability,
high concentrations of both substances (HA 200 jiband caffeine 8 mM) cause a decrease
in the percentage of viable spermatozoa with aactnacrosome and mitochondrial sheath,
similar to what was observed for concentrationsP@F,, (see Article 1). In fact, high
concentrations of PG HA and caffeine tend to damage acrosome integnibye than the
mitochondrial sheath. The acrosome is a Golgi/eladopic reticulum derived acidic
secretory organelle (Silva and Gadella, 2006) th&jgers acrosome reaction after
spermatozoa bind to the zona pellucida (ZP). Howesarly acrosome reactions (a false or
degenerative acrosome reaction) can occur, causgdegmatozoa to lose their fertilising
ability (Cross and Meizel, 1989). The effects ajthconcentrations of these three chemically
different substances provoke a general impairmergperm quality, including increases in
immotility and in the percentage of spermatozoabieéo resist osmotic changes, so they do
appear to be treatments that cannot be used t@vaoar sperm preservation methods.
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Whereas PGE does not affect sperm motility (see Article 1piaary treatment (1.25 mg
PGR/100 ml + HA 200 pg-ri) significantly increases sperm progressive mgtilin
accordance with the report by Pefia and colleagg@34§ who used HA as a stimulator of
sperm motility in post-thawed boar spermatozoa. elmwv, lower concentrations of HA, such
as those assessed in Article 2, do not affect speatility. Conversely, again as expected,
caffeine significantly increases sperm progressngtility after its addition as well as after
one day’s storage at 15°C, when used in a rangerafentrations between 0.25 and 2 mM,
which matches the results obtained by FunahashiNagzi (2001). In a concentration range
of 0.5-2 mM, caffeine significantly increases VSIAP and ALH after one day of cooling,
and decreases VCL immediately after its addition.t@e other hand, at such concentrations
the percentages of LIN and STR significantly inseeaver the cooling period.

Sperm kinematics and sperm capacitation are relatetiGarcia-Herreros and colleagues
(2005) were the first researchers to investigat@ Isperm kinetics in capacitating and non-
capacitating conditions (see also Chapter IV anticker 4). According to these authors, a
positive relationship between the proportions giamdtated spermatozoa and the percentages
of linearity and straightness in the analysis @rgpkinetic parameters have been observed in
caffeine treatments. Moreover, according to theffecee also increases ALH, but does not
decrease LIN as documented by other authors (Canhetl, 2000; Kinakuwa et al., 2003) for
other species. The increases in sperm motilityiarttie percentage of LIN as well as in the
percentage of capacitated spermatozoa are sinilénase observed by Holt and Harrison
(2002) after stimulating sperm with bicarbonatee Talationship between sperm capacitation
and sperm kinematics is also observed in the egutivided by HA treatments, in that no
significant changes in the percentages of LIN ai&®,Sor in the percentage of capacitated
spermatozoa, are observed after the addition of HA.

The study described in Article 2 is the first totetenine the effects of HA on sperm
capacitation, viability, motility, morphology, armsmotic resistance as a whole over three-
days at 15°C, using caffeine as the positive candthough the results obtained differ from
those obtained by other authors for both boarsatiner species (Ponce et al., 1999), various
reasons (such as the media and the conditionsobation and preservation) can be found to
explain these differences.

In summary, HA at 50-100 pg-thiseems to delay sperm capacitation after 3 days of

storage at 15°C, without causing any harm at #visllto the other sperm parameters. At these
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concentrations it appears that HA can be addedTi®-Based extenders thereby improving
boar sperm preservation technology and even hasingpsitive effect on monospermic

penetration rates in IVF (Suzuki et al., 2000).c8ia delaying effect on sperm capacitation is
only observed after three days of preservationntagimum time recommended for keeping
sperm in BTS, more research is required, with erpants using long-term extenders and
other storage conditions, in relation to both tiamel temperature.

Apart from improving the quality of seminal dosaspther important question that arises
in reproductive biology, especially in pig industig predicting the fertilising ability of a
given ejaculate (for reviewe, see Rodriguez-Mazti2€03). It is for this reason that so much
effort has been put into evaluating the relatiopdietween ejaculate characteristics and field
fertility.

In boars, as in other domestic species such dsostalColenbrander et al., 2003), the
certainty in predictions of fertility and prolificg using sperm assessment is still low.
However, most studies continue to investigate sequatity assessment methods (Juonala et
al., 1999; Christensen et al., 2004; Bussalled.eR805; Sutkeviciene et al., 2005; Turba et
al., 2007), demonstrating the difficulty of idegtiig the more fertile boars (Gadea, 2005). In
addition, Quintero-Moreno and his colleagues (200&)orted that as fertilisation is a
complex process and that a multivariate analysieexled to properly assess sperm quality.

Conventionally, farms determine sperm quality byngsthe classical spermiogram
parameters of seminal doses before they are cornatieed, these being sperm viability,
concentration, motility, morphology, and acrosoreaeted sperm. However, such classical
parameters are often not good enough to predidettigsing ability of a given ejaculate, and
fail to identify the sub-fertile samples (Ruiz-Shee et al., 2006; Turba et al., 2007). For this
reason, other methods based on sperm function @perm capacitation, then vitro
fertilisation of homologous oocytes, zona bindifgjigy, and the response of spermatozoa to
osmotic changes of media) (Gadea, 2005; Collin§,72@r that consist of determining the
concentrations of some molecules in seminal pla@ra heparin-binding proteins, clusterin
or reactive oxygen species (ROS)) (Braundmeier Mitier, 2001) have been developed to
determine sperm characteristics.

Among such methods, the assessment of the spemmaéaesistance to changes in media

osmolality has been set as a parameter for asgespgrm function. The utility of this
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parameter has proved controversial, and sometime®lationship has been found with
vivo fertility and prolifacy (Jeyendran et al., 198%he hypoosmotic swelling test (HOS) and
osmotic resistance test (ORT) are examples of saggessments. The HOS test, first
developed for human sperm in the eighties by Jagendnd his colleagues (1984) and then
employed in domestic animals (dogs, pigs, ande&atstudies the biochemical activity of the
plasmalemma of spermatozoa, based on water transgooss the spermatozoon’s tail
membrane. Some modifications to the original forioh of this test have been made. Thus,
for example, Pérez-Llano and colleagues (2003)oard and Rota and co-workers (2000) in
bulls submitted spermatozoa to hypoosmotic solstatri75 and 100 mOsm-Kgespectively,
and Chan and colleagues (1993) described a metlhochvwombines the HOS test with a
supravital stain (vHOS test). On the other handsdwaento and co-workers (2001) described
a variant of the ORT described by Schilling and §&st (1986), consisting of a reduction in
the incubation period (called short ORT). Finallgchniak and co-workers (2002) used the
HOS test to assess the sperm membrane functiancaftacitation in an effort to gain a better
understanding of this physiological process.

Apart from HOS and ORT and their modifications,estktudies using osmotic tolerance
as a tool to predict fertility have been carried ou several different species. Thus, for
example, Petrunkina and co-workers (2001b) havermeated a relationship between sperm-
cell volume (measured electronically) in resporsaypo-osmotic changes and fertility trials
(assessed as 56-day non return rates, HRR bulls.

Due to its relation with sperm function, the evalma of spermatozoa tolerance to
changes in media osmolality is often jointly asedssvith sperm viability, motility and
morphology and spermatozoa concentration in IVE@dores (Gadea and Matas, 2001) and
in cryopreservation protocols (Mazur, 1984; Cumg &/atson, 1994). In relation to the latter,
osmotic challenges due to cryopreservation protoaatially trigger sperm-cell shrinking
because of the osmotic efflux of intracellular waléhen, the spermatozoa swell and return to
normal volume (from isotonic conditions) as crydpatant agents and water enter (Gao et al.,
1997; Curry et al., 2000). In short, the freezihgiting procedures cause extreme osmotic
stress that potentially damages the function ofdpermatozoon and threatens its survival
(Pukazhenthi et al., 2000).

Different media and molecules can be used whenmgakp anisotonic solutions, and it

needs to be noted that the addition of moleculas i@quires previous knowledge about the
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effects they provoke. In the study described inclet3, three solutes have been assayed, two
ionic (sodium chloride and sodium citrate) and oa-ionic (glucose), and two types of
treatments, hypotonic (100, 150 and 200 mOsnt)kad hypertonic (500, 750, 1000, 1500,
2000, 3000 and 4000 mOsm-Kg have been assessed. In order to better deterthine
resistance of spermatozoa in respect of osmotingdss the treatments differentiate two
modalities, depending on whether spermatozoa aresturned to isotonic media (non-return
treatments) or whether they are first exposed iso&wnic solutions and later returned to
isotonic conditions (return treatments) (Caiza aeCleva et al., 1997a; 1997b). Following
this, three hypotheses were formulated:

1) Variation in the medium osmolarity impairs begerm parameters.

2) The impairment may be produced not only by osgitange but also by the medium

composition in hypertonic treatments (osmotic pues$eing increased by means of three

different compounds: sodium chloride, glucose aratisn citrate).

3) There may be a relationship between fertilitg @rolificacy with osmotic resistance.

The management of data in Article 3 includes aessaent of the effects of osmolality
changes on spermatozoa by means of an evaluatiospefm viability, motility and
morphology, and the correlation of classical spegram parameters and osmotic resistance
parameters witim vivo fertility and prolificacy data provided by farmEhis consisted of non-
return rates within 60 days after the first inseations (NRRog) and litter sizes (LS),
respectively. Further, to properly determine how tiae parameter described as osmotic
resistance (i.e. the quotient relating proportiaiseach sperm parameter in anisotonic
treatment — from 100 to 200 mOsm:Kdn hypotonic, and equal to or higher than 500
mOsm-Kg' in hypertonic — and in isotonic treatment (KHR1280sm-K{)) was able to
predict the fertilising ability of a given ejacutatthe NRRByg and the LS of the ninety boars
that were used were different, ranging between%1a8d 87.9% and between 11.8 and 12.6
piglets born per litter, respectively.

The first question arising in this experimentaligess the effects of changes in the media
on spermatozoa. Such changes (when lower than 208rmKg' and higher than 500
mOsm-Kg') negatively affect sperm viability, matching thesults obtained by Caiza de la
Cueva and co-workers (1997a) for horses. This impant is observed both in return and
non-return treatments, and is higher in the forthan in the latter. The effects of anisotonic

media on sperm viability are different, depending tbe compound added; thus, glucose
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provokes more impairment in sperm viability thardison citrate and sodium chloride.
Interestingly, changes in the osmolality of therspgozoa’s environment particularly affect
the integrity of the acrosome, assessed by multgieen technique and phase-contrast
microscopy, in accordance with previous reportg thand the same effect (Guthrie et al.,
2002; Walters et al.,, 2005). Comparatively, theistasce of the acrosome in boar
spermatozoa in relation to osmolality changesvgelothan in other mammal species, such as
bulls and goats (Petrunkina et al., 2001a). This ialargely explained by the composition of
the acrosome membrane, which contains a high pagerof unsaturated phospholipids, a
low level of cholesterol molecules and a few patasschannels activated by osmotic
changes (Gilmore et al., 1998). Some changes irvoheme of membrane vesicles at the
mitochondrial sheath have been reported as a resgormedia in which osmolality varies to
450 mOsm-Kg in human spermatozoa (Abraham-Peskir et al. 2@b@&ntler et al. 2004).
And some of the effects of osmotic stress at 38%m®g' have been published, showing
that this stress affects lipid diffusion in the gt@]a membrane of mouse spermatozoa
(Christova et al. 2002; 2004).

Sperm motility is more affected than sperm viapilily osmolality changes, the
impairment in this sperm parameter again beingédrigih glucose than in sodium citrate and
sodium chloride treatments. These results are mordance with previous experiments
involving pigs and other mammalian species (Cazdé&adCueva et al., 1997b; Pukazhenthi et
al., 2000; Fraser et al., 2001) and are explairemdiise damage to the plasma membrane due
to anisotonic conditions (Christova et al., 2002pduces a rapid reduction in adenosine
triphosphate (ATP) intracellular levels (Kordanakt 1997; 1998). Since the levels of ATP
play a significant role in maintaining sperm maeyil(Yavetz et al., 1992; Fraser et al., 2001),
spermatozoa become immotile because of the impatsmie the plasma membrane (Guthrie
et al. 2002; Pommer et al. 2002). In summary, aatching the findings of previous studies
(Curry and Watson, 1994; Liu and Foote, 1998; Rattal., 2000; Chantler et al., 2004), the
increases in osmotic pressure reduce sperm maiitlyaffect acrosome integrity.

As expected, sperm morphology is affected by oslityplkehanges in the media, because
an increase in the percentages of spermatozoacwiiitd tails and folded tails is observed in
extreme osmolality conditions (<200 mOsm“Kgnd >1500 mOsm-KY, as other reports
have documented (Zou and Yang, 2000; Chantler dvdfam-Peskir, 2004).
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Previous studies have shown that spermatozoa asstise to osmotic changes in the
environment, with changes occurring in cell osmodatent and volume (Petrunkina et al.
2000). In other studies involving porcine and otdemestic mammalian species, osmotic
shocks were carried out in order to find out theistance spermatozoa have against these
changes (Fraser et al. 2001). These studies hawerdtrated that the best level of osmolality
for maintaining sperm quality is 300 + 50 mOsm*Jhus, when the media is isotonic,
sperm viability, motility and morphology are bettdran in anisotonic conditions. As is
pointed out in Article 3, the greatest reductiorsperm quality is more important when the
osmotic conditions are harder (i.e. 100 mOsnit-fay hypotonic, and 3000-4000 mOsmKg
for hypertonic treatments), as has also been obederv pigs (Zeng et al., 2001) and other
species such as cats (Pukazhenthi et al., 20069esrdPommer et al., 2002), sheep (Curry
and Watson, 1994), bulls (Guthrie et al., 2002x;ar(iWilloughby et al., 1996), dogs (Rigau
et al., 2001; 2002) and humans (Rota et al., 2000).

The effects of osmolality changes are evaluatedguanisotonic solutions that are made
up by adding different compounds to an isotonicioh (e.g. double distilled water, sodium
chloride, sodium citrate, glucose, fructose, glgteor ethylene glycol) (Gilmore et al., 1996;
Caiza de la Cueva et al., 1997b; Gilmore et al981%raser et al., 2001; Rigau et al., 2001,
Agca et al., 2002; Guthrie et al., 2002; Koshimatad Mazur, 2002). Although a greater
reduction in sperm viability and motility is obsed/in glucose treatments, both non-return
and return, compared to sodium chloride or sodiitrate, spermatozoa are also affected by
the latter two treatments. This may mean that tffecs of osmotic treatments on
spermatozoa are largely but not only due to osntylddut to both ion concentration and the
kind of added chemical compound as well. With rdgty the modalities of treatments,
returning to isosmotic conditions causes more damagspermatozoa than remaining at
anisotonic solutions, in agreement with a previmemort on boars (Caiza de la Cueva et al.,
1997D).

Apart from the effects of osmolality on sperm paesens, the study described in Article 3
also aimed to discover the nature of the relatigndletween conventional spermiogram
parameters (i.e. sperm viability, motility and miooppgy) and reproductive performance,
which would later lead to an understanding of haahsparameters could be used to predict
the fertility and the prolificacy of a given ejaatg. In Article 3, correlations have been

observed between fertility (assessed by MRRand prolificacy (assessed by LS) probes with
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sperm viability and morphology, but not with spemwotility. Thus, even though sperm
motility is one of the most routinely assessed petars in conventional spermiograms, our
results have shown that is not a good predictofedflising ability, thereby matching the
findings of other studies (Berger et al., 1996;eRdrlano et al., 2001). Conversely, as we
expected, sperm morphology is significantly comedlawith NRRog and with LS, as other
authors have previously reported (Alm et al., 2006)fact, different studies dealing with
sperm osmotic resistance have demonstrated thetspability and morphology are better
correlated with fertility than sperm motility (Cktensen et al., 2005).

Resistance to hypotonic changes, assessed by gum$motic swelling test (HOS) and
osmotic resistance test (ORT), is often used g=ears parameter (Pérez-Llano et al., 2003).
In the third article, different multivariate regsgsn equations have been constructed using the
parameters described, such as the resistance phajzoa to osmotic changes in sperm
viability, morphology and the percentages of acnesantact spermatozoa, and observing the
highest determination coefficients JRvalues in the three following treatments: hypaton
non-return to isotonic conditions at 150 mOsm*Klgypotonic with return at 200 mOsm-Kg
and hypertonic non-return at 500 mOsni*Kgith sodium citrate. Interestingly, regression
models always exclude the resistance of sperm ityadihd include the resistances of sperm
viability and percentages of reacted acrosomegdbutot always include resistance in sperm
morphology. However, preparing the three treatmentmtioned above and submitting
spermatozoa to them can be used as a predictdredfettilising ability of an ejaculate. In
summary, spermatozoa sensitivity to osmotic stiseas additional criterion on which to base
the selection of ejaculates which can be markeatd. only are phenotypic characteristics
considered in genetic selection centres, but &lsdransfer ability of these characteristics, i.e.
the fertility outcomes (Thibault et al., 1993).

The assessment of spermatozoa-osmotic tolerancéeaiso used in cryopreservation
technigues. Nowadays, boar sperm cryopreservati@anviery important field in reproductive
biology (Gilmore et al., 1996) but porcine spernzatp are particularly difficult to freeze
because their plasma membrane is composed of nmaayurated phospholipids and low rate
cholesterol-proteins, and presents membrane thp-flynamics. Spermatozoa are submitted
to hard osmolality conditions during freezing/thawiprocedures, so that sperm resistance to
osmotic changes may give us the semen most resistaryopreservation.

180



General Discussion

Finally, another application of the response ofrsaozoa to osmolality changes is the
study of ejaculate subpopulations. Pérez-Llanoctidagues (2001, 2003) have reported that
the plasma membranes of spermatozoa reacting ymgitio SHOST are more resistant to
changes in environmental conditions than thosetirepmegatively, the higher resistance
being observed during a period of seven days ahg®wat 15°C. These authors have also
observed different subpopulations depending on sH®@&8ues, and the three previously
mentioned treatments (hypotonic non-return at 188sm-Kg", hypotonic with return at 200
mOsm-Kg' and hypertonic non-return at 500 mOsni*Kgith sodium citrate) could be
assessed bearing this in mind.

It can be concluded from the data obtained in Agti8 that boar spermatozoa are
sensitive to osmotic changes in the environmentablge both hypotonic and hypertonic
treatments impair sperm parameters, albeit treasnesth glucose more than those with
sodim chloride and sodium citrate, and return tmegits more than non-return treatments. In
the light of our results, sperm viability, morphgilo and the percentage of reacted acrosome
spermatozoa are seen to be significantly correlatéd NRRsoq and with LS, and the
resistance to osmotic changes (assessed as VBr,amdRACRr) introduced into multiple
regression models could be included in sperm dakgiarameters in order to better predict
the fertility of a given ejaculate.
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6 Conclusions

1. Sperm function can be maintained in cooling coodsdifor up to 3 days in short-term
extenders (e.g. BTS).

2. The addition of prostaglandindat concentrations of 2.5, 5 and 10 mg/100 ml does
not harm sperm quality, so this hormone can be weéd no ill effects at these
concentrations to contract the uterus myometriumd,improve Al procedures.

3. The addition of prostaglandirn,fat 5 mg/100 ml appears to be better, compared to a
un-supplemented extender, at preserving spermlifjabnd motility after 6 days’
storage at 15°C in BTS.

4. Since BTS is a short-term extender, the additioprobtaglandin § at 2.5, 5 and 10
mg/100 ml should also be made to long-term extendeorder to make clearer its
effects on sperm function.

5. Hyaluronic acid at 50-100 pg-thHelays sperm capacitation after 3 days of stoatge
15°C in BTS, without either damaging sperm viapidit affecting sperm motility.

6. Hyaluronic acid at these concentrations may be dt@&TS, without excessive cost,
to preserve sperm better during short-term cooling.

7. The different effects of hyaluronic acid on the dtian of spermatozoa in
refrigeration, incubation and co-culturing shoutdduldressed in further studies.

8. Boar spermatozoa are sensitive to changes in obtyahathe environment (from 100
to 4000 mOsm-KJ).

9. Hypotonic, hypertonic and glucose treatments impgperm quality more than
treatments with NaCl and sodium citrate.

10.Return treatments to isotonic conditions after hgoa hypertonic conditions cause
more damage to spermatozoa than non-return treggmen

11.In contrast to sperm motility, sperm viability, spemorphology, and the percentage

of acrosome reacted spermatozoa are spermiograampters correlated with fertility
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and prolificacy probes, assessed in terms of namwreates within 60 days of first
insemination (NRRyg) and litter size (LS), respectively.

12.The tolerance of spermatozoa to osmotic changdein environment, determined as
the resistance of sperm viability, morphology ahne percentage of acrosome-reacted
sperm, could be introduced into multiple regressiodels and jointly assessed with
conventional sperm parameters in order to bettediptr the fertility and the
prolificacy of a given ejaculate.
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1 Introduction

1.1 The oviduct

1.1.1 Introduction

The role of the oviduct (or fallopian tube in humsam reproductive processes in mammal
species is fundamental, in terms of providing aprapriate microenvironment for gamete
transport and support, fertilisation and early eyohrc development (Abe, 1996; Romar et
al., 2001; Hunter, 2005). The anatomic relationdbgiween the oviduct and the ovary is
important (Figure IV-1 and IV-2). In domestic anilsiathe ovary is located in an open
ovarian bag, while in other mammal species, suatatssor mice, it is located in a closed bag.
In domestic animals, this bag consists of a thintgeeal fold of mesosalpinx, joined to a
hanging handle in the superior region of the oviditafez, 1996). In porcine, the ovarian

bag is well developed and, even though open, aammtaost of the ovary.

Oraries

Infundibuly "'It’-" Ubering™=
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Figure IV-1 Sow reproductive tract (http://www.ansc.purdue/sdine/porkpage/repro/sow2.htm)
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Each oviduct is supported by a peritoneal, the sepox, and is bordered in front by the
round ligament and behind by the ovarian ligamedtm@esovarium. It is attached medially to
the uterine fundus and laterally to the infundilbydalvic ligament and to the ovary by means

of an elongated mucosal fold, called the fimbriaasa.

1.1.2 Oviduct anatomy

Oviducts hang in the mesosalpinx, a peritoneal ifigldderived from the wide ovarian
ligament. The length of the oviduct and its degyeeoiling are two features that vary among
domestic mammals. In sows, for example, the lengtiges between 15 and 30 cm, while in
ewes it is from 15 to 19 cm, and in cows it is aliziicm (Hafez, 1996).

The oviduct can be divided into four functional swmts (Figure 1V-2): fimbriae,
infundibulum, ampulla and isthmus. Fimbriae are lsnimger-like extensions of the
infundibulum that constantly beat, creating a wortkat sweeps the released egg into the
oviduct. Since the ovary is not directly attachedhe fallopian tube; the current made by the
fimbriae is necessary in order to make sure thegegg into the ampulla, where fertilisation

will occur if spermatozoa are present in the tube.

Infundibulum
Uterotubal junclion

Ampulla

 |sthmus

Uterine horn

Ampullary-isthmic junction

Cross section Cross section
of ampulla of isthmus

Figure 1V-2 Oviduct anatomy (I) — Parts of the oviduct (httpohgae.gsnu.ac.kr)

The infundibulum is an abdominal overture in a feinform and is near to the ovary. Its

size varies depending on the species and the ape ahimal.
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After the infundibulum, there is the ampulla, whishmore dilated and distal, and covers
half the length of the oviduct. This is the regafithe oviduct where fertilisation takes place.
Between the ampulla and the isthmus, there isifgudlary-isthmic junction, which does not
exhibit any especial feature and whose existenateimed by its function as a temporary
barrier to ovum transport rather than by some éiggrticularity.

The isthmus, which is the proximal and narrowestige of the oviduct and forms the
sperm reservoir (Suarez et al., 1991), directlynemts with the uterus at the utero-tubal
junction, which varies according to species andaws is surrounded by a fold of digitiform
mucosa (Topfer-Petersen et al., 2002). This utabaitjunction and the posterior part of the
isthmus regulate the transport of spermatozoags, [@s early studies using scanning electron
microscopy around ovulation showed (Fléchon andtetui981).

There are also muscles that cover the area frosethpithelial layers to the connective
tissue of mucosa foldings. The thickness of thiscalature increases from the ovarian to the
uterine ends of the oviduct.

1.1.2.1 Oviduct mucosa

Oviduct mucosa consists of primary, secondary @&ntiiaty foldings. Ampullary mucosa is
arranged in tall folds that get shorter towards thtamus (Figure 1V-3). The complex
configuration of these ampullary mucosa folds lardés the fluid conducting lumen.

Lamina propria- Tunica muscularis Lamina propria- Tunica muscularis
tunica submucosa tunica submucosa

Lumen N WY Lumen

f,;k )

'Eu mca sérosa

Tunica mucosa - Tunica mucosa . ‘Tunica serosa

Figure 1V-3 Oviduct anatomy (Il) — Infidibulum and ampullaff}eand isthmus (right)
(http://instruction.cvhs.okstate.edu/Histology/firp12.htm)
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The tubal mucosa consists of a simple cylindrigathelium lying on a richly vascular
conjunctive stroma. The folds are of variable heighd complexity, depending on the
segment, the species and the stage of the oestyoles(Beck and Boots, 1974). They are tall
and complex in the infundibulum and the ampullagdmeing shorter and simpler in the
isthmus. In sows, the mucosa fold at the uteroltpection extends into the uterine cavity
forming a valve-like structure that can limit pagsaf the uterine contents into the oviduct
(Fléchon and Hunter, 1981).

The mucosa consists of a layer of cylindrical egitll cells, and the adjoining mucosa, or
submucosa, is formed by smooth musculature fibres @nnective tissue and is highly
vascularised. This epithelium consists of secretony ciliated cells.

1.1.2.1.1 Ciliated cells

Ciliated cells of oviduct mucosa present thin anctila cilia that become extended to the
oviductal lumen. The beat frequency of these dipends on the concentration of ovarian
hormones, and their activity is greatest at the emnof ovulation, when cilia movement in
the fimbriated region of the oviduct is highly syainenised and leads in the direction of the
infundibulum aperture.

It seems that ciliary beating allows oocyte to kdke follicular surface and go to the
infundibulum. The relationship between ciliary asetretory cells along the oviduct varies,
and is highly relevant (Abe, 1996; Hafez, 1996).aAdas ciliary cells are more abundant in
the fimbriae and infundibulum, where the oocytehmrvested, secretory cells are more
plentiful in the regions of the oviduct where owitll fluid plays a relevant role in sperm-
oocyte interaction, such as the ampulla.

Cilia beat their way to the uterus. This activityintly with oviduct contractions, is basic
because fertilisation takes place and it resulth@implantation of fertilised oocyte in the
oviduct. However, oviducts vary in those mammalcgge that, unlike pigs, are subjected to
an oestral cycle. As a result, they atrophy anck lg®ir cilia in the anoestrous stage,
hypertrophy, recover their cilia in the proestrarsd oestrous stages, and atrophy again,

losing their cilia in gestation (Hafez, 1996).
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1.1.2.1.2 Secretory cells

The secretory cells of the oviduct are not ciliasett characteristically contain secretory
granules. The number and the size of these gradef@snd on both the species and the stages
of the oestrous cycle. There are a large numbemiofovilli on the apical surface. Secretory
granules accumulated during the follicular phaserateased to the fluid conducting lumen
after ovulation, so that the height of the epitinliis reduced.

Secretory cells produce and release into the ovidmneen several macromolecules (Abe,
1996), such as oviductal secretory glycoproteinSK€) that are present in many species of
mammals (Buhi et al., 2000; Killian, 2004). Secdepzoteins from OECs, observed bath
vivo andin vitro, provide a suitable environment for the events texur in the oviductal
lumen, such as fertilisation and embryo developmantl maintain sperm functian vitro
(Lippes and Wagh, 1989; Abe et al., 1995; Abe, 19Qfintero et al., 2005).

Different studies have reported regional variatiamin the mammalian oviduct in both
the morphological and ultrastructural featuresh#fse secretory cells in some species (Abe,
1996). However, Eyestone and co-workers (1991) dona effect of cycle stage in OEC
culture in early bovine embryo development, andekaand colleagues (2003) did not
observe such differences when comparing apicaln@asnembrane preparations (APM)
coming from the isthmus and ampulla regions, atemcubation with spermatozoa in pigs.

1.1.2.2 Vascularisation

Uterine and ovarian arteries supply the oviduct. The increase in the number of blood vessels is
largely regulated by ovarian estrogens, and is related to an increase in the secretory activity of
the oviduct (Hafez, 1996).

1.1.2.3 Innervation

Short adrenergic neurons partially innervate the oviduct, similar to what happens in other
segments of the female reproductive tract. In fact, the oviduct is mainly innervated by
prevertebral and paravertebral ganglia (long adrenergic neurons), and by adrenergic ganglia

formations in the uterovaginal region (short adrenergic neurons).
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The degree of innervation varies, depending omthscular layers and oviductal regions.
Adrenergic innervation is particularly abundanthe circular musculature of the isthmus and
at the isthmic-ampullary junction, where adrenerggcminations connect with smooth
musculature. Dense adrenergic innervation allowes ifthmus to act as a physiological

sphincter that is important to the transport ofydes.

1.1.3 Oviduct functions

The oviduct plays a fundamental role in gametesspart, in maintaining its function, and in
embryo development (Abe, 1996). With regard to gasjenocyte and spermatozoa advance
simultaneously in opposite directions along thedaet. Although this is a single function, the
oviductal structure is well adapted to its rolegnlbriae allow the transport of released
oocytes from the ovarian surface to the infundibullLater, oocytes are transported to the
ampulla, where the fertilisation and the first dienhs of the embryo occur (Hafez, 1996). The
most proximal region of the oviduct, the utero-tujp@ction, controls the transport of sperm
cells from the uterus to the isthmus, and is a kihthechanical valve that severely limits the
number of spermatozoa penetrating the oviduct (fedl@@nd Hunter, 1981).

In addition, OECs also maintain sperm function.féct, the direct contact between
spermatozoa and OECs has been described as thephiase of maturation that gives
spermatozoa the ability to penetrate oocytes (Hua®&84). Interestingly, in pig and in other
mammal species, a short segment of the isthmussfarmeservoir for sperm, so that only a
few spermatozoa can be released from the reseavdire time of ovulation (Suarez et al.,
1991; Topfer-Petersen et al., 2002). In fact, ttekease, which allows spermatozoa to
progress towards the ampullary-isthmic junction ua ovulation, occurs after sperm
capacitation, another physiological process thagalace in the sperm reservoir (Tienthai et
al., 2004). Thus, the reservoir basically serves functions: to insure that sperm are
available in the oviduct at the time of ovulatiardao prevent polyspermy (Hunter, 1990).

With regard to embryo development, embryos remairthe oviduct about three days
before being transported to the uterus. Two aspeEfctviduct physiology are important for
early embryonic development: the oviduct environtmand the active components. The
oviduct environment includes temperature, pH, o&ngtessure, nutrients and oxygen

tension, amongst others. The active componentsiefoviductal fluid, namely stimulatory
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and regulatory molecules and growth factors, regulae fertilisation process and the first
differentiative steps (Gandolfi, 1995).

Finally, the functions of the oviduct depend on tregulation of smooth muscle
contractility, epithelial ciliated cells and ovidatsecretions. Several studies have shown that
ovarian hormones, nitric oxide, cytokines and eheldl growth factors relax or contract
oviductal smooth muscle and modulate the oviduciiédted cells (Pérez-Martinez et al.,
2006).

1.1.4 Oviductal fluid

The oviduct provides the optimum medium for gameteion, for accomplishing
accomplishing fertilisation and early embryonicidion, for inducing sperm capacitation and
hyperactivation, which occurs quickly in porcindike in other species (Yanagamachi et al.,
1994), and for the early development of the embBRar. these reasons, this environment is
both nutritive for and protective of spermatozoagydes and embryos (Gandolfi, 1995).

Using different catheterisation techniques to abtai continuous supply of oviductal
fluid, it has been demonstrated that the accunuriagind the volume of this liquid via the
oviduct depends on the oestral cycle. Thus, volusneow during the luteal phase, then
increases at the beginning of oestrus, reachinigtagu one day later, and finally diminishes
down to characteristic levels of atretic ovariatli¢tes (Hafez, 1996). The volume of tubal
secretion reaches its maximum during ovulationfandhe following three days. The volume
of liquid secreted by the isthmus is much lowemtllaat secreted by the ampulla and the
infundibulum, due to the presence of fewer epitdialells. The biochemical analysis of tubal
fluid indicates that the oviductal secretions cehsif a complex mixture of components of
plasma origin and specific products derived frossde metabolism. Since the isthmus
completely or partially blocks the progress of disiito the uterus, the direction of oviductal
fluid is towards the ovary.

Different physiologic factors can contribute to atfeg currents or cross-currents of the
fluid, such as:

a) In humans, quantitative and qualitative change®wfluctal secretions during the

menstrual cycle and as a response to anticonceptive
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b) Variations in the size and the morphology of ciliabeats in the oviduct

compartments.

c) Constant change in the diameter of oviduct lumedifierent segments as a result of

muscular contraction and mucosal fold reorientation

The oviductal fluid is formed by serum and molesuleoming from the granules
produced by the secretory cells of oviduct epitiali(Oliphant et al., 1984), which are
regulated by estrogens (Xia et al., 1996). The uatia cells have a specific secretory activity,
because there are some proteins that are presta aviductal fluid but not in the serum.

Although conditioned medium obtained fram vitro oviduct culture and oviduct fluid
obtained via catheterisation contain oviduct sé&mnst their compositions are not identical.
Oviduct fluid collected via a catheter contains somolecules that are not present in the
conditioned medium produced by cultured oviducsues Nevertheless, both oviduct fluid
collection (Oliveira et al., 1999) and oviduct cuihg have been used to study the oviduct,
the composition of its fluid and the effect of owad secretions on gamete function and
embryo development (Killian, 2004). In this connect several studies have reported that the
binding of oviductal fluid proteins to the sperm miwane facilitate fertilisation and has a
beneficial effect on sperm function, by capacitgtand hyperactivating the spermatozoa and
by avoiding premature acrosome reaction in theradesef female gamete. These studies have
been carried out not only in humans (Wagh and lSpd®89; Lippes and Wagh, 1989;
Quintero et al., 2005) but also in other mammaktese such as bovine (Parrish et al., 1989;
McNutt and Killian, 1991; King and Killian, 1994; &Nutt et al., 1994; Abe et al., 1995;
Lapointe and Sirard, 1996) and equine (Ellingtoalgt1993).

1.1.5 Musculature of the oviduct and related ligamats

Throughout the length of the oviduct, there is @uwar muscular layer under the mucosa.
This layer is thicker in the isthmus, increasingnir the ampullary-isthmic junction to the
utero-tubal junction. It is lined with an externaler of longitudinal bands (or peritoneal
muscle), separated at the ampullary level but centi around the isthmus to form a complete
layer. An internal longitudinal layer, terminating the myometrium, is located in the

proximal isthmus (Rousseau and Ménézo, 1993).
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Oviduct contractions homogenise the secretions,enfaktilisation easier, and in part
regulate oocyte transport. Oviductal peristalsisd¢e to stay the oocyte on, instead of

contributing its movement as different as occurimgtestinal peristalsis.

1.1.5.1 Pattern of oviduct contractions

Oviduct musculature presents different kinds of plax contractions: located peristaltic
contractions, previously originating from isolateglgments or handles that only cover a short
distance; segment contractions and lumbricoid ma&rgmof the overall oviduct. Abovarian
contractions are more common than adovarians, lemdrmpulla is generally less active than
the isthmus in terms of muscular activity.

Since longitudinal muscular fibres (which shortemd circular muscular fibres (which
produce annular constrictions) are constantly atdid, the pattern of oviductal contractions is
complex. Other factors contributing to the compigxof this pattern are the contractile
activity of mesosalpinx, myometrium and supportiggments, as well as ciliary movement.

The pattern and amplitude of contractions varieoramoviductal segments. In the
isthmus, peristaltic and antiperistaltic contractioare segmentary and continuous. In the
ampulla, intense peristaltic segmentary waves advan the middle of the organ. The
variability of contractile patterns is associatedhvweyclical changes in the glycogen content
of oviduct musculature, which is more abundantiroutar (internal) musculature than in the

longitudinal (external) layer.

1.1.5.2 Prostaglandins and oviduct contractions

The effect of prostaglandins on oviductal conttagtdepends on the chemical nature of these
molecules. Thus, prostaglandin @GE) and PGE fulfil a characteristic effect on oviduct
longitudinal musculature, by contracting the proainpart while relaxing the rest of the
organ. Conversely, prostaglandin BPGE) unleashes oviduct relaxation completely, and
prostaglandins +#(PGR) and PGE, act as contractility stimulants in humans (Lindblet
al., 1978) and in rats (Pérez-Martinez et al., )9®8hout changes being observed during the
menstrual cycle.

It has been reported that oviductal motility is maéed by the plasma levels of estrogens
and progesterone (Spilman et al., 1978; Mwanz# ,e2@00). In this sense, fi-&stradiol and
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PGF,, are closely related because it has been dematsttaat 1p-estradiol stimulates
prostaglandin synthesis (Saksena et al., 1975).

Recently, Kodithuwakku and co-workers (2007) halieven that motile but not dead
spermatozoa increase the biosynthesis and secdtiBGE and PGE, in OECs. This study
has been performed using real-time RT-PCR in hogwmle bovine co-culture and has
demonstrated for the first time that live spermatoznay accelerate their own transport
towards the fertilisation site by upregulating thgpression of PGEand PGE, (both enhance

the contractions of the oviduct as has been alreatd).

1.1.5.3 Uterovarian ligaments

Uterovarian ligaments contain smooth muscle filesnly arranged in longitudinal bundles.
These muscle fibres are also present in the myametand inside ovarian stroma. The
smooth musculature, consisting of mesovaries affdreint mesentery ligaments attached to
the ovaries and fimbriae, intermittently contracthiese rhythmic muscular contractions
ensure that the fimbriae remain in a constant jpositegarding the ovarian surface (Hafez,
1996).

1.1.6 OEC culture

Primary culture of oviductal epithelial cells (OEGas been developed both to study OECs
and develop IVF protocols in human (Vlad et al.989Saridogan et al., 1997) and other
mammal species, such as equine (Thomas et al.a),9&bbit (Dickens et al., 1996), goat
(Rodriguez-Dorta et al., 2007), bovine (Walter &titler, 1996; Xia et al., 1996; Cox and
Leese, 1997; Reischl et al., 1999; Rottmayer et24l06), porcine (Romar et al., 2001),
monkey (Rajagopal et al., 2006), mouse (Tan eR@07) and canine (Vannucchi et al., 2006)
(Figure IV-4).

Different studies performed on cattle (Eyestonalet1989; 1991; Xu et al., 1992) and
sheep (Gandolfi et al., 1987) showed that OEC dtnau and the conditioned medium
produced by OECs in culture (OEC-CM) promote emlatgeelopmenin vitro. In pigs, OEC
in culture (Figure IV-5) secrete products that jdev suitable conditions for reducing
polyspermy and increasing IVF fertilisation rat&ghjte et al., 1989; Nagai and Moor, 1990;
Kano et al., 1994; Vatzias and Hagen, 1999).
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Figure 1V-4 In vitro culture of porcine OEC (100x magnification; phasetcast microscopy)

1.1.7 Co-culture with spermatozoa

Sperm-OEC co-culture systems have been performedewaral species, such as human
(Bongso et al., 1993; Kervancioglu et al., 1994;rdles et al., 1996; Ellington et al., 1998;

Yao et al., 1999), cattle (Lefebvre and Suarezpi®ualtieri and Talevi, 2000; Gualtieri and

Talevi, 2003), dog (Ellington and Meyers-Wallenaét 1995; Kawakami et al., 2001), horse
(Ellington et al., 1993, Thomas et al., 1994; Theratal., 1995b; Dobrinski et al., 1999), pig
(Suarez et al., 1991; Petrunkina et al., 2001celat al., 2003), rat (Cortés et al., 2004),
sheep (Gutiérrez et al., 1993) and wallaby (Sidhal.e1998).

In humans, several authors have shown that OEdsngsperm survival and enhance its
viability and motility by stabilizing the acrosomenducing sperm capacitation, and
modifying tail beat frequency by using OEC-spermcaotiure (Kervancioglu et al., 1994;
Yeung et al., 1994; Morales et al., 1996). It hiz® d#een observed that co-culturing fresh or
cryopreserved/thawed human sperm with bovine OE&8lslises sperm chromatin structure
(Ellington et al., 1998).

The effects of OECs on sperm function in co-cultdepend on the ovarian state of the
oviduct used to perform the primary culture and @etroversial. Thus, whereas in pigs no
difference has been found in sperm-OEC binding wdwnparing follicular and luteal states
(Petrunkina et al., 2001c), in dogs Kawakami et(2000, 2001) have observed that the
percentages of both hyperactivated and acrosonmteckaspermatozoa were significantly
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higher in follicular than luteal OECs. This diffex® was attributed to glycosaminoglycans
(GAGs) and/or glycoproteins secreted by the folacOEC.

Figure 1V-5 In vitro homologous porcine co-culture (200x magnificatiphase-contrast microscopy)

1.1.8 Incubation of spermatozoa with OEC-conditiond media and apical plasma

membrane fractions

Reports of the effects of OECs on sperm functionehaot been limited to co-culture; the
effect of OEC-CMin vitro and the incubation of apical plasma membrane (AREbtions
coming from the oviduct have also been studied.céoring the former, OEC-CM prolongs
both motility and viability in fresh (ljaz et all994; Abe et al., 1995) and cryopreserved (Zhu
et al., 2001) spermatozoa, and induces sperm c¢apawi (Chian et al., 1995). Furthermore,
King and colleagues (1994) showed that treatmetit Wip-estradiol enhances the ability of
OEC-CM for prolonging sperm motility.

With regard to APM, Smith and Nothnick (1997) regedr that the viability of rabbit
spermatozoa incubated in the presence of APM \essid enhanced as a result of direct
contact between spermatozoa and OECs. In pigs)iRaxeco-workers (2003) observed that
sperm survival was extended after incubation witAMA demonstrating that the factors
involved in this prolongation were not integral OEGembrane proteins but peripheral
membrane proteins. Recently, several protein compsnof the solubilised APM fraction
(sAPM) that binds to boar spermatozoa have beentifi (Elliott et al., personal
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communication); related with this, knowledge abatiich APM proteins extend the life of
sperm may be useful for developing long-term sedikments.

1.2 Heat shock proteins, clusterin and the reproduwve function

1.2.1 Introduction

As previously noted, OECs present secretory agtivdth in vivo andin vitro (see Section
1.1.2.1.2 concerning oviduct secretory cells). €hare reports in the literature about the
effects of oviductal secreted proteins on spernmtoa some mammal species (McCauley et
al., 2003; Quintero et al., 2005; Zhang et al.,@dumaresan et al., 2006; Lachance et al.,
2007). In addition, there have been studies of bparmatozoa affect the gene expression of
OECs (Fazeli et al., 2004; Georgiou et al., 2005st&ic et al., 2006; Kodithuwakku et al.,
2007). Related with their findings, Fazeli and corkers (2004) demonstrated that when
spermatozoa arrive at the oviduct, they triggergaa transduction pathway that modulates
gene expression in OECs. This study was perfornfeat smsemination in mice, using
microarrays. In boars, Georgiou and colleagues FP0flocumented that oocytes and
spermatozoa alter the expression of some spediitttiotal proteins after the co-incubation of
gametes with oviduct fragments. While studying #ifects of spermatozoa on OEC gene
expression in co-culture, Kodithuwakku and co-wosk€2007) have shown that motile
spermatozoa upregulate the expression of PGs [se€ld.5.2) in bovine OECs. However,
since there are only a few similar reports in gigestaric et al., 2006), the aim of Article 5
was to study the effects of spermatozoa on OECesspmn of some heat shock proteins and
clusterin, all of them identified in a sAPM thatnds to boar spermatozoa (Elliot et al.,
personal communication), usifigactin ACTB) as a housekeeping gene in a similar way to
other studies, e.g. Pedersen and co-workers (2005).

1.2.2 Heat shock proteins: main functions

Heat shock proteins (HSPs) have been observed kindls of cells and organisms and are
members of highly conserved protein families cdmggsof both constitutive and inducible
components (Jeremias et al., 1997). These prohsas molecular chaperones (Arrigo,

2005; Calderwood et al., 2007; Voellmy and Boellma@07) and are mainly involved in
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protein folding in a wide range of physiologicabpesses (Ciocca et al., 1993; Hendrick and
Hartl, 1993; Jakob and Buchner, 1994; Mariani et2000; Brown et al., 2007; Javid et al.,

2007), as well as in the regulation of the functmnsteroid receptors (Burel et al., 1992;

Rajapandi et al., 2000). In recent years, HSPs t@se become therapeutic targets in
pharmacology (Soti et al., 2005; Arrigo et al., 2P0

To begin with, HSPs activate the transcription @fesal genes related to environmental
stress, cell growth control and developmental dgylslorano and Thiele, 1999), and their
expression can be induced as result of cell exposurdifferent physicochemical stresses
(Burg et al., 2007). For this reason, HSPs areesgad at a relatively low level under normal
conditions but are inducible by a number of sevesiginals, including stress, steroid
hormones, temperature changes, heavy metals, maddtess, viral or bacterial infection and
cytokines (Jaattelda and Wissing, 1992; Baniahmald\aimg-Jer, 1993; Jeremias et al., 1999).
As already noted, HSPs function as molecular cloaqgs. This term is applied to proteins
that prevent incorrect interactions of proteins aadicipate in their assembly without being
part of their structure (Ellis, 1987; Craig et d994). Different studies have demonstrated
that the members of the HSP family, such as heatksprotein 60 kDa (HSPD1) and heat
shock protein 70 kDa (HSPA1A), act in this way ytripating in the folding and unfolding
of cellular proteins (Jaattela and Wissing, 1992).

Secondly, HSPs synthesised constitutively are wealin the regulation of the function
of steroid receptors (Burel et al., 1992; Rajapatdil., 2000; Havarinen et al., 2001; Azuma
et al., 2004; Al-Madhoun et al., 2007). In thistgadar case, these factors are expressed at a
relatively low level under normal conditions buteainducible by a number of signals,
including stress and cytokines (Jaattela and Wgs4i@92; Baniahmad and Ming-Jer, 1993).

Finally, HSPs are involved in the reproductive fiime. In point of fact, seminal fluid is
rich in prostaglandins, polyamines, zinc, proteased other enzymes that create stressing
conditions, so that some HSPs are induced in emndoeé cells in the female genital tract
(Hang et al., 1994; Al-Madhoun et al., 2007).

1.2.3 The superfamily of heat shock proteins

Several proteins constitute the HSP superfamilg: litlghly conserved HSP70 family (Hunt
and Morimoto, 1985), the conserved heat shock pr&@6 kDa (HSP90) family (Bardwell
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and Craig, 1987; Knoblauch and Garabedian, 1988)ntcleolar heat shock protein 110 kDa
(HSPH1) (Subjeck et al., 1983), the mitochondri&RD1 (Jindal et al., 1989), the collagen-
binding heat shock protein 47 kDa (SERPINH1) (Hustyi et al.,, 1991), and the
heterogeneous family of low molecular weight HSReging from 16 to 40 kDa (Arrigo and
Welch, 1987; Lindquist and Craig, 1988; Miller dt, 005; Sun and MacRae, 2005; Al-
Madhoun et al., 2007; Shemetov et al., 2007), althem involved in a wide variety of

physiological processes.

1.2.3.1 Heat shock protein 70 family

The HSP70 family is the most highly conserved H&iy and comprises several proteins
that are localised in distinct cellular compartnsentith overlapping and distinct functions
(Hunt et al., 1985; Daugaar et al., 2007), inclgdihfSPA1A, heat shock cognate protein 70
kDa (HSPAS8) and glucose-regulated protein 78 kD&RKHS5), amongst others.

The HSPAI1A is implicated in the mechanism of cekation to a variety of cytotoxic
factors, and its protective function is relatedtsoability to promote the folding of nascent
polypeptides and to remove denatured proteins (Gtezhnd Margulis, 2006).

The HSPAS8 (or HSC70) is the constitutive form ofA#8LA and is localised in the nuclei
and the cytosol of cells. However in most animabcsps, except in primates, the most
inducible members of the family of HSP70 proteims not found in the cytosol or in the
nuclei of cells (Shaner and Morano, 2007).

Glucose-regulated protein 78 kDa, also known asumuyglobulin heavy chain-binding
protein (BiP) or heat shock 70 kDa protein 5 (HSPAS the most abundant and the best
characterised among glucose-regulated proteins (®leh al., 1986; Lee, 1992; Ma and
Hendershot, 2004). This protein is a major calchinding protein that resides in the
endoplasmic reticulum (Macer et al., 1988), wheréunctions as a molecular chaperone
(Little et al., 1994) and in the translocation adsnent proteins across the membrane of
endoplasmic reticulum (Kim et al., 1998). Howe\elis believed that HSPAS not only acts
as a molecular chaperone, assisting in the prapeinfy of de novosynthesised proteins, but
also protects cells against a variety of physiaabstresses. For this reason, HSPA5 can be
induced in response to a multitude of stimuli inthg the interruption of proper protein
folding, transport, or processing, the deprivatidrglucose and oxygen, and the perturbation
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of intracellular C4" stores (Little et al., 1994). In relation to tfiésiture and using transgenic
mice, Mao and co-workers (2006) demonstrated tit@HSPAS promoter is highly activated
not only in early embryonic development but als@a®nsequence of others factors, such as
low glucose levels, acid pH or hypoxia. All of tkefactors are known as creators of a
microenvironment in which tumours grow (Jamora ket #996). Following this, a large
number of studies have demonstrated a correlatetwden induced expression of HSPAS
and resistance to apoptotic death in somatic cebsticularly in progressively growing
tumours (Reddy et al. 2003; Miyake et al. 2000)e Tinduction of HSPA5 has been used
widely as an indicator of endoplasmic reticulunessr and the start of the unfolded protein
response, a defence mechanism that cells haveogeeeand conserved (Mao et al., 2006).

Regarding the reproductive function, Georgiou amdworkers (2005) showed that
HSPA1A might have a beneficial effect on gameteettgpment. These authors observed an
up-regulated releasing in response to sperm inoth@uct that maintains the viability and
function of spermatozoa. For this reason, HSPA1lAamby acts as an inflammatory activator
of innate and adaptive immunity (Javid et al., 2087d as a cytoprotector in a variety of cell
types, but is also involved in gamete function.

Another member of this family, the heat shock 7@kipotein 1B (HSPA1B or HSP70-2)
is down-regulated in semen from infertle men wittiopathic oligoteratozoospermia,
suggesting that such anomalies of gene expresseynbm@ associated with some subtypes of
male infertility (Cedenho et al., 2006).

The HSPAS is present in the uterus and the ovifRmilard et al., 2004) and it seems that
it is required for the efficient biosynthesis areti®tion of proteins related with the onset of
uterine sensitisation in rats (Simmons and Kenn090). On the other hand, Boilard and
co-workers (2004) identified HSPAS as one of thersajor proteins in APM extracts isolated
from bovine OEC. According to these authors, thistgin is located in the luminal/apical
surface of bovine OECs and binds to spermatozoaeier, even though a beneficial effect
of oviductal-APM has been observed on the maintemah sperm viability and integrity, and
HSPAS forms part of the APM-proteins, its exaceroh the maintenance of sperm function
is still unknown.

Although incubation with exogenous HSPAS does tifeica sperm viability, motility or
acrosomal integrity, this protein seems to be inedlin the sperm capacitation (Lachance et

al., 2007). Furthermore, HSPAS appears to perfonningportant function in the process of
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spermatogenesis, as a differential expressionigftiotein was observed in the physiological
process of spermatogenesis (Huo et al., 2004).

1.2.3.2 Heat shock protein 90 family

The HSP90 family of proteins is abundant and cosgsriconstitutively synthesised cytosolic
proteins that are moderately stress-inducible (Mecknd Ivy, 2003). The HSP90 alpha A.1
(HSP90AA1) (Figure 1V-6) interacts with steroid eptors (Catelli et al., 1999), actin,
tubulin, and several protein kinases and prevemsaggregation of citrate synthase and
casein kinase |l (Tabibzadeh and Broome, 1999)lalys a key role in the stabilisation and
conformational maturation of many signalling pratethat are deregulated in cancers (Kamal
et al., 2004; Powers et al., 2006).

In regard to the reproductive function, the expoessof HSP90AAL is higher in
proliferative than in the secretory phase in thdoenetrium (Komatsu et al., 1997). Ecroyd
and colleagues (2003) showed that HSP90AAL is welin sperm capacitation both in
humans and rats, and Huang and co-workers. (18@p@)ted a decrease in HSP90AA1 before
a reduction in sperm motility in boar sperm coolimg boars, Hou and colleagues (2007)

have shown that geldanamycin, an HSP90AA1-spedifitbitor, induces sperm capacitation.

Figure IV-6 Human HSP90AAL (Jez et al., 2003)
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1.2.3.3 Other heat shock proteins

As already pointed out, this superfamily includetaye number of proteins. The HSP60
family consists of proteins that are constitutivelypressed, but are also moderately stress-
inducible (Tabibzadeh and Broome, 1999).

Alpha crystallin is an HSP, consisting of two typafshighly homologous 20/22-kDa
alphaA and alphaB subunits. Both chains are nomleotly associated to form a large
macromolecular complex of approximately 40 kDa (KQudauken et al., 1985; Bhat et al.,
1991). Although in the beginning it was believedttthe expression of the alpha crystallin
was strictly confined to the lens, this protein o been found in a variety of normal tissues
(Klemenz et al., 1993). Subsequent research idedtif as a molecular chaperone (Horwitz,
1992; Jakob et al., 1993) and allowed its classiin as a small HSP (Klemenz et al., 1991,
Nakamoto and Vigh, 2007).

1.2.4 Steroid receptors and regulation by heat shigroteins

Steroid hormones act by binding to their receptadsich regulate the transcription of the

target genes in tissues responsive to these hosn@mith and Toft, 1993). These steroid

receptors regulate a wide variety of physiologimacesses and their mode of action is well
known: after hormone binding, they undergo a canfdronal change, translocating to the

nucleus, where they modulate the transcriptioraafdt genes (Kakar et al., 2006; Grad and
Picard, 2007).

Indeed, steroid receptors are transcription factord their function is regulated by
ligand-binding (Haverinen et al., 2001). A largemher of receptor-interacting proteins (co-
activators and co-repressors) have been identifiegeveral studies, suggesting that such
cofactors act by mediating the regulation of traipsion (Weigel, 1996). The binding to
ligands regulates their association and dissociatly modifying the structure of the
receptors, and thereby affecting the surface ptmseof the receptor (Renaud et al., 1995;
Wurtz et al., 1996; Pratt and Toft, 1997; Moras &@rdnemeyer 1998; Torchia et al., 1998).
In addition to these receptor-interacting protesesyeral other proteins are associated with
receptors in hypotonic cell extracts and in thecudbcyte lysate, forming an oligomeric
complex (Dougherty et al., 1984; Catelli et al.8%39Kost et al., 1989; Smith et al., 1990;
Johnson et al., 1994). Following on from this, fireteins associated with the oligomeric
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form of steroid receptors have been the aim of egisnt studies (Tuohimaa et al., 1993;
Pratt and Toft 1997; Ylikomi et al., 1998).

The HSP90AA1 was the first identified receptor-assted protein (Dougherty et al.,
1984), and it was initially suggested that it fuoced as a repressor, because its association
stopped DNA binding (Kost et al., 1989; Onate et 8091). Later studies confirmed this
repressing function on non-ligand binding domaimg,showing that its deletion generated
active receptors that did not form a stable olignsmeomplex with HSP90AAL (Scherrer et
al., 1993). Conversely, Lee and co-workers (19960l &Vhite and colleagues (1997)
established disagreement with the study of Schearet co-workers (1993) when they
observed that even though the non-ligand bindingalons of the estrogens receptor did not
interact with  HSP90AA1, some mutants of estrogereptors did. The relevance of
HSP90AAl as a regulator of the activity of sterogteptors has been widely studied in
several different experiments, for example using®BIBAA1-deficient yeast strains (Picard et
al., 1990; Bohen and Yamamoto, 1993), and obsemagligand binding to a glucocorticoid
receptor is compromised when HSP90AALl is dissodiat®m the receptor complex
(Bresnick et al., 1989).

Most receptor-associated proteins act as chaperasedemonstrated by Inano and co-
workers (1994) after they observed that HSP90AAL esstore the DNA binding ability of
partially denatured estrogen receptorsvitro. However, oligomeric complex formatian
vitro does not correlate with the biological activity @SP90AAlin vivo (Dalman et al.,
1991; Holley and Yamamoto, 1995). Apart from HSPB8QA other members of the HSPs,
such as HSPA1A, FKBP4 (FK506 binding protein 4 58kRAlso known as HSP56 or p59)
and cyclophilin-related protein 40 kDa form commexwith non-liganded forms of steroid
hormone receptors (Renoir et al., 1990; Bagchi.etl891; Baniahmad and Ming-Jer, 1993;
Ratajczak et al., 1993; Kakar et al., 2006; Gradl Ricard, 2007).

Most nuclear proteins enter the nucleus via a @®¢kat requires energy and involves
the recognition of specific sequences, known aseandocalisation signals (Richardson et al.,
1988). Steroid receptors, which present multiplegsignals for nuclear targeting (Ylikomi
et al., 1992), shuttle between cytoplasm and tletens (Goldstein, 1958; Guiochon-Mantel
et al., 1991, 1994; Perrot-Applanat et al., 1992)e mechanism of the nucleocytoplasmic
shuttling of steroid receptors may be due to airdistbiological function of a nuclear
compared with a cytoplasmic receptor (Verdi and @agmoni, 1990; Migliaccio et al.,
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1996), which looks to use mechanisms that involuelear localisation signals instead of
nuclear export signals (Tyagi et al., 1998; WeB99). Different experiments have shown
that HSPs, such as receptor-associated protei@snaoslved in the nuclear translocation of
nuclear proteins. These experiments concernedreiffedHSPs such as FKBP4 (Czar et al.,
1995), HSPA1A (Jeoung et al., 1991; Imamoto etl#l92; Yang and DeFranco, 1994), and
HSP90AAL (Yang and DeFranco, 1996).
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Figure 1V-7 Heat shock proteins and steroid receptors (Griispt al., 2007)

1.2.5 The human endometrium and heat shock proteins

In response to steroid hormones, the human endometmdergoes characteristic cycles of
proliferation and secretory changes, and expressanolecular repertoire of proteins,
including some HSPs such as heat shock 27 kDaipratdHSPB1), HSPD1, HSPA1A,
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HSP90AA1, and alpha crystallin B chain (Koshiyarhalg 1995). The expression of HSPB1,
HSPD1, and HSPAS8 shows a peak after ovulation @\ial., 1994; Koshiyama et al., 1995)
and the maximal expression of the alpha crystddliochain is observed during the secretory
phase. In view of the known functions of HSPs, ¢hpeoteins appear to be involved in the
protection of endometrial proteins against factaish the potential to lead to protein
denaturation. Since tumour necrosis fact@dif NF-o) is a cytotoxic cytokine that is produced
in progressive amounts during the secretory phtasefunction of the HSPs seems to be to
protect the cells against the cytotoxic damage NF-ti, especially during the implantation
window (Tabibzadeh and Broome, 1999).

Although different HSPs are expressed by the huerabmetrium, the expression of
some is constant while for others it varies. Faaregle, while the expressions of HSPA1A
and HSP90AA1 show minimal changes during the meaktycle, the expression of HSPB1,
HSPD1, and HSPAS8 increases progressively durindaieeproliferative and early secretory
phases and diminishes in the mid to late secresady menstrual phases (Tabibzadeh et al.,
1996). The expression of heat shock-related prd@28ikDa (HSPB6) is reduced during late
pregnancy and labour in rat (Cross et al., 200d amreduction of HSP90AAL in human
decidua and placenta tissues is also observedgltirencourse of normal gestation (Shah et
al., 1998).

With the exception of HSPA1A, which is found in tiyaithelial cells, HSPs are located in
both the stroma and the epithetlium. The HSPB1lhesh found in the lymphoid aggregates
within the endometrial stroma, and both HSPB1 ar&8PBDAALl have been found in the
endothelial cells. However, the expression of HSRA&s also been found to be stronger in
the epithelium than the stroma, whereas HSP90AAfrésent in both the epithelium and
stroma (Tabibzadeh et al., 1996).

1.2.6 Clusterin

Clusterin (CLU) is a multifunctional glycoproteirrgtein widely expressed in a variety of
tissues undergoing apoptosis. It is a constituénelb-adhesion complexes and is involved in
the interactions between cell and cell, and cell axtracellular, matrices (Lemansky et al.,
1999; Jones et al., 2002; Valdés-Gonzéalez et@52Wang et al., 2007).
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Although its role in reproduction is not yet clear,has been localised in human
spermatozoa and in the male reproductive tracafAWhite et al., 2000; Plotton et al., 2006),
and is also expressed by accessory sex glandsllsy (Moura et al., 2007). Also in bulls,
Ibrahim and co-workers (2000) found that clustgrositive spermatozoa sorting is a better
way to predict fertility than sperm motility and npbology, and that in swine, clusterin gene
expression increases when luteolysis is induceth{féd al., 2003).

Han and colleagues (2007) have shown that stymehieh is a chemical product, may
produce infertility in male rats by repressing #heression of clusterin in the testis and by
inducing the expression of another five genes igtagtecific expressed gene 101, protein
kinase C, H-ATPase isoform 2, peroxiredoxin 1, and aquapojinT®e infertility provoked

by styrene could hence be due to the suppressiolusterin gene expression.

1.3 Gene silencing

1.3.1 Introduction to gene silencing

Gene silencing is a powerful strategy for experitakanalysis in determining the function of
a given gene. When a gene is repressed, it iskpessi study a protein and its role in the cell.
Whereas ‘gene knockout’ removes the DNA sequenceding a gene, ‘gene knockdown’
procedures reduce gene expression by inactivatiegsemger RNA (mRNA) transcripts, so
that the latter cannot totally abolish gene expoes@&urreck, 2003).

Different technologies have been used in an attemphediatehe down-regulation of
gene expression. In gene knockdown strategies,e tlaeti-RNA procedures can be
distinguished (Thomson, 2002; Bantounas et al.4200

» Antisense technologyusing single stranded antisense oligonucleo(id€&DNs).

» Triggering RNA cleavage via catalytically activeiganucleotides referred to as

ribozymes

* RNA interference (RNAI) induced by small regulatory RNAs.

Among these technologies, antisense technologyR&&il have been the most used. The
two methods share many practical problems, suchsites selection, toxicity at high
concentration, and the difficulty of transfectiam certain cell types (Nesterova and Cho-
Chung, 2004). However, even though AODNs and ribozy have been used for years to

target specific mMRNA for gene silencing, and thesthods worked satisfactorily in some
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simple experimental modeldey are not effective enough @emplex mammalian systems
(Bantounas et al., 2004).

1.3.2 Antisense technology

The antisense approach to gene silencing consistsjecting a single-stranded RNA
sequence complementary to mRNA transcribed fromrget gene into a cell (Figure 1V-8).
The antisense RNA and sense mRNA hybridise, thetalbgking translation and the
production of an encoded protein.

At the end of seventies, AODNs were applied in calture for the first time (Zamecnik
and Stephenson, 1978) and like most emerging téotjies, it has experienced its share of

growing pains (Stein, 1995; Wagner, 1995).
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Figure 1V-8 Antisense mRNA and RNAi (Schmidt, 2003)
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Two types of AODNSs, cleavers and blockers, areimisished according to their
mechanism-of-action. Cleavers bind to their targetdkNAs via Watson—Crick base pairing,
leading to the activation of intracellular nuclemskat degrade the target mMRNA. The most
common types of cleavers activate ribonuclease Nage H) (Bennett, 1998; Bennett and
Cowsert, 1999; Baker et al., 2001) and RNase L (Aetaal., 2001). In contrast, blockers bind
to a target mMRNA by Watson-Crick base pairing, intiibit protein translation via steric
hindrance by acting as roadblocks to ribosomes.riibgt common blockers used are peptide
nucleic acids (Nielsen et al., 1991), morpholinb®rsen et al., 2001), locked nucleic acids
(Orum and Wengel, 2001) and methylphosphonatesréfegl999).

1.3.3 RNA interference: an introduction

Antisense mMRNA was described first, but the preseot a dsRNA duplex led to the
recognition of an RNA interference (RNAI) effectdasubsequently, in 1998, allowed the
discovery of RNAI technique by Fire and Mello (Fie¢ al., 1998; Li and Cha, 2006;
Montgomery, 2006) (Figure IV-9). Since then, théghnique has become an effective and
powerful tool for elucidating a target gene funatiby inhibiting its expression at a post-

transcriptional level induced by a dsRNA moleci¥e,(2007).
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Figure 1V-9 Evolution of RNAI (http://www.invitrogen.com)

214



Introduction

RNAI is a natural mechanism of gene silencing prege plant and mammalian cells. In
the beginning it was discovered in simpler orgasissuch as nematodes and some insects
(Fire et al., 1998; Sharp, 2001; Plasterk, 2002nd®, 2002; Sen and Blau, 2006). The first
attempt at using RNAI to study gene function wasqrened by Napoli and colleagues (1990)
in plants. Their aim was to determine whether dramalcone synthase, a key enzyme related
to the biosynthesis of flavonoids, was the ratatimg enzyme in anthocyanin biosynthesis.

Another example was reported by Romano and Macl®®2) in Neurospora crassa
These authors observed that the introduction ofdilogous RNA sequences suppressed the
expression of the endogenous gene. Finally, thet fivork on RNAI in animals was
documented irCaenorhabditis elegansy Guo and Kemphues (1995), who observed that the
introduction of sense or antisense RNA to mRNA einnpPAR-1resulted in a degradation
of thePAR-1message (Guo and Kemphues, 1995).

1.3.4 Mechanism of RNA interference

The RNAI pathway starts with the ATP-dependent dleg of a large molecule of dsRNA
into small double-stranded RNA molecules (siRNA) aflength between 20 and 23
nucleotides (Zamore et al., 2000; Elbashir et200Q1; Stewart et al., 2003) (Figure 1V-10).
These siRNAs possess 3'-hydroxyl and 5'-phosphratgpg and a 3' overhang of two unpaired
nucleotides on each. Early studies carried oudriasophila megalongasteshowed that the
processing of dSRNA to siRNA is due to a specifidaRe Il enzyme, later named Dicer
(Bernstein et al., 2001). After this discovery, ethvorks allowed the identification of Dicer
complexes in both simple and complex organismd) as€aenorhabditis eleganetting et
al., 2001),Arabidopsis taliana/Golden et al., 2002Dictyostelium discoideurfMartens et
al., 2002), fission yeast (Provost et al., 2002hige (Nicholson and Nicholson, 2002) and
humans (Provost et al. 2002a, Zhang et al., 2002).

A proposed model for the action of Dicer involve$FAdependent translocation of the
enzyme along its dsRNA target. The efficiency withich Dicer snips a particular dsRNA is
directly proportional to the length of the targiitis, a longer the dsRNA produces a greater
amount of SiRNA and the silencing effect is, hemmere potent (Bernstein et al., 2001). This
size limitation may impede Dicer from binding toaiintramolecular base-paired regions of
endogenous mRNAs. In humans, the cleavage of dsRi¢diated by the Dicer enzyme
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occurs sequentially, beginning at the termini & dsRNA, and is achieved by the excision of
small dsRNA fragments of a defined length (Kettetgal. 2001, Zhang et al. 2002; Sandy et
al., 2007).
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Figure 1V-10 Mechanism of RNAI (Dykxhoorn et al., 2003)

The second stage of the RNAI pathway occurs dfiemprocessing of dSRNA to siRNAs
and consists of the incorporation of the resulsiigNAs into a multi-protein complex with
nuclease activity, known as RISC (RNA-induced sileg complex), which targets and
cleaves mRNA complementary to the siRNAs. This évakes place in the cytoplasm of a
given cell and involves the separation of the tivargls of SIRNA by this enzyme (Hammond
et al., 2000). Then, the RISC complex is guidedstdarget mMRNA by siRNA, it having been
observed that siRNA only leads the way to the ratmmn and degradation of an mRNA with
a homologous sequence (Hamilton and Baulcombe, ; 18®@shir, 2001), without altering
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the rest of the RNA in the cell. Two forms of RIS@mplex (inactive and active forms) have
been described. The activation of RISC to activB@form (RISC*) is an ATP-dependent
step (Nykanen et al.,, 2001) and only one of the RMA strands (the antisense strand)
remains bound to this RISC* complex (Martinez et 2002). This siRNA-RISC* complex
locates target mRNA within the cytoplasm with hoogwus nucleotide sequences and
induces the cleavage of mRNA, thereby preventisdrénslation into protein (Li et al., 2006;
Li and Cha, 2006; Vazquez-Ortiz et al., 2006). €fme, even though the siRNA needs to be
dsRNA in order to be easily recognised and to e tbbind to RISC, the two siRNA strands
must unwind before the RISC becomes active. Furtbeg, the efficient cleavage of the
target MRNA by RISC depends on the phosphorylabbrthe 5'-end of siRNA duplex
(Nykanen et al., 2001, Martinez et al., 2002).

Interestingly, the RNAiI machinery, namely Dicer aRtEC complexes, seems involved
in mediating hetero-chromatic and transposon sihen¢Ketting et al. 1999, Volpe et al.,
2002, Schramke and Allshire, 2003; Sandy et aD520For this reason, Dicer and RISC are
two key points where several molecular pathwaysdbatrol gene expression converge.

In summary, two distinct steps can be distinguishettie RNAI pathway (Hutvagner and
Zamore, 2002; McManus and Sharp, 2002). Firstlg, Bicer enzyme cleaves long dsRNA
into sSiIRNA molecules with a length of 20-23 nucides. Then, RISC uses siRNA to guide
the sequence-specific cleavage of the mRNAs corfiomg the target gene transcription. In
cells or simpler organisms, specific dSRNAs havenb@troduced to silence a targeted gene,
studying its function. However, the applicationRi¥lAi strategy in higher organisms is more
difficult than in simpler ones, because the fornpeesent another dsRNA pathway that
activates the interferon pathway (Kumar et al., 89%or this reason, silencing gene
expression by this mechanism in higher organisnelsi¢o deliver chemically synthesised
small RNAs (about 20-22 nucleotides) into hosts;edlvoiding the first step of the RNAI
mechanism (Elbashir et al., 2001; McManus and Shaf®2). These synthetic small
regulatory RNAs do not activate the interferon path in mammals and have the correct
structure for activating the RNAI pathway (Elbaséiral., 2002). By using this strategy, later
research has been able to successfully use thisvagtin mammalian cells to study the
function of targeted genes baih vivo and in cell culture (Paroo and Corey, 2004; Corey,
2007).
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1.3.5 Induction of RNAI by small regulatory RNAs: sSRNAs, shRNAs and miRNAs

Small regulatory RNAs can artificially induce theNRi cellular pathway which leads to
specific hybridisation and subsequent translatiogpitession of target mMRNASs.

These small regulatory RNAs include the followihgeie species:

- Synthetic double-stranded small interfering RNSIRNAS).

- Short hairpin RNAs (shRNAS).

- Intron-derived microRNAs (MmiRNAS).

The efficacy of RNAIi varies from transient effects long-lasting gene silencing,
depending on which is the small regulatory RNA u$€dzquez-Ortiz, 2006; Scherr and
Eder, 2007).

1.3.5.1. Synthetic double-stranded small interigiRNAS (SIRNAS)

As noted previously, the induction of RNAI usingigpdsRNA is useful in plants and simpler
organisms but is not suitable for the study of gemetion in mammalian cells, because it
triggers the activation of the interferon systerhjali is a mechanism of defence against viral
infections that inhibits protein translation (Kunetral., 1998; Provost et al., 2002a). In fact,
the interferon system can activate about one huhgdemes, some of which encode relevant
dsRNA-binding proteins such as protein kinase Rjclwhnhibits mRNA translation by
inactivating eukaryotic initiation factomn2Manche et al., 1992). Since a method is needed of
activating the RNAI pathway in mammals without iethg an interferon system response,
synthetic sSIRNAs have been unveiled as capable/a@ifiang the first step of the pathway by
retaining their ability to mediate exogenous andogienous gene silencing. This first step
consists of the cleavage from dsRNA to siRNA usimgDicer enzyme.

When using the siRNA technique, the identificatiointhe best target sequence of a
particular mRNA is a critical issue. In this respeavoiding the first 100 nucleotides of any
MRNA as a potential target is recommended, dubdddct they can contain protein-binding
regulatory sequences that could interfere in thi@aof SiRNA (Elbashir et al., 2002; Kumar
and Clarke, 2007). In synthetic siRNAs designhidd be taken into account that the RISC*
active complex only incorporates one strand ofsiRNA, preferentially the antisense strand.
Related with this, Reynolds and colleagues (2004) di-Tei and co-workers (2004) have
observed that when siRNA duplexes are thermodyraliyicunstable (being rich in
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adenine/uracyl nucleotides) or when they contaisnmaitches towards the 5' end of the
antisense strand, the RISC* complex uses the asgsstrand, which means more efficient
gene silencing.

A given siRNA can be synthesised either chemicatlipy using a method-basedvitro
transcription of the two siRNA strands from DNA tglaies (Donze and Picard, 2002). These
oligonucleotide templates consist of a sequenceptamentary to the T7 RNA polymerase
promoter followed by a sequence complementary teeithe sense or antisense siRNA
strand. A second oligonucleotide consisting of Tiepromoter and coding sequence is then
annealed, and by this mechanism the T7 region besatouble stranded. This enables the
transcription of the sense or antisense siRNA dtlanT7 RNA polymerase and, finally, the
two transcribed strands are annealed to form RBAiduplex (Sohail et al., 2003).

The synthesis of a given siRNA must be perfectlynpementary, because a single
nucleotide difference between the siRNA antisertsend and the target mRNA cannot
trigger the RNAI (Chiu and Rana, 2002). Moreoveywheffective the gene silencing of a
given siRNA is depends on the position of the mistmgJackson et al., 2003; Miller et al.,
2003). Following various studies (Bridge et al.020Doench et al., 2003; Kim et al., 2004),
it has been suggested the optimal siRNA presenisulle strand of 19 nucleotides with 2-
deoxy-thymidine/uridine overhangs at the 3’-endeath strand, so that the target sequence
always begins with two adenine residues, becausecbhmplementary to the double uridine

overhang of the antisense strand (Kurreck, 2006).

1.3.5.2 Short hairpin RNAs (ShRNAS)

One of the problems of using synthetic siRNAs &t tiney are short-lived after delivery into
the cell, so that their ability to silence the &rgenes is not much great. For this reason,
promoters of eukaryotic RNA polymerase Il have rbagsed to express siRNAs from
expression cassettes, and hence to enhance tfieacgf With this purpose, a sequence
encoding for the sense strand of a given siRNA) thgpacer, and finally the antisense strand
sequence, ending with a five uracil tail, is clon€de rationale of including this spacer is that
it mediates the formation of a hairpin structurdjck then allows the pairing of the sense and

antisense sequences (Brummelkamp et al., 2002p)rg-IV-11).
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By using this mechanism, the structure transcriipech ShRNAs is similar to that of the
SiRNA, but sense and antisense strands are linkesl $pacer sequence, forming a hairpin.
This system has been used to successfully inhénegexpression in mammalian cell lines,
with an efficiency comparable with that of synteesiRNAs. Following a slightly different
approach, the two siRNA strands can be transcriepadrately using cassettes in the same or
in two different U6-based RNAI vectors. Then, affefivery, the two strands form the siRNA
duplex in the cell (Lee et al., 2002). Furthermdvikyagishi and Taira (2003) documented
findings that the shRNA method is more effectivartitloning SIRNAs sequences in cassettes

without the spacer.

Primed RdRP
hairpin coupled with Dicer

TR E

Expressad Dicer activity

d'-".\
e 78
. Degradation of
o medted s hatdi - Sseoncan
hairpin not find a target (detected)

by EriA7?)
Figure 1V-11 Small hairpin RNA (Miska and Ahringer, 2007)

Different studies have been performed to optimigedassette design and effectiveness of
shRNA method (Brummelkamp et al., 2002a, Xia e2803; van de Wetering et al., 2003;
Boden et al.,, 2004), and shRNA libraries formedligating a large number of shRNA-
expressing inserts have been constructed (Berat @004; Miyagishi et al., 2004). These
libraries allow the creation of multiple vectorspesssing sShRNAs against target sites, so that
the most efficient ShRNAs can be selected (Lud.e804; Shirane et al., 2004).

Different expression vectors for delivering shRN&ndbe used, such as the U6 and H1
(TetO2) promoters, or pSIRPG. pSIiRPG is one ofrtlust effective when transducting into
some mammal epithelial cells that are hard-to-feantsusing conventional plasmid vectors
(Stervold et al., 2007).
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1.3.5.3. Intronic microRNAs

MicroRNAs (miRNAs) are endogenous or artificial gl stranded siRNAs capable of
interfering with mRNA (RNAI) via complete or partiesomplementarities (Lagos-Quintana et
al., 2001). Initially, miRNAs were named small teongl RNAs after being discovered in
Caenorhabditis eleganand in Drosophila melanogasteas regulators of gene expression
(Lee et al., 1993Isen and Ambros, 1999; Reinhart ef 2000).

Different types of miRNAs have been observed inethe species. One class of these
mMiRNAs are intron-derived miRNAs, which are deriviedm intron sequences, and differ
from the other intergenic miRNAs in that they reguRNA Il polymerases and spliceosomal
components for their biogenesis (Lin et al., 200Mron-derived miRNAs are firstly
transcribed from introns as hairpin structuresnainy miRNAs) and then matured as single-
stranded by Dicer enzyme (mature miRNAS) in severghnisms (Hutvagner et al., 2001;
Ketting et al., 2001; Lau et al., 20(0Mpurelatos et al., 2002; Tabara et al., 2002). Ties
mature miRNA binds to the three prime-untranslategion (3'-UTR) of its corresponding
MRNASs (Provost et al., 2002b). As a general medmardf RNAI, RISC-like is also involved
in the miRNA pathway (Hutvagner and Zamore, 2002).

1.3.6 Methods of synthetic SIRNAs delivering

Both in vitro andin vivo experiments can deliver synthetic SiRNAs (Aigrif06). However,
one of the biggest handicaps in the use of syms#RNA is the difficulty of predicting its
efficiency, and ensuring its delivery (Li and CI2806). Of course, siRNA must reach the
cytoplasm of the target cell to induce gene silegcibut naked siRNAs are not able to
penetrate biological membranes (Li et al.,, 200§)ecHically, therefore, SiRNA must be
delivered by using one of the following techniques:

- Transfection with chemical agents

- Electroporation

- Viral transduction
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1.3.6.1 Transfection

Chemical transfection is a suitable method for dfacting immortalised cell lines
(Ovcharenko et al., 2005). This method consistausing lipid-based or polyamine-based
reagents that form complexes with siRNAs at theetiof transfection, and provides high
levels of gene knockdown by directly adding siRN#&slow concentrations to cells at the
time of seeding.

Other advantages offered by this method are thglh hevels of transfection can be
attained and that minimal optimisation is requi(@brawski et al., 2007). Although the
optimisation of siRNA transfection is difficult, pscially when siRNA delivering is
accomplished in primary cultured cells (see alsdichkr 6), mammalian cells can be
successfully loaded with exogenous siRNA when figatrconditions are chosen, which

includes the method and the matrix of transfection.

1.3.6.2 Electroporation

Nevertheless, chemical transfection is not an aakeqmethod for all types of cell; primary
cultured and hard-to-transfect cells cannot bestearted by using this method. As these cells
are often used in experiments, an alternative eslee (Ovcharenko et al., 2005).

Electroporation (EP) consists of applying an eledteld pulse to induce the formation of
microscopic pores (electropores) in the plasma man&) so that the molecules and the ions
are then able to traverse the membrane and gethetaell through these pores. After EP,
cells will recover and grow if pulse conditions a@propriate. Furthermore, EP presents two
advantages: it is independent of cell division d@hd knockdown of gene expression is
quickly observable (a few hours after siRNA deler

The EP method has been used for years for deliyarirtleic acids and has often been
associated with high cell mortality. In the begimgi EP protocols were only used for large
plasmid DNA delivery (Sato, 2005), being criticalr fthe survival of electroporated cells.
Conversely, the EP of siRNA, which is used bothvivo (Shoji et al., 2005) anth vitro
(Rebersek et al., 2007) systems, requires mildeditons than those of DNA, so that much
less cell toxicity is observed. This reduction @&ll ¢oxicity is achieved thanks to the buffers
designed specifically for siRNA delivery under figbulse conditions (Kurreck, 2006). Some
reports have demonstrated that these buffers ajkve silencing efficiency of about 90%, by
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maintaining between 85% and 90% of cell viabilityprimary cell cultures (Ui-Tei et al.,
2004).

1.3.6.3 Viral transduction

Finally, another method of delivering small regatgtRNAs is viral transduction (Borawski
et al., 2007). This method consists of using vectmstructions from viruses that express
siRNAs and shRNAs within vector-transducted cedisd produce long-term knockdown in
gene expression (Barton et al. 2002; Brummelkamal.e2002b; Devroe and Silver 2002;
Paddison and Hannon 2002).

Although viral vectors have been employed in géwmeapy for over a decade, their use in
RNA. is relatively recent. The method can be used wide variety of cells and is efficient
and cost-effective, since viruses function as vacbecause of their intrinsic mechanism for
gene transduction. Five viral vectors are currenibed for SIRNA and shRNA delivery:
retrovirus, lentivirus, adenovirus, adeno-assodiateus, and baculovirus. One of the most
used is retrovirus, where different designs havempited the development of a versatile

system that efficiently delivers stem-loop casseffeneng-Ong et al., 2005).

1.3.7 Antisense versus RNAI

Antisense and RNAI technologies have many simikgitBoth have been revealed as post-
transcriptional strategies, reducing the level ¢drget protein, and both use similar delivery
methods in cell-culture experiments (Lebedeva.e8D0; Hugues et al., 2001).

Since the AODN technique has been used for lorggeisense reagents are much more
resistant to nucleases than those used in RNAIlingathe use of antisense easier in
mammals (Henry et al., 1997; Fraser et al., 200€hefkbach et al., 2003). For the same
reason, strict controls have been established tisearse strategy to avoid misleading results
(Stein, 2001).

Another difference between antisense and siRNAkdsplace where they act. Whereas
AODN accumulate in the nucleus (Fisher et al., }988d can modify the splicing of
precursor mRNAs (Sierakowska et al., 2000; Kole 8adani, 2001), siRNAs accumulate in

the cytoplasm (Billy et al., 2001) and probably maihgain access to precursor mRNAs.
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During mRNA maturation in the nucleus, introns agliced out from an mRNA
precursor. It is well known that alternative spligiprovides a mechanism that produces more
than one protein from a single gene (Pfeffer ¢tl®96), and it has been estimated that about
half of all human genes produce multiple proteigaubing such a mechanism (Lander et al.,
2001; Venter et al, 2002). Cleavers and blockérs,ttvo AODN types, and siRNAs can act
on alternative splicing, but in a different way.uBh while AODN cleavers and siRNAs can
be used to inhibit expression of certain splicéardgs by binding to exon—exon junctions in
mature mMRNAs, AODN binders can be designed to btheksplice acceptor sites by binding
to splice donors sites, thereby providing more eateu regulation of splicing events
(Sierakowska et al., 2000; Kole and Sazani, 2001).

The concentrations needed for carrying out antesemsd RNAI reagents are also
different, so that siRNAs are required in a loweneentration than AODN to achieve a
similar level of gene knockdown. Such a reducediireqnent for chemical modifications
reduces the cell toxicity in RNAi experiments adlyidough et al., 2003).

However, cell lines presenting a stable and susthkmockdown of a target gene can be
produced by RNAI technology. This fact, which mdiow the production of transgenic
animals, is due to an intracellular expressioniRN&s from RNA polymerase Ill promoters
(Lee et al., 2002; Miyagishi and Taira, 2002; Retwdl., 2002).

Since it was described, RNAI has been more usattthditional antisense because of its
efficiency in gene silencing. Thus, unlike singteeaded RNA (antisense mRNA), duplex
RNA (siRNA) is quite stable and does not requireeraltal modifications to achieve a
satisfactory half-life in cell-culture media (Braaset al., 2003). Another reason for the rapid
adoption of siRNA is that research aimed at optingztraditional AODN had previously
solved many important problems. For example, calluptake of oligonucleotides is a major
pitfall for efficient gene inhibition inside cellgnd difficulties in transfecting cells with
AODN seriously threatened the field (Hogrefe, 199%®wever, by the time siRNA appeared
a wide variety of efficient delivery systems forcheic acids had been developed and were
commercially available. In addition, researchersngistraditional AODN had already
described potential obstacles and developed aitieni the essential control experiments
required to produce convincing results (Crooke, @OFinally, biodistribution studies of

single-stranded antisense oligonucleotides have béen performed, and have provided
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suggestions for potential target tissues for siR{$ands et al., 1994; Geary et al., 2001a,
2001b; Paroo and Corey, 2004).

1.3.8 Advantages of using anti-mRNA techniques irtiedying profiles of gene expression

The profile of gene or protein expression is a goool for studying gene function. In
research, different experimental treatments ensudifierent expression profiles (Marton et
al., 1998; Hugues et al., 2001; van't Veer et200Q2), and in recent years arrays have become
a very useful tool with which to evaluate the statd many genes in a single experiment
(Brown and Botstein, 1999). To evaluate the effemftsgyene knockdown in cell culture,
expression profiling is performed together with ARDr RNA..

Antisense and RNAI are faster and more specifia thither technologies (Bennett, 1998;
Bennett and Cowsert, 1999; Baker et al., 2001),tdubeir high specificity (in some cases, a
single point mutation can remove the silencing ajfeversatility (interfering RNA can be
designed against virtually any gene), and efficgefin many cases, over 90%) (Fu et al.,
2007). Thus, these technologies perform a rapidesing of candidate target genes, which
allows knowledge of gene function.

Concerning the specificity of anti-mRNA technolagjieseveral proteins have similar
three-dimensional conformations when folded, sa sleanetimes it is difficult to study their
function. However, anti-mRNA techniques silenceegerpression by binding to the mRNAs,
which are quite different among proteins that pnésgmilar three-dimensional structures
(Baker et al. 2001). In fact, the AODN reagents #@mel SIRNAs can distinguish a mere
nucleotide difference in a targeted region, allaywthem to distinguish between sequences
that are up to 95% identical (Giles et al., 1998m#éda et al., 2000; Elbashir, 2001).

1.3.9 RNAI applications

Since its discovery in 1998, RNAIi has been obsemeaoth simpler and higher organisms.
Potential uses include the examination of speg@ae function in living organisms and in
culture cells (Liu et al., 2004; Vazquez and Or#@06), the development of anti-viral and
anti-cancer therapies, and genome-wide screens f@&mand Choy, 2005). Thus, the
applications of RNAI are wide, especially concegifuture perspectives in biomedical

research into malignant diseases, such as infec@ma autoimmune diseases and cancer
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therapy (Li and Cha, 2006; Gewirtz, 2007; Grimm &@&y, 2007), from reverse genetics to
high throughput screening of drug targets, inclgdithe development of siRNAs as

therapeutic agents (Kumar and Clarke, 2007; Maatid Caplen, 2007). This means that
siRNAs can be added to chemical inhibitors andhitbiy antibodies when defining their

specific roles in gene regulation, drug metabolemd transport, and drug-drug interaction
(Yu, 2007).
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2 Objectives

Whereas the study focus of the previous chaptdyasically boar spermatozoa in semen
extenders and storage at 15°C, this chapter stodrégin aspects of porcine reproduction in
the female reproductive tract, including vitro co-culturing of boar spermatozoa and
oviductal epithelial cells (OECSs). The first andaed objectives were the basis of Article 4,
the third and fourth of Article 5, and the fifthcathe sixth of Article 6.

In mammalian reproduction, the oviduct plays a kale because it is the region of the
female reproductive tract where fertilisation takpkce, and it provides a suitable
microenvironment for gamete transport, fertilisatiand early embryonic development
(Romar et al., 2001; Hunter, 1984; 2002; 2005). thes reasonthe first objective of this
chapter was to study the effects on functional repgarameters of OE® vitro co-culturing
with spermatozoa over a 24 hour period, especiallyterms of sperm viability and
capacitation, by separately analysing sperm pojpalstunbound and bound to OECs and
using a non-reproductive epithelial cell line (LIRK1) as a positive control.

Previous studies (Bureau et al., 2000) have shitwrbenefits of a medium conditioned
by cultured OECs ifn vitro fertilisation. Moreover, OECs present secretoryvdg both in
vivo andin vitro (Lippes and Wagh, 1989; Quintero et al., 2005)lokeng on from this, the
second objectivewas to determine the effects of the incubatiormafdia conditioned by
OECs and LLC-PK1 cells on different functional spgrarameters over 24 hours.

Previous reports have demonstrated no effect ofimvatages on the ability of OECs to
affect sperm function. To elucidate whether orthete are differences between follicular and
luteal stages in cultured OEChe third objective was to investigate the changes in the
expression of four relevant genes — cluste@hl), heat shock protein 90 kDa alpha A.1
(HSP90AA), heat shock cognate protein related 70 kBI&KAJ, and glucose regulated
protein 78 kDa KISPAS — previously identified in solubilised apical ptaa membrane
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extracts (SAPM) from OEC (Sostaric et al., 200dioElet al., personal communication), in
primaryin vitro OEC culturing.

As other reports have shown, sperm function is rfaddd by direct contact with OECs
and by proteins secreted within oviductal fluid G&wley et al., 2003; Zhang et al., 2006;
Lachance et al., 2007). However, since there akeréports documenting the effect of the
presence of spermatozoa on OEC function (Fazali.e2004; Georgiou et al., 2005; Sostaric
et al., 2006; Kodithuwakku et al., 2007%he fourth objective was to determine how
spermatozoa influence the expression of these gemes in OECs after homologous co-
culturing over a 24 hour period.

RNA interference is a powerful technique with whichstudy gene function. THéth
objective of this chapter was to optimise this method inmaniy OEC culturing by using
chemical transfection anadh vitro electroporation and different small interferingubite
stranded RNAs (siRNAs). Finally, as heat shockg@m®0 kDa alpha A.1 is upregulated by
the presence of spermatozoa in co-culturing, anbdag been identified as a protein in
solubilised apical plasma membrane extracts, wpiokong sperm survival in pigs (Fazeli et
al., 2003)the sixth objectivewas to determine the effects on sperm viabilityhef silencing

of gene encoding for this protein in cultured OECs.
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3 Material and methods

3.1 Culture methods

3.1.1 Culture media
3.1.1.1 Culture medium for oviductal epithelialls€OECS)

Porcine oviductal epithelial cells were cultured tissue culture medium 199 (TCM199;
Earle’s; L—glutamine; N-2-hydroxyethylpiperazine-Nethanesulfonic acid (Hepes) 25 mM
and L—aminoacids; Sigma-Aldrich supplemented with 10% (v/v) heat inactivated dbeslf
serum (FCS; Sigma-Aldrich, 1% penicillin G, streptomycin and 0.5% fungizone
amphotericin B (Gibco). The culture medium wasefi#d with 0.2 pum filters (Pall-Gelman
Laboratory, Ann Arbor, USA) and stored at 4°C.

3.1.1.2 Culture medium for pig kidney epithelidlc@ LC-PK1)

Pig kidney epithelial cells (LLC-PK1; American Tiss Type Culture Collection (ATCC)-
LGC Promochem, UK) were used as a positive commrdthe culture experiments of Articles
4 and 5. The growth medium for these cells condisle TCM199 (Earle’s; L—glutamine;
Hepes 25 mM and L—aminoacids; Sigma-Aldrclst. Louis, MO, USA) supplemented with
3% (v/v) heat inactivated FCS (Sigma-Aldfigh 1% penicillin G, streptomycin and 0.5%
fungizone amphotericin B (Gibco). The culture medliwas filtered with 0.2 um filters (Pall-
Gelman Laboratory) and stored at 4°C.

3.1.2 Primary OEC culture (Article 4)

In Article 4, OEC culture was set following the pealure described by Ouhibi and co-
workers (1989, 1991) and modified by Romar and kelleagues (2003), without

233



Chapter IV

distinguishing between either the oviductal regfisthmus and ampulla) or the ovarian state
(follicular and luteal), because previous studié®veed that the ovarian state and the
oviductal region do not influence the ability of O&to effect boar sperm function (Suarez et
al., 1991; Petrunkina et al., 2001c; Fazeli et2003). Oviducts were obtained from cycling
gilts, their age being between 8 and 9 months iolthediately after slaughter at a local
abattoir and transported back to the laboratogenmm.

In the laboratory, the oviducts were rinsed oncin Wi04% cetrimide in serum and twice
with Dulbecco’s phosphate buffered saline (D-PB$hc8) supplemented with 4 mg-hl
PVA (warmed to 37°C) and transferred to a Pett daf 150 mm in diameter) under sterile
conditions (Nange Nunc, LabClinics, Barcelona, 8paMaintaining sterile conditions, the
oviducts were trimmed of surrounding connectivesues and then oriented using tweezers
from the isthmus to the ampulla. Later, the ovidugere closed at one end with a knot, filled
with a trypsin-EDTA (ethylene diamine tetra-acet@d) solution, closed at the other end and
incubated in a Herac&l1150 incubator (HeraefisGermany) at 37.5°C in 100% humidity and
5% CQ for 45 minutes.

After incubation, trypsinised cells were colleciatb a Petri dish containing 10-15 ml of
pre-equilibrated OEC culture medium by applyingsgree along the length of the oviduct.
Cell clusters were separated by pipetting gently wpeatedly. Cell suspensions were then
centrifuged at 108g for 4 min. The supernatant was discarded and thiéetpwas
resuspended in pre-equilibrated OEC culture medi8amples were centrifuged again at
100X g for 4 min. Cell concentration was then estimatgdising a Neubauer hemocytometer
(Brand, Wertheim, Germany) under a Zeiss Axiovest I@verted Microscope for Phase
Contrast (Zeiss), diluting if necessary prior taueting. Calculations were made to obtain a
suspension with Pocells-mf'. After this, 50 pl of the cell suspension was sekeihto Petri
dishes, individual wells of either a 24-well plaie a 4-well chamber slide (Nange Nunc)
containing fresh pre-equilibrated OEC culture meditetri dishes, 24-well plates and 4-well
chamber slides were incubated at 37.5°C in 100%ditynand 5% CQ, until confluence was
reached (typically after 6-7 days).

The culture medium was replaced every 48 hourssé kaltures, without passages, were

used for co-culture and cell-conditioned media expents (Article 4).
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3.1.3 Primary OEC culture (Articles 5 and 6)

In Articles 5 and 6, OECs were cultured using thethad described by Fazeli (1999).
Oviducts with ovaries were collected at a localteddafrom cycling gilts, aged between 8 and
10 months old, and the follicular oviducts sepatdtem the luteals. They were then washed
with PBS (Gibco), stored at room temperature (al2@3C) and transported to the laboratory
in serum at 27-30°C within 2-3 hours post-morterfieAthat, the oviducts were trimmed
from the ovaries, and the connective tissue sepadrfiished and washed with PBS lacking
calcium and magnesium (PBS — Ca€lMgCh; Gibco). The oviducts were then filled with
collagenase (Sigma-Aldrich 0.25% (w/v) in Hanks’ Balanced Salt Solution (HBSLife
Technologies, Paisley, UK) and the extremes clased Petri plate 150 mm in diameter
(Nange Nunc International, Naperville, lllinois, BBand incubated at 37.5°C and £fOr 2
hours using a Herac&Il150 incubator (HeraetisGermany).

The oviducts were milked, and the cells recovereakhed and centrifuged three times
(for 5 minutes at 108 g and 20°C, each time), and the pellet resuspemnded with 2 ml of
red blood cell lysing buffer (Sigma-Aldrich to remove blood cells, and once with HBSS
(10X). Finally, the cells were resuspended in growthdioma (TCM199 supplemented with
10% FCS, 1% Penicilline/Streptomicine and 0.5% faidg). Cell concentration was
determined using a Neubauer hemocytometer (Bramdderuan Axiovert 25 Inverted
Microscope for Phase Contrast (Zeiss). The celleeveeeded at fcels-mt into flasks,
individual wells of either a 24-well plate or 6-Welate, or a 4-well chamber slide (Nalge
Nunc) and cultured at 37.5°C and 5%Q@til confluence (after about 7 days).

The culture medium was refreshed every 48 hours.

3.1.4 Indirect immunocytochemistry of OECs to checkheir epithelial nature

The epithelial cell nature of the OECs was deteeahibby immunocytochemistry using a
cytokeratin primary antibody. Cytokeratins are pmot components of the intermediate
filaments of the cytoskeleton and their expressi®na characteristic of epithelial cells
(Lehtonen et al., 1985; Steinert et al., 1988; ki et al., 1999).

Oviductal cultures grown for 20 hours in 24-welltave dishes were fixed at 4°C in 3%
formaldehyde (Merck, Darmstadt, Germany) and 60 sadcharose (Merck) in 0.1 M PBS
(Gibco) for 30 minutes. After this, the cells wavashed three times with 10 mM PBS and
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permeabilised for 10 minutes in a solution of 10 nfM8S containing 0.1% Tris X-100.
Following another 10 mM PBS wash (5 minutes), thésavere incubated for 10 minutes in a
blocking solution (10 mM PBS supplemented with 28 rglycine (Serva, Innogenetics,
Gent, Belgium) and 1% BSA (Merck)).

The cells were then incubated with a mouse monatlanti-cytokeratin pan antibody
recognizing cytokeratins 4, 5, 6, 8, 10, 13 and(1.20 dilution; Chemicon, Pacisa-Giralt,
Barcelona, Spain) for 45 minutes at 37°C, rinsedawn PBS for 10 minutes and incubated
with a rabbit anti-mouse IgG FITC-conjugated se@wgdantibody (1:50 dilution; Dako
Diagnostics SA, Barcelona, Spain) for 30 minutes3&C. After washing twice for 10
minutes in PBS, the nuclei of the cells were coustained with 5 uM bisbenzimide
(Hoechst 33258) for 7 minutes. Finally, the cellsregmounted (mounting medium: Sigma-
Aldrich”, containing sodium phosphate and citric acid ipcetol), and observed under a
fluorescence microscope (Leica DMR-XA, Leica, orid\kmager.Z1, Zeiss).

A total of 200 cells were counted and classified emithelial (positive cytokeratin

Immunoreactivity) or non-epithelial (absence ofakgratin immunoreactivity).

3.1.5 LLC-PK1 culture

For LLC-PK1 culturing, a cryogenic vial (Nalgeneopdhester, Minnesota, USA) containing
LLC-PK1 cells and stored at -80°C was firstly thdwat 37°C for 2 minutes by gentle
agitation. The outside of the cryogenic vial (Nalggwas then cleaned with ethanol 70%, to
prevent possible contamination and centrifugedforinutes at 108 g.

The supernatant was discarded and the pellet resdefd with LLC-PK1 culture medium
(as described above) previously equilibrated (ab®7 for 15-20 minutes). Cells were then
seeded into 75 chroulture flasks, 24-well plates or 4-well chamblédes (Nange Nunc) and
incubated (Heracéll150 incubator, HeraefisGermany) at 37.5°C in 100% humidity and 5%
CO;, until confluence was reached.

The LLC-PK1 culture medium was refreshed every d8rk and, prior to co-culture with

sperm or incubations with cell-conditioned mediuwaplaced with TALP medium.
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3.1.6 Trypsinisation of OECs and LLC-PK1

Cultured cells, both OECs and LLC-PK1, were trys®d to preserve the LLC-PK1 line
(Articles 4, 5 and 6) or to cryopreserve OECs ptmifurther co-cultures, DNA and RNA
extraction (Articles 5 and 6) or optimisation oRBIA experiments (Article 6). With this
purpose, the growth medium was removed from confleeltures using a Pasteur pipette,
and cells were then washed for one minute withvpaiened PBS lacking CagZand MgC).
This washing sought to dispose of the remains efctliture medium, as the serum contained
in it inhibits the activity of proteases (such agsin). Three ml per flask or 300 ul per well
of trypsin-EDTA solution (0.5 g porcine trypsin aB® EDTA 4 Na/l; Sigma-Aldrich) were
added and the cells were incubated at 37.5°C an@6%&or 30 minutes in order for the cells
to be digested.

The reaction was checked every 7-8 minutes undemnamted phase contrast microscope
(Axiovert 25; Zeiss). Later, 10 ml of OEC or LLC-BKmedia were added to stop the
digestion. This mixture was centrifuged at 2§ and 20°C for 5 minutes. Supernatant was
discarded and the pellet resuspended using cuttedtum or cryopreservation medium (see
Section 3.1.7).

3.1.7 Cryopreservation of OECs

After standard trypsinisation, approximately’ TBECs were harvested for cryopreservation in
freezing medium that consisted of 10% (v/v) dimésulfoxide (DMSO; Sigma-Aldrich) in
FCS. The supernatant was discarded and the cedt ggntly resuspended with 1 ml of
freezing medium (described above), and transfaoedlabelled cryogenic vial (Nalgene) and
frozen for 30 minutes at -20°C. After that, theosigls containing the frozen cells were
stored at -80°C.

When needed, frozen cryogenic vials of OECs and-BIK1 were taken from the freezer
at -80°C and incubated in a water bath for 2 mmate37°C until thawed. The vial content
was added to a tube containing 10 ml of culture iorad(described above; see Section
3.1.1.1). Samples were centrifuged at X@Jand 20°C for 5 minutes and the supernatant then
discarded. The pellet was resuspended with cutheg@ium and cells were seeded into a flask

containing 10 ml culture medium.
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3.2 Co-culture and co-incubation methods

3.2.1 Co-culture medium

Co-cultures of sperm with either OECs or LLC-PK1rgvearried out using a modified TALP
medium (Parrish et al., 1988; Fazeli et al., 1999)s contained modified Tyrode’s medium
(2 mM CacC}, 3.1 mM KClI, 0.4 mM MgGl-6H0, 110 mM NaCl, 25 mM NaHC£0.3 mM
NaH,PO,-:2H,0, 21.6 mM sodium lactate, 10 mM Hepes), 1 mM sadjpyruvate and 6

mg-ml* bovine serum albumin (BSA) at pH=7.2.

3.2.2 Sperm preparation: Percoll washing

When co-cultured or co-incubated with OEC or LLCAPBonditioned media, spermatozoa
had been previously isolated from the dilutsinen by sedimentation through a two-step
Percoll gradient (35%/70%) (Petrunkina et al., 2003

3.2.2.1 Making up the Percoll solutions

For Percoll washing, two solutions (35% Percolirsabnd 70% Percoll-saline) were required
(Graham and Graham, 1990; Petrunkina et al., 2@ake et al., 2006). Percoll™ (a
polyvinylpyrrolidone-coated silica gel particle) sha finite volume, so that when nine
volumes of stock Percoll™ suspension as purchasech fPharmacia (Pharmacig,
Barcelona, Spain) are diluted with one volume o®x'Iconcentrated” PBS (Gibco), the
resultant mixture is very hyperosmotic (approxirha@0 mOsmol-Kd), because the PBS
has not been diluted into 10 volumes, but into Vblumes less the volume occupied by the
Percoll™ particles”. For this reason, the solutiaeed in Percoll washing had to be made up
with the aid of an osmometer, following the proceddescribed by Vincent and Nadeau
(1984).

The "10x saline-Hepes” medium was prepared in ackvdny mixing 8.00 g NaCl, 4.77 g
Hepes, 1.80 g glucose and 2.5 ml KOH 1M. This mixtwas then dissolved in 70 ml milli-
Q®water and the pH adjusted to 7.4 with NaOH. Aftett the solution was made up to close
to 100 ml in a volumetric flask, the volume adjaste 100 ml and the pH to 7.6. Following
this, the stock solution was checked to see thawil®.8 g was diluted to 100 ml, the pH was
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7.4, the density 1.0762 g-fnand the osmolality 295 mOsm-KgThis stock solution “10x”
was stored at -4°C until needed.

Then, 10.8 g of “10x” stock medium were weighed w@a0.22-um Millipore filter
(Millipore Corp.) into a 100-ml volumetric flask dmade up to 100 ml with miIIi-%HZO.

This solution was called\".

Next, 5.4 g of "10x" stock medium (that is, 5 mhda50.9 g undiluted Percoll™ as
supplied by the provider (Pharmacia) were weighatdvia a 0.22-um Millipore filter into a
50 ml stoppered measuring cylinder, and then miXéd solution was calledl"+ 9P".

The osmolalities of undiluted Percoll™ stock (cdlf@”, approximately 15 mOsm- Ky,
of “M” (called “m’, approximately 295 mOsm-KYy and of L + 9P" (called “dp’,
approximately 350 mOsm-Ky were measured using a 1313 DR Autocal osmometer
(Robling, Berlin, Germany), and,, RandV, calculated by means of the following equations:

O, = 01(10m + 9p)

a

O, - (0.1dp) )
R=—2—~-— """(approximaely 085
09 do (app y 085)

b= % (approximaely11)
In this last formulay, represents the volume of undiluted stock Percath™e added to
1 volume of "10x" stock medium, so that the osnitlabf the resultant mixture is 295
mOsm-Kgl. Fifty ml of "1+9P" and a further p — 9)X1.130%X5] g of stock Percoll™ were
added and mixed. At the end of this step, a fimal @o-osmotic Percoll-saline mix of\l5
was obtained. After checking the osmolality, thiduon was considered as 100% Percoll-
saline. To obtain the solutions used in the waslpirizedure (35% Percoll-saline and 70%
Percoll-saline), the 100% Percoll-saline solutioaswdivided into two 50 ml measuring
cylinders, so that the relationship between volumere 2:1 (v/v) (approximately 42 ml and
21 ml). These volumes were noted as V and 2V, mtsedy, and then M” solution and 50
ng-mi* kanamycin (Gibco, Invitrogen Corp., Spain) werdetito each cylinder; kanamycin
was added because Percoll-solutions can easilynie@amntaminated. After this step, the
final volumes in both 50-ml cylinders were the saime 2VX100/70 for 70% Percoll-saline,
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and VX 100/35 for 35% Percoll-saline). Both solutions waeried thoroughly and stored at
2°C.

3.2.2.2 Washing procedure

Firstly, 35% Percoll-saline and 70% Percoll-saliselutions were incubated at room
temperature for 30 minutes.

In a conical-bottomed glass tube (approximately @6 mm), 2 ml of 35% Percoll-
saline were layered over the same volume of 70%dRegaline. Then, 7 ml of diluted sperm
were layered on top. Samples were subsequentlyifogyed at room temperature and 200
Omax for 15 minutes, using a swing-out rotor. Aftertilthe centrifuge was slowly accelerated
up to 1000< gmax to avoid disturbing the layers. When this speed veached, samples were
centrifuged for a further 15 minutes. Finally, thepernatant was carefully discarded by
aspiration, leaving the loose sperm pellet in Ol5offluid. The sperm was resuspended by
agitation in this residual volume. These preparati@inal concentration being approximately
4% 10° spermatozoa-ml) presented a sperm viability higher than 90%: theye kept at

roomtemperature protected from draughts and used wittorhours of Percoll washing.

3.2.3. Co-culture with spermatozoa

Washed sperm using Percoll gradient were diluted.85% 10° spermatozoa-nilin TALP
medium, using a Neubauer hemocytometer (Brand)u€uimedia were removed from 7-8
day old OEC and LLC-PK1 cultures in 24-well platest-well chamber slides and cells were
washed with 1 ml D-PBS lacking €aand Md* (D-PBS — CaGl— MgCl: Gibco). After
washing, 1 ml of washed spermatozoa in TALP medias added to each well, and 1 ml of
washed spermatozoa in TALP was also placed intdyemglls (negative controls).

Co-cultures were incubated at 37.5°C in 100% husniid 5% CQ using a Heracéll
150 incubator (HeraefisGermany). At the relevant times, the TALP mediwas removed
from the co-cultures and negative controls. Thetfional parameters of the spermatozoa that
bound to or remained unbound from the cells inribgative controls were then assessed
(Articles 4 and 6), or RNA from the OECs and LLC-PWas extracted (Article 5), the co-
cultures having been previously washed with 1 nRBS — CaGl— MgChk.
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3.2.4 Incubation of sperm with cell-conditioned meaim

Culture media were removed from confluent OEC ah@4PK1 cultures and replaced with
TALP medium. After 48 hours of incubation, the nesedonditioned by OECs and LLC-PK1
(OEC-CM and LLC-PK1-CM, respectively) were collette

Percoll-washed spermatozoa were then resuspendgithén OEC-CM, LLC-PK1-CM or
unconditioned medium (negative controls) to a fimahcentration of 1.8%10° sperm
cells-mf*, placed into 24-well plates or 4-well chamber edicand incubated at 37.5°C in
100% humidity and 5% CO At the relevant time points, sperm functionalgraeters were

assessed.

3.3. DNA and RNA techniques

3.3.1. DNA extraction

Cells saved from routine subculture after trypsitien were centrifuged at 180y for 5
minutes at 20°C. Next, 250 ml of the remaining sog&nt were used to thoroughly
resuspend the pellet. Samples were then transfesradhucleic acid free tube (Ambion Inc.)
and stored at -20°C until use. Genomic DNA (gDNAJsvextracted using PuregéeDNA
Isolation Kit (Gentrd systems, Minnesota, USA), following the protocot fissue culture
cells.

Samples destined for DNA extraction were taken ftbe freezer and spun down by a
centrifugation pulse using, like all further cefigations mentioned in this Section, an
Eppendorf microcentrifuge (model 5424; Eppendorf AG, Hambu@ermany). The
supernatant was removed by decantation and vortéxe@0 seconds. Three pl of pre-
warmed cell lysis solution (Genftaystems) were added to each sample and thenriesa
were thoroughly mixed and heated on a plate fomi® at 37°C. After that, 1 pl of RNasin
solution (Gentr8 systems) was added to each sample, mixed by wogtéar 20 seconds and
heated on a plate for 5 minutes at 37°C. Samples wartexed again and 100 pul of protein
precipitation solution (GentPasystems) were added, followed by a centrifugasitap for 1
minute at 13000 rpm. The pellet was checked ifaswight enough; if not, 100 pl of protein
precipitation solution was again added, and anatbetrifugation step performed.

The pellet was discarded and the supernatant nardfto a new tube containing 300 pl

of 100% isopropanol, and then this was gently misegd20 minutes. Another centrifugation
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step (for 1 minute at 13000 rpm) was carried oemaoving the supernatant by decantation
and resuspending the pellet with 300 ul of ethaf@. Samples were centrifuged for 1
minute at 13000 rpm, the supernatant discardedaanditing period of 10 minutes allowed
until the ethanol had evaporated. Finally, 100fuhdli-Q ® water was added and the samples
were incubated at room temperature for 3 hours

After extraction, DNA concentration was determinasing quartz cuvettes (Hellma,
Mullheim, Germany) and a spectrophotometer (GENESYB UV/Vis Spectrophotometer,
Thermo Spectronics, UK) at wavelengths of 260 nih 280 nm. It was calculated that DNA
concentration in ng-ftlis equal to AbsX 50X dilution factor, assuming that 1 UAfsis 50
ng-puI* (or 50 pg-mf) (Sambrook et al., 1989), as follows:

[DNA] = (Abs,,)(50ng-u4 ~*)(dilution factor)

3.3.2 RNA extraction

Cells saved from routine subculture after trypstian were centrifuged at 180y for 5
minutes at 20°C. The supernatant was discardedhangellet washed in PBS. Samples were
then centrifuged at 13g for 5 minutes at room temperature. Supernatastdiscarded and
250 pl of RNAlate? (RNA stabilisation solution; Ambion Inc., Austilfiexas, USA) added to
resuspend the pellet. Finally, the content wassteared to a nucleic acid-free tube (Ambion
Inc.) and samples were stored at -20°C until etitrac

The extraction of total genomic RNA (gRNA) was @arout using RNAqueols4PCR
kit (DNA-free RNA isolation for RT-PCR; Ambion Inc.To extract RNA, each sample was
thawed from -20°C (prepared as described aboveddm temperature and 250 ul of PBS
lacking CaCj and MgC} added, to remove the RNAlatesolution. Previously, 70 pl of
Elution Solution per sample had been heated to ©6°@ heat plate. After that, a centrifuge
pulse at 13000 rpm (Eppenddrinicrocentrifuge model 5424) had been used, and the
supernatant then discarded by decantation. Celetpelwere lysed by adding 500 ul of
guanidinium thiocyanate containing Lysis/Bindindusimn (Ambion Inc.). Cell lysates were
mixed thoroughly by pipeting. Next, 500 pl of etbassolution 64% were added and the
sample mixed gently but thoroughly by inverting thbe several times.

The lysate/ethanol 64% mixture was applied to a smlumn (Ambion Inc.), which

contains a silica-based filter that selectively ap@ntitatively bind separate RNA species,
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including mRNA. The spin column containing the mid was centrifuged at 13000 rpm for
1 minute. As RNA was retained in the filter, thduroe contained in the collection tube was
removed. After that, 700 pl of Wash Solution #1 (#an Inc.) were placed upon the filter
and another centrifugation (for 1 minute at 130@®)was carried out. The volume contained
in the collection tube was again discarded and |H0&f Wash Solution # 2/3 (Ambion Inc.)
subsequently added to the filter cartridge. Samplese centrifuged at 13000 rpm for 1
minute. This step was performed twice, and thenthemocentrifugation was carried out
without any reagent being added to the filter wdgt.

The collection tube was subsequently replaced byew tube and 30 pl of Elution
solution, previously heated, were gently depositedhe centre of the filter. This was
followed by a centrifugation step of 1 minute ab@@ rpm. Thirty pl of Elution solution were
again deposited in the centre of the filter and thas again centrifuged at 13000 rpm for 1
minute. After that, the filter cartridge was disded and one pl of DNase 1 enzyme was
added, and the sample spun by means of a centidungaulse. Six ul of DNase 1 buffer were
then added and samples incubated for 1 hour at, 3%&velop DNA-digestion. The reaction
was stopped by adding 6 pl of DNase inactivatiageat and incubating it for 2 minutes at
room temperature. Next, samples were centrifugedLfainute at 10000 rpm. The RNA-
containing supernatant was pipetted, transferredrtew nucleic acid-free tube and stored at -
20°C until required.

After extraction, the amount of RNA and its puritsas determined by spectroscopy
(GENESYS™ 10 UV/Vis Spectrophotometer) at wavelaagbf 260 nm and 280 nm.
Absorbances were measured using RNase-free cuyetesously washed with 0.1M NaOH,
1mM EDTA and RNase-free water; Promega UK, SouthampJK).

Afterwards, RNA concentration (ng?)l was estimated according to the following

mathematical formula, assuming that 1 Ugbss 40 ng-if (or 40 pg-mb).
[RNA = (Abs,,)(40ng-44 ™)(dilution factor)

The purity of the RNA was estimated by forming theotient of the absorbances at 260
nm and 280 nm (Abs/Abs;s). The RNA extracted was only used when this rats higher
than 1.8 and the absorbance reading higher th&n 0.1
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3.3.3 Primers design for PCR

Coding DNA Sequences (CDS) were obtained from Geklfgntrez Nucleotide database;

http://www.ncbi.nlm.nih.gov/entrez/query.f¢gi Gene sequences for pigsSuge scrofa)

humans lomo sapiens cattle Bos tauruy, sheep Qvis arie3, rats Rattus norvegicysand
mice (Mus musculuswere searched, and their alignment carried ouiguSlustalW software
(http://www.ebi.ac.uk/clustalw.htjn The primer design took also into account théofeing

three criteria:
» That the percentage of G/C was higher than 50%.
* That the length (N) of the primer was about 20 eattle bases.
* That the annealing temperaturepfTwas between 55°C and 65°C. This

temperature was calculated by the following matherabformula:

T, =64.9+[(0.41)(%G + C)] -6—30

This equation assumes that the annealing occurerwtdndard conditions of 50 nM
primer, 50 nM N4, and pH 7. For each CDS, two primers were desigioediard and reverse
(Tables IV-1, and A5-1 and A6-1). Primer pairs werdered from MWG Biotech AG (UK)
and diluted in accordance with the manufacturerfermation to a working solution of 50

pmol-pi.

3.3.4 Reverse transcription (RT)

Copy DNA (cDNA) was produced by the Reverse Trapsion System kit (Promega;
Madison, USA). This kit produces first strand cDIj reverse transcription of mMRNA using
Avian Myeloblastosis Virus reverse transcriptas®{ART) and oligo-dT primers. Prior to
preparing the master mix (4 pul MgCPR ul buffer, 2 pl dNTPs, 0.5 pl recombinant RNase
inhibitor® and 0.5 pl Oligo-dT (500 ug-M), the concentration of RNA-extracted samples
was determined. Since the final RNA amount for Bdction had to be 800 ng, the ul needed
for a given concentration of RNA-extracted sampbesestimated. The volume of nuclease-
free water (Promega) that was added was up to 20the final volume.

In a PCR tube containing extracted RNA, the masi@rwas added as well as 0.6 ul of

ReverseTranscriptase enzyme (AMV-RT; 25 Q)uFor each RNA sample in an experiment,
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a parallel reaction excluding ReverseTranscriptasgyme was set up to screen for
contaminating gDNA. For each reverse transcripégperiment a negative control, consisting
of a reaction without any DNase-treated total RMAs also set up.

Reverse transcription reactions were develope@ foours at 42°C to produce cDNA by
using a GeneAnip PCR System 9700 thermal cycler (Applied Biosystefsster City,
California, USA). Following RT, the cDNA templateaw diluted to 100 ul by adding 80 pl of
nuclease-free water (Promega). The cDNA was stairddC.

The concentration of cDNA was determined using guauavettes (Hellma, Mullheim,
Germany) and a spectrophotometer (GENESYS™ 10 W/S8fectrophotometer, Thermo
Spectronics, UK) at wavelenghts of 260 nm and 280 applying the following formula and
assuming that 1 UAbg is 33 pg-mt (Sambrook et al., 1989).

[cDNA = (Abs,,)(33ng-14 ~*)(dilution factor)

3.3.5 Polymerase chain reaction (PCR)

The polymerase chain reaction was carried out bgn®ef specific primers (designed as
described previously), using a GeneAmMPCR System 9700 thermal cycler. Reaction
mixtures (final volume: 50 pl) contained 200 ng-pf DNA template or 10 pl of cDNA, 5 pl
of X10 NH, (no Mg buffer, 1.5 pl of 50 mM MgG| 0.8 ul of 100 mM total dNTPs, 0.5 ul
(50 pmol-pt) of forward primer, 0.5 pl (50 pmol-pl of reverse primer and 0.5 U BioTAQ
DNA polymerase (5 U-ff). All these reagents, except the primers, wereviged by
Bioline® (London, UK).

The PCR program consists of a DNA denaturation ste§5°C for 5 minutes prior to
performance of the amplification cycles. These eyatonsisted of three steps: denaturation
(incubation at 94°C for 30 seconds), annealingu@ation at the J of the primer for 30
seconds) and elongation (incubation for 30 secatds2°C). After that, there was a final
extension step at 72°C for 7 minutes. The PCR mtsduere then stored at 4°C.

The number of cycles was optimised for each getes atcomplishing saturation curves.
For each probe set, three negative controls weceahplified by PCR: RT-no template, non-
reverse transcribed total RNA treated with DNasgd a control for contamination by

genomic DNA) and PCR-no template, to control foy aantamination of the reagents.
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Table IV-1 Sequences, annealing temperatures, and fragnaestcd the primers used

Sequences and species used in

Chapter IV

) Amplicon Cycles o )
Gene Type Primer sequence ) Tm (°C) designing the primers (EMBL
size (bp) number .
accession number)
Forward  5-GCCATGTACGTGGCCATCCAGGC-3' AJ312183 Gus scrofp
B-actin ACTB 455 63 30 NM_001009784 Qvis arie3
Reverse 5-CTTAGCGGTCCCCCGTGCAA-3’ M10277 Homo sapiens
NM_213971 Sus scrofp
Forward 5-CCTGGAGGAAGCCAAGAAGAAG-3’
) NM_013492 Mus musculus
Clusterin CLU) 181 55 35 )
NM_053021 Rattus norvegicys
Reverse 5-GGAGCTCTGGTTCAGGAACTCCT-3 NM_001831 Homo sapiens
Heat shock cognate proteingyvard  5-GGACCTGCAGTTGGCATTGATCT-3’ NM_174345 Bos Tauruy
related 70 kDaHHSPAS 362 60 35 CX062900 Bus scrofa
HSC70 Reverse 5-TAGCCTGACGCTGAGAGTCGTTA-3' CX061052 Bus scrofa
. Forward 5-TTCAGCCTAGATGCCCGAGGAAA-3 NM_213973 Bus scrofa)
Heat shock protein 90 kDa
219 61 35 U94395 Sus scrofp
alpha A.1 HSP90AA) )
Reverse 5-ATGTGCAGCTCTTTCCCGGAGTC-3' X15183 Homo sapiens
DQ_029323 Qvis aried
Forward 5-GAAGGAGAAGACTTCTCGGAGAC-3
) XM867578 Bos tauru}
Glucose-regulated protein
574 59 35 NM_022310 Mus musculus
78 kDa HSPA5 GRP79§ )
Reverse 5-TGCCTGTACCTTTGTCTTCAGC-3' NM_013083 Rattus norvegicys

NM_005347 Homo sapiens
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All PCR products were stored at 4°C before beingcgssed for agarose gel
electrophoresis, or purified for sequencing.

3.3.6 Agarose gel electrophoresis

The PCR products were analysed using agarose géiv2% For this purpose, 2 g of agarose
(Multipurpose Molecular Grade Agarose; Bioline) weliluted in 100 ml of X TAE buffer
(TrisAcetat-EDTA; 90 mM Tris, 90 mM acetate, and @M EDTA; Gibco) in an
appropriately sized Dur&nbottle (Schott Duran, Germany). The mixture wastée to
boiling using a microwave to completely dissolves tagarose powder. Finally, 6 pl of
Ethidium Bromide (10 pg-itf Sigma-Aldricl?), an intercalating dye visible in ultraviolet
light, were added.

Each gel was poured into a gel mould and allowedebwith a comb, to create a
horizontal row of individual lanes. Next, each pubrised gel was transferred to a tank
containing X TAE buffer. Samples were prepared by adding 6f jalgarose gel loading dye
6% (0.09% bromophenol blue, 0.09% xylene cyanol FI%%66Glycerol; Sigma-Aldrich) to
20 pl of PCR product. Then, 20 pl of PCR produgttaming the loading dye were added
into an individual lane in the gel and 6 pl of a01Bp-DNA ladder (250 UG-rit| New
England BioLab8 UK Ltd., Hitchin, Hertfordshire, UK) was also laadl into an individual
lane. After running at 100 V for approximately 9@hotes, the gels were visualised under UV
light and images acquired using a CCD camera amd ShinGene GeneSnap software
(SynGene Gene Genius system, Synoptics Ltd., CagariUK).

3.3.7 Purification of PCR products

A QIAquick® PCR purification kit (Qiagen Ltd, Crawley, UK) wassed for purifying the
PCR products prior to sequencing.

Firstly, 5 volumes of PB buffer (Qiagen) were addedeach sample and the mixture
resuspended. It was then transferred to a spimuoland centrifuged for 1 minute at 13000
rom. The flow-through from the collection tube wdiscarded and 750 ul of PE buffer
(Qiagen) were added. This was followed by a camgafion step of 1 minute at 13000 rpm
performed twice, with the flow-through being disted from the collection tube. The spin
column was then transferred to a new eppendorf &noe50 pl of milli-@ water, with a 2-
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minute delay prior to a centrifugation step of Inaie at 13000 rpm. The content of the
eppendorf was the purified PCR product, which waallfy checked with 2% agarose gel

electrophoresis.

3.3.8 Sequencing PCR products

The PCR purified products were then sequenced ih divections using the ABI BigDye
Terminator cycle sequencing kit v3.1 (Applied Bisgms Ltd., Warrington, Cheshire, UK)
and the same primers (0.8 pmof:ulised in the PCR.

3.3.8.1 First step: Big Dyereaction

The concentration of purified PCR products was joesly assessed using a
spectrophotometer (GENESYS™ 10 UV/Vis Spectrophetien).

Firstly, primers were diluted to 0.8 pmolu(previous working solution was at 50
pmol-plY). After taking readings with a spectrophotometéie PCR products were also
diluted to get a concentration of 20 ng-piThree pl of either forward or reverse primer (0.8
pmol-pi*) were added to 1 pl of PCR product (at 20 nd)-jd a PCR plate (MicroAmp96-
Well Support Base, Applied Biosystems Ltd.). Afteat, a master mix (7 ul), created by
mixing 1 pl of Big dy&, 5 ul of Better Buffe? and 1 pl of nuclease-free water, was added.
The reaction was developed in a GeneAnRCR System 9700 thermal cycler (Applied
Biosystems) under the following conditions: onepsté 3 minutes at 96°C, 30 cycles (15
seconds at 96°C, 10 seconds at 50°C and 4 minu&3¥@) and a last step of 5 minutes at
60°C.

3.3.8.2 Second step: Cleanup of sequencing reaptioducts

Products from the sequencing reaction were clebgeazntrifuging the samples at 19@ for
60 seconds. Five pl of EDTA 125 mM and then 60 fl@0% ethanol were added to each
well. The plate was then sealed and inverted 4gipr®r to incubation for 5 minutes at room
temperature. The PCR plate was spun at 309€r 30 minutes at 4°C using a refrigerated
Eppendorf centrifuge (model 5810 R). The adhesive plateeseshs subsequently removed
and the plate inverted on a tissue paper. Followhiag, a centrifugation step of 18@ for 1

248



Material and methods

minute at 4°C was carried out, with 60 pl of 70%aebl being subsequently added to each
well. The PCR plate was again sealed and centidfa@gel 650< g for 15 minutes at 4°C. The
adhesive plate sealer was again removed and the iplerted on a tissue paper. Another
centrifugation step of 1009 for 1 minute at 4°C, with the plate inverted, wasried out.

Finally, incubation at 55°C for 2 minutes was perfed in order to evaporate any
remaining ethanol. The pellet was stored frozef9C2, ready for readings to be taken in the

sequencer.

3.3.8.3. Third step: Loading samples into sequencer

The plate containing the frozen pellets was takemfthe freezer and resuspended with 10 pl
of Formamide (Applied Biosystems). A denaturatid@pswas carried out by incubation at
95°C for 2 minutes. The plate was then put on sty cool) prior to loading in the Abi
Prisn?’ 3100-Avant Genetic Analyser (Applied BiosystenSjes provided were analysed
using Sequencher™ 4.1 software for Afplacintosh (Gene Codes Corp., Ann Arbor,
Michigan, USA).

3.41n vitro effects of oviductal epithelial cell co-culture ad cell-conditioned

medium on boar spermatozoa

3.4.1 Boars and sperm samples

Sperm samples used in Article 4 were collectedqusite gloved hand technique (Hancock
and Howell, 1959) from eleven healthy and sexuaibture Piétrain boars, which served as
biological replicates for all experiments. Eachcajate came from one boar. These boars
were housed in climate-controlled buildings (relathumidity and temperature) and fed an
adjusted commercial diet (2.3 Kg per day). Theie &gean £ SEM) was 20.7 + 0.8 months
and their average weight was 162.7 + 4.2 Kg. The ehsemen collection was twice- weekly,
with three-day intervals between collections. Nudiliey problems in the boars were recorded
by the Al station.

After collection, sperm rich fractions were filtdrahrough gauze and subsequently
diluted to 1:9 (v/v) in a BTS-based extender (CajoBecnoVit; Johnson et al., 1988). Semen
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diluted samples were packaged in doses of 80 mlcaied at 15°C. Finally, the cooled
doses were transported to the laboratory at 1568Giaed within 24 hours after collection.

3.4.2 Experimental design

On arrival, sperm viability (using both the SYBRAtD-1 and the triple stain techniques),
capacitation status, motility, concentration andphology were assessed. Following this, the
semen was washed through a two-step gradient @dn8570% iso-osmotic Percoll-saline
(Vincent and Nadeau, 1984; Petrunkina et al., 20B&gr removal of the supernatant, the
remaining sperm pellet was resuspended in abounDd¥ residual 70% Percoll (see Section
3.2.2).

Oviductal epithelial cells (see Section 3.1.2) didC-PK1 (see Section 3.1.5) were
cultured and indirect immunocytochemistry was penied to check that the epithelial nature
of the OECs was set up (see Section 3.1.4). Whafluemt cultures were obtained, two
experiments with washed spermatozoa were performed.

The first experiment (see Section 3.2.3) investigahe effects of OEC co-culture with
spermatozoa on the functional parameters of bouadility, motility and capacitation status)
and unbound cells (viability, acrosome and mitochi@ sheath integrity, motility and
capacitation status) over 24 hours. The evaluatf@perm parameters was carried out after 5,
30, 60, 90, 120, 180 minutes and 24 hours of ctudng.

The second experiment assessed the effect of OEQ<el! Section 3.2.4) on sperm
quality and capacitation over 24 hours. Sperm etelo was also carried out after 5, 30, 60,
90, 120, 180 minutes and 24 hours of incubatioh @i.

In both experiments TALP medium was used as casgllinedium (see Section 3.2.1),
LLC-PK1 was used as a positive control and TALP mmedwith washed spermatozoa but

without epithelial cells as a negative control.

3.4.3 Statistical analyses

Statistical analyses were performed using Micro§xifice Excef’ 2003 (Microsoft Corp.)
and SPS3 for Window$’ software (SPSS Inc., Version 13.0). Firstly, treadfrom the
sperm parameters assessment obtained after thal afrithe samples were compared among
boars using either a one-way ANOVA or a Kruskal-Wgakst when after transformation the
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distribution of the variable was non-normal. No rsfigant differences #>0.05) were
observed among the boars.

Next, the data obtained from the analysis of akrsp parameters in co-culture and
incubation with cell-CM experiments were tested fiormality and homoscedasticity, using
the Kolmogorov—Smirnov and Levene’s tests. Wheressary, the data were transformed
using arcsin/x prior to a repeated measures ANOVA, where thaebation time (5, 30, 60,
90, 120, 180 minutes and 24 hours) was the intbgestifactor, the treatment (OECs, LLC-
PK1 and a negative control) was the inter-subjactdr and each sperm functional parameter
was the dependent variable. One-way ANOVA and d pos Tukey test were also used to
examine the effects of treatment or incubation tonesperm function. A Student's t-test with
Bonferroni correction was also used to compare [RKZ and a negative control with OECs.
The level of significance was definedRs0.05.

3.5 In vitro effects of spermatozoa on the gene expression ofiductal

epithelial cells

3.5.1 Boars and sperm samples

Semen samples used in the fifth Article were ctdldausing the gloved-hand technique and
mounting on a dummy sow (Hancock and Howell, 1988 came from eleven healthy and
post-pubertal Piétrain boars, which served as bio# replicates for all experiments. The age
of these boars (mean £ SEM) was 20.9 + 0.9 monitdlzeir average weight was 161.5 + 4.0
Kg. They were housed under stable conditions imate-controlled buildings (relative
humidity and temperature), and fed an adjusted certial diet (2.2 Kg per day). The rate of
semen extraction was twice-weekly, with an intereélthree days between successive
collections. No fertility problems in the boars weecorded by the Al station.

After collection, sperm rich fractions were filtdrahrough gauze and subsequently
diluted 1:9 (v/v) in a BTS-based extender (CidoBagnoVit; Johnson et al., 1988). Sperm
diluted samples were packaged in doses of 80 mledaat 15°C and transported at the same
temperature (via Royal Mail Special Delivesyriving the day after semen collection) from
the commercial artificial insemination station (J$Ralthbred Ltd.; Thorpe Willoughby,

Yorkshire, UK) to the laboratory. Semen samplesawesed within 24 hours after extraction.
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3.5.2 Experimental design

This study consisted of two experiments. The fatstdied the expression of the following
genes: clusterinGLU), HSP90AA1 HSPA8 and HSPA5in primary OEC and LLC-PK1
cultures, comparing in particular follicular anddal ovarian states. The second tested the
effect of spermatozoa on the expression of thosegdy OECs and LLC-PK1 after co-
culture. For these purposes, OECs (see SectioB) afhd LLC-PK1 (see Section 3.1.5) were
cultured in 6-well plates, until confluency, andimect immunocytochemistry for checking
the epithelial nature of OECs was assessed (sé®i$8cl.4).

To compare the expression 6LU, HSP9OAA1HSPA8and HSPAS5(first experiment),
two-day-old follicular and luteal OEC and LLC-PKdaltres were trypsinised. The RNA was
then extracted (see Section 3.3.2) and a RT-PGRSsetions 3.3.4 and 3.3.5) using designed
primers performed (Section 3.3.3). Furthermore, B@R products were purified and
sequenced (see Sections 3.3.7 and 3.3.8).

For the second experiment, sperm viability (usimg triple stain technique; see Chapter
II, Section 1.2), motility, concentration and moopdgy were assessed when the semen
samples arrived. Prior to co-cultures, the speretaavere isolated from the diluteemen by
sedimentation through a two-step Percoll gradieae (Section 3.2.2). After removal of the
supernatant, the remaining sperm pellet was resdggein about 0.5 ml of residual 70%
Percoll. Spermatozoa (final concentration of X87° spermatozoa-n) were co-cultured
(see Section 3.2.3) with confluent follicular otdal OEC, or with LLC-PK1, in TALP
medium. The co-cultures were incubated at 37.5°C00% humidity and 5% COAt the
relevant time points (0, 3, 6, 12 and 24 hours), TALP medium was removed from the co-
cultures (follicular OECs, luteal OECs and LLC-PKihd the wells washed with 1 ml D-PBS
lacking C&" and Md". After that, the cultured cells were trypsinisediahe RNA extracted.
Negative controls consisted of adding 1 ml of washsermatozoa in TALP (final
concentration of 1.8%10° spermatozoa-i) to follicular or luteal OEC or LLC-PK1
confluent cultures, just before each relevant tpoat, followed by trypsinisation and RNA
extraction. After this step, RT (see Section 3.3aAll conventional PCR using designed
primers (see Sections 3.3.3 and 3.3.5) were capuggrior to analysing the PCR products by

means of agarose gel electrophoresis (see Sec8@).3
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3.5.3 Statistical analyses

Data (x) from mRNA relative abundances (each reptiovas considered as a case; n=11)
were analysed using SP%$4.0 for Windows (SPSS Inc., Chicago, lllinois,A)STranscript
relative amounts were tested for normality (Kolm@ys-Smirnov test) and for equal variance
(Levene’s test) before employing parametric or parametric statistics. When necessary (as
in cases of non-normal data), arcsix transformation was carried out prior to analysis
stabilise error variance. Parametric statisticsewesed for variables with normal distribution
and consisted of one-way ANOVA for repeated measwere the incubation time was the
intra-subject factor, the type of cultured cellsE(© follicular, OEC luteal, LLC-PK1 and
negative control) the inter-subject factor and eacRNA relative abundance was the
dependent variable. This was followed by multipdérwise comparisons using a Tukey test.

For non-normal data, the Friedman test was used asn-parametric alternative to
repeated measures ANOVA followed by the Wilcoxast fer multiple pairwise comparisons.
Additionally, types of cultured cells were comparfed the same period of time using chi-
square or a Student’s t-test with Bonferroni carcec

In all statistical analyses, the significant lewgls set at 5%.

3.6 Effects of HSPO90OAALsilencing in oviductal epithelial porcine using
SIRNA on sperm viability after in vitro co-culture

3.6.1 Boars and sperm samples

Sperm samples used in Article 6 were obtained fname healthy and post-pubertal Piétrain
boars, which served as biological replicates foemberiments. These samples were collected
by using the gloved-hand method and mounting oruramdy sow (Hancock and Howell,
1959). The age of the boars (mean £+ SEM) was 2102imonths and their average weight
was 162.0 + 4.1 Kg. Boars were housed under stabtelitions in climate-controlled
buildings (relative humidity and temperature) anefrevfed an adjusted commercial diet (2.2
Kg per day). The rate of semen collection was twweekly, with an interval of three days
between extractions. No fertility problems in thaals were recorded by the Al station.

After collection, sperm rich fractions were filtdrahrough gauze and subsequently
diluted to 1:9 (v/v) in a BTS-based extender (Cajo¥ecnoVit; Johnson et al., 1988).
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Extended semen was split up into doses of 80 micaaded to 15°C. These seminal doses
were subsequently transported to the laboratorg58C and used within 24 hours after

collection.

3.6.2 RNAI medium

RNA interference (RNAi) experiments were carriect @u OptiMEM® | media (Gibco)
supplemented with different concentrations of FS@ha-Aldrich’) in chemical transfection

and siPORT™ siRNA Electroporation Buffer (AmbiorcIninin vitro electroporation.

3.6.3. Small interfering RNAs (SiRNAS)
3.6.3.1p-actin (ACTB) and HSP90AA1 siRNAs

After sequencingACTB andHSP90AAlsequences were sent to Ambion and three siRNAs
Silencef pre-designed siRNAs were designed for each gemmnUarrival, 250 ul of

nuclease-free water (Promega) was added to eatlAsiéd they were stored at —20°C.

3.6.3.2 siRNA-negative control construction

Negative-antisense and negative-sense RNAI corginscwere made using a commercial kit
(SilenceP RNAIi construction kit, Ambion Inc.). Briefly, olmnucleotides (provided by
Ambion Inc.) were resuspended by adding nucleaseyvirater (Promega) (94 pl nuclease-free
water to Neg-antisense and 151.5 pl to Neg-sengett@ concentration of 200 pM). Both
constructions were formed by a 21-base sequencaraeiht-base tail (5-CCTGTCTC-3).
A random sequence was obtained by randomizing #sedfrom the original sequence of
ACTB gene (this gene had previously been sequenceowiall the procedure described
above and sent to the provider). One microlitereath oligonucleotide (200 pM) was
resuspended with 250 ul of TE buffer (10 mM TrisiHC mM EDTA, pH 8) to get a
working solution of 1:250 (v/v). Finally, the abbance at 260 nm (Abg) of each
oligonucleotide was assessed by spectroscopy (GESES10 UV/Vis Spectrophotometer),
prior to calculation of the concentration ([Oligmtentide], ng-Lit) using this mathematical

formula:
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(Abs,, 5000
9.7

The concentration of the antisense oligonucleatiselted in 185.1 ng-Jil while that of

[Oligonucleotide] =

the sense oligonucleotide was 107.2 rg-pl

At this point, the transcription template was pregaas follows. Oligonucleotides (either
sense or antisense) were diluted at 100 uM/eacty Udt buffer. In two separate tubes (one
for sense, the other for antisense), the followimgture was prepared: 2 ul of T7 Promoter
Primer, 6 pl of DNA hybridisation buffer and 2 pf either sense or antisense template
oligonucleotide. The tubes were heated for 5 mgate70°C, and afterwards incubated for 5
minutes at room temperature. After that, the follayvwas added to each hybridised
oligonucleotide: 2 pl of 10x Klenow Reaction Buffé pl of 10x dNTP mix, 4 ul of
Nuclease-free water and 2 pl of Exo-Klenow enzyiftee content of the tubes was gently
mixed by pipetting and then incubated for 30 misuge 37°C, thereby creating single-
stranded siRNAs that could be used directly, dguatpthe transcription reaction, or stored at
-20°C until needed.

The last step was double-stranded siRNA synth@%isthis end, the single-stranded
RNAIs templates were incubated for two hours aC37"he contents of sense and antisense
strands were then mixed and incubated overnighbrder to anneal both strands. Next,
constructed double-stranded siRNA was digested Ritfase and DNase. Binding and wash
buffers were prepared according to the manufactunestructions and digestion buffer was
thawed at room temperature, the contents beingotighdy mixed by means of a vortex.
Afterwards, 6 pl of Digestion Buffer, 48.5 ul ofalease-free water, 3 pl of RNase and 2.5 pl
of DNase were added to the tube containing the ldestbanded siRNA. The mixture was
incubated for two hours at 37°C and 400 pul of siRibNi#ding buffer were added to the
nuclease digestion reaction and incubated for futegiat room temperature.

The following steps concerned double-stranded siFpNAfication. A filter cartridge was
placed in a 2 ml tube (both provided by the SileAc8RNA construction kit, Ambion Inc.)
and then prewetted with 100 pul of siRNA Wash BuffBiouble-stranded siRNA in the
Binding Buffer was added to the prewett filter dage, and centrifuged for 1 minute at
10000 rpm (Eppenddtfmicrocentrifuge model 5424), with the flow-thoulking discarded
from the collection tube. The filter cartridge waashed twice with 500 pl of sSiRNA Wash

Buffer, and centrifuged for 1 minute at 10000 rgkfter that, the filter was placed in a new 2
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ml tube. Subsequently, 100 ul of nuclease-free m@eeviously pre-heated to 75°C) were
added to the filter cartridge to elute the siRNAexlty incubation for 2 minutes at room
temperature and finally spinning for another 2 nésuat 12000 rpm took place. Following
this procedure, the siRNA remained in the eluatetlfe 2 ml tube) and was stored at -20°C
until transfection.

Since siRNA concentration ([siRNA], ng)lis critical for successful gene silencing,
SsiRNA diluted 1:25 (v/v) into buffer TE was quaimgd by spectroscopy (Abs) and

estimated by applying the following formula:

(Abs,, x 40x 25— fold)
9.7

[SIRNA =

The molar concentration of the siRNA was determibgddividing [SIRNA] by 14,
because it was assumed that there were 14 pg of RNAnmol of an average 21-mer
dsRNAI. As the mean of Abg readings was 0.518, the concentration of the siRidgative
control, experimentally measured, was 518 nfyarld 37 uM. Finally, the siRNA-negative
control was resuspended in RNase-free water ameldsét —20°C.

3.6.4 HSP90AA1 immunostaining

Following siRNA delivery (see Section 3.6.5), thedia was removed and the cells washed
twice by agitating the slides slowly in PBS for Snotes, before the blocking agent was
applied. Non-specific sites were blocked by incirtgatvith a mixture of 2 mg-riil BSA and
100 mM glycine in PBS for 20 minutes at room tenap@re. Next, rabbit polyclonal anti-
HSP90AAL antibody (Abcam, UK) was applied to thédsceith a dilution factor of 1/4000
(in blocking agent) for 1 hour at room temperature.

Cells were then washed three times by slowly aggain PBS (5 minutes each wash)
before the secondary antibody was applied. Aftat, ttells were incubated with chicken anti-
rabbit IgG antibody conjugated to Alexa Flfiat88 (Molecular Prob&3 for 1 hour at room
temperature, using a dilution of 1/1000 (2 pgnih blocking agent. Cells were then washed
twice by agitating slowly in PBS (5 minutes eaclshja and 400 ml of blocking agent were
added prior to putting a coverslip on top. Samplesre mounted with fluorescent
Vectashiel® Mounting Medium (Vector laboratories Ltd., Burleme, California, USA)
containing 1.5 pg-rifl DAPI (4, 6 diamidino-2-phenyl-indole) to counteais the nuclei.
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Slides were viewed under an Axio Imager.Z1 fluoee®e microscope (Zeiss) with the Zeiss
EC Plan-NEOFLUAR 40x 0.75 objective lens and ugimg filter cubes: 13 (excitation filter:
BP 450-490 nm; dichromatic mirror: 510 nm; suppia@sélter: LP 515) and N2.1 (excitation
filter: BP 515-560 nm; dichromatic mirror: 580 neuppression filter: LP 590 nm).

3.6.5 Optimising of ACTB and HSP90AA1-siRNAs delivery

The optimisation of sSiRNA delivery was carried @etcording to the algorithm developed by
Cenix BioScience and licensed to Ambion Inc.., ggtre Silencét siRNA Tranfection I Kit
(Ambion Inc.). For each transfection optimising exment, five replicates were made, two
plates serving for RNA extraction and the otherscill viability assessment. For optimising
transfection, different media, concentrations ahsfection agent, delivery methods (reverse
transfection or neofection, plated transfection anditro electroporation) and three different
pre-designed siRNA per gend$P90AAIandACTB were used (See Results, Table A6-2).

3.6.5.1 Cell cytotoxicityHSP90AAlimmunostaining and RNA extraction assessments after

SiRNA delivery experiments

At the end of all the optimising experiments, tlygotoxicity effects of SiRNA transfection on
OECs, as well as gene and protein expression, assessed. For this purpose, cells were
trypsinised with 1 ml trypsin per well (in accordan with the procedure previously
described). The pellet was resuspended in 400 |gr@iith medium, and then 11 ul of a
working solution 10:1 (v/v) prepared from stockd@n SYBR-14/EthD-1 was added, the
final concentrations being 100 nM and 2 pM, respebt (Molecular Probéy. Samples
were then incubated for 15 minutes at 37.5°C an@ @R&bility assessed by placing 10 pl on
a slide. Four counts of 200 epithelial cells (dlilead) were carried out using an AXxio
Imager.Z1 fluorescence microscope (Zeiss) at 400agnification (Zeiss EC Plan-
NEOFLUAR 40x 0.75 objective lens) and two filterbas: 13 (excitation filter: BP 450-490
nm; dichromatic mirror: 510 nm; suppression filteP 515) and N2.1 (excitation filter: BP
515-560 nm; dichromatic mirror: 580 nm; suppresdiber: LP 590 nm).

To analyse gene expression after siRNA transfectietls were trypsinised and then

washed with PBS. RNA was immediately extractedh@a same way as in previous RNA
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extractions (Ambion kit, see Section 3.3.2) anchtAdrRT-PCR and an agarose electrophoresis
were carried out (see Sections 3.3.4 to 3.3.6).

Finally, transfected and non-transfected OECs w&imed using a rabbit polyclonal anti-
HSP90AAL antibody (see Section 3.6.4).

3.6.5.2 Experiment 1: Neofection using SiPORT™ A&gmin

The optimisation probes (steps 1 to 7, Table A&v8)e started using a polyamine-based
tranfection agent (siPORT™mine Ambion Inc.) and the reverse transfection (netded
method, following the recommendations of the Cehligorithm. Cryogenic vials (Nalgene)
containing follicular-OEC frozen cells (passagaére thawed and seeded to flasks according
to the procedure described. After 48 hours of iatwan, cells reached confluence and were
trypsinised and resuspended in 4 ml of OptiMEMnedia (Gibco).

Cell suspensions from different cryogenic vials @varixed, and then cell concentration
was assessed by means of a Neubauer hemocytomedad), with six counts being carried
out. The cell suspension was subsequently dilutéth @ptiMEM® | media to get a
concentration of 10cells-mf".

Figure IV-12 Image of OECs in OptiMERI without transfection agent after 24 h (100x nifigation)
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Six-well plates (Corning Costar, High Wycombe, Uttere used for assessing cell
viability, RT-PCR and HSP90AAl immunostaining undée following conditions: six
different transfection agent concentrations (®,4, 6 and 8 pl), two different concentrations
of 20 uM siRNA (0 and 3.8ul) and three incubationets (24, 48 or 72 hours) (see Section
3.6.5.1) (Figures IV-12 and IV-13).

Figure IV-13 Image of OECs in OptiMER11 with 6 pl transfection agent after 24 h (400xgmification).

Note cells become unattached

3.6.5.3 Experiment 2: Plated transfection with sFPOM Amine

Since the cytotoxicity was too high and many cedsained unattached (Figure 1V-13),
forming complexes, (see Atrticle 6), a pre-platibgpswas added to the protocol (step 8, Table
A6-3), following the recommendations suggestedh®y €enix Algorithm. To this end, cells
in growth medium (TCM199 + 10% FCS, but lacking ipéin/streptomycin and fungizide)
were seeded (2X31Ccells per well) before starting SiRNA delivery. &ft 24 hours,
confluence was reached and transfection carried assessing six concentrations of
transfection agent (0, 1, 2, 4, 6 and 8 pl), thdééerent compositions of OptiMER |
medium (0%, 2% and 4% FCS) and three incubatioedif24, 48 and 72 hours). A further
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step, adding fresh growth medium after 24 hoursrarisfection, was also added, and cell

confluence and cell viability were assessed af@endurs of incubation (see Section 3.6.5.1).

3.6.5.4 Experiment 3: Plated transfection with sFPO™ NeoFX™

Due to cytotoxicity results following the perforn@mn of transfection experiments with
siPORT™Aminein accordance with the Cenix Algorithm, many afé¢snwere made with a
cationical liposomal agent (SIPORTNeoFX™ Ambion Inc.), keeping plated transfection as
the transfection method (steps 10 and 11, Tabl&)A6-

The experimental conditions were the same as irséitend experiment, except for the
transfection agent (six concentrations of SIPORN&bFX™ 0, 1, 2, 4, 6 and 8 pl).

3.6.5.5 Experiment 4: In vitro Electroporation (EP)

The cytoxicity was high in the previous three expents and notHSP90AAlknockdown
was observed (see Article 6). For this reason, rogiitempts with changes to the delivery
method were made. To this end, cryogenic vials dbdla) containing frozen follicular-OECs
were thawed and seeded in growth medium. When wemfe was reached, cells were
trypsinised and transferred to a siPORTer-96 Ebparation Chamber (Ambion Inc.) filled
with solution containing T0OECs and siRNA at a concentration of 20 uM, botd5 pl
SiPORT™ siRNA Electroporation Buffer.

The electroporation chamber was then loaded intBi@Rad Gene Pulser Xcell
electroporator (Bio-Rad, Hercules, California, USakd, after optimisation (steps 11 and 15,
Table 1) four square pulses (25 V) with a loadimgigd of 35 ms per pulse and 965 ms
intervals were applied. Electroporated cells waenttransferred to four-well chamber slides
and cultured at 37.5°C in growth medium (TCM199 +0%l FCS) without
penicillin/streptomycin as described previously. tidiotics (1% penicillin/streptomycin)
were addedix hours after EP.

Forty-eight hours after EP, total RNA was isolatadd assessed foACTB and
HSP90AAlusing RT-PCR and immunostaining, and cell viapiias also determined.
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3.6.6 Experimental design

Two experiments constituted this study. The firsngisted of optimisingHSP90AA1L
silencing and the second analysed the effeck$S#90AAlsilenced OECs on sperm viability
after co-culture. ACTB and HSP90AA1silencing were optimised in accordance with the
algorithm created by Cenix BioScience and licertseéimbion Inc.

Briefly, OECs were cultured and then cryopresemetil needed (see Sections 3.1.3 and
3.1.7). Cryogenic vials containing follicular andtdal OECs were thawed and the cells
seeded. Using Silendepre-designed siRNASACTB andHSP90AA) and negative siRNA
(see Section 3.6.3), cells were transfected usawgrse and plated transfection with two
chemical agents, namely siPORTAMmineand siPORT ™NeoFX™ (Ambion Inc.), usingn
vitro electroporation (SiPORT™ siRNA Electroporation #uf Ambion Inc.). After all the
optimising experiments, the cytotoxicity effects IRNA transfection on OECs, as well as
gene (RT-PCR and agarose gel electrophor@sastin acting as housekeeping gene; see
Sections 3.3.3 to 3.3.6) and protein expressionP@BAAL immunostaining; see Section
3.6.4) were assessed.

For the second experiment, which was repeated ¢igiets using sperm samples from
eight different boars, electroporated OECs weréuoed at 37.5°C in 100% humidity and 5%
CO, (HeracelP 150 incubator, Heraefis and sperm samples (see Section 3.6.1) were
washed through a two-step Percoll gradient (35/7@%8 Section 3.2.2). After removal of the
supernatant, the remaining sperm pellet was resdgpein about 0.5 ml of residual 70%
Percoll.

After 48 hours of EP, the growth medium was remofreth the 4-well chamber slides,
the cells were washed with 1 ml D-PBS lacking”Cand Md*, and 400 pl of washed
spermatozoa in TALP medium (final concentrationld87X 10° spzs-mf) was added. The
negative control consisted of sperm in TALP medianempty wells. Washed spermatozoa
(final concentration of 1.8%10° spzs-mif) were co-cultured (see Section 3.2.3) with
electroporated follicular or luteal OECs at 37.5%8C.00% humidity and 5% CQand sperm
viability using SYBR-14/EthD-1 (see Chapter Il, 8es 1.1) was assessed after 30, 60, 120,
and 180 minutes, 24 and 48 hours.

261



Chapter IV

3.6.7 Statistical analyses

Statistical analyses were performed using SP®8Windows software (SPSS Inc., Version
14.0). Differences in immunostaining were analylsggerforming a one-way ANOVA.

For assessing sperm viability, data were testechdomality and homoscedasticity using
the Kolmogorov—Smirnov and Levene’s tests. Wheressary, the data were transformed
using arcsine square root (arcsi®R) prior to a repeated measures analysis of vagianc
(ANOVA), where the co-culture time (24 hours andnéfirs) was the intra-subject factor, the
treatment (non-transfected cells, sSiRNA-negativetiad or SIRNAHSP90AA) was the inter-
subject factor and each sperm functional paranvedesrthe dependent variable and post hoc
comparisons were made with the Tukey test.

The level of significance was setR0.05.
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5 General Discussion

The three reports in the previous chapter prinbipabncern boar semen preservation
technology and an examination of new insights iptedicting the fertilising ability of
ejaculates. However, a lot of research into pig aifieer mammalian reproduction deals with
the female reproductive tract, in relation to ttygology of the oviduct (Hunter, 2005) and
the uterus (Tabizadeh and Broome, 1999), and IVécquures (Romar et al., 2001).
Specifically, the oviduct (or Fallopian tube) hasignificant role in the events leading to
fertilisation, by providing an appropriate micro@wnment for gamete transport leading to
the ampulla, the region of the oviduct where fesdifion occurs, and for early embryonic
development (Romar et al., 2001; Hunter, 2005).fdat, in most mammalian species,
including pigs, sperm-oviductal epithelial cell (OEcontact appears to be one of the final
phases of maturation that gives spermatozoa tHiyaiol penetrate oocytes (Hunter, 1984).
Thus, it is well known that reproduction involvessagnificant coordination of different
processes, including the interactions between sgemona and oviductal epithelial cells
(Hunter and Rodriguez-Martinez, 2004). For thessamrs, the present chapter is focused on
the study of the pig oviduct and the relationshepween spermatozoa and OECs, determined
by cell and molecular parameters.

The mammalian oviduct is formed by secretory aridted cells (Hafez, 1996). Sperm
cells bind to OECs (Petrunkina et al., 2001c), angigs and other mammalian species a
short segment of the isthmus forms a reservoisp@arm during the oestrous period (Suarez et
al., 1991; Topfer-Petersen et al., 2002). Since ©py such a key role in mammals’
reproduction, the latest research includes sevepalrts on their primary culturing in order to
understand their structure and ultrastructure (aslajad et al., 2007), to set IVF systems, to
assess sperm parameters after homologous or legfeusl co-culturing and to determine the

effects of cell conditioned medium on sperm functio
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With regard to IVF procedures, several studies Hasen carried out regarding human
(Vlad et al., 1996; Saridogan et al., 1997; Tsal.e2007) and other mammalian species, such
as the equine (Thomas et al., 1995a), rabbit (Disket al., 1996), goat (Rodriguez-Dorta et
al., 2007), bovine (Walter and Miller, 1996; Xiaadt, 1996; Cox and Leese, 1997; Reischl et
al., 1999; Rottmayer et al., 2006), porcine (Romtael., 2001), monkey (Rajagopal et al.,
2006), mouse (Lee and Yeung, 2006; Tan et al., 2&0d@ canine (Vannucchi et al., 2006).

As for the co-culturing of OECs with spermatozogpeximents have been performed
involving many species, such as the human (Bongsb.,e1993; Kervancioglu et al., 1994;
Morales et al., 1996; Ellington et al., 1998; Yaak, 1999), pig (Suérez et al., 1991; Fazeli
et al., 1999; Petrunkina et al., 2001c; Yeste et28l07c; 2008), wallaby (Sidhu et al., 1998),
sheep (Gutiérrez et al., 1993), dog (Ellington deyers-Wallen et al., 1995; Kawakami et
al., 2001), rat (Cortés et al., 2004), cattle (bsfe and Suarez, 1996; Gualtieri and Talevi,
2000; Gualtieri and Talevi, 2003) and horse (Ebamget al., 1993, Thomas et al., 1994;
Thomas et al.,, 1995b). In most of these studiedias been demonstrated that OECs
specifically influence sperm by prolonging theiability, by stabilising the acrosome and by
inducing capacitation, amongst other physiologipedcesses (Kervancioglu et al., 1994;
Yeung et al., 1994; Morales et al., 1996; Ellingaral., 1998). Later, these findings will be
addressed again, and discussed in relation to dsabeen observed in the case of pigs.

Finally, the last aspect of the state-of-the-adudlOECs is the effects of oviductal fluid
proteins and conditioned medium produced by OECsulture on sperm function. It is
known that in the oviductal physiology, glycoproigiare secreted and accumulated in the
caudal isthmus, the site of the preovulatory resiervhese secretions prevent uterine and
ampullary tubal fluids from entering the functiorsglerm reservoir and remove residual male
secretions from the sperm’s surface (Hunter, 2002y also reveal a specific effect of these
proteins on spermatozoa (Wagh and Lippes, 1989; &bal., 1995; Lapointe and Sirard,
1996; Zhu et al., 2001; Quintero el al., 2005).

Since several reports have demonstrated that OB@s $ome effect on sperm viability,
capacitation and motility in pigs (Fazeli et al999), human (Ellington et al., 1998; Yao et
al., 1999) and other mammalian species such dssta(Thomas et al., 1995b; Dobrinski et
al., 1999), dogs (Kawakami et al., 2001), cattledkhuwakku et al., 2007), and rats (Cortés
et al., 2004), the study described in Article 4 g¥¢eet al., 2008) aimed to assess the effects of

homologous OEC co-culture and conditioned mediunthenfollowing spermatozoa function
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parameters: viability, motility, acrosome, mitocdoal sheath integrity and capacitation
status over a 24 hour period. Two sperm subpojpuativere studied, bound and unbound to

OECs in co-cultures, and using pig kidney epith€libC-PK1) cells as the positive control.

When these experiments had been performed, it Wwasreed that OEC co-culture and
cell conditioned medium affect spermatozoa by naammg their viability, inducing
capacitation and changing their motility parametditsese three findings will be discussed
separately.

Co-culture and CM from non-reproductive pig kidnegithelial (LLC-PK1) cells also
extend sperm viability when compared with a medwithout epithelial cells, although not as
significantly as OECs. Thus, non-reproductive calfoowed an ability to prolong sperm
survival, albeit not to the same extent, and tlsellte obtained in Article 4 are in accordance
with previous observations in co-culture with OE&®l Vero cells (non-reproductive green
monkey kidney epithelium cells) (Kervancioglu et, d994). They are also in accordance
with Akhondi and co-workers (1997) who showed thatincubation of sperm with both
epididymal and OECs in humans prolongs their satyigoncluding that epithelium of the
reproductive tract is the most advantageous fomsgi®zoa.

Viability, assessed with SYBR-14/EthD-1, is highaerbound than in unbound sperm
populations, and also in OECs compared to LLC-PKicudtures. For up to 24 hours of
incubation, viability in bound spermatozoa is mainéd in OECs, but not in LLC-PK1 cells,
which is in keeping with the fact that reproductigells specifically bind to sperm and
promote their survival. The studies dealing withersp-OEC co-culture allow us to
understand what the role of these epithelial aglishe function of male gametes is. It is very
important to highlight the role of sperm-OEC birglion the formation of the sperm
preovulatory reservoir. This cell-to-cell contaakeés places in the isthmus, the region of the
oviduct where sperm is stored, where their motiltyeduced and their viability prolonged
(Topfer-Petersen et al.,, 2002). The sperm reserigiformed in the isthmus due to
carbohydrate-protein interaction between mannokgbsaccharides exposed by OECs and
spermadhesins that are produced by seminal vesinttsssociated with the sperm surface at
the moment of ejaculation (Topfer-Petersen et28lQ2). It has also been demonstrated that
spermadhesin AQN1, which is one of the dominantciper carbohydrate-binding sperm

proteins, is involved in sperm binding to OECs aiad/s some a role in the formation of the
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oviductal sperm reservoir (Ekhalsi-Hundrieser et2005). In shortin vivo, spermatozoa are
stored in the isthmus under specific conditiong tmaintain viability and suppress early
capacitation steps until ovulation occurs (TopfetePsen et al., 2002).

Apart from OEC-sperm direct contact, previous régpan rabbits (Smith and Nothnick,
1997) and pigs (Fazeli et al., 2003) have showhn tthe& binding of spermatozoa with some
proteins of apical plasma membrane (APM) fractiaf® maintain their viability. In pig
APM, it seems that the peripheral rather than ratiegroteins are the components prolonging
sperm viability (Fazeli et al., 2003).

In unbound sperm populations (co-cultured with OB@d LLC-PK1 cells) and CM, a
triple staining method that assesses, amongst tdihegs, the state of the acrosome has been
developed. From the results obtained, it can ba #e& the proportion of spermatozoa with
intact acrosomes is higher in OEC co-cultures aBC<&M than in LLC-PK1 co-cultures,
LLC-PK1-CM and medium without cells. This findingeweals that OECs stabilise the
acrosomal membranes of spermatozoa in pigs, aalbadeen observed in humans (Yao et
al., 1999), thereby preserving sperm integrity awtreasing the percentage of false or
degenerative acrosome reactions. Related with thes,integrity of the acrosome is very
important at the moment of fertilisation, becausevius studies in bovine and humans have
shown that acrosome-intact spermatozoa are signific more able to bind to the ZP than
acrosome-reacted spermatozoa (Nishikimi et al.71BRi et al., 2006).

Maintaining sperm viability in co-culture systemstiw OECs has previously been
observed in pigs (Fazeli et al., 1997; 1999), hwsr&ervancioglu et al., 1994; Yeung et al.,
1994; Akhondi et al., 1997; Yao et al., 1999), leatEllington et., 1991; Pollard et al., 1991),
sheep (Gutiérrez et al., 1993) and horses (Ellmgibal., 1991; Thomas et al., 1994). In
Article 4, viability is maintained in sperm poputats that remained both unbound from and
that bound to OECs, albeit differentially, with tlegter surviving better than the former
population. At 24 hours, the viability of spermatazbound to the OECs had decreased by
only 10%, while the viability of spermatozoa thatmained unbound from the OECs had
decreased by 50%. Viability is maintained to a greaxtent in sperm populations bound to
OECs than those bound to LLC-PK1 cells, and in mppopulations unbound from OECs
compared with those unbound from LLC-PK1 cells, daht finding suggests that both
secretions from and binding to OECs influence spkmation. Moreover, sperm viability is

maintained better in co-incubation with CM by OE@an in co-incubation with CM by LLC-
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PK1 cells, and in the latter better than in uncbaded medium, 60 minutes after the start of
the experiment. These data are partially in acearelavith similar reports on bovine and
humans in which OEC-CM was shown to prolong speiability (ljaz et al., 1994; King et
al., 1994; Abe et al., 1995; Zhu et al., 2001). Wh# the data relating to bound and unbound
sperm populations from co-cultures and co-inculma@i is analysed together, it appears that
OEC-CM affects sperm viability and motility lesgensively than the combination of sperm-
OEC binding and secretion during co-culture. Tlisn accordance with previous studies
concerning the role of OEC secretions (Yeung etl@94; Abe et al., 1995; Yao et al., 1999)
and sperm-OEC binding (Dobrinski et al., 1997; $naibd Nothnick, 1997; Topfer-Petersen
et al., 2002; Petrunkina et al., 2004) on spernction.

Co-culturing with OECs also plays an enhancer nelsome sperm kinetic parameters
(such as straight line, curvilinear and averagé&paiocities and the percentage of linearity)
and maintains the percentage of progressive matb®ound spermatozoa up to 180 minutes,
compared with an unbound population in co-cultuithi.LC-PK1 cells and the negative
control. In agreement with these findings, Bongad ao-workers (1993) reported that co-
culture with ampulla epithelial cell lines in hunsasignificantly increased sperm curvilinear
velocity (VCL) and the mean amplitude of laterabtiedisplacement (ALH). In relation to
sperm progressive motility, our data matches th#&ioed for humans (Yao et al., 1999) and
sheep (Gutiérrez et al., 1993), where the percentafy progressive motility of ram
spermatozoa was higher after homologous or hetgoak co-culturing with OECs than in co-
culture with non-reproductive cells (IBRS-2 cetid) and in medium without epithelial cells.
Also related with sperm motility, the percentage ppbgressive motile spermatozoa was
somewhat higher after incubation with OEC-CM thanthwLLC-PK1-CM or with
unconditioned medium. Since there is no a cleacefdf OEC-CM in respect of LLC-PK1-
CM, these findings are only in partial accordanathwther similar reports in humans and
other species, where it has been documented th& QM prolongs sperm motility (ljaz et
al., 1994; King et al., 1994; Abe et al., 1995; #tal., 2001).

Another key physiological process that involves QE& the isthmus and affects

spermatozoa is capacitation. The process of spapacttation is characterised by the influx

of calcium (C4&") and the tyrosine-phosphorylation of spermatozoéeins (Topfer-Petersen
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et al., 2002). During sperm capacitation, an ineee@m the tyrosine-phosphorylation of tail

proteins and later of sperm head proteins in uclattd sperm populations is observed
(Petrunkina et al., 2004). Conversely, when spevetat are bound to OECs, they present low
calcium uptake and their proteins do not becomesphorylated (Topfer-Petersen et al.,

2002).

In Article 4, decreases in the percentages of umatgied spermatozoa and increases in
the percentages of capacitated spermatozoa areveldse an unbound sperm population
after 30 minutes of incubation. However, this inttut effect is not observed in LLC-PK1
cells or medium without cells after this time. Samniresults were previously observed in pigs
(Fazeli et al., 1999) and humans (Kervancioglu.et1l994), where co-culture with OECs, but
not with non-reproductive cell types, induced speapacitation. This seems logical since
capacitation is a physiological process timavivo takes place in the isthmus (Petrunkina et
al., 2004).

This result also matches previous reports in gigzéli et al., 1999) and dogs (Petrunkina
et al., 2004) where the tyrosine-phosphorylatiorhedds was observed in unbound sperm
populations, but not in bound suspensions. Interglyt the study by Petrunkina and co-
workers (2004) demonstrates that the rate of tggophosphorylation of sperm tail proteins is
higher in cells bound to oviductal explants thanumbound cells or in those incubated in
medium without explants, which confirms that spelonaa with non-phosphorylated heads
preferentially bind to epithelial cells. This medhat tyrosine phosphorylation of sperm head
proteins and capacitation would be delayed in spgopoa in close contact with the oviductal
epithelium. Since it has been observed in hetemales@nd homologous co-culturing that dog
spermatozoa bind in a similar way to homologous la@igrologous explants (Petrunkina et
al., 2004), it seems that the binding of uncapsat@perm to OECs is a species-independent
phenomenon.

In the bound-to-OEC population, the percentagenzfapacitated spermatozoa decreases
and that of capacitated spermatozoa increasequglthless than in the case of unbound
spermatozoa. This could be related to the suggestiat in pigs uncapacitated spermatozoa
bind preferentially to OEC, and then capacitateckjyi (Fazeli et al., 1999). Conversely,
Petrunkina and colleagues have described that sP&i@ binding is selective (Petrunkina et
al., 2001c) and delays capacitation in dogs (Pkinanet al., 2003). Yanagimachi (1994)

reported that the release of spermatozoa from thductal reservoir is dependent on
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capacitation and hyperactivation. Interestinglyh@igh bound spermatozoa remained more
uncapacitated than unbound sperm throughout inmmdtecause in principle sperm bound

to OEC should remain uncapacitated, the increasapacitated spermatozoa reveals that a
complex mechanism is involved in sperm-OEC bindamgl the sperm capacitation process.
In line with this, capacitation is not induced whgwerm is bound to LLC-PK1 cells, as has

been discussed in Article 4. In fact, like othethmus (Fazeli et al., 1999), we propose that
most sperm bound to OECs is probably uncapacitatetl capacitated sperm do not bind

OECs leading to oocytes, or else the transporpefrsatozoa would be impossible through

the oviduct. However, the data on this point areveoy clear.

The effects of CM on sperm capacitation are algmeddent on reproductive cells, since
the percentage of capacitated spermatozoa is hafber incubation with OECs than with
LLC-PK1 cells or unconditioned medium. This finding seen to be more marked in an
unbound sperm population from co-culture, being/ailserved 60 minutes after the start of
the experiment in CM. In line with this data, iteges that the OEC-CM components are
neither identical to the LLC-PK1-CM and the uncdimlied medium, nor to the medium to
which the unbound sperm population is exposed qudEC co-culturing. This result is in
line with a previous report (Abe et al., 1995), whé was found that incubating sperm with
CM is better than incubating sperm in unconditionestlium.

Capacitation, hyperactivation and some motility gpaeters are related, as Garcia-
Herreros and her colleagues (2000) have reportedut study, incubations with OEC-CM
also increased the percentage of capacitated spermell as curvilinear velocity and the
percentage of linearity after 180 minutes of indidrg even though both were less enhanced
than unbound sperm in the co-culture experimenis @ata, which will be referred to again
later, corroborate our hypothesis that secreti@isased by OECs play a role in sperm
function, because, although less than co-cultuké¢,h@d an effect that was different from the
negative control. These findings agree with a mesireport (Yeung et al., 1994) in humans
where it was documented that both co-incubation @ltdconditioned medium maintained
sperm hyperactivation.

Specifically, as the percentages of uncapacitgbedns decrease and those of capacitated
increase in both systems (i.e. freely swimming spa¢ozoa in co-culture and sperm in CM),
it appears that the specific secretory activityp&Cs influences sperm capacitation. This is in
accordance with the finding that in pigs (Rodrighéartinez et al., 2001; Tienthai et al.,
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2004) and in cattle (Parrish et al., 1989; McNund &illian, 1991; McNutt et al., 1994; Abe
et al., 1995) oviductal fluid plays a basic rolesperm capacitation. In fact, it is likely that
OEC secretions are involved in sperm capacitatev@n this effect is clearer in unbound
sperm in co-culture than in CM experiments. Thethghium of mammalian oviducts is
constituted by secretory and ciliated cells. Secyetells produce and release into the oviduct
lumen several macromolecules, such as oviductakewey glycoprotein (OSP), which is
conserved across many mammalian species (Buhi.et2@00; Killian, 2004). Secreted
proteins support embryo development and maintagrngpfunctionin vitro (Abe, 1996;
Pérez-Martinez et al., 2006). On the other hanttaluminal fluid from the oviduct is
involved in boar sperm capacitation (Rodriguez-hh&z et al., 2001; Tienthai et al., 2004).

According to Hunter and Rodriguez-Martinez (20@8pacitation represents an active
and specific coordination process within succeediegions of the female tract and its
completion is synchronised with the events of ottolafor those sperm cells involved in
fertilisation, so that the uterus and the ovidumeperatively influence sperm capacitation
(Hunter and Rodriguez-Martinez, 2004). Furthermoegpacitation appears as a controlled
and integrated process vivo whose completion is a periovulatory event. Durthg pre-
ovulatory period and the formation of the sperneresir, the suppression of completion of
capacitation is a strategy for storing the spera@do Sperm capacitation is also affected by
local and systemic ovarian control mechanismsngdt coordinate the final maturation and
meeting of spermatozoon and oocyte (Hunter and iBoez-Martinez, 2004) and it seems
that both capacitation and the acrosome reactioa fertilising spermatozoon would be
terminated in the specific fluids at the ampull&txmic junction (Hunter, 2002).

Chlortetracycline staining tells us about the staiteéhe acrosome. In sperm bound to
OECs and to LLC-PK1 cells, no changes in the peaggs of reacted acrosome spermatozoa
were observed, in contrast to what occurs in untdaperm. This is consistent with the fact
that in bovine only acrosome-intact sperm bind 803 and the acrosomes of bound sperm
are preserved intact over time, so that binding>&Cs is essential for preserving sperm
fertilisation ability during the interval betweemet start of oestrus and ovulation (Gualtieri and
Talevi, 2000).

The role of inducers of capacitation has also Istedied. The effects of HA appear to be
in conflict with the literature because, as presgigudiscussed (Chapter Ill), it delays
capacitation in storage at 15°C after three dagsig et al., 2007b) and vivo (Rodriguez-
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Martinez et al., 2001), but also seems to indugevitro (Berggvist et al., 2006). Amidst this
controversy, heparin and dermatan sulphate, botbogaminoglycans like HA, have been
considered as inductors of sperm capacitation, thay increase the number of dead
spermatozoa without increasing the percentage mdatated spermatozoa in frozen-thawed
bull spermatozoa (Berggvist et al., 2007). Othedigts have suggested that HA plays a role
in this process because it is a strong inhibitorspérm-oviduct interactions and induces
capacitatiorin vitro without acrosome exocytosis (Tienthai et al., J0&Recently, Liberda et
al. (2006) reported that oviductal fluid is theositgest inhibitor of boar seminal plasma
protein binding to the oviductal epithelium. Accmgl to these authors, oviductal fluid
contains glycoproteins and glycosaminoglycans whialht induce the release of sperm from
the sperm reservoir or be inhibitors of sperm aitaent to the oviductal epithelium. In
addition, seminal plasma acts as a decapacitatiotprf, but HA and freshly conditioned
medium present capacitation action in boar spernoaia vitro (Suzuki et al., 2002).

In a previous report (Cancel et al., 2000), spegpehactivation and capacitation have
been shown to be associated with motility parametsuch as curvilinear velocity and
percentage of linearity, with a positive relatioipsbetween the percentage of capacitated
spermatozoa and percentages of linearity and btrags (Garcia-Herreros et al., 2005).
Another report (Satake et al., 2006) has shown ghateins from oviductal-APM affect the
velocity parameter of boar sperm. It was found ttiffierent sperm subpopulations exist
within a given ejaculate and oviductal-APM proteaxs on the fast-linear subpopulation by
suppressing their motility. In Article 4, the pemtage of linearity and the percentage of
capacitated sperm were higher in sperm unbound f2&@&s than unbound from LLC-PK1
cells and medium without epithelial cells; thisding seems to match that in pigs, where
APM proteins exert a positive dose-response relaligp upon linearity (Satake et al., 2006).

As discussed below, uncapacitated sperm bind mmetiafly to OECs and LLC-PK1
cells, sperm-OEC binding being a basic processoimihg a sperm reservoir and in the
reproductive events leading to fertilisation. Arsfgcant feature of sperm integrity, making it
able to bind to OECs and fertilise the oocyte,his integrity of the plasma membrane. As
previous reports have shown (Khalil et al., 200%)friozen-thawed bull spermatozoa, this
organelle is related to sperm-OEC binding capdéihalil et al., 2006), because the ability of
spermatozoa to modify their swelling in responséypo-osmotic stress (volume regulatory
ability) is related to their binding and furthertiising abilities. Sub-fertile bulls present a
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damaged plasma membrane because spermatozoa Wavéinding indices and deficiencies
in volume recovery after hypotonic challenges dyseoved (Khalil et al., 2006). In line with
this, Pérez-Llano and her co-workers (2001) haveatestrated that the relationship between

sHOST and fertility depends on the plasmalemmayiitieof spermatozoa

Analysing together the three parameters assessédtiole 4, sperm viability, motility
and capacitation, it can be concluded that OEC uttohtng maintains sperm viability,
especially when bound to OECs, affects sperm visigarameters, and induces capacitation.
This is consistent with previous reports in huméfervancioglu et al., 1994; Yeung et al.,
1994; Morales et al., 1996; Yao et al., 1999), digazeli et al., 1999; Yeste et al., 2007¢),
dogs (Petrunkina et al., 2003), cattle (Ellingtan £991; Pollard et al., 1991; Gualtieri and
Talevi, 2000), sheep (Gutierrez et al., 1993) amcés (Ellington et al., 1991; Thomas et al.,
1993; Thomas et al., 1995b) where it has been vbde¢hat OECs have a promoting effect on
sperm survival, enhance sperm motility, stabilise acrosome, modify the frequency of tail
beat and induce sperm capacitation and the hypemdoh that follows, so that the
maintaining of sperm function appears to be a comugtwaracteristic of co-culture systems
with OECs. Also matching results from Article 4etbeneficial effects of OECs have even
been observed in the heterologous co-culturingushdn sperm with bovine OECs, which
reveals the stabilising effect of OECs on spermowfatin structure in both fresh and
cryopreserved semen (Ellington et al., 1998).

When separately unbound and bound sperm populatioes-culture experiments are
analysed after 24 hours, the percentages of imenatild dead spermatozoa significantly
increase in unbound populations, compared with finhehereas bound sperm remain live
and motile. At 24 hours, the viability of bound spewas only reduced by 10% while the
viability of unbound sperm was reduced from 80%3@8% in all treatments. As differences
between the negative control and OECs in unbouednsiability and between LLC-PK1
cells and OECs in bound sperm viability were obsénit may be concluded that both OEC
secretions and sperm-OEC binding preserve spernilitiaOther authors reported this event
in OEC secretions (Yeung et al., 1994; Abe et ¥95; Yao et al., 1999), in OEC-sperm
binding (Dobrinski et al., 1997; Smith and Nothni@®97), and in proteins derived from the
oviductal epithelium (Boquest et al., 1998) thajulate bull sperm function, by promoting

viability and delaying acrosomal damage. Relatedhts, Lapointe and colleagues (1998)
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have proposed that the presence of catalases duaai fluid may play a key role in sperm
function preservation within the mammalian femaget.

A differential effect is observed in sperm motilighen sperm parameters in an unbound
sperm population are compared with co-cultured spem incubated with CM. Co-culturing
revealed a greater ability to maintain this speammeter than incubating with conditioned
medium. In fact, conditioned medium is not iderticathe medium of co-culture experiment
containing spermatozoa in suspension. Our findargsin agreement with those of Gutiérrez
and co-workers (1993) in rams and Kervancioglu aalleagues (1994) in humans. They
reported that while OECs positively affected spesumvival, cell-CM did not have the same
effect on spermatozoa. In line with a previous repabe et al., 1995), incubations with cell-
conditioned medium are better than those with caltonedium alone. Although previous
reports in bovine and humans showed that OEC-CMopged both sperm motility and
viability (ljaz et al., 1994; King et al., 1994; Aket al., 1995; Zhu et al., 2001), only a slight
tendency to prolong sperm survival when incubateith WEC-CM has been observed in
Article 4, but not significant differences. In daitseveral papers have shown that oviductal
fluid regulates sperm function to facilitate fad#tion, capacitating spermatozoa and inducing
their hyperactivation (Parrish et al., 1989; McNaitd Killian, 1991; McNutt et al., 1994;
Abe et al., 1995). However, the model with whichstady the effect of oviductal secretions
on sperm may be improved by using oviduct fluidgéhese it contains some molecules that
are not present in the conditioned medium prodigecultured oviduct tissue (Oliveira et al.,
1999; Killian, 2004).

From the study of sperm-OEC co-culturing, it cancoacluded that OEC co-culturing
and CM specifically affect sperm function in thepbut not to the same extent, with OEC
co-culturing rather than OEC-CM being more ablentfituence boar sperm function. Thus,
although OEC-CM also induces sperm capacitationsahectively maintains sperm viability,
this effect is not as significant as with co-culbgr However, even though the last cited report
assessed sperm capacitation by means of CTC galika our study, others (e.g. Bergqvist
et al., 2007) used other methods, such as meraoy&i0, which seem more sensitive. For
this reason, further studies in sperm-OEC co-cimgurshould perhaps study sperm

capacitation merocyanine-540 rather than CTC.
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As already mentioned, OECs present significantetery activity bothin vivo andin
vitro. In vivo, the oviductal fluid contains proteins secreteddCs that have been revealed
as beneficial for human spermatozoa (Lippes and \Vag89) where, for example, they
prevent the triggering of an acrosome reaction wihenoocyte is absent (Quintero et al.,
2005). Recently, the effect of two oviductal helabck proteins, heat shock protein 60 kDa
(HSPD1) and glucose regulated protein 78 kDa (H9P&® human sperm function has been
studied (Lachance et al., 2007). State-of-the-esearch into OECs documents that OECs
affect sperm cell parameters (as previously disml)sby binding to sperm (Fazeli et al.,
1999; Yeste et al., 2008) and by releasing segr@iaducts (McCauley et al., 2003; Quintero
et al.,, 2005; Zhang et al., 2006; Kumaresan et28l06). However, there are only a few
reports studying the effects of the presence afrsgzoa in the gene expression of oviductal
cells (Fazeli et al., 2004; Georgiou et al., 2086staric et al., 2006; Kodithuwakku et al.,
2007; Lachance et al., 2007).

It has been observed that APM extracts prolongrmspaability in pigs (Fazeli et al.,
2003) and some proteins within these solubilisetraets (sAPM) that bind to boar
spermatozoa have recently been identified (Ellioale personal communication). Against
this background, the study described in the fifttice sought to determine how the
expression of these genes varies between the ulalliand luteal stages, and also how
spermatozoa affect the expression of the genesdemrohe four APM-identified proteins,
using a culture and a homologous co-culture systéimPercoll-washed spermatozoa over a
24 hour period. These four relevant genes are erius{CLU), heat shock cognate protein
related 70 kDaHSPAS8 alsoHSC7(), heat shock protein 90 kDa alpha AHSP90AA) and
glucose regulated protein 78 kDIASPAS alsoGRP7§ (see the Introduction of the present
chapter) and their expression is analysed by reveasiscription-polymerase chain reaction
(RT-PCR) usings-actin ACTB), a housekeeping gene, as internal standard. Aga{®-PK1
cells are used as a positive control and spermatazoco-culture medium (TALP) are
employed as a negative control.

Briefly, clusterin is a multifunctional glycoprotei that constitutes cell-adhesion
complexes and is involved in interactions betweeti-aell and cell-extracellular matrix
(Valdés-Gonzalez et al., 2005; Wang et al., 208though its role in reproduction is not
very clear, it has been localised in human spernoat@Atlas-White et al., 2000) and in the
male reproductive tract (Plotton et al., 2006; Moet al., 2007).
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Heat shock protein 90 kDa alpha A.1 (HSP90AAL) tlskack cognate protein related 70
kDa (HSPAS8) and glucose regulated protein 78 kD8HHKAS5) are constitutive and inducible
heat shock proteins. The role of heat shock preteinreproduction has been observed in
steroid receptors, whose ligand binding domainudes a ligand recognition site and regions
for receptor dimerisation interaction with heat c¢hroteins, nuclear localisation and ligand
dependent transactivation. Also related with repobige physiology, changes in the amounts
of heat shock proteins have been observed duriagrénstrual (Wu et al., 1996) and the
endometrial cycles (Komatsu et al., 1997; Tabibhadad Broome, 1999). Furthermore,
HSP90AAL appears to be involved in sperm motilluéng et al., 1999) and capacitation
(Ecroyd et al., 2003; Hou et al., 2007). Heat shomgnate protein related 70 kDa (HSPAS8) is
the constitutive form of heat shock protein 70 KB&PAL1A), a protein that is upregulated-
expressed in OECs in response to sperm (Georgiaill,e2005). Finally, HSPA5 has been
identified as one of the six major proteins in ARMtracts isolated from bovine OECs
(Boilard et al., 2004), being present in the ovidand uterus and binding to bovine and
human spermatozoa.

In the light of results from Article 5, it seemstk are no differences in the expression of
these four genes when comparing follicular andalu@EC cultures. This is consistent with
previous reports studying other aspects of OE@sgstihe ability of OECs im vitro culture
to affect sperm function depends on the ovariate stad oviduct region (Suérez et al., 1991;
Fazeli et al., 1999; Petrunkina et al., 2001c). Ewsv, other studiesm vivo referring to the
human endometrium have shown differences dependinghe menstrual cycle in gene
expression patterns in HSPA8 and other HSPs, sscHSPB1 and HSPD1. Further, the
human endometrium, in response to steroid hormomedergoes characteristic cycles of
proliferation and secretory changes expressingemfft HSPs such as HSPB1, HSPD1,
HSPA1A, and alpha crystallin B chain. Specificallye expression of HSPB1, HSPD1, and
HSPAS8 shows a sharp increase in the human endammesfter ovulation (Tabibzadeh and
Broome, 1999). Interestingly, Shah and co-worke¥898) showed that HSP90AAL in
humans decreases in decidual and placenta tissuieg) dhe course of normal gestation. On
the other hand, although no change€itU expression have been observed when comparing
both ovarian states, an increase in clusterin gepgession has been observed in corpus
luteum when luteolysis is induced (Forni et al.020
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From the data obtained in OEC culturing experimeihtsherefore seems that the
expression profiles of these four gemewitro do not depend on the ovarian state. However,
as changes in protein patterns have been obsenvethér organsn vivo, it is not clear
whether the lack of the differences between thictdar and luteal stages is due to the nature
of oviduct epithelium in respect of the endometrjur is the result of the cell
dedifferentiation ofn vitro culturing itself, since this has been documenteother reports on
in vitro culturing, as for example in porcine epididymaltare (Bassols et al., 2004; 2007).
More research, including proteomic analyses, igefloee needed to better address this
conclusionin vitro and understand changes in gene expression diengvarian cycle.

The expression of two gend$SP90AAlandHSPAS is significantly greater in LLC-PK1
than in OEC cultures. They are both inducible tskatck proteins and this may explain these
differences, as they are related to the differaare of primary cultures and cell lines. Again,
more research is required using primary culturihgan-reproductive cells to achieve better
understanding of these differences.

The presence of spermatozoa appears to upreghlatgenes encoding the three heat
shock proteinsHHSPO90AA1 HSPA8and HSPAS as observed iin vitro co-culturing with
OECs and LLC-PK1 cells, but this does not applyh® expression of clusterin. Its role in
reproductive processes is not as clear as thateaf shock proteins, which interact with
steroid receptors. The upregulation of these pmetéy spermatozoa is more significant in
OECs than in LLC-PK1s, and in inducible than cdnostte heat shock proteins. This,
together with other reports (Tabibzadeh and Broqri®89; Georgiou et al., 2005; Sostaric et
al., 2006), suggests a certain role for heat slpocteins in the female reproductive tract.

Heat shock protein 90 kDa alpha A.1 has been destras a protein involved in sperm
capacitation (Ecroyd et al., 2003; Hou et al., d0@7physiological process that occurs in the
oviduct. In pigs, as in other species, uncapadtafgermatozoa preferentially bind to OECs
and then capacitate quickly (see Article 4 and kaateal., 1999). Since sperm binding to
LLC-PK1 cells does not induce sperm capacitationd aspermatozoa upregulate the
expression oHSP90AAlin OECs more intensely than in LLC-PK1, both pheeoa could
be related.

Another gene encoding an inducible heat shock proSPAS is also upregulated in
OECs after co-culturing with spermatozoa, in simigshion toHSP90AA1This protein is a

molecular chaperon (Little et al., 1994) that iduned under conditions of stress and plays a
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protective role. In Article 5, it is demonstratdaht this protein is specifically induced in
OECs by spermatozoa, in contrast to LLC-PK1 cellggesting that it could play some role
in the physiological processes occurring within ¢éiveduct. In line with this finding, HSPA5
has been identified as one of the six major preténAPM extracts isolated from bovine
OEC (Boilard et al., 2004). Furthermore, this piots also involved in spermatogenesis in
mice (Huo et al., 2004) and in the onset of uteremsitisation in rats (Simmons and
Kennedy, 2000).

The other heat shock protein studied in Articls 5IEPAS8, which is the constitutive form
of HSPA1A. In contrast to what occurs witiSP90AAland HSPAS the upregulation of
HSPAS8Is not as important as that of the inducible Isbaick proteins, although spermatozoa
upregulate their expression after six hours of wibdcing. Unfortunately, there are no reports
studying this protein in the oviduct, the inducibtem (HSPA1A) being the only one that has
been documented in mammalian reproduction. Spemoatanduce the expression of
HSPA1A in co-culture with a cultured human cervicall line (HeLa cells) or with cells from
the endorcervicals of sexually active women (Jeasnet al., 1997). Also in relation to
HSPA1A, Georgiou and co-workers (2005) have demmatest that this protein family is
released by OECs in response to sperm. Nevertha&hesther reports studying both HSPAS
and HSPA1A in the human endometrium, it has beesemied that the changes in the
expression of both proteins are different. Thusemghs the levels of HSPAS vary, increasing
progressively during the late proliferative andleaecretory phases and decreasing in the
mid- to late secretory and menstrual phases, thb$tSPA1A remain constant (Tabibzadeh
and Broome, 1999). Our data and previous reportaitadSPAS8indicate that the protein
encoded by this gene is involved in reproductivecpsses and its upregulation is different
from that of inducible heat shock proteins (HSP9QA#&nd HSPAS), but more experiments
concerning proteomics should further be addressiede gene expression analyses are not
sufficient enough to explain changes in proteinregpion patterns.

Prior to the study described in the fifth artictedher approaches had been designed to
assess OEC gene expression in response to spezeti. &&d colleagues (2004) demonstrated
that after insemination in mice spermatozoa triggesignal transduction pathway that
modulates gene expression in OECs when they aatithe oviduct. In pigs, Georgiou and
co-workers (2005) reported that gametes (i.e. @scy@ind spermatozoa) alter the expression

of some specific oviductal proteins after theiricoubation with oviduct fragments. Recently,
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a similar study to ours has been performed usingneohomologous co-culture, and has
shown that motile spermatozoa increase the expressasf OEC prostaglandins
(Kodithuwakku at al. 2007).

As has previously been noted for rabbits (Smith Hothnick, 1997), pigs (Fazeli et al.,
2003) and bovine (Boilard et al., 2004), when s@anoa are incubated with SAPM extracts
from the oviduct their viability is maintained. jigs, these SAPM extracts have been partially
characterised (Elliot et al., personal communicgtian an effort to identify which protein or
proteins are responsible for modulating sperm fonctn fact, more knowledge about which
SAPM proteins extend the life of sperm may fadiéitthe development of long-term semen
diluents, benefiting both agricultural industriesdaconservation practices. In the light of the
results obtained in Article 5, it appears that H&#Q1, HSPA8 and/or HSPA5 could be
SAMP components involved in the modulation of spefunction. However, to better
determine the exact role of these proteins in spagahility, more research using real-time
RT-PCR and western-blotting aftirvitro co-culturing or gene silencing is needed.

In connection with this, the study described inide 6 sought to elucidate whether
HSP90AAL is one of these APM proteins influencimg tsurvival of boar sperm, after
observing that spermatozoa upregulates its expressiin vitro co-culture. With this aim,
RNA interference (RNAI) is used to inhibit its eggsion, later testing whether or not gene
silencing is achieved by RT-PCR and HSP90AAl-imnstaioing. After optimising gene
silencing, sperm viability is assessed in co-celtwith HSP90AA1silenced OECs, using two
controls: non-RNAi-delivered cells and RNAi-delieer cells with a negative-siRNA, which
due to a random sequence does not silence any geshCTBas a housekeeping gene.

RNA interference is a form of knockdown gene silege acting at the post-
transcriptional level and induced by the introdostiof small double-stranded interfering
RNA (siRNA). Briefly, gene knockdown is a usefutadegy in mammalian and cultured cells
for studying the function of a given gene (Liu &f 2004; Paroo and Corey, 2004). RNAI is
induced by siRNA together with the delivery of dsgtranded antisense oligonucleotides
(AODN), the most widely used anti-mRNA strategiéaurfeck, 2003; Yu, 2007). In the
recent years, the use of RNAI has progressivellacep the use of AODN (Elbashir et al.,
2001; Ovcharenko et al., 2005), due to the advastaj the former in respect of the latter
(Hogrefe, 1999; Lee et al., 2002; Achenbach e28I03; Hough et al., 2003).
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One inconvenience of RNAI, like other anti-mRNAad&gies, is the siRNA-delivery,
because the technique used to accomplish this sopgetompromises cell viability, and it is
often difficult to deliver the siRNAs in primary ltures cells (Ovrachenko et al. 2005), like
those utilised in Article 6. Different methods (eapemical transfection, transduction ior
vitro electroporation) can be used to deliver sSiRNAhvwahemical transfection being useful
for immortalized cell lines but not for primary tel(Rebersek et al., 2007). In Article 6,
attempts to deliver siRNA by using chemical trang@en failed, soin vitro electroporation
(EP) was used as an alternative approach, evemglththe use oin vitro EP has been
associated with high cytotoxicity, especially inga plasmid DNA-delivery (Sato, 2005).

In Article 6, the levels of cell viability are highin chemical transfection than im vitro
EP, but the gene knockdown &fSP90AAland ACTB is only observed in EP. After
optimising siRNA-delivery, electroporated OECs acecultured with spermatozoa and then
the sperm viability is determined. The results ol#d confirm the prolonging of sperm
viability by OECs (see Article 4; Yeste et al., 3D0since sperm viability is higher after co-
culturing with non-electroporated cells than eleptrated cells, whose confluence is lower
due to then vitro EP method.

The data on sperm viability demonstrate that HSRPQDAs not involved in the
maintaining of sperm survival, because similar itssare obtained in cells electroporated
with HSP90AAI1SiRNA and negative control-siRNA. It has been ngpd that OECs affect
sperm viability differently, depending on whethernmt spermatozoa bind to epithelial cells
(Fazeli et al., 1999; Yeste et al., 2007c). Howewrerdifferences due tdSP90AA1silencing
in sperm viability are observed within either pagitdn, so these results confirm the role of
OECs in maintaining sperm survival but at the sdamme show that HSP90AAL is not a
protein involved in prolonging the viability of spmeatozoa. It has been observed in Article 5
that spermatozoa induce the expressiorH8P90AAlin OECs after three hours of co-
culturing, and this could mean that this proteiayglsome role in a sperm function parameter
different to sperm viability. Since it seems th&PDOAAL is involved in sperm capacitation
(Ecroyd et al., 2003; Hou et al., 2007), RNAI mayused to make this role clear, as there is
no rationale for the presence of sperm capacitatidacers in short and long-term extenders.
On the other handSPA8andHSPAbSare also upregulated in OECs by spermatozoa iafter
vitro co-culture, so that RNAI could also be performedQECs in order to study the role of

these two genes in sperm function. Finally, the afS@NAIi technology raises a cytotoxicity
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problem with the transfected cells, and it is netc whether cells that are nonviable due to
EP can influence the results in some way. Otherhatst of siRNA-delivery, such as
transduction, should therefore be used in ordsette this point.
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6 Conclusions

. The co-culturing of porcine oviductal epithelial llse(OECs) and spermatozoa
prolongs sperm viability and stabilises the acroslomembrane.

. The prolonging of sperm survival is more significam populations bound to OECs
than it is in those that remain unbound. This iaststent with the formation, the
nature and the role of the sperm reservaoir.

. Co-culturing with OECs maintains motility paramstéetter in unbound spermatozoa
than co-culturing with non-reproductive epithel{®&lLC-PK1) cells and incubation
with a medium with no epithelial cells.

. LLC-PK1 cells maintain sperm viability and motilityetter than incubation with a
medium with no cells, albeit not to the same exéanis the case with OECs.

. Uncapacitated spermatozoa preferentially bind t€®&nd LLC-PK1 cells, whereas
capacitated spermatozoa remain in unbound popofatio

. The percentage of capacitated spermatozoa is highesund and unbound to OEC
sperm populations than in bound and unbound to PIK1-ones. This suggests that
OECs specifically induce sperm capacitation.

. The progress of the percentages of uncapacitatddcapacitated spermatozoa in
bound to OEC populations accords with the propasitithat uncapacitated
spermatozoa bind preferentially, and then capa&cgaickly.

. The incubation of spermatozoa with a medium coodéd by OECs affects sperm
functions, although OEC co-culture has more infaeeon sperm viability, motility
and capacitation.

. No changes in the expression©fU, HSP9OAA1HSPA8andHSPAS5are observed

when comparing follicular and luteal cultured OECs.
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10. Spermatozoa do not modify the expression of clirsether in OECs or in LLC-PK1
cells, but they do upregulate the expressioll8P90AALHSPA8andHSPAS which
all belong to the HSPs family.

11.Spermatozoa also induce the expressiotH8P90AAL HSPA8and HSPASIn co-
culturing with non-reproductive LLC-PK1 cells, bilater than with OECs. This
suggests an effect on OEC gene expression spaxsigermatozoa.

12.1n siRNA delivery, the cytotoxicity observed in chieal plated transfection is lower
than the application oh vitro electroporation.

13.Since chemical transfection does not result ineei®@CTB or HSP90AAlknockdown
in transfected OEC cultures) vitro electroporation is an alternative for optimising
RNA. silencing in primary cultured OECs.

14.No changes in sperm viability are observed aftecudturing with electroporated
OECs withHSP90AA1siRNA. Thus, HSP90AAL appears not to be a praterlved
in prolonging the viability of spermatozoa.

15.Since HSP90AAL is involved in sperm capacitatiamthfer research could usefully
study the effects of RNAI on this sperm parameter.

16. Other studies could be developed using RNAI to idate the role of HSPA8 and
HSPA5 in sperm function, as well as utilising alive delivery methods to

chemical transfection and vitro electroporation.
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Concluding remarks

. The addition of prostaglandin,fat concentrations of 2.5, 5 and 10 mg/100 ml does
not harm sperm quality, so this hormone can be we#d no ill effects at these
concentrations to contract the uterus myometriumg @mprove Al procedures.
Moreover, the addition of prostaglandin,Fat 5 mg/100 ml appears to be better,
compared to an un-supplemented extender, at piagesperm viability and motility
after 6 days’ storage at 15°C in BTS.

. Hyaluronic acid at 50-100 pg-thtelays sperm capacitation after 3 days of stoatge
15°C in BTS, without either damaging sperm viapitit affecting sperm motility.

. The tolerance of spermatozoa to osmotic changésein environment, determined as
the resistance of sperm viability, morphology ane percentage of acrosome-reacted
sperm, could be introduced into multiple regressimdels and jointly assessed with
conventional sperm parameters in order to bettediptr the fertility of a given
ejaculate.

. The prolonging of sperm survival is more significam populations bound to OECs
than it is in those that remain unbound. This iasistent with the formation, the
nature and the role of the sperm reservaoir.

. The percentage of capacitated spermatozoa is highesund and unbound to OEC
sperm populations than in bound and unbound to BPIK1- ones. This suggests that
OECs specifically induce sperm capacitation.

. The incubation of spermatozoa with a medium coodéd by OECs affects sperm
functions, although OEC co-culture has more infaeeon sperm viability, motility
and capacitation.

. No changes in the expression of cluste@h (), heat shock protein 90 kDa alpha A.1
(HSP90OAA), heat shock cognate protein related 70 kBPESHA8 and glucose
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regulated protein 78 kD&GSPAS are observed when comparing follicular and luteal
cultured OEC:s.

8. Spermatozoa do not modify the expressiorCatJ either in OECs or in LLC-PK1
cells, but they do upregulate the expressioRl8P90AA1HSPA8andHSPAS which
all belong to the HSPs family.

9. No changes in sperm viability are observed aftecuturing with electroporated
OECs withHSP90AA1siRNA. Thus, even though HSP90AA1 appears notdaab
protein involved in prolonging the viability of speatozoa, further research using
RNAI could address the effects 6fSP90AAisilencing on other sperm function

parameters.
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Introduccio general

1. L’espécie porcina i la raca Pietrain
1.1. Introduccié

L’especie porcina Jus domesticlisté una gran importancia en I'economia mundial,
especialment a Europa i al continent america, smdees més utilitzades en les explotacions

ramaderes de multiplicacio sén tres: Landracerd&iét Duroc (figures I-1, 11-2 i 1I-3).

Figura I-2. Mascle reproductor porci de la raca Piétrain.
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Figura I-3. Mascle reproductor porci de la raca Duroc.

Malgrat que se sap amb exactitud quan va aparaeesta raca en les explotacions
ramaderes europees, hi ha nombrosos dubtes sobgeli d’aquests animals, caracteritzats
per la seva elevada capacitat de produir carnd&tiers estudis que s’han publicat en aquest
ambit suggereixen la hipotesi que la raca Piétdgin procedir de I'encreuament de porcs
Yorkshire amb porcs de la raca Bayeux (importatamiula Primera Guerra Mundial des de
Normandia), els quals, al seu torn, havien estatats amb porcs Berkshire.

La raga Piétrain no va adquirir una certa impoitancextensio fins a la decada dels
cinquanta del segle passat. L'any 1953 es recankixiaca a la provincia de Brabant, el 1954
es va establir I'estandard racial i el 1956 la neggger reconeguda arreu de Bélgica.

L’'any 1955, la raca va ser exportada a Franca 19818 es va fundar el denominat
zootecnic francedlibre que es convertiria en el llibre genealodgcla raca el 1963 (Buxade,
1984).

1.2. Caracteristiques morfologiques de la raca Pietin

Des d’'una perspectiva morfologica, la raca Piétesicaracteritza perque:
a. Presenta una musculatura forta en els tergos pstenterior.
b. Té una capa blanca amb taques negres i/o vermallesap relativament petit amb
perfil recte o subconcau.
c. Es un animal d’aparenca curta i arrodonida. Elscleagpesen entre 280 i 300 kg i les
femelles entre 240 i 260 kg. L'altura a la creuildscentre 0,751 0,85 m i la seva

longitud no supera els 1,55 m.
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1.3. Caracteristiques productives de la raca Piétia

Pel que fa a les seves caracteristiques productjuesexpliquen l'interés que té aquesta raca

per al sector ramader, les més importants soretpsests:

Qualitat excepcional de la canal Aquest és un dels caracters que ha fet famosa
aquesta raca. La canal dels exemplars Piétrain prcentatge elevat de parts nobles,
amb poc greix. El seu rendiment mitja és del 72,Ppercentatge de pernil i llom és
del 57 % i I'espessor del greix dorsal és d’apradament uns 20 mm.

Qualitat mediocre de la seva carnEncara que és millor que la del porc blanc belga,
aquesta és inferior a la dels porcs Large-White.

Rendiments tecnics acceptable§obretot fins als 75 kg de pes viu. A partir d'esfu
pes llindar, I'animal tendeix a engreixar-se idléx de conversié augmenta.

indexs reproductius baixos.La mida de la ventrada no sol ser gran i, a més, el
nombre de garrins deslletats és baix (aproximadad@ngarrins nascuts vius i entre
set i vuit garrins deslletats).

Disharmonia anatomicofuncional La relacié cor-cos és molt petita, la qual cosa
implica que la mortalitat sigui més gran que entda races i que en els exemplars de
la raca Piétrain es produeixin amb frequeéncia pradardiaques. Aquesta
disharmonia explica la problematica de la seva ariBspanya, on les condicions
climatiques provoquen l'estres d’aquests porcs.

Finalment, cal destacar que les femelles Piétrain sfutilitzen com a femelles

reproductores, perque encara que son docils i hoaess, presenten unes mames recollides i

produeixen poca llet.

Actualment, els mascles de la raca Piétrain Sz#ili en programes d’encreuament en un

gran nombre de paisos (Espanya, Franca, AlemamggneRUnit, Italia, Russia, Romania,

Polonia, Dinamarca, Republica Txeca, Hongria, Bragirgentina) amb femelles d’altres

races, com la ragca Hampshire, la Duroc i racesd&ibr Aixo posa de manifest la importancia

que aquesta raga té com a aportadora de quartitatrd en la linia mascla (Buxade, 1984).
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2. L’ejaculacio i 'espermatozoide de porci

2.1. L’ejaculacio

A I'espécie porcina, les primeres ejaculacionsreslyeixen a I'inici de la pubertat, entre els
cinc i sis mesos d'edat. Entre els vuit i els datzesos d’edat, els mascles es consideren
postpuberals i es creu que sén completament madadisilts a partir de I'any d’edat (Martin,
1982; Hugues i Varley, 1984; Sancho, 2002).

Pel que fa al volum, I'ejaculacié del mascle remdr porci varia entre 150 i 300 ml
(Martin, 1982; Garner i Hafez, 1986; Rothschild9@9Pinart i col-l., 1999). Tanmateix,
aguest volum esta sotmes a variacions consideratas consequéncia dels efectes individu
i ambient (Setchell, 1991). En termes comparagusplum de I'ejaculacié en porci €s molt
elevat quan es compara amb el d’altres especismdefers domestics. Aixi, per exemple, en
bocs, s’han observat volums d’entre 0,2 i 2,5 ndr(@r, 1991; Setchell, 1991); en cavalls, el
volum oscil-la entre 30 i 150 ml (Rasbech, 1984n&twnna, 1989); en toros, entre 51 30 ml
(Garner i Hafez, 1986; Rasbech, 1984; Setchell1]99en bens, entre 0,8 i 1,2 ml (Garner i
Hafez, 1986). Pel que fa a I'especie humana, dtwvae referencia oscil-len entre 2 i 6 ml
(Ludwig i Frick, 1990; Andolz i Bielsa, 1995; WHQ000).

En I'ejaculacié del mascle reproductor porci s’biden distingir tres fraccions, com a
resultat tant de les secrecions procedents def@smnts glandules sexuals accessories com de
I'activitat testicular i epididimaria (Pond i Hoydt981; Fournier-Delpech i Thibault, 1993;
Garner i Hafez, 1996; Sancho, 2002; Cérdova-lzgoi¢rcol-1., 2004; Pefa i col-l., 2006):

» Fracci6é preespermatica.Esta formada per les secrecions de la prostataelgicules
seminals i las glandules bulbouretrals o de Cowpeuesta fraccidé té un volum
aproximat de 10 ml, presenta un aspecte practidartransparent i no contée
espermatozoides.

» Fraccié espermatica o rica en espermatozoidesiquesta fraccio té un volum
d’aproximadament 70 ml, és de color blanquinds unéaspecte lletds. Presenta una
elevada concentracié6 d'espermatozoides, que @sciehtre 0,5-70 i 10°
espermatozoides-thl procedents de [lactivitat del testicle. D’altraandla, les
secrecions que conté aquesta fraccid procedeix@nde la prostata com de les

vesicules seminals.
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» Fraccié postespermatica o pobra en espermatozoidéesl seu volum és d’'uns 150
ml; presenta un color lleugerament blanquinds it&€omocs espermatozoides (la
concentracié és inferior a 4@spermatozoides/ml). En aquesta fraccié, a més, s’
troben secrecions de consistencia gelatinosa peotedde la prostata i de les

glandules bulbouretrals o de Cowper.

2.2. L'espermatozoide

L’espermatozoide és el gameta reproductor masceligroducte de la gametogénesi i la
posterior maduracié epididimaria. L’espermatozoitgelur de porci té una longitud de 45 pum
i s’hi poden diferenciar tres regions: el cap, éggde connexio i la cua (Bonet i col-1., 2000).
La cua esta constituida per la peca intermedia tocondrial, la peca principal i la peca
terminal.

El cap és ovalat i aplanat, té una longitud de 7 wma amplada de 3,7 um i un gruix de
0,4 um, i comprén el nucli i 'acrosoma. Ambduesesasén diferents. Aixi, mentre que una
és plana, I'altra presenta una protuberancia apmailunar, que té 0,4 um i una llargaria de
1,2 um (Garner i Hafez, 1996; Bonet i col-l., 20@)nucli conté la cromatina, que es troba
molt condensada, i en I'acrosoma, que és un orgesldllar especialitzat que es localitza
sobre el nucli, s’hi distingeixen tres segmentscapprincipal i equatorial. Es distingeixen, a
més, dues membranes acrosomiques: la interna, mact® amb el nucli, i I'externa, en
contacte amb el plasmalemma. L’especificitat deraoma s’explica en part pel nombre i
I'heterogeneitat quimica de substancies que camaéy ara mucopolisacarids, proteines i
lipids. Cal destacar la presencia d’enzims hideslitcom la hialuronidasa, que produeix el
trencament de les cel-lules de la granulosa, rd&oa, una proteasa molt important en el
moment de la fecundacio, perque trenca la zonhipiela de I'o0cit.

El coll o peca de connexio té una longitud de 37 ipun gruix de 0,5 um. De forma
conica, presenta una base més ampla, d'1,3 umcoetacte amb el cap, i una regié més
estreta, de 0,6 um, en contacte amb la peca intkmm&ambé s’observa una protuberancia
anular de 0,15 um de diametre (Bonet i col-l., 2000

Finalment, la cua és filamentosa i cilindrica iististingeixen tres regions: la peca
intermedia, la peca principal i la peca terminak. peca intermédia o mitocondrial té una
longitud de 9 um i un diametre de 0,7 um. Aquesior de la cua, que conté la beina
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mitocondrial, és la que proporciona I'energia neaga per al batec del flagel. L'anell de
Jensen és la zona que separa les peces internpétfieipal. La peca principal, de 26,2 um de
longitud, presenta un diametre de 0,4 um; i la pegainal té 2,2 um de llargaria i 0,2 um de
diametre (Briz, 1994; Bonet i col-l., 2000).

<+— Acrosomi

Cap
<— Nucli
I > Coll
<4— Peca intermed \
,E <«— Peca principal > Cua
<— Peca terminal j

Figura I-4. Representacié esquematica de I'espermatozoigerndé (Briz, 1994; Bonet i col-l., 2000).

3. La qualitat espermatica de I'ejaculacio

La qualitat espermatica de les dosis seminals ésvglorar analitzant diferents tipus de
parametres tant cel-lulars com bioquimics (Knolleil, 1994; Briz, 1994; Sancho, 2002).
Pel que fa als parametres cel-lulars, se solenndietar la viabilitat, la motilitat, la morfologia

i 'aglutinacié espermatiques, aixi com la integfritle la beina mitocondrial i de I'acrosoma i

la resistencia osmotica dels espermatozoides deesésistencia osmotica, ORT). El nombre
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d’espermatozoides que es recompta en cadascunzsedtag analisis ha de ser elevat, atesa la
variabilitat intra- i interindividual de la mostréa subjectivitat de I'assaig (Woelders, 1990).

3.1. Viabilitat espermatica, integritat de la beinamitocondrial i de 'acrosoma

La viabilitat espermatica €s un parametre molt irgyd en la valoracié de la qualitat
espermatica i descriu el percentatge d’espermategoviables i d’espermatozoides no

viables.

3.1.1. El nucli

Per dur a terme aquesta valoracio de la viabibsgermatica es poden aplicar diferents
metodes. D’'una banda, es poden utilitzar diferéntsons especifiques, com la de I'eosina -
blau d’anilina (Shaffer i Almquist, 1948) o I'eoshmigrosina (Dott i Foster, 1972; Garcia-
Artiga i col-l., 1994; WHO, 2000; Kvist i Bjorndgh002; Sancho, 2002). ElI fonament
d’aquestes tincions és que la membrana dels esfmroides viables és impermeable als
colorants, mentre que la dels espermatozoidesaiied és permeable.

Atés que sovint aquestes tincions no son prou desrger dur a terme aquesta
determinacid, s’han desenvolupat altres métodemateatge amb fluorocroms, que després
sén observats amb el microscopi optic de fluoreseem amb el citometre de flux (O’Neill,
1997). Un exemple de fluorocrom utilitzat per valofa qualitat espermatica és el taronja
d’acridina, que ha estat emprat en huma (Hoshilil.cd996; Zini i col-l., 2000), bovi
(Dobrinski i col-l., 1994) i porci (Bonet i col-1995; Pinart i col-l., 1999). Aquest marcatge
es fonamenta en les propietats d’aquest agentaltert, que, després d’haver estat excitat a
una longitud d’'ona de 450-490 nm, emet fluores@emia color verd si esta unit al DNA
cel-lular no alterat o fluorescencia de color t@ai resta unit al DNA desnaturalitzat (Zini i
col-l., 2000). Malgrat tot, Hoshi i col-laborad¢t996) han posat en dubte la utilitat d’aquesta
tecnica per predir la fertilitat.

A partir de la segona meitat dels anys norantaaegeweralitzar I's del doble marcatge
com a metode de determinacio de la viabilitat esptica, no només en porci siné també en
huma i en altres especies d’animals domestics.dgdesh doble marcatge, un fluorocrom és
especific per a les cél-lules viables i I'altredsoper a les cel-lules no viables (Nagy i col-l.,
2003; Rowland i col-l., 2003). Els fluorocroms percel-lules viables o bé s’uneixen
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especificament a enzims que només son actius asaceél-lules son vives, o bé només
emeten fluorescencia quan les bombes ioniques estdancionament (Shapiro, 1998). Els
fluorocroms per a cel-lules viables més utilitzaés I'SYBR-14 (Garner i col-l.,, 1994;
Gravance i col-l., 2001; Huo i col-l., 2002; Loveoai-l., 2003; vegeu també el capitol IV), el
Hoechst 33342 (Cai i col-l., 2005; Hallap i col2Q06) i el bisbenzimida Hoechst 33258
(Bussalleu i col-1., 2005; Gonzalez-Urdiales ilco2006; Pinart i col-1., 2006).

El principi dels fluorocroms especifics per a céd$ no viables, el més conegut dels
quals és el iodur de propidi (IP) (Garner i coltB94; Love i col-l., 2003; Nagy i col-l., 2003;
Rowland i col-l., 2003), és que aquests no traveEsenembrana plasmatica de les cel-lules
viables, de manera que només marquen les celralembles.

Altres tecniques d'immunomarcatge, que combinen deslos fluorocroms, pretenen
obtenir no només informacié sobre I'estat del nusilnd també sobre altres compartiments
(Bussalleu i col-l., 2005; Pinart i col-l., 200B) qual cosa permet una prediccid més acurada
de la capacitat fecundant dels espermatozoiden@lo col-1., 1999; Nagy i col-l., 2003).
Aixi, mitjancant les técniques de triple marcatge,pot coneixer la viabilitat del nucli al

mateix temps que I'estat de I'acrosoma i el deciad mitocondrial.

3.1.2. L’acrosoma

L’andlisi de I'acrosoma es duu a terme mitjancantihes conjugades amb fluorocroms,
com la PSA Pisum sativunagglutinin) (Farlin i col-l., 1992; Casey i col-l., 1993), P&NA
(Peanut agglutinipn (Cheng i col-l., 1996; Fazeli i col-l., 1997) a ktoncanavalina A,
combinades amb el fluorocrom FITC (isotiocianatfll®resceina) (Kinger i Rajalakshm,
1995; Ozaki i col-l., 2002), o l'inhibidor de trips de la beina de soja (SBTihypsin
inhibitor from soybeancombinada amb biotina (Arts i col-1., 1994).

L’acrosina, molécula caracteristica de l'acrosorés, 'enzim que aquestes lectines
reconeixen i el seu marcatge és baix quan elsmspezoides presenten I'organul intacte. En
canvi, quan l'acrosoma ha tingut alguna alteragicdnsegiientment, ha reaccionat, la
intensitat d’aquest marcatge augmenta (Ozaki 1.c@002). L'especificitat de les lectines
esmentades per I'acrosina (Tao i col-l., 1993)atble i, d’acord amb els darrers estudis, el

marcatge amb I'SBTI és el que presenta una resolués elevada a I'hora de diferenciar
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entre espermatozoides amb I'acrosoma intacte irespezoides amb I'acrosoma malmeés o
reaccionat (Tollner i col-l., 2000; Ozaki i col2002).

3.1.3. La beina mitocondrial

Pel que fa a la beina mitocondrial, alguns estudliss a terme en un bon nombre d’espécies
diferents, han utilitzat diversos fluorocroms. Aieh huma, Auger i col-laboradors (1993) i
O'Connell i col-laboradors (2002) han utilitzatdalamina 123, i Poot i col-laboradors (1996)
el clorometil-X-rodamina. En porci, s’ha utilitZatrodamina (Fraser i col-l., 2001) i el iodur
de 5,5,6,6'-tetracloro-1,1’,3,3'-tetraetilbenzinaigolil-carbocianina (Huo i col-l., 2002). Com
que els fluorocroms que marquen la beina mitocahdrdn cationics i lipofilics, poden
difondre passivament a través de la membrana ptesma acumular-se a la matriu
mitocondrial, que esta carregada negativament. ub'mdacié d'aquestes molecules de
fluorocrom depén del potencial de membrana del coitdri (Gilmore i Wilson, 1999). Les
darreres publicacions en aquest ambit han demogtrtel MitoTrackétGreen FM, de
Molecular Probes (Eugene, Oregon, Estats Units3| §ae ofereix un marcatge més optim de
la beina mitocondrial (Fazeli i col-l., 1997; Ozaki002; Kavak i col-l., 2003). Aquest
fluorocrom s’uneix especificament als lipids de rheana dels mitocondris funcionals pero
no als dels mitocondris alterats (Keij i col-1.020 Fraser i col-l., 2001). A més, presenta una
especificitat més elevada que la rodamina 123sela lectura, atesa la longitud d’'ona a la
qual emet després d’haver estat excitat, el coeeen un bon candidat per ser inclos en els

protocols de doble i triple marcatge (Sutovskylilgdl999).

3.1.4. La viabilitat espermatica en condicions aeslzrd

En condicions normals, el semen ejaculat porci é&oattre un 65% i un 85%
d’espermatozoides viables (Martin, 1982; Buxad&41®8riz, 1994; Bonet i col-l., 1995; Briz

i col-l., 1995; Pinart i col-l., 1999). Es parla decrozoospérmia quan el percentatge
d’espermatozoides viables és inferior als valansliir esmentats.
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3.2. Motilitat espermatica

Els espermatozoides madurs de mamifer tenen lacitaipale moure’s mitjancant els
impulsos que realitza la seva cua. La motilitateesyatica €s un dels parametres més
analitzats i utilitzats en els centres de produa®oddosis seminals per valorar la qualitat
espermatica d’'una ejaculacié (Flowers, 1997; Rigeal-l., 2001; Sancho, 2002), encara que
la correlacio d’aquest parametre amb les taxe®#itht o de no-retorn a I'estre després de
60 dies és discutida (Berger i col-l., 1996; Péideno i col-l., 2001).

La valoracio de la motilitat espermatica es pot alierme tant de manera objectiva com
subjectiva. En els treballs que constitueixen aguessi doctoral, I'avaluacié de la motilitat
espermatica s’ha dut a terme de manera objectiatijativa i qualitativa, i s’han determinat
els percentatges d’espermatozoides immobils oiestiaels d’espermatozoides mobils, dins
dels quals s’han distingit els que presentavenltabiprogressiva de la resta (WHO, 2000).

En els darrers anys s’ha estés I'Us de sistemegutenizats per a l'analisi dels
parametres classics de I'espermograma. Aixi, skermies CASAdomputer-assisted semen
analysig ofereixen meés precisio i més objectivitat quedaalisis classiques convencionals,
aixi com una reduccio significativa del temps eg@aea dur a terme aquesta analisi (WHO,
2000; Kvist i Bjorndahl, 2002).

Tanmateix, i molt especialment per a I'analisi skainen porci, cal tenir en compte que els
espermatozoides d’aquesta especie perden facillaesgva motilitat quan la temperatura
disminueix o quan sOn sotmesos a manipulacions, EMcentrifugacions a velocitats
lleugerament baixes, per més petites que aquesjem.SEncara que per resoldre aquest
problema i induir la recuperacié de la motilitatpest incubar la mostra durant 15-20 min a
37°C (Briz, 1994) o estimular-la mitjancant I'addicle diferents compostos (com la cafeina,
Vazquez i col-l., 1985), la variabilitat interalhuc, intragrups €s molt elevada. En els darrers
anys s’han dut a terme diferents estudis que aealit’estructura de les ejaculacions
mitjan¢ant I'analisi de les subpoblacions que elsstitueixen. En aquests estudis, I'analisi de
conglomeratsde la motilitat espermatica té un paper foname(dlaigar i col-l., 1999;
Quintero-Moreno i col-l., 2004; Satake i col-1.08]
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3.3. Morfologia espermatica

L’'avaluacio de les caracteristiques morfologiquegspecialment, de les anomalies dels
espermatozoides representa una part molt impodaritanalisi seminal. Per a la majoria
d’investigadors, la morfologia espermatica és un balicador de la fertilitat del mascle
(Kruger i col-l., 1986, 1988; Jouannet i col-1.8890ehninger i col-l., 1988, 1990; Boyle i
col-l., 1992; Ombelet i col-l., 1995; Bonde i coll998; Martinez i col-l., 2000; Rigau i col-l.,
2001; Alm i col-l., 2006).

Mitjancant I'examen microscopic es poden determinals percentatges
d'espermatozoides madurs, d'espermatozoides immadur d’espermatozoides amb
morfologia aberrant. Alguns autors han establed freqiéncia llindar d’espermatozoides
madurs del 75-80 % per a l'analisi de la morfologispermatica del semen fresc en
condicions normals (Briz, 1994; Bonet i col-l., B92000; Pinart, 1998a; Pinart i col-l.,
1998b; WHO, 2000; Kvist i Bjérndahl, 2002).

Quan el percentatge d’espermatozoides immadureéstea saber, igual o superior al 30
%, se suposa que hi ha alguna disfuncié epididangeneralment provocada per I'absencia
de la maduracio dels espermatozoides al llarg aledlucte epididimari, que és consequiéencia,
al seu torn, d’'un transit excessivament rapid ds[sermatozoides pel conducte epididimari.
De fet, aquesta disfuncio és frequent quan el rifieg@culacions és massa elevat (Thibault i
col-l., 1993; Pruneda i col-l., 2005).

D’altra banda, I'estudi de les formes aberrants poden afectar el cap i/o la cua de
I'espermatozoide té un interes especial. Segonssigui el seu origen, es distingeix entre les
malformacions primaries, quan s’han produit al id¢kst durant I'espermatogénesi i
I'espermiogenesi, i les malformacions secundagaan s’han produit a I'epididim durant els
processos de maduracié (Bonet i col-l., 1995).

En funcio de l'estructura afectada, es distingentree malformacions cefaliques i
malformacions de la cua. Entre les malformaciorfaliceies es distingeixen les de nombre
(dos o tres caps), les de forma (caps triangubeaidals, piriformes...) i les de mida (macro-
o microcefalia). Entre les malformacions de la esalistingeixen les de nombre (dues o tres
cues), de longitud i de trajectoria (cua doblegadenrotllada). Quan les formes aberrants

superen el 50 %, es parla de teratozoospérmia (ARER; WHO, 2000).
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3.4. Aglutinacié espermatica

S’entén peraglutinacié espermaticda presencia de grups d’espermatozoides, habiardlm
units pels seus caps o les seves cues. En corglicemals, I'aglutinacio espermatica sol ser
practicament inexistent i un augment consideraleldadseva frequiencia pot suggerir una
causa immunologica de la infertilitat. Se sap qat f’augment dels cations bivalents o
trivalents al plasma seminal com la refrigeraciéessivament llarga de les dosis seminals

indueixen I'aglutinacio (Sanchez, 1991; Yeste tlco2007a).
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Determinacio dels parametres espermatics

Els parametres espermatics que s’han analitzadseatiferents estudis (capitol Il i articles 4 i
6 del capitol IV) han estat: la viabilitat, valoeadmb dos métodes diferents, la capacitacio, la
motilitat, la concentracio, la morfologia i I'aginacio espermatiques i la resistéencia osmotica

dels espermatozoides.

1. Analisi de la viabilitat espermatica

1.1. Analisi de la viabilitat espermatica (SYBR-14thD-1)

L’analisi de la viabilitat espermatica en algunp@xments de cocultiu (capitol IV; articles 4 i
6) es va a dur a terme mitjancant el doble marcaigé els fluorocroms SYBR-14 i
homodimer d'etidi (EthD-1), ambdés adquirits a Moilar Probes (Molecular Probesnc.,
Eugene, Oregon, Estats Units). Com a pas previaataige, es va preparar una solucio de
treball de SYBR-14 (concentracié final: 100 nM)thB-1 (concentracio final: 2 pM) en una
relacio 10:1.

En una aliquota que contenia 1 ml de mostra s’hiafagir 11 pl de la solucio de treball
SYBR-14/EthD-1 i es va incubar durant 15 minuts7e63C. Posteriorment, un gota de la
mostra amb els espermatozoides marcats es vatdipssbre un portaobjectes i es va cobrir
amb un cobreobjectes, i es va observar utilitzast mhicroscopis d’epifluorescéncia: Leica
DMLR-XA (Leica, Wetzlar, Alemanya), a I'article IM,Axio Imager.Z1 (Zeiss, Oberkochen,
Alemanya), a l'article VI, a 400 augments en ambdsos i mitjancant dos filtres: un filtre
I3 (longitud d’'ona d’excitaci6: 450-490 nm; longitwd’ona d’emissio: 515 nm) i un filtre
N2.1 (longitud d’ona d’excitacio: 515-560 nm; longl d’ona d’emissié: 590 nm). Es van dur
a terme tres recomptes de 100 espermatozoides ccada€ada espermatozoide es va

classificar en viable (fluorescéncia verda) o rable (fluorescencia vermella) (figura 11-1).

401



Capitol I

Figura Il-1. Viabilitat espermatica (SYBR-14/EthD-1) a 200 augise

1.2. Andlisi de la viabilitat espermatica, de l'estt de l'acrosoma i de la beina

mitocondrial (metode del triple marcatge)

En practicament totes les analisis de viabilitgteesatica, llevat de I'analisi de la viabilitat
en alguns experiments de cocultiu (vegeu els astidli 6 del capitol V), es va utilitzar el
protocol de triple marcatge descrit per Bussallealilaboradors (2005). Aquest métode, que
permet coneixer I'estat, integre o no, de tres @timpents —el nucli, 'acrosoma i la beina
mitocondrial—, combina I'Gs de quatre fluorocronmifeknts: dos fluorocroms nuclears, la
bisbenzimida Hoescht 33258 DAPI (4’-6’-diamino-2vlendole) i el iodur de propidi
(Sigma-Aldrict’, Saint Louis, Missouri, Estats Units); una lecti®BTI) conjugada a un
fluorocrom (Alexa Fluo? 488) especifica per a I'acrosoma i un fluorocrspeeific per als
mitocondris funcionals (MitoTrack&reen FM) (ambdés de Molecular Prabes

El protocol que es va seguir va ser el descriBussalleu i col-laboradors (2005)

a) Marcatge del nucli (Hoescht 33258 i IP)
1. Afegiu 1 pl de la solucié de bisbenzimida/Ho@s8B258 (5 uM) en un eppendorf

(Eppendorf AG, Hamburg, Alemanya) de 2 ml que canti 1 ml de mostra, i deixeu-ho
incubar a 37°C durant 10 minuts. La concentracié de ser duns 25-751C°
espermatozoides-thl Si la concentracié de la mostra no s'ajusta aesiqwang un cop
realitzades les dilucions pertinents, cal torndilr.

2. Afegiu 10 pl d’una solucié de iodur de propiEiDQ pg - mf) i incubeu-ho a 37°C durant

10 minuts.
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3. Centrifugueu la mostra a 48@ durant 10 minuts i descarteu el sobrenedant.

b) Marcatge de la beina mitocondrial i I'acrosomBlifoTracke® Green FM i conjugat
SBTI-Alexa Fluot 488)

4. Resuspeneu el pel-let restant amb una solugidgonent temperada a 37 C que contingui 1
ml d’Alexa Fluof® 488 conjugat amb la SBTI (15 pM) i 1 ml de Mitatkar® Green FM (100
nM).

5. Incubeu la solucio preparada al pas anteriar @ 8urant 20 minuts.

6. Centrifugueu la mostra a 48@ durant 10 minuts i descarteu el sobrenedant.
7. Resuspeneu el pel-let amb 1 ml de diluent BESigment temperat a 37°C.
8. Guardeu-ho a 37°C fins al moment de I'observacio
9. Observeu-ho al microscopi optic de fluorescenicgs mostres van ser observades amb un
microscopi d’epifluorescéncia Leica DMR-XA (Leicéd/etzlar, Alemanya) amb un objectiu
Leica 40x 1,32 HCX PL APO. Per fer 'observaciovas utilitzar els tres filtres segtients:
* Filtre A (DAPI). Permet I'observacio dels espermatozoides viablesréfscencia
blava), marcats amb bisbenzimida (Hoescht 33288)g{lud d’ona d’excitacié: 340-

380 nm; longitud d’ona d’emissio: 425 nm) (figute).

Figura 1l-2. Imatge del triple marcatge mitjancant el filtre BAPI) a 400 augments.

* Filtre 13 (FITC). Permet I'observacié simultania de les mostres pgresenten
fluorescéncia verda, generada per la SBTI-Alex@f21488 i el MitoTracke? Green
FM, aixi com una fluorescéncia debil emesa pel iaipropidi i que correspon als
espermatozoides no viables (longitud d’ona d’exaitad50-490 nm; longitud d’ona

d’emissi6: 515 nm) (figura 11-3).
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Figura 11-3. Imatges del triple marcatge obtingudes mitjanehfittre I3 (FITC) a 400 augments.

* Filtre N2.1 (rodamina). Permet [|'observacié d’espermatozoides no viables
(fluorescéncia vermella) marcats amb IP (longittehd d’excitacio: 515-560 nm;

longitud d’ona d’emissio: 590 nm) (figura 11-4).

Figura I1-4. Imatge del triple marcatge obtinguda mitjancarfilteé N2.1 (rodamina) a 200 augments.

Després de I'observacio, els espermatozoides elaasificar en vuit categories (taula
[I-1) d’acord amb la fluorescéncia emesa pels gufitrorocroms. Tanmateix, en totes les
analisis dutes a terme es va considerar com unreapzoide totalment viable (VB) el que
presentava intacte el nucli, la beina mitocondridlacrosoma. En els casos en qué un

espermatozoide presentava almenys algun compattmmames, es va considerar no viable.

2. Analisi de la capacitacio espermatica

El doble marcatge amb clorotetraciclina (CTC) (WaiStorey, 1984) i homodimer d’etidi

(EthD-1; Molecular Prob&$ va ser el métode emprat per a l'analisi de laac#acio
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espermatica, d’acord amb el protocol descrit pengViacol-laboradors (1995) i Mattioli i
col-laboradors, i ajustat a I'espermatozoide decipper Fazeli i col-laboradors (1999) i
Funahashi (2002). En primer lloc, es va preparar swlucio de treball que contenia CTC
(750 mM) (Sigma-Aldrich), D, L-cisteina (5 mM) (Sigma-Aldrich) i tamp6 Tris-NaCl (20
mM). Aquesta solucio, ajustada a pH 7,8, va sérafla emprant filtres (Millipore Corp.,

Espanya) que tenien un diametre de porus de 0,22 um

Fluorescencia

Tipologia
Nucli Beina mitocondrial Acrosoma
Espermatozoide viable amb la beina mitocondrial i
Verda Verda _
'acrosoma intactes (VB).
No marcat . ) ) ) o
Espermatozoide viable amb la beina mitocondriaata i
Blava Verda Globul verd
'acrosoma alterat.
escampat
Espermatozoide viable amb la beina mitocondrigratta i
No marcat Verda _
'acrosoma intacte.
Espermatozoide no viable amb la beina mitocondiial
Verda Verda .
'acrosoma intactes.
No marcat ] ) ) ] ]
. Espermatozoide no viable amb la beina mitocondhrtatta
Verda Globul verd
i 'acrosoma alterat.
escampat
Vermella . ) ) ) ]
Espermatozoide no viable amb la beina mitocondrial
No marcat Verda ) _
alterada i 'acrosoma intacte.
No marcat ) ) ) ) N
Espermatozoide no viable amb la beina mitocondiial
No marcat Globul verd
'acrosoma alterats.
escampat

Taula 1l-1. Lectura del triple marcatge.

En un eppendorf que contenia 50 pl de semen sthiafagir 2 pl d’EthD-1 (Molecular
ProbeS) i la mostra es va incubar a 37°C durant 10 mirRusteriorment, s’hi van afegir 10
ul de la solucié de treball CTC i, 2 minuts mésltdi0 pl de fixador (paraformaldehid al 2 %
preparat amb PBSKosphate-buffered salipg=inalment, es van dipositar 5 pl de la mostra
marcada en un portaobjectes i es va muntar amb deednuntatge DABCO™ (que evita
I'esmorteiment de la CTC) (Sigma-Aldrich
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Els portaobjectes es van observar amb un microstepifluorescéncia (Leica DMLR-
XA) amb font d’il-luminacié a I'espectre blau-vitée (longitud d’ona d’excitacié: 330-380
nm; longitud d’ona d’emissio: 420 nm) utilitzant ahjectiu Leica A 40x 1,32 HCX PL APO
i un filtre H3 (longitud d’ona d’excitacio: 420-49fm; longitud d’ona d’emissié: 515 nm).
Per a cadascuna de les analisis es van recompfaregfermatozoides viables (EthD-1
negatius), diferenciant entre tres patrons de désgncia possibles (Wang i col-l., 1995)

(vegeu la taula II-2).

Abreviacio Estat Descripci6

NC/F Espermatozoides no capacitats S’observa figéreia uniforme a tot el cap.

) ) S'observa una banda no fluorescent a la regi6
C/B Espermatozoides capacitats .
postacrosomica

AR Espermatozoides amb I'acrosom&lo s'observa fluorescéncia al cap o bé s'observa
reaccionat una fina banda fluorescent al segment equatorial.

Taula 1l-2. Lectura de la capacitacioé espermatica.

3. Analisi de la maotilitat i la concentracio esperratiques

La motilitat i la concentracié espermatiques es walorar mitjancant un sistema
computeritzat o sistema CASAqmputer assisted sperm analyzejue consisteix en un
microscopi optic de contrast de fases (Olympus BXdainb una platina calefactora
incorporada (ajustada a 37°C), hardwarei un software(Sperm Class Analyzer Software,
Microptic SL, Barcelona) compost per dos programesiul diferents (SCA Production
2002 i SCA Motility Module). Aquest sistema computeritzat petruna analisi més
objectiva de la motilitat i la concentracio espetiques.

Per dur a terme l'assaig, 15 pl de mostra, previgrtenperada, es van dipositar en una
cambra de Makler (Selfi-Medical Instruments, Haifarael) també temperada a 37°C.
L’'observacié es va realitzar mitjancant un objedfilympus 10x 0,30 PLAN (contrast de
fases negatives). Per a cadascuna de les mosingm) eecomptar uns 1.000 espermatozoides,

capturant el nombre de camps necessaris per aagokst nombre (figura II-5).
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Figura II-5. Imatge de la motilitat espermatica obtinguda mitint el sistema SCA2002 a 100 augments.

A l'article 3 del capitol Il (sobre la resisténdals espermatozoides als canvis osmotics i
la correlacié d’aquest parametre amb la fertiljtdéd) motilitat es va valorar mitjancant el
software SCA’ Production 2002, que Unicament proporcionava lesqincies
d’espermatozoides amb motilitat total (MOT), amb tiitat progressiva (PMOT) i

d’espermatozoides estatics o immobils (EST) (tHeB.

Tipus de moviment

Immobils Estatics

. No progressius
Mobils ) o
Progressius (trajectoria lineal)

Taula II-3. Classificacio de la motilitat espermatica.

En canvi, en els articles 1, 2 i 4, llevat de estdels espermatozoides units a les OEC en
cultiu (article 4), la motilitat espermatica eswadorar mitjancant esoftwareSCA™ Motility
Module. Aquest programa informatic proporciona nié®rmacio sobre la motilitat i la
velocitat espermatiques que el modul de produddid, després d’observar la mostra tal com
s’ha descrit previament, s’obtenen els percentatgspermatozoides MOT, PMOT i EST,
perdo també els valors dels parametres cinéticsad@ula 11-4 (d’acord amb els llindars
establerts a les taules II-5 i 1I-6) (Abaigar i¢011999; Verstegen i col-l., 2002; Maes i col-l.,
2003).
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Abreviacié Parametre Unitats Descripci6

) o Es la velocitat mitjana en linia recta des de la
Velocitat de progressio lineal L _ ) o o
VSL ) ) ) um-s primera fins a I'Gltima posicié detectada del
(straight line velocity

cap.
VAP Velocitat segons el trajecte mitja N Es la velocitat mitjana de desplacament de
. um-s . . o .
(average path velocily I'espermatozoide seguint la mitjana del trajecte.
Es la velocitat mitjana de desplacament de
Velocitat curvilinia , I'espermatozoide a través de la seva trajectoria
VCL - . um-s ) _
(curvilinear velocity real, tal com s’observa en dues dimensions al

microscopi.

Amplitud del desplacament lateral _ )
) Representa I'amplitud de gir lateral del cap
ALH del cap &mplitude of lateral head pm _ o ) )
. respecte de la peca intermeédia o mitoncondrial.
displacement

Frequiencia de batec de la cbadt
BCF Hz
cross frequengy

Percentatge de linealitat
LIN _ ] % VSL/VCL
(percentage of linearily

Percentatge de rectitugddrcentage
STR _ % VSL/VAP
of straightness

Percentatge d'oscil-lacié
WOB . %
(motility parameter wobb)e

Taula ll-4. Parametres de la velocitat espermatica.

Parametre Minim Maxim
VSL 1pum-§ 500 um-s
VAP 1um-8 500 um-8
VCL 1pum-& 500 um-8
ALH Oum 100 pm
BCF 0 Hz 100 Hz
LIN 10% 98%
STR 10% 98%
WOB 10% 98%

Taula II-5. Restriccions dels parametres cinetics per a lisindé la motilitat espermatica.

Mitjangant el modul de motilitat i sobre la baselaelassificacio feta per I'Organitzacio
Mundial de la Salut (OMS) (WHO, 2000), la poblaegpermatica total es pot subdividir en

408



Determinacio dels parametres espermatics

quatre categories, d’acord ambl@lv VAP cut-off(LVV) i el medium VAP cut-offMVV)
(taula 11-7).

Parametre Valor llindar

Frequiéncia de camp 60 Hz

Camps adquirits 25

Contrast minim 18 pixels

Mida minima de la cél-lula 10 unf

Intensitat minima de consideracio 0.5

Intensitat maxima de consideracio 25

Mida minima de consideracio 0.65

Mida maxima de consideracio 2.6

Elongacié minima 10

Elongacié maxima 100

Caracteristiques dels espermatozoides amb motgitagressiva
VAP cut-off > 45 pm-8
STR > 45%
Mida de la cél-lula 9 pixels
Intensitat 125

Caracteristiques dels espermatozoides amb motiéitat
VSL cut-off 10 pm-&
VAP cut-off 25 um-g

Taula 11-6. Llindars establerts al sistema CASA per a I'andliésla motilitat espermatica.

Subpoblacié espermatica Relacié de VAP

Espermatozoides amb velocitat rapida VAP > MVV
Espermatozoides amb velocitat mitjana LVV < VAP ¥W
Espermatozoides amb velocitat baixa VAP < LVV

Espermatozoides estatics Son les cél-lules qusiais movent durant I'analisi

Taula 1l-7. Subpoblacions espermatiques segons la VAP.

4. Analisi de la morfologia espermatica

La morfologia espermatica es va analitzar mitjah¢ameposicié de 5 pl de mostra seminal

en un portaobjectes, posteriorment muntat amb uweobjectes. Abans de dur a terme
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I'analisi de la morfologia, les mostres es van baudurant 30 minuts a 25°C i 100 %
d’humitat, per immobilitzar els espermatozoides.

Es va utilitzar el sistema CASA, equipat amb elroscopi Olympus BX41, emprant en
aquest cas Unicament el modul de produccié (S®toduction 2002; Microptic, SL,
Barcelona). Les mostres es van observar amb urctabj®lympus 20x 0,40 PLAN, de
contrast de fases positives (figura 11-6).

Figura 1-6. Imatge de la morfologia espermatica obtinguda amb

el sistema SCA producci6é 2002 a 200 augments.

La morfologia espermatica es va avaluar subjectardnient tres recomptes de 100
espermatozoides cadascun i diferenciant entre rmspezoides madurs (MR),
espermatozoides immadurs o espermatozoides amllogéd aberrant (taula 11-8) (Bonet,
1990; Bonet i Briz, 1991; Briz, 1994; Bonet i c9l1995, 2000; Pinart, 1997; Pinart i col-l.,
1998; WHO, 2000; Kvist i Bjorndahl, 2002; Verstegsral., 2002).

5. Analisi de I'aglutinacié espermatica

Per a I'aglutinacié espermatica es van dipositanl 8e mostra i un cobreobjectes sobre un
portaobjectes i es va incubar durant 30 minuts ®C 25humitat relativa del 100 % per

immobilitzar els espermatozoides.
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Per a cadascuna de les analisis, es van fer toesnptes de 100 espermatozoides
cadascun i es van distingir els espermatozoidegiagls (és a dir, aquells units a d’altres
espermatozoides pel cap o la cua) i els no aglsti(el-lules lliures) (Harayama i col-l.,
1994; Harayama i col-l., 2003) (vegeu la taula)llt&s observacions es van realitzar amb un
microscopi optic de contrast de fases (Olympus BXarhb I'objectiu Olympus 20x 0,40
PLAN (de contrast de fases positives).

Espermatozoide Classificacio

Madur Normal

) ) Espermatozoides amb gota proximal
Espermatozoides immadurs ) .
Espermatozoides amb gota medial

] . Forma/mida cap
Aberracions morfologiques del cap _
Cap isolat

Cua doblegada per la pega de connexio
] . Cua doblegada per la pega intermédia
Aberracions morfologiques de la cua
Cua doblegada per I'anell de Jensen

Cua enrotllada

Altres anomalies Altres tipus d’aberracions

Taula 11-8. Classificacié de la morfologia espermatica.

6. Analisi del percentatge d’espermatozoides ambalrosoma intacte per
contrast de fase

El percentatge d’espermatozoides amb l'acrosomactat (article Ill) es va determinar
subjectivament mitjancant un microscopi optic detst de fases (Olympus BX41) amb
I'objectiu Olympus 40x 0,65 PLAN (fases positiveBps van dipositar 5 pl de mostra en un
portaobjectes i es va incubar durant 30 minuts ®C 25humitat relativa del 100 % per
immobilitzar els espermatozoides.

En cada cas es van fer dos recomptes de 100 edpeonmas cadascun. Els
espermatozoides es van classificar en dues catsgseigons que presentessin I'acrosoma

intacte o el tinguessin reaccionat.
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7. Analisi de la resistencia osmotica (ORT)

La resistencia osmotica dels espermatozoides eassajar mitjancant el test descrit per
Schilling (1986) i modificat per Rodriguez-Gil i diu (1995). Per dur a terme I'analisi, es
van dipositar 100 pl de mostra en dos tubs d’EppdnBosteriorment, s’hi van afegir 900 pl
d’una solucié hipotonica de citrat de sodi a I'1(#v) ajustada a pH 7,4 (pressié osmatica:
102 + 5 mOsm-K{) a un dels tubs i, a I'altre, s’hi van afegir 900d’'una solucié isotonica de
citrat de sodi al 3,2 % (w/v) ajustada al mateix g€ I'anterior (pressio osmotica: 305 = 7
mOsm-kg). Ambdés després van ser incubats a 37°C duranhora.

Les mostres aleshores es van tenyir mitjancant étode de I'eosina-nigrosina
(Rodriguez-Gil i Rigau, 1994; Rodriguez-Gil i cqgl2006) i es van fer tres recomptes de 100
espermatozoides cadascun, tenint en compte lditasbiel percentatge d’acrosomes alterats
(AR). El percentage de resistencia osmotica esaleular aplicant la formula descrita per
Sanchez (1991).

ARsotc‘)nic + ARhipotc‘)nic
2

ORT =100-
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1. Introduccio6

1.1. Diluents i inseminacio artificial

1.1.1. Conceptes generals dels diluents

El diluent es defineix com la solucié aquosa quenge augmentar el volum de I'ejaculacio
fins a assolir la necessaria per distribuir lesigi@gminals, preservar les caracteristiques
funcionals dels espermatozoides i mantenir un hdesfertilitat adequat.

Els espermatozoides es troben al plasma semiralswuministra els nutrients necessaris
per mantenir I'elevada activitat metabolica adegupdr transportar els espermatozoides a
través del tracte genital femeni. Des dels primestadis sobre la conservacié del semen porci
se sap que, en l'ejaculacid, aquesta activitat Inddita homés pot mantenir-se durant un
periode de temps molt limitat. Per conservar giemsatozoides durant periodes prolongats
€s necessari que es redueixi I'activitat metabdliela espermatozoides, mitjancant la dilucio
en un medi adequat i la reducci6 de la temperatei@onservacio.

Les caracteristiques fisicoquimiques de I'esperpmatie porci fan que aquest sigui molt
sensible al xoc per fred (Pursel i col-l., 1973),qual cosa provoca una alteracio de la
viabilitat espermatica. Més concretament, la congiddipidica de les seves membranes
sembla la responsable d’aquest fenomen. Aixi, @samedueix la temperatura, els moviments
laterals dels fosfolipids que constitueixen la meanh es redueixen i es produeixen
separacions de fases lipidiques, situacié assoeiadgeracions irreversibles de les proteines
de les membranes. Tot aix0 fa que s’alteri la fomalitat de la membrana espermatica i la
viabilitat cel-lular qgueda compromesa (White, 1998juesta susceptibilitat al xoc per fred
implica que les mostres seminals s’hagin de coaseni5-20°C, ates que una reduccio en la
temperatura d’emmagatzemament limita la viabitiaies mostres seminals (Paulenz i col-l.,
2000, 2002; Kommisrud i col-l., 2002).

417



Capitol I

La conservacid6 a aquestes temperatures lleugerameehfides limita la capacitat
d’emmagatzemament de les mostres, d’'una bandayéerg es pot reduir el metabolisme
cel-lular i, de l'altra, perqueé no es poden coairdés condicions microbiologiques amb la
mateixa efectivitat que les temperatures infer{bfc).

D’altra banda, I'efecte de la dilucié6 comporta gleterminats compostos presents en el
plasma seminal estiguin en concentracions moltdsaen el semen diluit i alterin la viabilitat
espermatica, com passa per exemple amb la reddedi® concentracié de I'i6 potassi ‘K
(Harrison i col-l., 1978) o de les proteines plasjoas. Aquestes perdues necessariament
s’han de compensar amb una formulaci6 adequadaditietnt. Amb aquest objectiu,
s'afegeix, per exemple, albumina sérica bovina (B$&rqué s’ha demostrat que I'addicio
d’aquesta substancia estimula la motilitat (Wabkerstol-l., 1989) i millora les taxes de

fertilitat del semen preservat (Waberski i col:994).

1.1.2. Funcions i composicié del diluent

Per dur a terme la seva funcio, el diluent ha digpoels nutrients necessaris per al
manteniment metabolic de I'espermatozoide (glugdag)roteccid respecte al xoc termic per
fred (BSA), el control del pH del medi (bicarbonatjs, HEPES) i de la pressi6 osmotica
(NaCl, KCI) i la inhibicié del desenvolupament ntbra (antibiotics).

1.1.2.1. Nutrients

L’espermatozoide té la capacitat de produir I'ereergecessaria per mantenir el seu
metabolisme cel-lular i generar el moviment defjdla principalment a través de les vies
glucolitigues. Aquests processos es desenvolupenmibcondris, localitzats a la peca
intermedia de l'espermatozoide. La font d’energrapeada amb més frequéncia en la
composicio dels diluents és la glucosa, encarasquehan utilitzat d’altres (com la galactosa,

la ribosa o la trehalosa) sense que els resultgiis Isuperat la glucosa (Gadea, 2003).

1.1.2.2. Requlaci6 del pH

El pH del semen immediatament després de I'ejadules troba al voltant de 7,4 £ 0,2, de

manera similar a d’altres fluids organics, i quanredueix aquest pH es redueix, al mateix
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temps, el metabolisme energetic de I'espermatozoilde seva motilitat. EI metabolisme
glucolitic que du a terme I'espermatozoide (enw&lda glucosa és el glacid) fa que el pH
intracel-lular disminueixi i el metabolisme celduuedi reduit. L'acid lactic és el principal
metabolit d’aquest procés i la seva analisi biogeanha estat utilitzada com a index de la
qualitat seminal (Rigau i col-l., 1996).

L’'addicié d’agents amortidors ajuden, per tant,camtmlar el pH del medi. Entre els
tampons més simples es troben el bicarbonat itedtaile sodi. Ambdos presenten una
capacitat amortidora limitada, mentre que altregesies més complexos (com el Tes,
I'Hepes, el Mops o el Tris) poden regular el pH wenrang més ampli i alguns no son
dependents de la temperatura (Mops i Hepes).

El pH dels diluents comercials de refrigeracio blsgihabitualment, entre 6,8 i 7,2, pero
cal tenir en compte que el pH d’aquests medis estabilitza fins que han transcorregut uns
90 minuts de l'inici de la diluci6 amb aigua i qaks diferents diluents presenten un patro
diferent de canvi del seu pH al llarg del tempswitei Levis, 1999). Amb tot, s’han de
prendre les mesures oportunes durant la prepadetsodiluents abans de fer-los servir, per

evitar aixi problemes en el procés de conservacio.

1.1.2.3. Pressié osmotica

La pressié osmotica és un factor que varia engaiérents tipus de diluents comercials de
refrigeracio, de manera que aquesta es troba dirag que I'espermatozoide porci és capac
de tolerar (és a dir, entre 240 i 380 mOsn)kPiversos estudis han avaluat la tolerancia dels
espermatozoides a diverses pressions osmotigugbaiarribat a la conclusié que ni la
motilitat ni la viabilitat espermatiques no quedsactades per la pressié osmotica en rangs
compresos entre 250 i 390 mOsm:K§raser i col-l., 2001). En canvi, quan 'osmaétlies
redueix per sota de 200 mOsmi‘kgs detecta una reduccié significativa de la niatili
espermatica (Gilmore i col-l., 1996; Fraser i co001).

En qualsevol cas, els diluents isotonics (300 m®gM-o lleugerament hipertonics sén
els que millors resultats han donat en la comeétzzaié de dosis seminals refrigerades i
destinades a inseminacio artificial. Per regulapressié osmotica s'utilitzen principalment

sals haloidals com el clorur de sodi (NaCl) i efrat de potassi (KCI).
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1.1.2.4. Antibiotics
Els antibiotics s’afegeixen per controlar el crempent microbia en el diluent, perqué tant els

components que el constitueixen (com la glucosha) keotemperatura a la qual es conserven
les dosis seminals (15°C) permeten el creixemerd dejoria de bacteris gramnegatius, com
Escherichia coliSalmonella sp. Pseudomonas sp.

Aquesta contaminacio bacteriana produeix, prinoiealt, una serie d’alteracions, entre
les quals es troben una disminucié de la motilitat, augment de les aglutinacions
espermatiques i del percentatge d’acrosomes altievaia reduccié del pH fins a nivells acids
(entre 5,7 i 6,4) (Althouse i col-l., 2000). Toegat comporta una reduccié del temps de

conservacio de les dosis seminals refrigerades.

1.1.3. Tipus de diluents: refrigeracio i congelacio

Pel que fa als tipus de diluent, cal diferenciar gale s’utilitzen per a semen refrigerat i els
gue s'utilitzen per a semen congelat.

Els diluents per a semen refrigerat es classifiqgredos grans grups: els que tenen com a
objectiu la conservacio a curt termirshprt-term storaged’'un a tres dies) i els que tenen
com a objectiu la conservacio a llarg termilng-term storagemés de quatre dies). Els
primers s’utilitzen principalment en estructuresdigtribucio de les dosis seminals a curta
distancia (propies dels sistemes europeus, onddupcié de dosis seminals en la mateixa
granja és frequent), mentre que els de llarg tarson propis d’estructures com les dels
Estats Units o Noruega, on la distancia entreagl ¢'obtencié de la dosi seminal i el lloc
d’'inseminacio és molt gran.

Malauradament, no es coneix la composicié quavitat’ambdods tipus de diluents, atés
que aquesta esta protegida per raons comercialaraeque si que es coneixen alguns dels
seus components basics, com ara els monosacaadglutosa i la fructosa), les sals
inorganiques (com el clorur de sodi), les sals wiggées (com el citrat de sodi), els agents
guelants (com 'EDTA), les proteines (com l'albUmiserica bovina) i els antibiotics (com la
kanamicina).

Respecte als diluents de congelacio, aquests es leasla utilitzacio de rovell d'ou i de
glicerol com a agents crioprotectors, en una el@v@uhcentracié de gllcids, en la presencia
de sistemes amortidors o tampons (com el Tris)liagldlicié d’'un agent detergent (Royere i
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col-l., 1996; Gadea, 2003). D’acord amb la formidlataquests diluents, el métode basic de
congelacio del semen es desenvolupa en dues etapesle prévia de refredament i una de

posterior de congelacio propiament dita (ErikssBodriguez-Martinez, 2000).

1.1.4. La inseminacio artificial

La primera inseminacié artificial (I1A) en porci @ dur a terme Ivanow a la Russia dels
primers anys del segle passat (lvanow, 1907 i 192@3teriorment, el seu Us es va estendre
durant la decada dels anys trenta a les grangesalsestusses (Rodin i Lipatov, 1935;
Milovanow, 1938) i, uns anys meés tard, va arribaaliaes paisos, com els Estats Units
(Mckenzie, 1931) o el Japé (lto, 1948). Aquestaitgx va ser introduida al sector porci del
Regne Unit gracies als treballs desenvolupats pkyeR1956), perque l'aplicacio d’aquesta
técnica tenia I'avantatge que aprofitava el potngenétic dels millors mascles reproductors
porcins en un gran nombre de truges reproductooss, que facilitava la millora genética.

Perd no va ser fins a principis dels anys vuitaqpia la inseminacio artificial es va
generalitzar en I'ambit comercial (Crabo, 1990; nkun i col-l. 2000), quan es van
estandarditzar els protocols d'inseminacio. Obviaimen aquesta evolucid de practicament
un segle s’han desenvolupat sistemes de recolpdapiaracio de dosis i s’han millorat també
tots els protocols d'inseminaci6 en condicions caiaés.

Actualment, la inseminacié artificial porcina armgmgen fresc i refrigerat és una tecnica
reproductiva d’amplia aplicacié al primer mon, emacajue el grau d'utilitzacio en els
diferents paisos és molt variable. Als paisos eus@n general I'aplicacié de la inseminacio
artificial és molt elevada: assoleix percentatggsesors al 80 % en alguns paisos (Espanya,
Franca, Alemanya, Holanda, Noruega, Finlandianentre que, al contrari, als Estats Units la
frequencia d'Us de la inseminacio artificial ésamacreduit (de prop del 50 %), per bé que en
els darrers anys s’hagi produit un increment medttatcable. Segons les ultimes estimacions,
al mén es duen a terme uns 19 milions d'insemimegita practica totalitat de les quals (99
%) es realitza amb semen refrigerat a 15-20°C gwhn col-l., 2000). D’aquestes
inseminacions, més del 85 % es duen a terme eboditede recollida o 'endema. Entre els
factors que han afavorit el desenvolupament d’agugsnica es troben els avantatges en la

disseminacio potencial del millor fenotip del mas@productor porci i el fet que els resultats
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obtinguts amb aquesta tecnica igualen o fins imdloren els obtinguts en sistemes amb
munta natural.

El semen congelat, en canvi, es troba lluny docupa lloc destacat en el
desenvolupament d’aguesta biotecnologia, ates’'qbeesen baixos nivells de fertilitat quan
s'utilitza semen descongelat, respecte a quarigZatsemen refrigerat.

Una de les linies de recerca més aplicades i qeeimteres té per al sector productiu és
I'optimitzacio de les ejaculacions a partir de nficdcions de la inseminacio artificial
convencional, que permeten reduir el volum i lacemriracié de les dosis seminals. Aixi, amb
I'is de catéters adequats, s’'assagen la IA tratitio cervical, la postcervical, la intrauterina
I la intrauterina profunda (o cornual) (Ekwall ildg 1996) (figura 111-1).

Uterine body 7 to @ in. past
\ end of Cervix

Literina hoen

3. DIUI
10 in. from
the UTJ

Utero-Tubal
Junction (UTJ)

in the Cervix
2. Intrauterine Insemination

In the Uterine Body
3. Deep Intrauterine Insemination
213 of the way up a Uterine Horn

Figura lll-1. Diagrama del tracte genital femeni de la trujaglequal es mostren tres tipus diferents

d’'inseminacid artificial segons el lloc en el gealdipositen els espermatozoides (Belstra, 2002).

Entre aquestes variants de la técnica convencitmahseminacio intrauterina profunda
diposita els espermatozoides molt a prop de larerotubarica, la qual cosa representa un
avantatge per al métode, ja que amb el métode noiral els espermatozoides que es
troben a l'interior de I'Gter han d’arribar a agiaesegio, de manera que se’n perd un nombre
considerable. Amb el métode de la inseminacioiaelfintrauterina profunda, en canvi, la
poblacié que pot colonitzar I'oviducte és consitheent superior a la que hi hauria en el
cas gue es practiqués el metode convencional, dermaue el nombre d’espermatozoides
que tindran les condicions per fecundar I'oocitasarolt més elevat i s'incrementaran de

manera considerable les possibilitats d’éxit. Ultndlorar substancialment els resultats
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obtinguts amb el métode convencional, la inseminaairauterina profunda permet reduir

significativament la concentracio i el volum de tessis seminals utilitzades.

1.2. La millora de les dosis seminals

1.2.1. Conceptes generals

Actualment, la majoria de les inseminacions emtistria porcina es duen a terme utilitzant
dosis seminals refrigerades. Encara que diferestsdis (Colenbrander i col-l., 2003;
Christensen i col-l., 2004) han demostrat que deacteristiques de I'ejaculacio expliquen un
percentatge de variacié de la fertilitat (mesureaia a quocient del nombre de parts respecte
del nombre de cobertes) inferior al 10 %, la w@dio de dosis seminals d’elevada qualitat
s’ha establert com a condicéine qua nor{Correa i col-l., 1997; Vyt i col-l., 2004; Gillan
col-l., 2006). Per aquest motiu un dels ambits guen interés especial és I'estudi de la
millora de dosis seminals i de la qualitat espeicaate les ejaculacions de mascles que tenen
una baixa qualitat seminal. L'addicié de diferesiibstancies al semen diluit i 'administracié
de farmacs per augmentar el transport espermaticdemostrat efectivitat pel que fa a
'augment de l'eficacia reproductiva (Traas i Kitgtr 2004). La millora dels diluents de
refrigeracio i de congelacié-descongelacio, mitgarid’addicié de diferents compostos, s’ha
dut a terme tant en huma com en altres espéeciesrdiss domestics (Barkay i col-l., 1984;
Fattouh i col-l., 1991; Lopez i col-., 2000; Yestel-l., 2007a; Yeste i col-l., 2007b).

D’altra banda, hi ha un conjunt de tecniques quempten la millora de la qualitat
seminal, assajada en la majoria dels casos mitiatgaiabilitat, la motilitat i la morfologia
espermatiques. Dins d’aquests metodes, utilitza@guns casos com a protocols de rentatge
previs a la manipulacié experimental de les dosimigals (Petrunkina i col-l., 2003), es
distingeixen:

— La centrifugacio amb gradientscontinus o discontinude densitat Aquest gradient

es pot formar a partir de diferents compostosntds comuns sén el Percoll, el Ficoll
o la BSA (Graham i Graham, 1990; Petrunkina i cd@2003).

— La migracioé dels espermatozoidesgue permet la separacid dels espermatozoides
segons la seva motilitat. En aquest tipus de metodd#t emprat en humans, es
distingeixen basicament slvim-up el swim-downi les seves variants (Georgiou i
col-l., 1998)
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— La permeacio per gel de les dosis seminaés través de columnes que contenen
matrius de naturalesa i carrega eléctrica dive8epljadex, boletes i llana de vidre,
Leucoscorb) (Centola i col-l., 1998; Adiga i Kumag01; Bussalleu i col-l., 2007)
permet la retencié a la reina dels espermatozaidesiables i amb morfologies
aberrants.

— L’addicio de substancies diferents a les dosis semais diluidesi I'administracio
d’'un bon nombre d’'agents farmacologics, per incrgarela velocitat del transport
espermatic (Traas i Kustritz, 2004). La millora daliluents de refrigeracid i
criopreservacio mitjancant I'addicio de substand#ésrents, com la prostaglandina
F2, 0 I'acid hialuronic s’ha dut a terme tant en hurnén en altres especies d’animals
domestics (Barkay et al., 1984; Fattouh et al.,11%®nce et al., 1999; Lopez et al.,
2000; Yeste et al., 2007a; Yeste et al., 2007Db).

1.2.2. La prostaglandina

Les prostaglandines (PGs) son acids grassos darB0Oris (icosanoides) i tenen un anell de
ciclopenta en el seva estructura quimica. Es tr@mepliament distribuits en els teixits dels
vertebrats i tenen un paper important en un angsitall de processos fisiologics (Kingsley i
col-l., 2005).

Les prostaglandines son produides a partir deddidiigenacié de l'acid araquidonic
(20:4), reacci6 en la qual s'obté com a product@dibperoxi-endoperoxid (PGB
Posteriorment, I'hidroperoxi-endoperoxid és reduobté I'hidroxil-endoperoxid (PGH.
Aquestes reaccions estan catalitzades per ciclenages (figura IlI-2). L’hidroxil-
endoperoxid és transformat després per difererggnena d’altres PG o al tromboxan, A
(Kingsley i col-l., 2005).

Les ciclooxigenases, que transformen I'acid arampicda PG, es troben presents tant a
'esperma epididimaria com a I'ejaculada dels mamsif Estudis immunocitoquimics han
permeés la localitzacié d’aquests enzims a la ragiéal del cap, a la regié postacrosomica i a
la peca intermédia de la cua (Shalev i col-l., 1994

Les prostaglandines, que es troben presents ahalasminal (Templeton i col-l., 1978) i
al moc cervical (Charbonnel i col-l., 1982), poden sintetitzades per I'espermatozoide, tal

com Roy i Ratnam (1992) han observat en huma. gémpgue les PG i altres metabolits
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derivats de I'acid araquidonic fan en els procegspsoductius, basicament els relacionats
amb la reaccié acrosomica i la fecundacio, és prgportant perque hagi estat ampliament
investigat (Joyce i col-l., 1987).

COOH
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; o] o)
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Figura Il-2. Sintesi de les prostaglandines a partir de I'acadjuidonic (Flower, 2006).

D’una banda, s’han dut a terme estudis sobre kefde les prostaglandines PGEPGE
sobre la funcio espermatica (Aitken i Kelly, 19&mttlieb i col-1., 1988). Aixi, Aitken i Kelly
(1985) van demostrar que en huma l'addicié d’alguR& incrementava significativament la
motilitat espermatica i la capacitat fecundant. égja autors van descobrir, a més, que les
prostaglandines podrien modificar la competencieifinal de I'espermatozoide. Per la seva
banda, Shimizu i col-laboradors (1998) van estuéiar mecanismes que expliquen la
presencia de prostaglandines al plasma seminalni caacloure que les PGH PGE
promouen l'influx de calci a I'espermatozoide huma.

L’administracié oral de la PGEté un efecte contractil sobre el conducte deferent
modifica I'activitat de les ciclooxigenases (Gatlii col-l., 1988a). Herrero i col-laboradors
(1997) han observat que la PGE un agent capacitant per als espermatozoidestaléin

vitro i que, en preséencia del ionofor de calci, induaireaccié acrosomica.
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D’altra banda, I'hormona prostaglanding, Ra estat utilitzada en porci per a operacions
de sincronitzacid, per induir el part i per increttae la libido dels mascles reproductors
porcins. De fet, es creu que I'addicié de prostadjiza a les dosis seminals destinades a IA

pot incrementar el rendiment reproductiu (Kos kBi) 2004).

i
S TN

OH

HO'
Figura lll-3. Estructura quimica de la prostaglandipa F

El transit dels espermatozoides a través del trgetetal femeni és una combinacié de
transport actiu i passiu i és mitjancat per lesremcions de I'Uter. Les prostaglandines poden
incrementar aquest transport induint les contraxscicA meés, la PGE, aixi com altres
components del plasma seminal, contribueixen atadinacio de I'ovulacié en resposta a
'aparellament (Claus, 1990). Els efectes de difexetipus i concentracions de
prostaglandines (19-OH-PGE, 19-OH-PGF, RGEGE, PGR, and PGE,) en la funcié
espermatica han estat ampliament estudiats (Bethdvabol-l., 1984). Aixi, mentre que
I'addicio de PGIg, redueix la motilitat espermatica, la 19-OH-PGHnesla positivament tant
la capacitat que té I'espermatozoide de penetacit com la seva maotilitat i la 19-OH-PGF
disminueix la concentraci6 d’ATP cel-lular. En cares altres prostaglandines assajades
(PGE, PGE, i PGFR,) no tenen cap efecte sobre la funcié espermaGastlieb i col-l.,
1988b).

S’ha demostrat que I'administracio de prostaglaadi millora les taxes de fertilitat
(Gustaffson i col-l., 1975; Gamcik, 1980). De fatprostaglandina €s un agent contractil
de la musculatura llisa que exerceix un efecteotii@ic a través d’un receptor especific per a
la prostaglandina & receptor (FP) (Friel i col-l., 2005). Els efect¥s I'oxicitocina estan
parcialment mitjancats per la Pg&Fatés que aquesta augmenta I'expressio del recepto
especific per a I'oxitocina (Mirando i col-l., 199%&n els darrers anys, Friel i col-laboradors
(2005) han identificat I'expressio del receptoreaxsfic per a la PGE al miometri d’huma,
d’'ovella i de rata. També s’ha observat que, guablequeja (mitjancarknock ouf aquest

gen, es produeixen problemes en el part (Sugimotd-i., 1997). La PGE s’uneix al seu
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receptor per activar una via de transduccié deyaleque mobilitza el CA intracel-lular
(Olson i col:l., 2003).

D’altra banda, Cheng i col-laboradors (2001) vaegiaf PGk, a dosis seminals
refrigerades de porci 72 hores abans que es duguésme la IA i no van observar la
inactivacié d’aquesta hormona. Un altre estudi (8jadol-I., 2005) va mostrar el paper de la
PGR, en la seqiéncia d'esdeveniments que tenen llokoeari. Es van observar canvis
significatius en la concentracio plasmatica de@R entre 15 i 21 minuts després d’iniciar
I'estimulacio, per assolir un pic després de 30utsn

Estienne i Harper (2004) van estudiar les consenéenque I'administracio
immediatament anterior a I'extraccié de semen, i@rsanguinia, de diferents tractaments
amb PGE, (10 mg) tenia sobre la qualitat espermatica i esolar libido dels mascles
reproductors. Aquest estudi, que va durar 16 setmar va mostrar efectes a llarg termini
de I'administracio de la PGEni pel que fa a la qualitat espermatica ni pel fgua la libido.
Nogensmenys, Hashizume i Niwa (1984) havien derabse la PGE podia millorar la
concentracié espermatica. Tanmateix, aquests autorautilitzar condicions de tractament
diferents de les assajades per Estienne i Harper.

En bovins, el tractament amb P£&Ro va millorar el rendiment reproductiu de lesues)
multipares sense detecciéo de l'estre, sinG d’'un latisaparent (Rhodes i col-l., 2001).
Finalment, altres estudis han demostrat que lagstegona i el fluid fol-licular produeixen
increments immediats en la concentracio de cdleispermatozoide huma i que la P& pot
estimular la reaccié acrosomica (Margalioth i coltB88; Thomas i Meizel, 1988; Osman i
col-l., 1989; Blackmore i col-l., 1990; Baldi i dal1991).

1.2.3. L’acid hialuronic

L’acid hialuronic o hialuronat forma part dels g@&aminoglicans, una familia de
biomolecules de naturalesa glucidica. Els glicosaglicans sén un grup
d’heteropolisacarids lineals i sense ramificarstfectura dels quals repeteix sequéncies d’'un
disacarid caracteristic. Les unitats de disacastdreformades per un aminosucre i un acid
uronic (Lindahl i Hook, 1978; Jackson i col-l., 19%figura 111-4).

L’acid hialuronic és una molécula d’elevada i valkteamassa molecular (d’entre 1 i 10
milions de Da) i forma part del grup de GAG no atdfs (Crater i col-l., 1995). La formula
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molecular de I'acid hialuronic consisteix en repietis d'un disacarid format per I'acid D-
glucuronic (GIcUA) i I'N-acetil-D-glucosamina (GloAt) units alternativament per enllagos
glucosidics beta 1-$(1—3) i beta 1-4f, 1»4) (Fuchs i col-l., 2005).

En els teixits dels mamifers, hi ha quatre tipusmqgpals de glicosaminoglicans: el
coindritinsulfat, el dermatansulfat, I'heparin/hegrasulfat i I'acid hialuronic (Fernandez-
Botran i col., 2004). A diferencia d'altres GAGadid hialuronic no es troba, generalment,
covalentment unit amb proteines formant proteogbaa esta sulfatat (Knepper i col:l., 2003;
Suh i col-l., 2005).

L'acid hialuronic és sintetitzat a la membrana plasca dels fibroblasts i d’altres
cel-lules per l'addicié de sucres a I'extrem deliper. Malgrat que I'acid hialuronic és un
component de la matriu extracel-lular del teixinmectiu, la seva taxa de renovacio, o
turnover, és elevada, amb un temps de vida mitjang)(de 12 a 48 hores. A més, aquest
glicosaminoglica esta implicat en un gran nombre fdacions fisiologiques, com
I’'hnomeostasi de les proteines plasmatiques, lasinied desenvolupament o la diferenciacié
cel-lulars (Lauren i Fraser, 1992). S’ha descnhlié un receptor especific per a I'acid
hialuronic (CD 44) que esta relacionat amb la naigracel-lular. D’altra banda, I'acid
hialuronic esta implicat en el desenvolupamentdiferenciacié i la migracié cel-lulars
(Lauren i Fraser, 1992).

Pel que fa a la seva funcié en els teixits dels ifeas) I'acid hialuronic és produit per les
vellositats del cori, pel pulmé del fetus i, durahtpart, pels fibroblasts que constitueixen el
teixit connectiu del cérvix uteri. Al liquid amniots’hi troba també una concentracio
important d’acid hialuronic (O’Kobayashi i col-1999). De manera natural, es troba a més a
I’'numor vitri de I'ull, al fluid sinovial de les &culacions o al teixit subcutani, i actua com a
agent cementant (O'Regan i col-l., 1994).

La propietat fisicoquimica més important de I'abidluronic és la seva capacitat d’'unio a
les molecules, la qual cosa dbna estructura alststei lubrica les articulacions. L'acid
hialuronic és també un glicosaminoglica amb prapéetntiinflamatories i antiedematoses.
En l'osteoartritis, s’han observat canvis en laasomracié d’aquest glicosaminoglica del
cartilag, la qual cosa en provoca la degradacio.

Pel que fa a la reproduccid, s’ha observat qued’'ddaluronic du a terme algunes
funcions en mamifers. Aixi, s’ha publicat que, déspde la seva addicié al semen fresc,

I'acid hialuronic és capa¢ d’augmentar la motilitet I'espermatozoide madur de mamifer
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(Huszar i col-l., 1990; Sbracia i col-l., 1997; eéiftol-l., 2004). També s’ha publicat que en
concentracions elevades l'acid hialuronic indueixréaccié acrosomica en huma (Slotte,
1993; Sabeur i col-1., 1998), mico (VandeVoortlilcpol997), hamster (Stanley i col-l., 1986)

I porci (Pefa i col-l., 2004). Suzuki i col-labaresd(2000) van observar que 'addicioé d’acid
hialuronic durant la fecundacin vitro disminuia la polispérmia. Alguns autors han suigger
a meés, que aguest biopolimer podria tenir alguepap la capacitacié dels espermatozoides i
podria estar relacionat amb el seu alliberamentddétgeservori seminal (Liberda i col-l.,
2006).

H NHCOCH,

D5 ham wmeue acid H-aretyl ghicosanire

poealing drsaccharida

luturanic acid -y gl G e

Figura Ill-4. Férmula quimica de la unitat de disacarid repetitlacid hialuronic.

1.2.4. La cafeina

La cafeina és un inhibidor competitiu de ' AMPc{fodiesterasa, la qual cosa incrementa els
nivells intracel-lulars de l'adenilciclasa - adenasmonofosfat ciclica (CAMP) (Nassar i

col-l.,, 1999) i, per tant, estimula la motilitala capacitaci6 espermatiques, tal com s’ha
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observat en huma (Rees i col-l., 1990), porci (Raslai i Nagai, 2001) i bovi (Coscioni i
col-l., 2001). Aixi doncs, la cafeina ha estaitatila amb frequiéncia com a agent inductor de
la capacitacié espermatica en diferents sistemi®$-dNagai i col-l., 1988; Mattioli i col-I.,
1989; Funahashi i Day, 1993; Funahashi i Nagai,100ambé ha estat utilitzada en la
inseminacio artificial porcina perque facilita largtraciéo del moc cervical (Aitken i col-l.,
1983).

La cafeina té la capacitat d’'inhibir les fosfodeeases intracel-lulars i s’ha observat que
la seva activitat impedeix la reabsorcio de la piorefrina (Combettes i col-l., 1994).

Pel que fa a la seva estructura quimica, la cafémauna metilxantina (1, 3, 7-
trimetilxantina) formada per un analeg de la pufiigura IlI-5). La cafeina és un antagonista
competitiu de I'adenosina, de manera que s’unaixeadeptors que les neurones presenten per
a aquesta molécula sense activar-los i actua, ety a estimulant del sistema nerviés

central.

CHs

/

NN

O/C\N/C\N//
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Figura IlI-5. Férmula quimica de la cafeina.

D’altra banda, els efectes de la cafeina sobreoldahogia espermatica han demostrat ser
contradictoris. Aixi, mentre que Harrison i coldaédors (1980) van demostrar que la cafeina
podia generar alteracions ultraestructurals a ¢€esptozoide huma, Barkay i els seus
col-legues (1984) no van observar cap efecte ndeiquesta substancia sobre la cel-lula

espermatica de la mateixa espeécie.
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1.3. Conceptes sobre la osmolatitat

1.3.1. Osmosi, pressio osmotica i membranes biolqges

El fenomen de I'osmosi s’observa quan una solusid separada del seu solvent per una
membrana semipermeable. L’'osmosi és la difusié dalment a través d’aquesta membrana
des de la part de menor fins a la de major coraeidtr S’entén pepressidé osmoticaquella
que s’ha d’aplicar sobre la soluci6 de major cotreeid per impedir el pas del solvent
(osmosi) a través de la membrana.

Les membranes biologiques ofereixen permeabilithfsrents respecte als diversos
soluts, i es diu que son semipermeables perqueegpennel pas d’algunes molécules del
solvent o petites molécules, pero impedeixen ellpae de les molecules dissoltes.

L’'osmol (Osm) és una unitat biologica que s’utdifger a les solucions que tenen activitat
osmotica. Ates que I'osmol és una unitat massa gemals fenomens biologics, se sol

utilitzar la subunitat mil-liosmol (mOsm), que éésnepresentativa.

1.3.2. Osmolalitat i molaritat

Per calcular 'osmolalitat d’'una solucié és neceassaber si el solut en glestio s’ionitza o no.
La ionitzacié augmenta el nombre de particulesoduncg. Aixi, quan es dissolen 180 mg de
glucosa en un litre s’obté una molaritat d’1 mmelglucosa i, com que aquesta no s’ionitza,
també hi haura 1 mOsm de glucosa; pero quan eslehis§8,5 mg de clorur de sodi en un
litre, sal que s’ionitza donant dos ions (N&CI), la molaritat continua sent d’1 mmol pero
I'osmolalitat és de 2 mOsm.

Tipus de solut Exemple Dissolucié Relacié6 Osm-M
No s’ionitza Glucosa (§1,0¢) CeH1206 (5 + H:O - CsH1506 (aq) Osmolaritat =M
S’ionitza Clorur de sodi (NaCl)  NaCl )+ HO - Na' aq)+ CI (o) Osmolaritat = 2M

Taula llI-1. Osmolalitat i molaritat.

La pressio osmotica depén del nombre particulas, pe de la carrega ni tampoc de la
seva massa. Aixi, una molécula gran, com per exanph proteina com I'’hemoglobina, de
massa molecular elevada i moltes carregues, exel@enateixa pressio que un i6, com el

catio sodi (N3) i I'anio clorur (CI).
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1.3.3. Solucions isotoniques, hipotoniques i hipéniiques

La majoria dels liquids corporals tenen una pressiiotica que concorda amb la d’'una
solucio de clorur de sodi al 0,9 % i es diu questducio és isotonica amb els liquids
fisiologics. De fet, una solucié és isotonica respea una ceél-lula viva quan no es produeix
cap alteracié en el balang d’aigua a l'interiorlaecél-lula ni es produeix cap canvi quan la
cel-lula entra en contacte amb la solucié.

Al laboratori, parlar de solucions isotoniques éfernir-se a solucions que tenen la
mateixa pressié osmotica del plasma sanguini, guapéoximadament de 300 mOsmkg
Aquest és també el cas de molts dels diluents coateide refrigeracié emprats en el camp
de la reproduccié porcina, com el BTS utilitzategjuest estudi.

Les solucions fisioldgiques d’osmolalitat inferim 300 mOsm-K§ s’anomenen
hipotoniques mentre que, quan la seva osmolalitat és superi@quest valor llindar,

s'anomenethipotoniques

1.3.4. La resistencia osmotica dels espermatozoides

L’estabilitat de la membrana plasmatica dels esptynoides d’huma es pot avaluar
mitjancant el test HOSThypoomotic swelling testque mesura la resistencia d’aquesta
membrana respecte a medis hipotonics (HOST) (Jegendol-l., 1984 i 1992). Aquest test
consisteix a incubar durant 30 minuts a 37°C, Ol ldenmostra seminal amb 1 ml d'una
solucié aliquota de fructosa i citrat de sodi ajdata 150 mOsm-Kg(solucié hipotonica).
L’estat intacte o la plasmolisi dels acrosomes s2ola al microscopi optic de contrast de
fases.

Posteriorment, Chan i col-laboradors (1991) varcrile® un metode que combinava el
test HOS amb una tinci6 supravital (el test VHOSi, mentre que el test HOS proporciona
informacio sobre [I'estabilitat (integritat funcidpade la membrana de la cua de
I'espermatozoide, el test VHOS és més especifiapkstabilitat de les membranes del cap
de I'espermatozoide. Encara que aquesta tecnicagbeoneixer I'estat de les membranes de
I'espermatozoide, el seu Us pel que fa a la pradimica rutinaria en humans és limitat. A
meés, els estudis sobre la relacid6 d’aquest tipusedts amb la fertilitat donen resultats
discutibles (Keel, 1990; Weiske i Maleika, 1990;nvden Saffele i col-l., 1992; Takahashi i
col-l., 1990, 1994).
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La determinaci6 de la resisténcia osmotica de lesmimanes acrosomiques de
'espermatozoide és, tanmateix, una prova imporemtel contrastat del semen porci,
especialment als centres de produccié de dosisna&miActualment, el test de resistencia
osmotica (ORT), similar al test HOS, descrit pohiiag i col:l. (1986), s'utilitza com a
predictor de la fertilitat i de la prolificitat pecial d’'una ejaculacié (Sanchez, 1991). El
meétode d’aquesta prova consisteix a afegir a urgtrmde semen préviament aliqguotada dues
solucions de citrat de sodi ajustades a diferergsspns osmotiques, una d’isotonica (300
mOsm-k@') i una d’hipotdnica (115 mOsm-Ky durant dues hores. La determinaci6 de la
resisténcia osmotica de les membranes acrosomiglesespermatozoides en mostres de
semen porci permet un control quantitatiu de ldigaspermatica. Els valors estandard, en
condicions normals, de I'index ORT en l'ejaculapidrcina oscil-len entre 55 i 67 (segons
quin sigui el temps d’incubacié de la mostra emedi hipotonic). Els indexs del test ORT
inferiors a 50 es consideren indicadors de semenala qualitat (Schilling i Vengust, 1986).

Com passava amb el test HOS, també s’han dut & testadis que pretenien modificar el
test ORT per millorar-lo. Aixi, els treballs de B2&iLlano i col-laboradors (1998, 2003)
perseguien reduir el periode d'incubacié, utilizan medi hipotonic (75 mOsm-Kgi un
d’isotonic (300 mOsm-KkY, formats ambdds a partir de I'addicié de fructoste citrat de
sodi. Aixi, van dissenyar una variant del test gae denominar sORT (Nascimiento i col-l.,
2000).

Pel que fa a la utilitat d'aquests tests i a laaseacié amb els indexs de fertilitat i
prolificitat, cal esmentar que en l'analisi del ssnporci previa a la penetraciéo d’oocits, en
experiments de fecundadid vitro, s’hi inclouen els tests HOS i ORT, aixi com I'sidde la
concentracié espermatica, del percentatge d’espermides mobils i de morfoanomalies i de
I'estat de 'acrosoma (Gadea i Matas, 2000; Gazied5).

1.3.5. L'efecte de I'estres osmotic als espermatodes

En general, el xoc osmotic afecta la difusid6 debsfdlipids de la membrana dels
espermatozoides (Christova i col-l., 2002) i 'aeginde la pressié osmotica redueix la
motilitat espermatica i malmet I'acrosoma (CurMyatson, 1994; Liu i Foote, 1998; Rossato
i col-1., 2002, i Chantler i Abraham-Peskir, 2004).
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El méetode més simple d’augmentar la pressié osmdatel medi és la variacié de la
concentracié ionica. Tanmateix, I'addicié6 d’aquestss requereix un coneixement previ de
quins son els efectes que aquests produeixen. ésxGations bivalents i trivalents indueixen
I'aglutinacié espermatica. El catié €adndueix la capacitacié espermatica (Tulsiani i-lcol
2007) i la reacci6 acrosomica i I'anié”@ctiva els canals de calci. El Niael CI' tenen un
paper molt important pel que fa a la regulacié alerdessié osmotica del fluid epididimari
durant el procés de maduracio dels espermatoz@rtessato i col-l., 1996), per la qual cosa
es va assajar el clorur de sodi, juntament amhutzoga.

En treballs previs duts a terme amb espermatozoilemans de pacients
normozoospérmics s’han observat canvis de volumlede vesicules de la membrana
plasmatica, a la regio de la peca intermédia ocuitdrial (Chantler i Abraham-Peskir, 2004)
després d'addicionar rafinosa al medi, en un rangnablalitats entre 276 i 450 mOsm-g
Aquests canvis provocats per l'estrés osmotic idalsys generats per aguest han permés
concloure que la preséncia de la vesicula de la pgermedia, en condicions no estressants,

té un paper clau en la funcié de I'espermatozoide.
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2. Objectius

L’objectiu principal d’aquest capitol és contribaita preservacié de I'esperma de porci a 15-
17°C (primer i segon articles) i al desenvolupam#attres parametres espermatics que
permetin predir la capacitat fecundant d’una eg@ol (tercer article).

Actualment, la utilitzacié de la inseminacié adiéil ha substituit la munta natural en
porci i un nombre considerable d’esforcos han ediagits a I'augment de [l'eficacia
reproductiva mitjancant la millora de les técniquBmseminacio artificial, dels diluents
d’esperma i de la qualitat de les dosis seminatés Ajue I'hormona PGk pot augmentar
I'eficacia reproductiva quan s’afegeix a les degiminals diluides (Cheng i col-l., 2001; Kos i
Bilkei, 2004), elprimer objectiu d’aquest capitol és demostrar que l'addici6 d'atme
hormona sola o en combinacid amb acid hialuronicateina no malmena la qualitat
espermatica quan el semen és preservat a 15°Ct durgeriode de deu dies.

També, i amb la intenci6 d’augmentar la qualitgieeshatica de les dosis seminals, el
segon objectiu d’aquest capitol ha estat determinar els efectesl’'atidicié de I'acid
hialuronic sobre els parametres espermatics eneuiode curt (tres dies) de preservacio a
15°C, fent un émfasi especial en la capacitaciéresgtica. Malgrat que els efectes de I'acid
hialuronic siguin contradictoris quan es comparnsnpeocessos d’incubacio i de refrigeracié
(Rodriguez-Martinez i col-l., 2001; Pefa i collD04), aguest compost sembla retardar la
capacitacié espermatica en el darrer cas. Com gjlee® conegut que la cafeina estimula la
motilitat dels espermatozoides i n’'indueix la cafid, aquesta metilxantina ha estat
utilitzada com a control positiu, a fi de determireds efectes de l'acid hialuronic sobre
aguests parametres funcionals.

Finalment, els Ultims tres objectius d'aquest adpdstan relacionats amb I'estudi del
tercer article. Aixi, ekercer objectiu ha estat avaluar la resposta dels espermatozdales
porci a I'estrés osmotic (en un rang ampli d’ostiaies, de 100 a 4.000 mOsm-Rgpel que

fa a la qualitat espermatica. Huart objectiu ha estat determinar la relacid entre els
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parametres convencionals de I'espermograma i sldtagés de proves de fertilitat i prolificitat
in vivo (assajades com a taxes de no-retorn a l'estreréesie 60 dies de les primeres
inseminacions i de la mida de la camada, respectnd).

Com que un dels objectius de la recerca en repob@porcina és establir algun metode
per predir la capacitat fecundant d’'una ejacul@Riddriguez-Martinez i col-l., 2003) i, sovint,
els parametres convencionals de I'espermogramadnopsou acurats per predir aquesta
capacitat, elcinqué objectiu d’aquest capitol ha estat estudiar la tolerancids de
espermatozoides davant un ventall ampli de canwig'asmolalitat del medi com a nou
parametre funcional i predictor de la fertilitata ltolerancia respecte d’aquests canvis
osmotics pel que fa a la viabilitat i a la morfabbgespermatiques i al percentatge
d’espermatozoides amb l'acrosoma reaccionat ha estdazada en models de regressio
multiple, en els quals la taxa de no-retorn a féestesprés de 60 dies de les primeres

inseminacions i la mida de la camada han estatlesbles dependents.
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3. Discussio general

En la industria porcina, I'is de la inseminacidifiaial amb semen fresc i refrigerat ha
esdevingut una practica rutinaria, de manera qusuhatituit la munta natural als paisos
desenvolupats (Johnson i col-l., 2000). Amb lalii;ted’augmentar el rendiment reproductiu,
s’han dut a terme estudis I'objectiu dels qualestat millorar les tecniques (Ekwall i col-l.,
1996) d’inseminacié artificial, com també la quatlitespermatica de los dosis seminals
(Correaii col-l., 1997; Vyt i col-l., 2004). Resfeea aquesta darrera questio, s’han dut a terme
diferents treballs per millorar la preservacié deimen de porc, per bé que la qualitat
espermatica nomeés expliqui un percentatge molt menys del 10 %) de la variancia a les
proves de fertilitat (Vyt i col-l., 2004; Gillancol-l., 2006). En aquest sentit, Christensen i
col-laboradors (2004) han demostrat que la varideida mida de la ventrada és deguda,
basicament, a aspectes relacionats amb la femethdila variacio residual, de manera que el
paper de I'ejaculacio en el resultat de les praleetertilitat €s forca limitat.

Atés que la variacio de la fertilitat €s només art peguda a la qualitat espermatica, tal
com demostren treballs com l'anterior, en el quaraativitza el paper de I'ejaculacid, és
molt dificil estudiar de quina manera es podenarall els métodes de valoracié de la qualitat
espermatica. Tanmateix, és ben cert que els cetdrggoduccid de dosis seminals només
comercialitzen aquelles ejaculacions que presamtargualitat espermatica elevada. Per aixo,
s’han desenvolupat diferents metodes (com la degatié amb gradients de densitatswim
up o la cromatografia de permeacio per gel de dasisrgls) (Georgiou i col-1., 1998; Adiga
i Kumar, 2001; Bussalleu i col-l., 2007) amb I'atije d’assolir la millora de la qualitat
espermatica d’aquestes dosis.

Una altra estrategia per augmentar el rendimembdejetiu consisteix en I'addicié de
diferents substancies al semen refrigerat o conhgahab I'objectiu de millorar-ne la
conservacio. En funcié de la substancia que s’afegds efectes que aquesta produeixi sobre

la qualitat espermatica (és a dir, la viabilitatchpacitacié o la motilitat espermatiques) seran
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diferents, tal com s’ha observat en huma i ensalspecies d’animals domeéstics (Dougherty i
col-l., 1976; Barkay i col-l., 1984; Fattouh i tpl1991; L6pez i col:l., 2000).

La qualitat espermatica es pot determinar mitjahlzamaloracié de parametres cel-lulars
o bioquimics (Briz, 1994; Knobil i Neil, 1994; Sdmm; 2002). Al capitol tercer i a l'article 4
del capitol quart, la qualitat espermatica ha estdbrada mitjancant I'avaluacié dels
parametres cel-lulars. Aixi, la viabilitat espericgts’ha determinat mitjancant un triple
marcatge amb fluorocroms (Bussalleu i col-l., 2006)la maotilitat i la morfologia
espermatiques, mitjancant un sistema computeritzabjectiu d’analisi de la qualitat
espermatica, que ha estat préviament validat emedifs espécies de mamifers (huma, cani i
porci) (Maes i col:l., 2003).

En aquest capitol s’han dut a terme dos estudislésr 1 i 2) per millorar la técnica de
conservacio del semen porci, mitjancant 'addieoddes substancies de naturalesa quimica
diferent: la prostaglandina,fi I'acid hialuronic, en periodes de refrigeraciard i curt,
respectivament. En ambdds casos s’han assajat telmledectes de I'addicio de la cafeina.
Aixi, al primer article, s’han determinat els etctde I'addicié de prostaglandinag, & les
dosis seminals diluides amb un diluent BTS modificafrigerades a 15°C durant un periode
de 10 dies. Es ben conegut que l'addicio de latpgtendina k& a les dosis seminals
augmenta el rendiment reproductiu (Gustaffson il.¢d975; Gamcik i col-l., 1980) perque
augmenta les contraccions a I'Gter i, per tangriré en el transport dels espermatozoides.
Amb aquest coneixement previ, el principal objectal primer article va ser determinar si
I'addicié d’aquesta hormona malmena d’alguna materpalitat espermatica quan les dosis
seminals sén conservades a 15°C durant un perétie dies.

L’estudi d’aquest primer article no és, certamehprimer que ha assajat els efectes que
I'addicié de diferents concentracions de prostedjizen F, produeix sobre els parametres
espermatics, tal com previament han publicat Maesl-iaboradors (2003). Tanmateix, la
contribuci6 original d’aquest estudi és que lesceotracions esmentades han estat assajades
en un rang forca més ampli i que s’ha ampliat elpe de conservaci6 i de I'analisi de les
mostres (d’un a deu dies). Una de les altres agiorta originals d’aquest treball és que la
qualitat espermatica no nomeés s’ha valorat mitjahlgamotilitat espermatica, tal com van fer
Maes i col-laboradors (2003), sin6 que també stteterminat la viabilitat espermatica i la
integritat de la beina mitocondrial i de I'acrosqri@amorfologia i I'aglutinacié espermatiques

i la resisténcia osmotica dels espermatozoides.
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Respecte als resultats més importants de I'estedipdmer article, s’'observa que les
concentracions de prostaglanding Kuals o superiors a 12,5 mg/100 ml sén citotossqu
Aixi, la viabilitat espermatica es redueix de manesignificativa, els percentatges
d’espermatozoides mobils, aixi com altres paramedireetics, disminueixen (com la velocitat
en linia recta, la velocitat curvilinia i la veltati mitjana de la trajectoria) i la resisténcia
osmotica també minva quan s’afegeixen concentracadevades de prostaglanding.FA
meés, la preservacio de les dosis seminals dilugges BTS durant més de sis dies es
demostra perjudicial per a 'emmagatzematge deéara, ates que el BTS és un diluent de
refrigeracié de curta durada. Un aspecte impomaet cal destacar és que aquesta reduccio
significativa de la viabilitat després de sis diespreservacié de les dosis que s'observa en
alguns tractaments no es produeix quan s’han afegitemps zero, 5 mg/100 ml de
prostaglandina £ ni tampoc en els tractaments que contenen, a lmgaasta hormona, acid
hialuronic i cafeina (per a més informacio, vegaypdrtat sobre material i metodes de la
versié anglesa d’aquest capitol). Aquest resutatagprenent perqué no s’'esperava, atés que
la hipotesi amb la qual es va dissenyar I'estugiosava que aguesta hormona no produiria
cap efecte sobre els parametres espermatics.

D’altra banda, les dades procedents de les andidssdiferents parametres espermatics
estan correlacionades i, com ja s’ha esmentatsstgbn increments significatius respecte al
control negatiu i el tractament amb 5 mg/100 mipdestaglandina & després de sis i deu
dies de refrigeracio. Aixi doncs, de tots els aawnts assajats n’hi ha un, el de 5 mg/100 mi
de prostaglandinayf; que podria millorar el diluent de refrigeracié 8 TTanmateix, aquest
és un diluent de curta durada, de manera que geIRig la necessitat d’assajar els efectes
d’aquest tractament en diluents de llarga durada agossible perspectiva de futur (Dubé i
col-l., 2004; Haugan i col-l., 2007).

A meés, l'addicio de prostaglandina,f d’acid hialuronic i de cafeina no altera la
morfologia espermatica perque no s’observa ni uriamiducié del percentatge
d’espermatozoides madurs ni un increment del p&atgan d’espermatozoides aberrants (que
inclou malformacions del cap i/o de la cua) enaels dos estudis (articles 1 i 2).

En general, i deixant de banda les concentracienmastaglandinasfiguals o superiors
a 12,5 mg/100 ml, les reduccions que s’observela emabilitat, la motilitat i la morfologia
espermatiques, com també les que s’observen pesisténcia osmotica a l'article 1, sén

degudes al temps de conservacio, i no pas alatnacits assajats, tal com s’observa després
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de deu dies de refrigeracié de les dosis a 15°@ltrB’banda, i malgrat que I'is de diluents de
llarga durada es justifica, sovint, com una maxésgitar la contaminacié per patogens de les
dosis seminals quan aquestes es volen conservampperiode de temps superior als tres
dies, no s’ha observat contaminacié bacteriana ué'stgs dosis durant tot el temps
d’experimentacid. Aquest resultat esta d’acord amlestudi previ sobre diluents comercials
de curta (BTS) i llarga durada (Mulberry Ill, Andep™ i Acromax™) dut a terme per Vyt |
col-laboradors (2004). Precisament, una de les equescies de conservar els
espermatozoides en un diluent de curta durada ¢dT® per un periode de temps massa
prolongat és, com s’ha observat en I'estudi deheriarticle, un augment del percentatge
d’aglutinacié espermatica després de sis dies emepracid, d’'acord amb els resultats que va
obtenir Sanchez (1991).

En definitiva, es conclou que I'addicié6 de prostaglina i, (amb o sense combinacié
amb baixes concentracions de cafeina o acid hiak)r@ les dosis seminals es pot dur a
terme amb I'objectiu de millorar el transport delpermatozoides a través de I'iter (Gil i
col-l.,, 1998; Kos i Bilkei, 2004; Friel i col-1.,0B5) i, per tant, d’'incrementar el rendiment
reproductiu, sense malmenar la qualitat espermatit@s concentracions de prostaglandina
F. sOn inferiors a 10 mg/100 ml. Aixi doncs, aquesthstancia es pot afegir als diluents de
curta durada, com el BTS, i probablement als dituate llarga durada, per millorar els

resultats de la inseminacid artificial.

Els efectes de I'addicié d’acid hialuronic i de efafa sobre la qualitat espermatica de
dosis seminals refrigerades a 15°C i diluides am Bambé s’han analitzat en un periode
curt (tres dies) d’'emmagatzematge, fent un émfape@al en la capacitacié espermatica
(mitjancant el marcatge amb clortetraciclina, CT®)algrat que s’hagi demostrat que
I'addicio d’acid hialuronic augmenta la velocitapermatica del semen fresc (Huszar i col-l.,
1990) i congelat/descongelat en huma (Sbracia-I.ct997) i en porci (Pefia i col-l., 2004) i
que s’hagi publicat que aquesta substancia indueix reacci6 acrosomica dels
espermatozoides d’huma (Slotte i col-l., 1993; 8albeol-l., 1998), micos (VandeVoort i
col-l., 1997), hamsters (Stanley i col-l., 198pdiics (Pefia i col-l., 2004), no és gaire clar quin
és el paper que té en la capacitacio espermatigg.aila revisioé de la bibliografia es troben
alguns estudis que demostren que l'acid hialurdéicn efecte inductor de la capacitacio

espermatican vitro (Suzuki i col-l., 2002), mentre que en d'altresasbbservat un efecte
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retardador d’aquesta substancia (Rodriguez-Martinekl., 2001). Com que els efectes de la
cafeina com a inhibidor de la cAMP-fosfodiesterasger tant, inductor de la capacitacio
espermatica, son ben coneguts (Rees i col-l., 1B86@ahashi i Nagai, 2001), sobretot
respecte als que produeix I'acid hialuronic, s’'lngpeat aquesta metilxantina com a control
positiu del segon article.

A partir dels resultats obtinguts, s’ha observat da cafeina, tal com s’esperava,
augmenta els percentatges d’espermatozoides cagacit espermatozoides amb I'acrosoma
reaccionat tant immediatament després d’afegir #eina com durant el periode
d’emmagatzemament a 15°C. Per contra, l'acid hialor no té cap efecte sobre la
capacitacié espermatica després de l'inici detaraent. Tanmateix, I'analisi dels parametres
espermatics després de tres dies d’emmagatzemanteeids dosis seminals a 15°C ha
demostrat que I'addicié de dues de les concentmaaitacid hialuronic assajades (50 i 100
ng-miY) retarda la capacitaci6 dels espermatozoides, upercels percentatges
d’espermatozoides capacitats son significativam#atiors als obtinguts al control negatiu.
Aquest resultat, que suggereix una interaccio ezlréractaments i el temps de refrigeracio,
es troba en desacord amb un estudi publicat pevigei col-laboradors (2006) en el qual es
demostra que, després d'incubar els espermatoza@idds acid hialuronic, augmenta el
percentatge de cel-lules espermatiques capacitbdemateix, les espécies animals emprades
i les condicions experimentals d’aquest estuds idel segon article son diferents, atés que al
primer s’'incuba a temperatura fisiologica i al segemmagatzema I'esperma a 15°C.

El fet que la cafeina s’hagi utilitzat com a cohgvositiu i que els seus efectes sobre la
capacitacié espermatica s’hagin comparat amb alspgodueix I'acid hialuronic, ha permés
establir de manera més clara quin és el paperéaguest acid en un procés tan important
com és la capacitacid espermatica quan les mossts refrigerades. L’acid hialuronic
sembla que fa un paper oposat al de la cafeina elsaespermatozoides sén conservats a
15°C. Aixi, mentre que la cafeina indueix la ca@dd espermatica, I'acid hialuronic la
retarda després de tres dies d’emmagatzemameritraDismnda, i d’acord amb un estudi
anterior dut a terme en huma (Sabeur i col-l., 1,998&ddicié d’acid hialuronic sense
progesterona o sense fraccions solubilitzades derla pel-Iicida al medi en el qual es troben
els espermatozoides no indueix la reaccié acrosorilom en aquest darrer cas, en I'estudi
de I'article 2 no s’ha observat tampoc cap efeutieictor de la reaccidé acrosomica per part de

I'acid hialuronic, a diferéncia del que s’ha detarat per a la cafeina.
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Els efectes contradictoris que I'acid hialuronicstgbre la capacitacié espermatica i la
reaccidé acrosomica i que s’han esmentat préviasibah observat també, en part, a I'article
segon, després de comparar les diferents concemsad’aquesta molécula. Aixi, quan la
concentracié d'acid hialurdnic és de 200 pgiméls percentatge d’espermatozoides amb
'acrosoma reaccionat augmenten respecte al comteglatiu. Aquesta observacio, en
desacord amb el que han demostrat Sabeur i elscetlesboradors (1998), confirma els
resultats del treball de Slotte i col-laboradoi®9@), que han publicat que la incubacié dels
espermatozoides amb medi de cultiu suplementat aci hialuronic indueix la reaccio
acrosomica dels espermatozoides en huma. Tambésecatd amb els nostres resultats, tant
pel que fa als percentatges d’espermatozoides itagacom als d’espermatozoides amb
'acrosoma reaccionat, Suzuki i col-laboradors R0than observat que elevades
concentracions d’acid hialuronic (500 pginen medi de cocultiu indueixen la capacitacié
espermatica, pero no la reaccié acrosomica detsmgpozoides després d’'incubar a 37°C. El
fet que els resultats de l'article segon siguiremdihts dels publicats per Suzuki i els seus
col-legues s’explica, una altra vegada, per leeliicies en el disseny experimental d’ambdos
estudis, tant pel que fa les concentracions d’aigllironic assajades, dels medis emprats i de
les condicions d’incubacié utilitzades.

Els efectes de la cafeina com a inductor de lacig# i com a estimulant de la
motilitat espermatica, com a consequéncies deslessgpropietats quimiques, sén ampliament
coneguts. Aixi, Ain i col-laboradors (1999) hanaat que la cafeina mobilitza calci a nivell
intracel-lular i incrementa els nivells d’AMP cicliTanmateix, també hi ha d’altres estudis,
com el dut a terme per Funahashi i Nagai (20018, igdiqguen que en el semen descongelat
dels mascles reproductors porcins la induccié decdpacitaci6 espermatica no esta
directament relacionada amb la reaccié acrosorsina,que €s conseqiencia dels “processos
que s’assemblen a la capacitacio” (Watson, 19%plei s’esdevenen durant els protocols de
congelacid/descongelacié.

Després d’haver fet una revisié bibliografica sole® efectes de I'acid hialuronic sobre
els parametres funcionals dels espermatozoides elantefrigeracio com després d’una
incubaci6, s’observa que l'estudi de Il'article seges el primer en el qual s’analitzen els
efectes d’aquest glicosaminoglica sobre la capaéitaspermatica durant els processos de
refrigeracié a 15°C. Aixi, ates que alguns estsdiggereixen que l'acid hialuronic és un

agent capacitant després d’incubar els espermatsinivitro (Suzuki i col-l., 2002), pero en
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canvi d'altres han indicat que podria tenir un efgetardadoimn vivo (Rodriguez-Martinez i
col-l., 2002), el nostre estudi aporta una novadadaquest sentit, que confirma els resultats
observatsn vivo, i €s que I'acid hialuronic retarda la capacitaespermatica després de tres
dies de conservacio de les dosis seminals a 15°C.

Pel que fa a la viabilitat espermatica, s’observae gaquesta va disminuint
progressivament durant el periode de refrigeraméara que les diferencies estadisticament
significatives no apareixen fins al tercer dia. ¢ai s’ha discutit pel que fa als resultats del
primer article, aquesta reduccio de la qualitaees@tica és deguda a la caracteristiques del
diluent de refrigeraciéo emprat (BTS), que és ddéacdurada (Dubé i col-l., 2004). Quant als
efectes de I'acid hialuronic i de la cafeina sdareiabilitat espermatica, s’ha determinat que
concentracions elevades d’ambdues substancies d@s els tractaments d’acid hialuronic
200 pg-mt i de cafeina 8 mM ) provoquen una disminucié éetentatge d’espermatozoides
viables amb la beina mitocondrial i 'acrosoma at¢g, de manera similar al que s’observa
quan s’afegeixen concentracions elevades de ptastiga b, (primer article). En I'analisi
acurada de les categories resultants de I'anadisiadviabilitat espermatica mitjancant el
metode del triple marcatge amb fluorocroms, s’olmeque, de fet, les concentracions
elevades de prostaglanding,,Facid hialuronic i cafeina malmenen amb meés irt&inta
integritat de I'acrosoma que la de la beina mitak@h. L’acrosoma és un organul que deriva
de laparell de Golgi i que desencadena la reacagdosomica després que els
espermatozoides s’uneixin a la zona pel-laciddadeit (Silva i Gadella, 2006). Tanmateix,
les reaccions acrosomiques prematures (també amoi@&eaccions acrosomiques falses
degenerativespoden esdevenir-se en condicions adverses a&bgstr a I'espermatozoide, i
llavors aquest perd la seva capacitat fecundards€Cir Meizel, 1989). En general, s’'observa
que les concentracions elevades de les tres soletamalmenen la qualitat espermatica
perque redueixen la viabilitat i la integritat ¢ecrosoma, la motilitat i la resisténcia osmotica
dels espermatozoides. Aixi doncs, es conclou qaiedacentracions meés elevades de les tres
substancies assajades en ambdds estudis no s@ @ptea la millora dels parametres
funcionals dels espermatozoides pel que fa a lsepracio de les dosis seminals refrigerades
ni durant periodes curts ni durant periodes llargs.

Respecte a la motilitat espermatica, mentre quetraldaments que només contenen
prostaglandina & no afecten aquest parametre funcional (per a niésmacio, consulteu el

primer article d’aquest capitol), s’ha observat gaetractament binari que combina aquesta

447



Capitol I

hormona amb I'acid hialuronic (1,25 mg PEO00 ml + acid hialuronic 200 pg-ml
augmenta significativament el percentatge d’espgmogdes amb motilitat progressiva. El
fet que I'acid hialuronic augmenti la motilitat gressiva dels espermatozoides esta d’acord
amb l'estudi de Pefa i col-laboradors (2004), care utilitzat aquest glicosaminoglica com a
estimulador de la motilitat espermatica del semestdngelat de porci, perd en desacord amb
els efectes que la mateixa substancia té a coac@ms més baixes (com les assajades al
segon article), quan no afecta no aquest parametfecte de la concentracié sembla, doncs,
que té un paper clau en aquest sentit, per bé gueeotracions elevades d’acid hialuronic
també s’han demostrat inductores de la capaciespérmatica i de la reaccid acrosomica.

Els resultats de I'analisi de la cafeina sobre Wilitat espermatica assajats al segon
article han estat els que s’esperaven. Aixi, l'addde cafeina, en un rang de concentracions
d'entre 0,25 i 2 mM a les dosis seminals refrigesadaugmenta la motilitat dels
espermatozoides tant immediatament després dei ldal tractament com 24 hores més tard,
tal com han determinat també Funahashi i Nagail(R@nh un rang de concentracions d’entre
0,512 mM, la cafeina produeix un augment sigatiic de les velocitats rectilinia i mitjana de
la trajectoria i de 'amplada de desplacament déhteel cap després d’'un dia de conservacio, i
redueix també de manera estadisticament signifecddi velocitat curvilinia immediatament
després de la seva addici6. D’altra banda, aquestésixes concentracions de cafeina fan
gue els percentatges de linealitat i rectitud augmealurant tot el periode de refrigeracio.

La cinética i la capacitaci6 espermatica estanciaiades, tal com Garcia-Herreros i
col-laboradors han descrit (2006) en el que noir&s & primer article que investiga la
cinética espermatica en condicions capacitantscapacitants (vegeu també el capitol quart i
I'article 1V). En concordanca amb aquest darreudists’ha observat que hi ha una correlacio
positiva entre els percentatges d’espermatozoidpacitats i el percentatge de linealitat i
rectitud en l'analisi dels parametres descript@s$admotilitat en els tractaments que contenen
cafeina. La cafeina també fa que augmenti 'ampiietialesplacament lateral del cap, perd no
provoca que el percentatge de linealitat disminuéak com altres autors han determinat en
altres especies de mamifers (Cancel i col-l., 28@takuwa i col-l., 2003). Els augments de
la motilitat espermatica i dels percentatges dealitat, aixi com els dels espermatozoides
capacitats que s’observen en els tractaments afeimaason similars als que Holt i Harrison
(2002) han publicat després d’estimular els espeoales de porci amb bicarbonat. La

relacié entre la capacitacio espermatica i elsrgescs de la cinetica espermatica també s’ha
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observat en els resultats obtinguts dels tractasmantb acid hialuronic, de manera que,
després de l'addicié de diferents concentraciorajubista substancia, no s’han observat
canvis ni en els percentatges d’espermatozoidexcitats ni en els percentatges de linealitat i
rectitud.

El treball del segon article és el primer que hmdiat els efectes de I'acid hialuronic
sobre la capacitacid, la viabilitat, la motilitata morfologia espermatiques, aixi com la
resisténcia osmotica dels espermatozoides despré&ombkervar les dosis seminals per un
periode de tres dies a 15°C, emprant la cafeinaacoantrol positiu. El fet que els resultats
obtinguts en aquest article difereixin dels obstsryzer altres autors tant en porci com en
altres especies d’animals domestics (Ponce i ,c4999) es pot justificar a partir de les
diferencies entre dissenys experimentals (els matilizats i les condicions d’incubacio i
preservacio).

En definitiva, l'article segon permet concloure glues concentracions d’acid hialuronic
(50 i 100 pug-mt) retarden la capacitacié espermatica en compagmid la dosi seminal
sense suplementar, després de tres dies de rabigesense malmenar la resta de parametres
espermatics funcionals. Per aix0, I'acid hialuroaiaquestes concentracions es pot afegir a
les dosis seminals refrigerades i diluides amb Ba®p I'objectiu de millorar-ne la
preservacio i, fins i tot, amb I'objectiu de mildorels resultats obtinguts en protocols de
fecundacioin vitro, atés que Suzuki i col-laboradors (2000) han d&atogue la preséncia
d’acid hialuronic afavoreix la penetraci6 monoesmaica. Considerant que I'efecte
retardador de la capacitacio que té I'acid hialiw@gmomeés s’observa després de tres dies de
refrigeracio, que és el maxim recomanat per coasesemen amb BTS, se suggereix que
es podrien dur a terme nous experiments utilitelloents de llarga durada i assajant noves

condicions de temperatura i de temps de conservacio

Un altre aspecte molt important de la biologia oélpictiva, a més de I'estudi i millora de
la qualitat espermatica de les dosis seminalsa @sddiccidé de la capacitat fecundant d’'una
ejaculacié concreta, especialment per a la indgigiorcina (Rodriguez-Martinez, 2003). Per
aquesta rao, s’han dut a terme un gran nombreudiissamb I'objectiu de coneixer quina és
la relacidé entre les caracteristiqgues d’'una ejatdlales dades de fertilitat i prolificitah

Vivo.
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En porci, com en altres especies d’animals donsestim el cavall (Colenbrander i col-l.,
2003), la certesa quan es prediu la capacitat tnind’'una ejaculacié mitjangant la seva
qualitat espermatica €s encara baixa. Tanmateigguint amb el porci, un bon nombre de
treballs han continuat aprofundint, malgrat tot,I'estudi dels metodes de valoracio de la
qualitat espermatica (Juonala i col-l., 1999; Génisen i col-l., 2004; Bussalleu i col-l., 2005;
Sutkeviciene i col-l., 2005; Turba i col-l., 200#nt un emfasi especial en les dificultats a
I'hora d’identificar aquells mascles que presentawma fertilitat potencial més elevada
(Gadea, 2005). A més, Quintero-Moreno i col-laborad2004) han demostrat que I'analisi
multivariant és necessaria per dur a terme unaagitbde la qualitat espermatica, atés que la
fecundacio és un procés molt complex.

De manera convencional, els centres de produccidods seminals valoren la qualitat
espermatica mitjancant la determinacio dels pan@seiassics de I'espermograma, és a dir,
la viabilitat, la concentracio, la motilitat i la arfologia espermatiques, i del percentatge
d’espermatozoides amb l'acrosoma reaccionat, cqrasaprevi a la comercialitzacié d’'una
ejaculacié qualsevol. Tanmateix, aquests parametm@gencionals de I'espermograma no son
sovint prou acurats per a la deteccio de les egatais amb baixa capacitat fecundant (Ruiz-
Sanchez i col-l.,, 2006; Turba i col-l., 2007). Rguest motiu s’han desenvolupat altres
meétodes per millorar la determinacié de les carestigues dels espermatozoides. Aquests
meétodes es basen en la funcié espermatica (coftmaatuacio de la capacitacié espermatica,
els tests de penetracio homologa i heterologa atwegs o la resposta dels espermatozoides
respecte als canvis d’osmolalitat del medi) (Ga@éa5; Collins, 2007) i en la determinacio
de les concentracions d’alguns marcadors al plasmanal (com per exemple les proteines
d’'unié a I'heparina, la clusterina o les espéecezactives de I'oxigen) (Braundmeier i Miller,
2001).

D’entre tots aquests metodes, I'avaluacio de lestescia dels espermatozoides respecte
als canvis de I'osmolalitat del medi que els eravglha establert com a parametre avaluador
de la funcionalitat espermatica mitjancant I's diéerents métodes, algunes vegades
documentant la seva relacié amb les proves dditigrtiprolificitat in vivoi d’altres generant
controvérsia sobre la seva utilitat (Jeyendranlil.cd984). El test d’'inflament hipotonic
(HOS) i el test de resisténcia osmotica (ORT) sos ekemples de métodes que assagen la
resisténcia dels espermatozoides respecte a \@argade I'osmolalitat del medi. Aixi, el test

HOS, desenvolupat en primer terme en humans als \antanta per I'equip de Jeyendran i
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col-laboradors (1984) i més tard aplicat en alaesnals domestics (cani, porci o bovi),
estudia l'activitat bioquimica de la membrana plasoa de I'espermatozoide i es basa en el
transport de l'aigua a través del plasmalemma dridade I'espermatozoide. D’altra banda,
s’han dut a terme diverses modificacions d’amba&sst Aixi, per exemple, Pérez-Llano i
col-laboradors en porcs (2003) i Rota i els seldegoes en toros (2001) han sotmes els
espermatozoides a solucions de molt baixa tonjci&ti 100 mOsm-k§ respectivament, i
Chan i col-laboradors (1993) han descrit un metpaecombina el test HOS amb una tincio
supravital que ha permes la creacio d’'una variahtest (el test vHOS) i alhora una major
robustesa en l'analisi de la funcié espermaticalttd banda, Nascimento i col-laboradors
(2001) han descrit una variant del test ORMoft ORT) que consisteix, basicament, en una
reduccio del periode d’incubacio. Per acabar, Le¢hincol-laboradors (2002) han combinat
I'ds del test HOS per assajar la funcié de la memérespermatica després de la capacitacio
per comprendre millor aquest procés fisiologic.

A més dels tests HOS i ORT i de les seves modificac hi ha d'altres d’estudis que
també han emprat la tolerancia osmotica com a raébed predir la fertilitat potencial en
diverses especies. Aixi, per exemple, Petrunkila seus col-legues (2001b) han documentat
en braus la relacio entre el volum de la cel-lidpeematica (mesurat electronicament) en
resposta a les reduccions de I'osmolalitat del nfleghotonicitat) i les dades de fertilitat
vivo (obtingudes a partir d’assaig en vaques de lesstde no-retorn a I'estre després de 56
dies de les primeres inseminacions).

Com a consequeéncia de la seva relacié amb la foaliiat espermatica, I'avaluacié de la
tolerancia dels espermatozoides als canvis de btaitat del medi és sovint assajada
conjuntament amb la viabilitat, la concentraciématilitat i la morfologia espermatiques en
els protocols de fecundacid vitro (Gadea i Matas, 2001) i en els de criopreservacio
espermatica (Mazur, 1984; Curry i Watson, 1994gcRament, i relacionat amb aquesta
darrera guestio, els canvis de tonicitat com a egirncia dels protocols de criopreservacio
provoguen que la cél-lula espermatica s’encongmixn a resultat de I'efluéncia d’aigua
intracel-lular. Posteriorment, i a mesura que Pdgerioprotector i l'aigua entren, els
espermatozoides s’inflen i recuperen el volum euren en condicions normals (Gao i col-l.,
1997; Curry i col-l., 2000). En definitiva, els foools de congelacié/descongelacié
produeixen estrés osmotic, la qual cosa pot malmlan@ncié de I'espermatozoide i en pot

comprometre la viabilitat (Pukazhenti i col-l., DO
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Per preparar les solucions hipertoniqgues empradessaajos de resistencia osmotica es
poden utilitzar diferents medis i molecules, temintcompte que I'addicié de determinats ions
i molecules requereix un coneixement previ sobre eflectes que produeix I'addicid
d’aquestes substancies. Com que el fet d'utilitpaa substancia o una altra per modificar
I'osmolalitat del medi pot desencadenar un efeat@ altre, a I'estudi del tercer article s’han
assajat tres soluts diferents, dos de naturaleseaigel clorur de sodi i el citrat de sodi) i un
altre de naturalesa quimica no ionica (la glucoB&ltra banda, s’han preparat dos tipus de
tractament (en funcié de I'osmolalitat), hipotorfk00, 150 i 200 mOsm-Ky i hipertonic
(500, 750, 1.000, 1.500, 2.000, 3.000 i 4.000 m®gM; i dues modalitats diferents de
tractament segons que els espermatozoides retornim al medi isotonic després d’haver
entrat en contacte amb el medi anisotonic (tractésnamb retorn i amb no-retorn al medi
isotonic, respectivament) (Caiza de la Cueva il.cdl997a; 1997b). Aquesta varietat de
tractaments, quaranta-vuit en total, pretén congrenmillor el comportament de
I'espermatozoide de porci davant els canvis d’'oafitat del medi.

Atenent el que s’ha esmentat fins ara, en l'estali tercer article es van formular
previament les tres hipotesis segtients:

1) La variacio de I'osmolalitat del medi malmena laliat espermatica.

2) Els danys sobre la qualitat espermatica poden smiufis no només pels
canvis d’osmolalitat, sin6 també per la composibéb medi (és per aixdo que s’han
utilitzat tres soluts diferents per preparar leBigons hipertoniques, tal com s’ha
esmentat).

3) Hi pot haver una relacio entre els resultats deteses de fertilitain vivoi la
resisténcia osmotica dels espermatozoides d’uicalaEo.

Per contrastar aquestes hipotesis, s’han valoraalalitat espermatica i la integritat de la
beina mitocondrial i 'acrosoma, la motilitat i lmorfologia espermatica tant al control
negatiu com als diferents tractaments (la qual pesaet calcular el parametre de resisténcia
osmotica) i s’han correlacionat els resultats ahtia d’aguestes analitiques amb les taxes de
no-retorn a l'estre després de 60 dies de les pesnénseminacions. Per determinar
acuradament fins a quin punt el parametre funciodel resistencia osmotica dels
espermatozoides (mesurat com a quocient dels gatges de cadascun dels parametres
convencionals de I'espermograma a les diferentsotaitats, de 100 a 200 mOsm+kgls

tractaments hipotonics, i igual a superior a 500smg’ als tractaments hipertonics,
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respecte dels valors dels mateixos parametres edicions d’isotonicitat (KHR, 291
mOsm-kd")) pot predir la capacitat fecundant d’'una ejaddlaaquestes dades de fertilitat
vivo obtingudes en els centres d’'inseminacio artificaiaven entre el 81,8 % i el 87,9 %.

Respecte dels resultats, la primera questio qualmaidar és la dels efectes de l'estres
osmotic sobre els parametres espermatics. Aixg ethservat que els canvis d’'osmolalitat
inferiors a 200 mOsm-Kgi superiors a 500 mOsm - kgafecten negativament la viabilitat
espermatica i la integritat de la beina mitocoridride I'acrosoma, en concordanca amb el
que Caiza de la Cueva i col-laboradors (1997a)des@rminat en cavalls. Malgrat que els
tractaments anisotonics malmenin la viabilitat esggica, els efectes produits per les
modalitats amb retorn al medi isotonic sébn mésgopie els produits per les modalitats sense
retorn. D’altra banda, els soluts emprats produeigéectes diferents sobre la viabilitat
espermatica. Aixi, els tractaments amb la glucogbn@nen més aquest parametre espermatic
gue els que contenen clorur o citrat de sodi.

Una questié important que mereix ser discutidara émcom |'estrés osmotic malmena
'acrosoma. Aquest efecte s’ha observat tant arpet triple marcatge amb fluorocroms com
mitjancant la valoracié del percentatge d’esperawties amb I'acrosoma reaccionat duta a
terme per contrast de fase. En ambdos casos steanileat, d’acord amb dos treballs previs
(Guthrie i col-l., 2002; Walters i col-l., 2005)eg 'acrosoma queda molt malmenat pels
canvis d’osmolalitat. De fet, la resistencia decitsoma de I'espermatozoide de porci
respecte als canvis d’'osmolalitat del medi és,eemés comparatius, inferior a la d'altres
especies de mamifers, com els braus o els bocsuiiReta i col-l., 2001a). Aquest fet
s’explica en gran part per la composicié de la mamd externa de I'acrosoma, que conté un
percentatge elevat de fosfolipids insaturats, ux fi@mbre de molecules de colesterol i pocs
canals de sodi activats pels canvis de I'osmotalighmedi (Gilmore i col:l., 1998).

D’altra banda, en huma, s’han observat canvis ewlain de les vesicules que es troben
en la membrana de la beina mitocondrial com a stapade I'‘adaptabilitat de
'espermatozoide als canvis d’osmolalitat (AbrahB@eskir i col-l., 2002; Chantler i col-l.,
2004). A més, en ratolins s’ha demostrat que, gu@smolalitat del medi és de 389
mOsm-kg', la difusi6 dels lipids de la membrana plasmateal’espermatozoide també
gueda afectada (Christova i col-l., 2002, 2004).

La motilitat espermatica és el parametre que quegkafectat pels canvis d’osmolalitat,

d’acord amb resultats d’estudis previs duts a tdameen porci com en altres espécies (Caiza
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de la Cueva i col-l., 1997b; Pukazhenthi i ca200Q0; Fraser i col-l., 2001) i s’expliquen com
a consequencia dels danys produits a la membrasanatica deguts a les condicions
anisotoniques (Christova i col-1., 2002), que réxkrerapidament els nivells intracel-lulars de
trifosfat d’adenosina (ATP) (Kordan i col-l., 1997998). Per tant, i ates que els nivells
d’ATP tenen un paper significatiu en el mantenimaatla motilitat espermatica (Yavetz i
col-l., 1992; Fraser i col-l., 2001), els espermaitbes esdevenen immobils com a
consequencia dels perjudicis causats sobre el plasmma. En la comparacidé entre
tractaments, la reduccio de la motilitat és, de, més gran en els tractaments amb glucosa
gue en els tractaments que contenen clorur | d&atodi.

Un resultat esperat era I'obtingut de I'analisi ldemorfologia espermatica. Aixi, s’ha
observat un augment dels percentatges d’espernidészamb les cues doblegades i
enrotllades en les condicions d’osmolalitat mésesmes (menys de 200 mOsnitkigmés de
1500 mOsm-kg), en concordanca amb el que altres treballs pteuisdeterminat després de
I'analisi d’aquest mateix parametre (Zou i YangQ@0Chantler i Abraham-Peskir, 2004).

Es pot concloure, en definitiva, i d’acord amb akdchan indicat altres autors, que els
canvis en la pressio osmotica redueixen la viabilita motilitat espermatiques i afecten la
integritat de I'acrosoma i la morfologia dels espatozoides (Curry i Watson, 1994; Liu i
Foote, 1998; Rota i col-l., 2000; Chantler i cp2004).

Altres treballs previs han documentat que els esairzoides son sensibles als canvis
d’osmolalitat del medi que els envolta, de manera @s produeixen canvis en el contingut
osmotic i en el volum de les cel-lules, alhora tpeapacitat d’adaptacié de la cel-lula
espermatica a aquests canvis fa que aquesta e®tbogm un autentic osmometre biologic
(Petrunkina i col-l., 2000). D’altra banda, la sé&sincia dels espermatozoides respecte als xocs
osmotics s’ha assajat en porci i en d’'altres arsng@mimestics (Fraser i col-l., 2001). En
aquests estudis s’ha determinat que I'osmolalpéinta per mantenir la qualitat espermatica
és de 300 + 50 mOsm-kgque correspon a les condicions d’isotonicitakiAjjuan el medi
és isotonic, la viabilitat, la motilitat i la mottaia espermatiques es preserven millor que
quan el medi és anisotonic. Tal com s’ha esmehtateer article, la reduccié més elevada de
la qualitat espermatica s’observa quan les osnaiglison més extremes (és a dir, 100
mOsm-kg' als tractaments hipotonics, i entre 3.000 i 4.000sm-kg" als tractaments
hipertonics), tal com préviament s’ha publicat encp (Zeng i col-l., 2001), en huma (Rota i

col-l., 2000) i en altres espéecies d’animals, coangats (Pukazhenthi i col-l., 2000), cavalls
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(Pommer i col-l., 2002), braus (Guthrie i col-002), xais (Curry i Watson, 1994), ratolins
(Willoughby i col-1., 1996) o gossos (Rigau i cgl2001; 2002).

Els efectes de I'osmolalitat s’avaluen mitjancanédis anisotonics que es preparen
previament emprant aigua destil-lada o altres sobam el clorur de sodi, la glucosa, el citrat
de sodi, la fructosa, el glicerol o I'etilenglic@Bilmore i col-l., 1996; Caiza de la Cueva i
col-l., 1997b; Gilmore i col-l., 1998; Fraser i-€9l2001; Rigau i col-l., 2001; Agca i col-l.,
2002; Guthrie i col-l., 2002; Koshimoto i Mazur,02). Malgrat que les reduccions més grans
de la viabilitat i la motilitat espermatiques s’eb&n als medis hipertonics preparats amb
glucosa (tant pel que fa a la modalitat de no-retmm a la de retorn) en comparacié amb els
tractaments que contenen clorur o citrat de sadiaguest darrer cas ambdds tractaments
també afecten la qualitat espermatica. D’aquest&robcid es conclou que els efectes dels
canvis d'osmolalitat del medi sobre els parame&germatics no sén deguts nomeés a la
pressid osmotica, sind també a la concentracioc@mial tipus de substancia afegida.
Respecte a les diferéncies entre ambdues modaliéatsactament, s’ha determinat que en
porc el retorn dels espermatozoides al medi isotamamena més les cel-lules que si els
espermatozoides resten al medi anisotonic, en cdacga amb un estudi previ també dut a

terme en porci (Caiza de la Cueva, 1997b).

A l'estudi de l'article tercer no només s’han esati@ls efectes de I'estres osmotic sobre
la qualitat espermatica, sind que també —i aque#l @rincipal objectiu amb el qual s’han
dut a terme els experiments— s’han correlacionguired dels parametres convencionals de
I'espermograma (€és a dir, la viabilitat, la magitit la morfologia espermatiques), aixi com la
resistencia osmotica, amb el rendiment reproduetidi, de conéixer fins a quin punt les
caracteristiques d’'una ejaculacio poden prediela apacitat fecundant. Aixi, i pel que fa
als parametres convencionals de I'espermograma,dgterminat que hi ha correlacié entre la
viabilitat i la morfologia espermatica i la fertdt in vivo (assajada mitjancant les taxes de no-
retorn a I'estre després de 60 dies després déntena inseminacio). En canvi, la correlacié
entre la motilitat espermatica i aquestes taxesndeetorn a l'estre (NREgy no és
estadisticament significativa. Aixi, i malgrat glaemotilitat espermatica sigui un parametre
convencional del parametre que es valori rutinagiatimals centres de produccio de dosis
seminals, els resultats d’aquest estudi confirmea aguesta no és bona predictora de la

fertilitat potencial d’'una ejaculacio, tal com hdacumentat treballs previs (Berger i col-l.,
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1996; Pérez-Llano i col-l., 2001). D’altra bandapm s’esperava, la morfologia espermatica
es troba significativament correlacionada amb |d8Rq¢, en concordanca amb ['estudi
d’Alm i col-laboradors (2006). De fet, altres tribehan demostrat que la viabilitat i la
morfologia espermatiques soOn caracteristiques dgmclilaci6 que es troben meés ben
correlacionades que la motilitat espermatica amieradiment reproductiu (no només assajat
com a resultat de les NB&) i la prolificitat (Christensen i col-1., 2005).

Com s’ha esmentat anteriorment, la resistencia esgdermatozoides a I'estres hipotonic
se sol valorar mitjancant els tests d’'inflamentobgmotic (HOS) i de resistencia osmotica
(ORT) i se sol emprar com a parametre funcionalg®&lano i col-l., 2003). Al tercer article
s’han formulat diferents equacions de regressidipiélutilitzant la tolerancia de la viabilitat
i la morfologia espermatiques i de la integritat’derosoma com a variables independents i
la NRRspg com a variable dependent. En aquest sentit, S'ehsgue els coeficients de
determinaci6 (B s6n superiors en els tres tractaments segiiéptdhic sense retorn a 150
mOsm-kg', hipotdnic amb retorn a 200 mOsni*kighipertonic sense retorn i citrat de sodi a
500 mOsm-kg.

Respecte a la inclusi6 dels parametres de tolexamsmotica com a variables
independents al model de regressio, la significdeita resistencia de la motilitat espermatica
no é€s mai suficient perque aquesta variable sigwoduida al model. La resisténcia de la
morfologia espermatica, en canvi, s'inclou en atgeasos i, finalment, la resistencia dels
acrosomes i de la viabilitat espermatica s’'inclempre. A partir d’aquests resultats, es pot
concloure que sotmetre els espermatozoides a aquesttractaments i aplicar despres els
models matematics formulats es pot emprar com adaéde prediccio de la fertilitat d'una
ejaculacié. Aixi, la sensibilitat dels espermatdesi als canvis osmotics esdevé un criteri
addicional a I'hora de seleccionar o descartarepigjaculacions poden ser comercialitzades i
quines no, en funcié de les seves caracteristigdeda seva capacitat fecundant potencial,
atés gque no només els caracters fenotipics delslesaseproductors porcins han de ser
considerats en els centres de produccié de dasimaks i en els de seleccid i multiplicacio,
sino també la seva capacitat de transmetre’ldlasdaendéncia (Thibault i col-1., 1993).

Una de les aplicacions de lI'assaig de la toleraosmotica dels espermatozoides son les
técniques de criopreservacié. Actualment, la caeprvacié dels espermatozoides de porci ha
esdevingut un camp important dins de la biologidadeeproduccié (Gilmore i col-l., 1996),

per bé que la técnica de congelacio pel que faegpermatozoides d’aguesta espécie és
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particularment complicada, com a consequéncia d®rnaposicio i les propietats de la seva
membrana plasmatica, que conté un nombre eleviséidipids insaturats, un relacié baixa

colesterol/proteines i presenta moviments del tifhipsflop. A més, els espermatozoides

estan sotmesos a condicions d'osmolalitat molt aeles durant els protocols de

congelacid/descongelacié. Per aquest motiu, I'gsdaiquesta resisténcia podria permetre
coneixer quines son les ejaculacions que presemearnolerancia superior en termes d’estrés
osmotic i, per tant, quines sdn mes aptes perggreservades.

Finalment, una altra aplicacié d’aquests estudisedestencia osmotica és I'estudi de les
subpoblacions d’'una ejaculacié. Aixi, i ates queeP+<4lano i col-laboradors (2001, 2003)
han demostrat que la membrana plasmatica delsreafmaroides que reaccionen positivament
al test de sHOS és mes resistent als canvis déoilferque la dels que hi reaccionen
negativament, especialment després d’emmagatzdmaspermatozoides durant set dies a
15°C, i que la determinacié d’aquesta resistena@ampt la definici6 de diferents
subpoblacions dins I'estructura de I'ejaculacidéssggereix que els tres tractaments descrits a
Iarticle 3 (hipotonic sense retorn a 150 mOstrit;Kgjpotonic amb retorn a 200 mOsmi‘kg
hipertonic sense retorn amb citrat de sodi i a B@sm-kd) es podrien assajar tenint en
compte aquesta questio.

En definitiva, es pot concloure que els espermadesode porci son molt sensibles als
canvis d'osmolalitat del medi que els envolta, pertant els tractaments hipotonics com els
hipertonics en malmenen la viabilitat, motilitaihbrfologia. Tanmateix, cal destacar que els
medis que contenen soluts no ionics (com la glycpsadueixen més danys que els que
contenen soluts no ionics (com el clorur o el tidi@sodi), i els que comporten un retorn a les
condicions d’isotonicitat malmenen més la qualgéapermatica que els que romanen en
condicions anisotoniques. A meés, s'observa quedahilitat i la morfologia espermatiques,
aixi com el percentatge d'espermatozoides amb d&mna reaccionat, estan
significativament correlacionats amb les taxes aleetorn a I'estre després de 60 dies de les
primeres inseminacions, i que l'assaig de la res@a d’'aguests tres parametres als canvis
d’osmolalitat i la seva introduccié a models deresgiéo multiple es pot afegir a la valoracié
dels parametres convencionals de I'espermograrinageamillorar la prediccié de la capacitat

fecundant d’'una ejaculacio.
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4. Conclusions

La funcié espermatica es pot mantenir en refrigéréias a tres dies en un diluent de
curta durada (com el BTS).

L’addicié de la prostaglandinad~en un rang de concentracions de 2,5 a 10 mg/100
ml no malmena la qualitat espermatica. Per aixOesigu hormona a aquestes
concentracions pot ser afegida a les dosis semipats millorar el rendiment
reproductiu induint contraccions a I'Gter, sensedpir efectes deleteris sobre els
espermatozoides.

L’addicié de la prostaglandingfa una concentracié de 5 mg/100 ml sembla millorar
la preservacié de la viabilitat i la motilitat espética després de sis dies
d’emmagatzemament de les dosis a 15°C, en comparah el diluent sense aquesta
hormona.

. Atés que el BTS és un diluent de curta duradadi@ad de la prostaglandingfa 2,5,

5 i 10 mg/100 ml s’hauria de dur a terme també iurents de llarga durada per
coneixer amb més exactitud els efectes daquestandma sobre la funcio
espermatica.

L’acid hialurdnic en un rang de concentracions terb0 i 100 pg-ril retarda la
capacitacié espermatica després de tres dies derpaeié a 15°C amb un diluent
BTS modificat, sense malmenar la viabilitat ni &éed¢a motilitat espermatiques.

L’acid hialuronic a aquestes concentracions es giegir al BTS sense un cost
excessiu, per millorar la preservacio de I'espeduant un periode curt de temps.

Els efectes contradictoris de l'acid hialuronic molla funcié espermatica després
d’'incubacié i cocultiu i després de refrigeracihairien d’'aclarir en estudis
posteriors.

Els espermatozoides de porci son sensibles alsscdiogmolalitat del seu entorn (des
de 100 fins a 4000 mOsm-Kyg
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10.

11.

12.

Els tractaments hipotonics i hipertonics amb glacosalmenen més la qualitat
espermatica que els tractaments amb clorur i adgatodi.

Els tractaments amb retorn a les condicions isqt@®@s malmenen meés la qualitat
espermatica que els tractaments sense retorn atagwendicions.

La viabilitat i la morfologia espermatiques i elrpentatge d’espermatozoides amb
'acrosoma reaccionat, a diferéncia de la motileapermatica, s6n parametres de
I'espermograma que estan correlacionats amb lessdae fertilitat i de prolificitat,
assajades com a taxes de no-retorn a I'estre dis6@ dies posteriors a les primeres
inseminacions (NREg i de mida de la camada (LS).

La tolerancia dels espermatozoides als canvis assndel seu entorn, determinada
com a resistencia de la viabilitat i la morfologiapermatiques i del percentatge
d’espermatozoides amb I'acrosoma reaccionat, esinpatduir dins de models de
regressid lineal i es pot valorar juntament amb pasametres convencionals de

I'espermograma, a fi de predir millor la capacfestundant d’una ejaculacio.
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1. Introduccid: I'oviducte

1.1. Introducci6

La relacio anatomica de l'oviducte i de l'ovari @®lt elevada. En els mamifers domestics,
I'ovari es troba en una bossa ovarica oberta,exétitia del que succeeix en d'altres especies,
com la rata o el ratoli, en les quals es trobaresag tancat. En els animals domeéstics aquesta
bossa consisteix en un plec peritoneal del mesogaipolt prim, unit a una nansa que es
troba suspesa a la porcio superior de I'oviduciafék, 1996).

En porci, la bossa ovarica esta ben desenvolupadé ii que resta oberta, compren la

major part de I'ovari.

Oharies

.
Infundibaulu =1 “

Owiduats ,_llfh_. . = — _.' B
d ‘ Iﬁ{ /’*’F r'i ] Vv

Uterme Horns f‘ :“‘; P\
L

Lt i —
Haody Carvie -

Figura IV-1. El tracte genital femeni de la truja (www.anscdugr.edu/swine/porkpage/repro/sow2.htm).
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1.2. Anatomia de I'oviducte

Els oviductes es troben suspesos al mesosalpinplagament del peritoneu derivat de la
capa lateral del lligament ample. La longitud dwvidlucte i el seu grau d’enrotllament son
dues caracteristiqgues que varien entre els mandérestics. En les truges, per exemple, la
longitud varia entre 15 i 30 cm, mentre que eroledles és d’entre 15119 cm i en les vaques
se situa a I'entorn dels 25 cm.

L’'oviducte es pot dividir en quatre segments funeis (figura 1V-2): les fimbries;
I'infundibul, que és una obertura abdominal en fadtembut que es troba proxima a 'ovari;
'ampul-la, dilatada i més distal; i l'istmus, gés la secci6 més proximal i estreta de
I'oviducte, i que connecta amb I'Uter.

La mida de linfundibul varia segons l'espécie edat de I'animal. L'obertura de
I'infundibul descansa al centre de les fimbries gsi¢roben Iliures excepte en el pol superior
de l'ovari. Aixi, hi ha una proximitat estreta @ lfimbries i la superficie ovarica.

Infurdibildinm
Uterotubal junction

Ampulla

- Isthmus

Uterine horn

Arr'lpullary—im hrmic Juncliq}r:

Cross section Cross saction
ol ampulla ol isthmus

Figura 1V-2. Anatomia de I'oviducte (I) — Parts de I'oviductétfp://nongae.gsnu.ac.kr).

L’ampul-la, que ocupa la meitat de la longitud ‘deitlucte, es fusiona amb l'istmus. Es
desconeix el significat anatomic i fisiologic d’'agtia unid entre listmus i I'ampul-la.
L’istmus connecta directament amb I'Gter i formautdd uterotubarica que, a les truges, esta

envoltada per plegaments d’'una mucosa digitiforme.
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També hi ha musculs que s’estenen des d’aquesfess dns a linterior del teixit
connectiu del plecs mucosos, la qual cosa pernmriraccié coordinada de tota la paret. El

gruix de la musculatura augmenta des de I'extreamowde I'oviducte fins a I'extrem uteri.

1.2.1. Mucosa de I'oviducte

La mucosa de l'oviducte esta constituida per plegamprimaris, secundaris i terciaris. La
mucosa de l'ampul-la es disposa en plegaments televeamificats I'altura dels quals
disminueix fins a listmus. La configuracio compéexd’aquests plegaments mucosos a
I'ampul-la emplena en gran part la llum del condy@igura IV-3).

La mucosa consisteix en una monocapa de cél-lpliéslials cilindriques i la mucosa
contigua 0 submucosa esta formada per fibres deutaisra llisa i teixit connectiu i esta
molt vascularitzada.

L’epiteli conté cel-lules ciliades i cél-lules sores

Lamina propria- Tunica muscularis Lamina propria- Tunica muscularis
tunica submucosa tunica submucosa

o
A ': £ 3\
, P ey \\l\\; / ‘\ . Lumel-l

Figura IV-3. Anatomia de I'oviducte — Infidibulum i ampulla ¢ggerra) i istmus (dreta).
(http://instruction.cvhs.okstate.edu/Histology/fivp12.htm).

1.2.1.1. Cel-lules ciliades

A la mucosa de l'oviducte aquestes cél-lules teciéa prims i mobils (cinocilis) que
s’'estenen cap a la llum del conducte. La frequiedeicbatec d’aquests cilis depen de la
concentracié d’hormones ovariques i la seva aatiés maxima en el moment de I'ovulacio,
qguan el moviment dels cilis de la regi6 fimbriadal@viducte esta molt sincronitzat i dirigit

cap a l'obertura de l'infundibul. Segons sembladid de batec ciliar permet que I'ovul es
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desprengui de la superficie dels fol-licles i avarap a l'infundibul. Les variacions de la
relacio entre el percentatge de cél-lules ciliade$ de cel-lules secretores a través de
I'oviducte és de gran importancia. Aixi, mentre é&$lules ciliades s6n més abundants a les
fimbries i a I'infindibul, que és on I'0ovul és captles cél-lules secretores son més nombroses
a les regions de I'oviducte en les quals els fllioisinals actuen com a medi de suport per la
interaccio entre I'ovul i I'espermatozoide.

Els cilis bateguen cap a I'Gter. La seva activiablada a les contraccions de I'oviducte,
és fonamental perque es produeixi la fecundacgsque la implantacié de I'oocit fecundat no
es produeixi a I'oviducte. D’altra banda, els owths depenen en algunes espécies d’animals
domestics, encara que no en el porci, del ciclaleste tal manera que durant I'anestre
s’atrofien i perden els cilis, durant el proestriéestre s’hipertrofien i recuperen els cilis |,

finalment, es tornen a atrofiar i a perdre elsdlirant la gestacié (Hafez, 1996).

1.2.1.2. Ceél-lules secretores

Les cel-lules secretores de l'oviducte son no deiai, de manera caracteristica, contenen
granuls secretors, la mida i el nombre dels quajsd de I'especie aixi com també de les
fases del cicle estral.

La superficie apical de les cel-lules secretordéa esberta per un gran nombre de
microvellositats. Els granuls secretors acumulatiesa cél-lules epitelials durant la fase
fol-licular del cicle s’alliberen a la llum del aducte després de I'ovulacio, de tal manera que

es redueix I'altura de I'epiteli.

1.2.2. Vascularitzacié

La vascularitzacio de I'oviducte prové de les aeteuterina i ovarica. L’augment del nombre
de vasos sanguinis, regulat en gran part pelsgestsoproduits a I'ovari, es relaciona amb una

intensificacié del funcionament secretor de I'owitiy

1.2.3. Innervaci6

Com succeeix a d'altres segments de l'aparell dagprtor femeni, I'oviducte esta innervat

parcialment per neurones adrenergiques “curtes”, gqdes dun punt de Vvista
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fisiofarmacologic, difereixen de les adrenérgiqtieErgues”, més corrents. A més de rebre
nervis de ganglis prevertebrals i paravertebradgsifones adrenergiques llargues), I'oviducte
rep part de les formacions dels ganglis de la ameaovaginal (neurones adrenergiques
curtes).
El grau d’innervaci6 varia a través de les capesamars i de les regions de l'oviducte.

La innervaci6é adrenérgica és particularment abuinald musculatura circular de I'istmus i a
la unié entre l'istmus i 'ampul-la, a on les tenacions adrenérgiques estan en contacte amb
la musculatura llisa. La densa innervacio adrecargermet a l'istmus actuar com a esfinter

fisiologic, la qual cosa té la seva importancidaeregulacio del transport de I'ovul.

1.3. Funcions de 'oviducte

L’oviducte té la funcié singular de transportar éluls i els espermatozoides en sentits
oposats de manera gairebé simultania i la sevactsta esta ben adaptada a les seves
multiples funcions. La banda de fimbries duu elsl®alliberats des de la superficie ovarica
fins a l'infundibul. Després els ovuls sén transaisra través dels plegaments de la mucosa a
'ampul-la, lloc en el qual s’esdevé la fecundaciBescissio dels ovuls fecundats. Els
embrions romanen a 'oviducte aproximadament durastdies abans de ser transportats cap
a I'iter. El mesosalpinx i la musculatura de I'awite coordinen estrogens i progestagens. La
unié uterotubarica controla part del transport péematozoides des de l'Uter cap als
oviductes.

L’oviducte proporciona un medi optim per a la udi&ls gametes i pel desenvolupament
inicial de I'embrié. Aquest ambient és tant nutrittom protector pels espermatozoides,
I'odcit i 'embrié. D’altra banda, s’ha observatajels espermatozoides i els embrions tenen
antigens rars que poden ser reconeguts i atadagsena immunologic humoral de la mare
(Oliphant i col-l., 1984a; 1984b).

1.4. El fluid oviductal

El fluid de I'oviducte genera 'ambient adequat qpe¥ es duguin a terme la fecundacio i
I'escissié dels ovuls fecundats; la seva acumulasta regulada per les hormones ovariques.

Mitjancant I'is de tecniques diferents de canulgmo a la obtencié continua de fluid, s’ha
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demostrat que el volum del liquid secretat peritlagte varia durant el cicle estral. Aquest
volum és baix durant la fase luteal, augmentangclide I'estre, assoleix un nivell maxim un
dia més tard, i després decreix fins als valoraataristics de la cossos atrésics.
El sentit del flux de l'oviducte es dirigeix caplavari, ates que l'istmus bloqueja
totalment o parcial el flux dels liquids cap adt
Diferents factors fisiologics poden intervenir arcteacio de corrents i contracorrents:
a. en humans, canvis quantitatius i qualitatius destxgecions de I'oviducte durant
el cicle menstrual i com a resposta als anticomnggpt
b. variacié de la mida i de la forma dels batec dé®ailis en compartiments de
l'oviducte,
c. canvi constant del diametre de la llum de l'ovidueh diferents segments com a
resultat de la contraccio muscular i reorienta@ls ¢plegaments de la mucosa.
El moviment de les secrecions de I'oviducte contila al transport de I'0vul cap a I'Gter.
El fluid oviductal té varies funcions com nodriodcit que acaba de ser ovulat, permetre la
capacitacié espermatica, servir de medi perquecekipixi la fecundacio i perque I'embrid es
desenvolupi abans de la implantacio. Aquest flidth e&onstituit per serum i productes de
secrecio procedents dels granuls de les cel-lele®tores de I'epiteli oviductal (Oliphant i
col-l.,, 1984a) i I'activitat secretora de I'ovidaecesta regulada per les hormones esteroidees.
Al fluid oviductal hi ha algunes proteines que @ot@ben al sérum, la qual cosa indica que
les cel-lules de I'oviducte duen a terme activisatsretores especifiques.
Finalment, cal esmentar que el fluid oviductalnéetecte directe en la hiperactivacié dels
espermatozoides, fenomen que en porci i a difaxalialtres espécies es produeix de manera
molt rapida (Yanagamachi i col-l., 1994), i quer@dt important per la interaccio entre I'ovul

i 'espermatozoide.

1.5. La musculatura de l'oviducte i dels lligamentselacionats

Les contraccions dels oviductes faciliten que eitiogut de les secrecions s’homogeneitzi,
faciliten la fecundacié i regulen, en part, el sport de I'oocit. A diferéncia del peristaltisme
intestinal, el peristaltisme de l'oviducte tendeixdemorar lleugerament I'aveng de I'ovul

enlloc de contribuir a que aquest es produeixi.
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1.5.1. Patr6 de contraccions de I'oviducte

La musculatura de l'oviducte experimenta diversgmist de contraccions complexes:
contraccions de tipus peristaltiques localitzadés sjoriginen en segments aillats 0 nanses i
que recorren només una distancia curta, contragcidels segments, i moviments
lumbricoidals de la totalitat de l'oviducte. Lesnt@ccions en sentit abovaric son més
comunes que les adovariques i, en general, 'ahapégd-menys activa que l'istmus.

Atés que les fibres musculars longitudinals (queien) i les fibres musculars circulars
(que produeixen constriccio anul-lar) son activad@sstantment, el patré de contraccions de
'oviducte és complex. Altres factors que contribea@ a la complexitat del patr6 de
contraccions oviductal son les activitats conttactiel mesosalpinx, del miometri i dels
ligaments de sosteniment, aixi com també el mortrogiar.

El patro i 'amplitud de la contraccio varien aviéa dels diferents segments de I'oviducte.
A listmus, les contraccions peristaltiques i aatiptaltiques s6n segmentaries i continues. A
'ampul-la, ones peristaltiques intenses avancemmdeera segmentaria cap a la porcio
mitjana de l'organ. Els patrons variables de catita poden associar-se amb els canvis
ciclics en el contingut de glicogen de la muscutatle I'oviducte que és més abundant a la

musculatura circular interna que a la musculatomgitudinal externa.

1.5.2. Prostaglandines i contractibilitat de I'owuidte

Les prostaglandines; k E; duen a terme un efecte caracteristic a la musealéngitudinal

de l'oviducte: contrauen la part proximal i relaxémn resta de I'organ. En canvi, la
prostaglandina £el relaxa completament. D’altra banda, les prdatatines ki F,, actuen
com a estimulants, la variant 2 amb més intengiiatla variant 1, sense que es produeixi cap
canvi aparent en la sensibilitat o I'accié durdntiele menstrual. La prostaglanding, B¢ un

efecte relaxant a tot I'organ.

1.5.3. Lligament uteroovaric

El lligament uteroovaric conté cel-lules de la nulestira llisa disposades principalment en
feixos longitudinals que segueixen dins del miomdins a I'estroma ovaric. La musculatura

llisa dels mesoovaris i dels diversos lligaments deesenteris units als ovaris i a les fimbries
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es contrau de manera intermitent. Aquestes combracenusculatures ritmigues asseguren
gue les fimbries romanguin en una posicié constspecte la superficie dels ovaris. (Hafez,
1996)

1.6. Cultiu de ceéel-lules oviductals

L’oviducte té un paper molt important en la reprocld dels mamifers perqué ofereix un
microambient adequat pel transport dels gametesrque és el lloc on es produeix la
fecundacio i les primeres etapes del desenvolupametrionari (Romar i col-l., 2001;
Hunter, 2005). En porci, la interaccié entre elgeematozoides i les cel-lules epitelials de
I'oviducte constitueix la fase final del procés mhaduraciéo del gamet masculi, ates que li
doéna la capacitat de penetrar I'oocit (Hunter, 2984

L’epiteli de l'oviducte dels mamifers esta congtitper cel-lules secretors i cel-lules
ciliades. Les ceél-lules secretores tenen una edesmativitat i produeixen i secreten a la llum
de l'oviducte un gran nombre de proteines, entsedeals cal destacar la glicoproteina
secretora oviductalogiductal secretory glycoproteirOSP) que esta conservada en moltes
especies (Buhi i col-l., 2000; Killian, 2004). Lesoteines secretades intervenen en el
desenvolupament embrionari i s’ha observat quevitro mantenen la funcionalitat de
I'espermatozoide (Abe, 1996). L’activitat i les @ions de l'oviducte depenen de la seva
activitat secretora, de la regulacié de la musawallisa i de les cel-lules ciliades. Diferents
estudis han demostrat que les hormones produitlegaai: I'0xid nitric, les citoquines i els
factors endotelials de creixement relaxen i comtnala musculatura llisa d’aquest organ i
modulen I'activitat de les cel-lules ciliades delpiteli (Pérez-Martinez i col-l., 2006). En
alguns mamifers, encara que no en porci, s’haa tietme estudis de cocultiu de cél-lules de
I'epiteli oviductal i d’espermatozoide que han seiggdiferencies regionals de l'activitat
secretora (Petrunkina i col-l., 2001c)

El cultiu primari de cel-lules oviductals ha estajecte d'estudi (Figura IV-4),
especialment el seu cocultiu amb oocits en prosod®V/F. Kano i col-laboradors (1994) van
demostrar que el seu Us en cultiu permetia la ®@dude la polispermia i Chian i
col-laboradors (1995) van observar el paper quiactor secretat per aquestes cel-lules tenia

en la capacitacio espermatica.
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Figura IV-4. Cultiuin vitro de cél-lules epitelials de I'oviducte (100x augtsgn

1.7. Cocultiu de cel-lules oviductals i espermatozies

Diferents estudis duts a terme en vaques (Eyestonld., 1989; 1991; Xu i col-l., 1992) i en
ovelles (Gandolfi et al., 1987) han permes obseguer el cocultiu amb cél-lules oviductals
aixi com el medi condicionat que aquestes produeie cultiu (OEC-CM) promou el
desenvolupament embrionami vitro. En porci, les cél-lules oviductals en cultiu preiden i
secreten un conjunt de productes que ofereixencdeglicions adequades per reduir la
polispérmia i per augmentar les taxes de fecundawci@ls protocols d'IVF (White i col-l.,
1989; Nagai i Moor, 1990; Kano i col-l., 1994; Mat&zi Hagen, 1999). Encara que s’hagi
especulat sobre la possibilitat, plausible, quetivdtat de I'oviducte estigui sotmesa a
variacions del cicle ovaric, Eyestone i col-laborad1991) no van observar diferéncies quan
van comparar I'efecte del cultiu de cél-lules pdmsds de diferents estadis d’aquest cicle en
desenvolupament d’embrions en bovi. D’altra bar@ezeli i col-laboradors (1999) tampoc
van observar variacions pel que fa a la capacitespermatica després de cocultivavitro

les cél-lules epitelials de I'oviducte i els espatozoides de porci.

L'oviducte de la truja es pot dividir en dues gramgions: l'istmus i 'ampul-la.
Tanmateix, aquest organ pot ser dividit en quataetsp la regié intramural, I'istmus,
I'ampul-la (on es produeix la fecundacié) i I'inflibul. En porci, i en altres espécies de
mamifers, un petit segment de l'istmus forma eemesri seminal durant el periode estral

(Suarez i col-l., 1991). En el moment de I'ovulacibmés uns quants espermatozoides sén
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alliberats del reservori (Topfer-Petersen i coRD02). Hunter (1990) va demostrar que la
polispermia augmentava quan un nombre excessipeat@stozoides eren alliberats del
reservori seminal, de tal manera que aquest dute&rnae dues funcions molt importants:
assegurar que hi ha espermatozoides disponiblésviducte al moment de I'ovulaci6 i
prevenir la polispérmia

Pel que fa al cocultiu de cél-lules oviductalspezmatozoides s’han dut a terme diferents
estudis en huma (Bongso i col-l., 1993; Kervanciagtol-l., 1994;; Morales i col-l., 1996;
Ellington i col-l., 1998; Yao i col-l., 1999) i ettres espécies de mamifers: ovella (Gutiérrez i
col, 1993), conill (Smith i Nothnick, 1997), cang(®8idhu i col-l., 1998), gos (Ellington i
col-l., 1995; Kawakami i col-l., 2001), rata (Cariécol-l., 2004), vaca (Lefebvre i Suérez,
1996) i cavall (Ellington i col-l., 1993, Thomasal-l., 1994; 1995).

En huma, diversos estudis (Kervancioglu i col994; Yeung i col-l., 1994; Morales et
al. (1996) han demostrat que el cultiu de cel-l@iisluctals té un efecte positiu sobre els
espermatozoides perquée n‘augmenten la viabililatmotilitat, modifiquen la frequiéncia de
batec de la cua i estabilitzen I'acrosoma.

Figura 1V-5. Cocultiu homoleg porci de cél-lules epiteliald’deiducte i expermatozoides (200x augments).

1.8. Incubacié dels espermatozoides amb OEC-CM idccions APM

Zhu i col-laboradors (2001) han demostrat que @i m@ndicionat per les cél-lules oviductals
(OEC-CM) pot prolongar viabilitat dels espermatatas humans criopreservats. D’acord amb
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els estudis de Quintero i col-laboradors (20053 duierme en huma, el fluid oviductal podria
tenir un paper estabilitzador de I'acrosoma, impeti reaccié acrosomica, la qual cosa és
molt important en abséncia del gameta femeni.

En conills, Smith i Nothnick (1997) han demostraeda viabilitat espermatica pot ésser
prolongada quan els espermatozoides sén incubditdesniraccions apicals de la membrana
plasmatica (APM) de les cél-lules oviductals (OE®N a consequencia del contacte directe
entre els gametes masculins i les OEC. Aquesteséecespecific del teixit i esta correlacionat
amb I'estadi reproductiu.

En vaques, s’ha observat que el fluid oviductallada funcié espermatica per facilitar la
fecundacio, capacitant I'espermatozoide i indummtla seva hiperactivacié (Parrish i col-l.,
1989; McNutt i Killian, 1991; McNutt i col-l., 1994Abe i col-l., 1995). D’altra banda, el
medi condicionat per les cel-lules oviductals ehilc(OEC-CM) prolonga tant la viabilitat
com la motilitat espermatiques (ljaz i col-l., 199de i col-l., 1995) i el tractament amb 17-
B-estradiol augmenta la capacitat que té I'OEC-CM melongar la motilitat dels
espermatozoides (King i col-l., 1994). S’han dukelane, a més, experiments de cocultiu
heteroleg d’espermatozoides humans i céel-lulesegéddli oviductal bovi i s’ha observat que
aquestes cel-lules actuen estabilitzant la cromatéls espermatozoides, tant en semen fresc
com criopreservat (Ellington i col-l., 1998).

Encara que el medi condicionat obtingut del cuttivitro de cel-lules oviductals i el fluid
oviductal obtingut mitjancant un cateter contenearacions oviductals, la seva composicio
no és idéntica. En efecte, el fluid oviductal coalgunes molecules que no sén presents en el
medi condicionat produit per les cél-lules cultegdTanmateix, tan el fluid oviductal com el
cultiu in vitro de cél-lules oviductals i el medi que aquestedymixen han estat utilitzats per
estudiar l'oviducte, la composicio del seu fluid’efecte de les seves secrecions en la
funcionalitat dels gametes i en el desenvoluparentirionari (Oliveira i col-l., 1999; Killian,
2004). D’acord amb Suérez i col-laboradors (19@lnotilitat espermatica en porci es manté
en cocultiu tant amb cél-lules procedents de listrrom de I'ampul-la. Aquests autors també
varen demostrar que la interaccio espermatozoidkedeeoviductal, que forma el reservori
seminal a nivell de l'istmus, no esta restringitahiperiode estral ni a la regié istmica.
Petrunkina i col-laboradors (2001c) tampoc varabdr diferencies significatives en la
interaccié espermatozoide-cél-lula oviductal en demparacions entre istmus i ampul-la,

entre les fases fol-licular i luteal ni entre lesnélles. En concordanca amb els resultats
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obtinguts en aquest darrer estudi, Fazeli i cadriatbors (2003) no varen observar diferencies
significatives ni entre les regions de l'oviducteentre les fases del cicle ovaric quan van
analitzar els efectes de 'APM sobre els espernoades de porci. De manera oposada, en dos
estudis en gossos (Kawakami i col-l., 2000; 2004 )va observar que els percentatges
d’espermatozoides amb l'acrosoma reaccionat i &spdrmatozoides hiperactivats eren
significativament superiors després del cocultilbasal-lules procedents d’oviducte que es
trobaven a I'estadi fol-licular que després deluttac amb cél-lules procedents de la fase
luteal del cicle. Aquesta diferéncia fou atribuidds glicosaminoglicans /o a les
glicoproteines secretades per les OEC en estalichidr.

Diferents estudis han mostrat que el fluid oviducanté proteines que s’uneixen a
receptors de membrana de I'espermatozoide i quenten efecte beneficidés per la funcio
espermatica en huma (Wagh i Lippes, 1989; Lippé&gh, 1989), en toro (King i Killian,
1994; Abe i col-l., 1995; Lapointe i Sirard, 199&n cavall (Ellington i col-l., 1993).

En un altre ordre, s’han dut a terme estudis stdbrafluéncia dels estrogens en els
patrons proteics de les cel-lules epitelials deidiacte en cultiu (Xia i col-l., 1996) i s’ha
demostrat que la motilitat oviductal esta regulgads nivells plasmatics d’estrogens i
progesterona (Spilman i col-l., 1978; Mwanza ilcd000).

Amb tots aquests antecedents, es va plantejandliedels efectes del cocultiu de cél-lules
de I'epiteli oviductal sobre la viabilitat, la mlit@t i la capacitacido espermatiques, aixi com
també l'estat de la beina mitocondrial i de l'acmg, tenint en compte que la funcio
espermatica esta influida no només pel contaceetdirdels espermatozoides amb aquestes
cel-lules sin6 també per les proteines que aqusstesten (article 4). Amb aquest objectiu es
varen plantejar dos experiments. En el primer, esdgermatozoides procedents de dosis
seminals refrigerades i destinades a IA foren terdanb gradient de Percoll (35-70%) i
posteriorment cocultivats amb cél-lules de I'epitglductal o amb cel-lules procedents d’'una
linia cel-lular de rony6 (LLC-PK1), que van sende control positiu. Els parametres
espermatics esmentats foren analitzats tant ppkrmaatozoides que no estaven units a les
cel-lules cultivades i que estaven, per tant, espexusio, com pels que es trobaven units a
aquestes cel-lules. En el segon experiment, elragpozoides van ser incubats amb el medi
condicionat per les cel-lules oviductals i per ¢&d-lules de la linia de ronydé obtingut

préviament, per observar si aquest tenia algurteefabre els espermatozoides. En el present
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estudi, es va utilitzar el sistema de cocultiu pérgfereix un model més fidedigne que les
incubacions amb fraccions d’APM (Smith i Nothnid®97).
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2. Objectius

Si I'objecte d’estudi del capitol anterior és basient I'espermatozoide de porci i la seva
conservacio, aquest capitol estudia alguns aspéet&sreproduccio porcina al tracte genital
femeni, basicament referits al cocultin vitro de cél-lules epitelials de l'oviducte i
espermatozoides.

Els dos primers objectius sén la base del quatiertel tercer i quart objectius son el
fonament del cinque i els dos darrers objectiusladrase del sisé article.

L’oviducte juga un paper clau en la reproducciésdebmifers, atés que és la regio del
tracte genital femeni en la qual es produeix lafidacié. Aquest organ ofereix I'ambient
adequat pel transport dels gametes, la fecunda&cliadkit i el desenvolupament embrionari
primerenc (Romar i col-l., 2001; Hunter, 1984; 202Q05). Per aquest motiu, ptimer
objectiu d’aquest capitol és estudiar els efectes del tadubmoleg amb cel-lules oviductals
durant un periode de 24 hores sobre alguns pamsrfetncionals dels espermatozoides, fent
especial eémfasi en la viabilitat i la capacitacspermatiques. Per dur a terme aquest primer
objectiu, s’han analitzat de manera separada lédagions espermatiques unides a les
cel-lules epitelials de les poblacions que no hanes s’ha utilitzat una linia cel-lular d’epiteli
de rony6 de porc (LLC-PK1) com a control positiu.

D’altra banda, estudis previs (Bureau i col-l., @0Ban demostrat els beneficis que la
incubacié amb el medi condicionat per les cél-lohgluctals té sobre la fecundad@nvitro.

A més, les cél-lules oviductals presenten actigéatretora tam vivo comin vitro (Lippes i
Wagh; Quintero i col-l.,, 2005). Per aix0,ssgon objectiués determinar els efectes de la
incubacio dels espermatozoides amb el medi conditiper les cél-lules oviductals i LLC-
PK1 sobre els diferents parametres funcionals, ¢éadioibant un periode de 24 hores.

Estudis previs han demostrat que no hi ha difeesnentre els estadis ovarics de les
cel-lules oviductals cultivades en la seva capagd@anodular la funcionalitat espermatica. El

tercer objectiu ha estat, aixi, el d’analitzar els nivells d’exgiésgenica de quatre gens
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rellevants, la clusterina, laeat shock protein 90 kDa alpha AHSP90AA), la heat shock
cognate protein related0 kDa (HSPAS, i la glucose regulated proteii8 kDa (HSPAS,
identificats en un extracte soluble procedent defiaccions apicals de la membrana de les
cel-lules oviductals (SAPM) (Sostaric i col-l., BO&lliot i col-l., comunicacio personal).

La funcio espermatica esta modulada tant pel ctentdicecte amb les cel-lules oviductals
com per les proteines que aquestes secreten ah ldenBoviducte, tal i com d’altres estudis
han determinat (McCauley i col-l., 2003; Zhang [-lco2006). Tanmateix, s6n pocs els
treballs que han documentat I'efecte que la preaatels espermatozoides té sobre la funcié
de les cél-lules oviductals (Fazeli i col-l., 20G£&orgiou i col-1., 2005; 2007; Kodithuwakku i
col-l., 2007). Per aqguesta radgelart objectiu és estudiar les variacions en I'expressio dels
quatre gens esmentats despres del codaltritro durant un periode de 24 hores.

La interferencia d’RNA és una tecnica molt Gtil gstudiar la funcié genica. Elnque
objectiu d’aquest capitol és optimitzar aquest métode eruétiu primari de cél-lules
oviductals mitjancant transfeccié i electropora@idvitro i utilitzant diferents molécules
curtes d’'RNA d’interferéncia (SiRNA).

Finalment, s’ha observat que el gelsP90AAlesta sobreexpressat per les cel-lules
oviductals, després que aquestes siguin coculthviaddtro amb espermatozoides. A més, la
proteina HSPO90AAL ha estat identificada en elsaeis de la membrana plasmatica apical,
qgue tenen la propietat de perllongar la viabilgspermatica (Fazeli et al., 2003). Per aixo, el
sisé objectiués determinar els efectes que té el silenciam@rgahHSP90AAla les cél-lules

oviductals sobre la viabilitat espermatica.
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3. Discussio general

El capitol anterior estava basicament centrat enillara de les dosis seminals refrigerades, i
de les caracteristiques de les ejaculacions i\a sapacitat fecundant. Tanmateix, un bon
nombre dels treballs dedicats a la reproduccio iparc a la d’altres especies d’animals
domeéstics compren com a objectiu formal del seudestl tracte genital femeni; en aquest
sentit, sén particularment nombrosos els estudisesia fisiologia de I'oviducte (per revisio,
vegeu Hunter, 2005) i la de I'iter (Tabizadeh i @re, 1999) i sobre les técniques de
fecundacidan vitro (Romar i col-l., 2001). Concretament, I'oviducte@mpa de Fal-lopi té un
paper molt important en els esdeveniments que @xelu a la fecundacio de I'oocit per part
de I'espermatozoide, perque proporciona el microanttadequat pel transport dels gametes
cap a I'ampul-la (que és la regio de I'oviductdaqual es produeix la fusio dels gametes), i
pel desenvolupament embrionari primerenc (Romai-1.c2001; Hunter, 2005). De fet, a la
majoria de les espécies de mamifers, inclosa leinmrel contacte entre els espermatozoides
i les cél-lules epitelials de I'oviducte represemta de les fases finals de la maduracio de la
cel-lula espermatica, la qual li dona la capad&ipenetrar I'oocit (Hunter, 1984). Aixi, és
ben conegut que la fisiologia reproductiva inclawcbordinacié acurada d’'un gran nombre de
processos, inclosa la interaccié entre els gametesculins i les cel-lules epitelials de la
trompa de Fal-lopi al tracte genital femeni (Huntodriguez-Martinez, 2004).

Atesa la importancia del que s’ha exposat, aquapftal esta basicament dirigit al
coneixement de l'oviducte porci i de la relacio rentes cel-lules epitelials que el
constitueixen i els espermatozoides, determinadades d’'un punt de vista cel-lular com
molecular.

L'oviducte dels mamifers esta format per cél-lidesretores i ciliades (Hafez, 1996). A
mes, els espermatozoides s’uneixen a les celdyliéslials de I'oviducte (Petrunkina i col-l.,
2001c), i en porci i en altres espécies d’animalséktics formen durant el periode estral un

segment curt a nivell de l'istmus que s'anomenaresi seminal (Suarez i col-l., 1991,

487



Capitol IV

Topfer-Petersen i col-l., 2002). Com a consequéaeia rellevancia de les cél-lules epitelials
de l'oviducte en la reproduccio dels mamifersgleerca en aquest ambit inclou estudis duts a
terme en cultiu primari per coneixer l'estructura’ultraestructura d’aquestes cel-lules
(Eslaminejad i col-l., 2007), I'establiment de asses de fecundacia vitro, la determinacio
dels parametres espermatics després de cocultiolagrmheteroleg i I'assaig dels efectes de
les proteines i del medi condicionat per aquestddules epitelials oviductals sobre la
funcionalitat espermatica.

Pel que fa als protocols de fecundaai@itro, s’han publicat varis treballs en huma (Vlad
i col-l., 1996; Saridogan i col-l., 1997; Tse i-tpR007) i en altres espécies de mamifers, com
en cavalls (Thomas i col-l., 1995a), conills (Dicke col-l., 1996), cabres (Rodriguez-Dorta i
col-l.,, 2007), vaques (Walter i Miller, 1996; Xiaol-l., 1996; Cox i Leese, 1997; Reischl i
col-l., 1999; Rottmayer i col-1., 2006), porcs (Romcol-1., 2001), micos (Rajagopal i col-I.,
2006), ratolins (Lee i Yeung, 2006; Tan i col-D0Z) o gossos (Vannucchi i col-1., 2006).

Respecte al cocultiu d’espermatozoides i de ceklapitelials de I'oviducte, s’han dut a
terme un bon nombre d’experiments a les espéciesaha (Bongso i col-l., 1993;
Kervancioglu i col-1., 1994; Morales i col-l., 199dlington i col-l., 1998; Yao i col-l., 1999),

i porcina (Suarez i col-l., 1991; Fazeli i coll999; Petrunkina i col-l., 2001c; Yeste i col-I.,
2007c), aixi com també en cangurs (Sidhu i cd998), ovelles (Gutiérrez i col-l., 1993),
gossos (Ellington i col-l., 1995; Kawakami i cgl2001), rates (Cortés i col-l., 2004), vaques
(Lefebvre i Suarez, 1996; Gualtieri i Talevi, 20@W03) o cavalls (Ellington i col-l., 1993,
Thomas i col-l., 1994; Thomas i col-l., 1995b).lHema part d’aquests estudis, s’ha demostrat
qgue les cel-lules epitelials influeixen de manespeeifica els espermatozoides, atés que en
prolonguen la seva viabilitat, n’estabilitzen l'asoma i n’indueixen la capacitacio
(Kervancioglu i col-l., 1994; Yeung i col-l., 199%torales i col-l., 1996; Ellington i col-l.,
1998; Fazeli i col-l., 1999). Més endavant, esargran tots i cadascuns d’aquests aspectes
en la discussio del que s’ha observat per I'espgemieina al quart article.

Finalment, els dltims antecedents que resten paentar son els que estudien I'efecte de
les proteines del fluid oviductal i del medi condiat produit per les cél-lules oviductals en
cultiu sobre la funcionalitat espermatica. Es bemegut que un dels aspectes de la fisiologia
de l'oviducte és la secrecié de glicoproteines gjaeumulen al cauda de l'istmus, que és la
regié en la qual es forma el reservori seminal yukdori. Les funcions d’aquests secrecions

son: impedir I'entrada dels fluids de I'Gter i danhpul-la al reservori seminal i eliminar les
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secrecions residuals del mascle que resten a lerfeaip dels espermatozoides (Hunter,
2002). S’ha observat, a més, que aquestes protvithgctals influeixen d’alguna manera les
cel-lules espermatiques (Wagh i Lippes, 1989; Atmd-1., 1995; Lapointe i Sirard, 1996; Zhu
i col-l., 2001; Quintero i col-l., 2005).

Un cop esbossats els trets més importants i I'estatal de I'estudi de I'oviducte tant en
porci com en altres espécies, és moment d’expesaabns que han conduit a dur a terme el
quart article. En primer lloc, i reprenent l'inide la discussid, cal esmentar que un nombre
considerable d’estudis previs han demostrat quedkekiles epitelials de I'oviducte afecten la
viabilitat, la capacitacio i la motilitat esperntptes a les espécies humana (Ellington i col-I.,
1998; Yao i col-l.,, 1999), porcina (Fazeli i cql1999), equina (Thomas i col-l., 1995b;
Dobrinski i col-l., 1999), canina (Kawakami i cqgl-2001), bovina (Kodithuwakku i col-l.,
2007) i en algunes especies de rosegadors (Codald.j 2004). Amb aquests antecedents,
I'objectiu del quart article ha estat determinas efectes del cocultiu homoleg de cél-lules
oviductals i espermatozoides, i la co-incubaciégd&sts amb el medi condicionat per les
cel-lules oviductals en cultiu, sobre la viabilite@ capacitacid i la motilitat espermatiques i
sobre la integritat de 'acrosoma i de la beinaooondrial a I'especie porcina. Aquest disseny
experimental s’ha dut a terme durant un period4ldores, emprant una linia cel-lular
d’epiteli de ronyé porci (LLC-PK1) com a control giiu i separant en el cas dels
experiments de cocultiu les poblacions d’esperntities unides a les cél-lules epitelials
d’aquelles que romanien surant lliurament al medi.

Un cop dut a terme el treball de laboratori, s’lservat que el cocultiin vitro dels
espermatozoides amb les cél-lules epitelials dédluote i la incubaci6 amb el medi
condicionat per aquestes mateixes cel-lules (OEQ-Ghanté la viabilitat espermatica,
indueix la capacitacio i en modifica alguns paraesetle la seva cinética. Cadascun d’aquests
aspectes sera discutit a continuacio, primer gearsaei després conjuntament.

El cocultiu i la incubacié amb el medi condiciopabcedent de les cél-lules epitelials no
reproductives de rony6 (LLC-PK1, control positiaptbé perllonga la viabilitat espermatica
si es compara amb el medi sense cél-lules (comégrtiu), encara que no en el mateix grau
que les cel-lules epitelials de l'oviducte. Tanmatel fet que les cél-lules de I'epiteli no
reproductiu mantinguin d’alguna manera la vialtiléapermatica esta d’acord amb el que han
observat Kervancioglu i col-laboradors (1994) déspute cocultivar els espermatozoides amb

cel-lules oviductals i amb cel-lules Vero (que g@yen a una linia cel-lular no reproductiva
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de ronyd de mico), pero també amb el treball d’Aldia els seus col-legues (1997) que han
demostrat que el cocultiu d’espermatozoides amiuted epitelials epididimaries augmenta
la viabilitat espermatica en huma, de tal maneml@piteli del tracte genital €s el que millor

manté la funcionalitat espermatica.

De fet, la viabilitat valorada amb el marcatge &@BR-14 i homodimer d’etidi (EthD-

1) és més elevada a la poblacié espermatica unida eél-lules oviductals i a les cel-lules
LLC-PK1 que a la poblacio que resta lliure al mddi cocultiu. Després de 24 hores de
cocultiu, la viabilitat es manté sense canvis $iggiius respecte l'inici de I'experiment a la
poblacié d’espermatozoides units a les cel-lulédumtals pero no a la d’aquells que es troben
units a les cél-lules LLC-PK1, en concordanca ainliete préviament exposat, que les
cel-lules de naturalesa reproductiva, com sbén lelules oviductals, s’uneixen
especificament als espermatozoides i en perllonguseva viabilitat.

Els estudis dedicats al contacte entre els esperwides i les cél-lules epitelials de
I'oviducte ens permetre comprendre quin és el pgperjuguen aquestes cel-lules sobre els
gametes masculins. En aquest sentit és molt impoléaformacio del reservori seminal
preovulatori a nivell de I'istmus, constituit a fladel contacte entre les cél-lules somatiques
femenines i les cel-lules germinals masculines. ciésa a aquest reservori, els
espermatozoides poden ser emmagatzemats de taingoera que es mantingui la seva
funcionalitat, mitjancant un perllongament de labiiitat i una reduccié de la motilitat
espermatiques (Topfer-Petersen i col-l., 2002)isémus el reservori seminal es forma com a
consequencia de la interaccié glucidico-proteic#eeoligosacarids que contenen residus de
manosa i que son exposats per les cel-lules oalductles espermadhesines que sén
produides per les vesicules seminals i s’associemla superficie de I'espermatozoide en el
moment de I'ejaculacié (Topfer-Petersen i col002). Relacionat amb aquest darrer aspecte,
cal destacar que lI'espermadhesina AQN1 és una Sleri@eines d’'unié a glucids més
importants a I'especie porcina i juga un paper @aula unidé a les cel-lules epitelials de
I'oviducte i, per tant, en la formacié del reseivs®@minal, com abans s’ha comentat (Ekhalsi-
Hundrieser i col-l., 2005). Aixi doncs, isi vivo I'istmus emmagatzema els espermatozoides
en condicions molt especifiques, suprimint-ne lpac#acio prematura fins que s’esdevé
I'ovulacié en un procés molt coordinat (Topfer-Psém i col-l., 2002)in vitro aguest efecte
també s’observa.
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A banda del contacte directe entre les cél-luleduatals i les cél-lules espermatiques,
estudis previs duts a terme en conills (Smith ihdatk, 1997) i en porcs (Fazeli i col-l.,
2003) han demostrat que la unio dels espermatoz@idd algunes proteines procedents de
les fraccions apicals de les membranes plasmatigiéss cél-lules oviductals (APM) també
manté la viabilitat espermatica. En porci, semhia gon les proteines periferiques més que
no pas les integrals de membrana les qui duemeetaguest perllongament (Fazeli i col-l.,
2003).

A les poblacions espermatiques que no es trobatesimii a les cél-lules oviductals ni a
les cél-lules LLC-PK1 dels experiments de coclilém els experiments d’incubacié amb el
medi condicionat de les cél-lules cultivades, €hgrat un métode de triple marcatge amb
fluorocroms que permet coneixer, entre d’altresstht funcional de I'acrosoma. A partir dels
resultats obtinguts, s’observa que el percentagpdrmatozoides amb I'acrosoma intacte és
superior als cocultius i a les incubacions amb etlincondicionat de les cél-lules oviductals
gue en els cocultius i a les incubacions amb eli maadicionat de les cel-lules LLC-PK1 i
superior als resultats del control negatiu. Aquestiltat confirma que les cel-lules oviductals
estabilitzen les membranes de l'acrosoma de l'esgzoide de porci, mitjancant la
preservacio de la seva integritat i redueixen atgrgatge de reaccions acrosomiques falses o
degeneratives, de manera similar al que s’obsemvauwma (Yao i col-l., 1999). També
relacionat amb la integritat de 'acrosoma i ampagber que aquesta juga en el moment clau
de la fecundacio, s’ha observat que els espermdwzad’huma i bovi que presenten
'acrosoma intacte son més capacos d’unir-se aota el-licida que els que presenten
I'acrosoma alterat (Nishikimi i col-l., 1997; Liwcol-l., 2006).

El manteniment i la prolongacié de la viabilitapesmatica és un caracteristica comuna
dels sistemes homolegs i heterolegs de cocultil,i taom s’ha observat en huma
(Kervancioglu i col-l., 1994; Yeung i col-l., 1994khondi i col-l., 1997; Yao i col-l., 1999),
porci (Fazeli i col-l., 1997; 1999), bovi (Ellingta col-l., 1991; Pollard i col-l., 1991), ovi
(Gutiérrez i col-l.,, 1993) i equi (Ellington i dol-1991; Thomas i col-l., 1994). A l'article
quart, la viabilitat espermatica es manté tansgtiblacions espermatiques que estan unides a
les cel-lules epitelials de I'oviducte com en abpsetjue no ho estan, per bé que s’observa que
els percentatge d’espermatozoides viables sén isupex les primeres que a les segones.
Aixi, i després de 24 hores de cocultiu, la vighilide la poblacié unida a les cel-lules

oviductals es veu reduida nomeés en 10% respeciei lile I'experiment, mentre que la
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viabilitat de la poblacié espermatica que no esidaia aquestes cél-lules disminueix en un
50%. D’altra banda, atés que la viabilitat espeicaags superior a la poblacié unida a les
cel-lules oviductals respecte de la que esta uaitlss cel-lules LLC-PK1 i superior a la
poblacié que no esta unida a les cel-lules ovithicespecte de la que no esta unida a les
cel-lules LLC-PK1 en els experiments de cocultig, a®nclou que tant les secrecions
procedents de les cel-lules oviductals en cultiun cel contacte directe entre els
espermatozoides i aquestes cel-lules afecta lzohaldat espermatica.

D’acord amb aquest darrer punt, la viabilitat espdgrca es manté de manera
significativament més important en les incubaciamd el medi condicionat procedent de les
cel-lules oviductals en cultiu que en el medi pibger les cél-lules LLC-PK1 i, alhora, en el
medi condicionat per aquestes darreres respecteamtol negatiu. Malgrat que aquesta
observacié es produeixi només després d’'una hofaibe de I'experiment perd no meés tard,
aguests resultats concorden, en part, amb d'aseslis duts a terme en huma i bovi i en els
gue s’ha observat que la incubacié amb el mediicadht per les cel-lules oviductals manté
la viabilitat espermatica (ljaz i col-l., 1994; igimcol-l., 1994; Abe i col-l., 1995; Zhu i col-l.,
2001).

Quan s’analitzen conjuntament les dades de viabilén ambdues poblacions
espermatiques als experiments de cocultiu i enegfseriments amb medi condicionat,
s'observa que el medi condicionat afecta en menesuna a la viabilitat i a la motilitat
espermatiques (aquesta darrera es discutira anoantd) que la combinacio entre les
secrecions i el contacte directe cél-lula oviduesglermatozoide del cocultiu. Aquest resultat
esta d’acord amb d’altres estudis previs que hatitaat I'efecte de 'activitat secretora de les
cel-lules oviductals (Yeung i col-l., 1994; Abeoi-t, 1995; Yao i col-l., 1999) i del contacte
directe entre aquestes i els espermatozoides (xibiicol-1., 1997; Smith i Nothnick, 1997;

Topfer-Petersen i col-l., 2002; Petrunkina i co?004) sobre la funcionalitat espermatica.

El cocultiu amb ceél-lules oviductals també té umguaincrementador sobre alguns
parametres de la cinetica espermatica, com ar&ltzitat lineal, la curvilinia, la velocitat
mitjana de la trajectoria i el percentatge de litega i manté, a meés, els percentatges
d’espermatozoides amb motilitat progressiva a lalgmié no unida a les cél-lules oviductals.
Aquest efecte potenciador de la motilitat espemraaiobserva fins a una hora i mitja després

d’haver comencat I'experiment i es fa sobretot entdquan es compara amb les mateixes

492



Discussi6é general

dades de motilitat espermatica procedents del ttocainb cel-lules LLC-PK1 i del control
negatiu. D’acord amb aquestes observacions, Bongeblaboradors (1993) han demostrat
que el cocultiu d’espermatozoides amb linies dardude I'epiteli ampul-lar augmenta
significativament la seva velocitat curvilinia aidom també lPamplitud mitjana del
desplacament lateral del cap. Pel que fa a la mabtprogressiva, les dades obtingudes al
quart article s6n coherents amb les observadesuera lfYao i col-l., 1999) o en ovelles
(Gutiérrez i col-l., 1993). En aquest darrer eststha documentat que el percentatge
d’espermatozoides amb motilitat progressiva és gnés després de cocultius homolegs o
heterdlegs amb cél-lules oviductals que desprésodeltius amb cel-lules no reproductives
(com la linia cel-lular IBRS-2) i que després dibar les cél-lules espermatiques amb un
medi sense cel-lules epitelials.

Pel que fa a la comparacio del efectes dels medidicionats per ambdos tipus cel-lulars
(OEC i LLC-PK1) sobre la motilitat espermatica, calicar que en la incubacié amb el medi
produit per les cél-lules oviductals el percentatgepermatozoides amb maotilitat progressiva
és relativament, encara que no significativameupgesor al dels controls positiu i negatiu.
Malgrat tot, i atés que no hi ha un efecte clarmdetli condicionat per les cél-lules oviductals
respecte del medi condicionat per les cél-lulesHBK1, aquestes observacions estan només
parcialment d'acord amb altres experiments simithris a terme en huma i en d'altres
especies d'animals domestics, en els quals s'hasteique el medi condicionat per les
cel-lules oviductals perllonga la motilitat espeticaa(ljaz i col-l., 1994; King i col-l., 1994;
Abe i col-l., 1995; Zhu i col-l., 2001).

Un altre procés fisiologic clau que involucra |éd-lales de I'epiteli oviductal a nivell de
l'istmus i que afecta als espermatozoides és lacttapié espermatica. Aguest procés es
caracteritza per un influx de cations de calci’{TCaper la fosforilacié de tirosines d'algunes
proteines de la superficie de l'espermatozoide f€Fdpetersen i col-l., 2002). Aixi doncs,
durant el procés de capacitacié espermatica pali#acié espermatica no unida a les ceél-lules
epitelials es produeix un increment del nombre deejines fosforilades de la membrana
plasmatica, en primer terme a nivell de la cudespermatozoide, i posteriorment a nivell del
cap de la cél-lula espermatica (Petrunkina i ¢@0l04). De manera oposada, quan s'uneixen a

les cel-lules epitelials de l'oviducte, I'absord® calci per part dels espermatozoides es veu
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reduida i els residus de tirosina de les prote@nasrell de la cua i del cap no es fosforilen
(Topfer-Petersen i col-1., 2002).

Al guart article, s’ha observat una reduccié delscgntatges dels espermatozoides no
capacitats i un augment dels espermatozoides ¢afsaaila poblacié espermatica no unida a
les cél-lules oviductals, trenta minuts desprénidar-se els experiments de cocultiu. En
canvi, aquesta induccio de la capacitacié especmat s'observa ni a la poblacié no unida a
les cel-lules no reproductives LLC-PK1 ni al mezhse cél-lules (control negatiu) després del
mateix temps d'incubacio. Aquests resultats sonlai#nals que préviament han observat
Kervancioglu i els seus col-legues (1994) en huRszeli i col-laboradors (1999) en porci, en
el sentit que és el cocultiu amb cel-lules ovidsctano pas el cocultiu amb d'altres tipus
cel-lulars, el qui indueix de manera especificealgacitacidé espermatica. Aquesta observacio
sembla logica si es té en compte que la capaciesgérmatica €s un procés fisiologic que
vivo té lloc a l'istmus de la trompa de Fal-lopi (Pekioa i col-1., 2004).

A més, aquest resultat sembla estar d'acord antbed'@studis duts a terme en gossos
(Petrunkina i col-l., 2004) en els quals s'obsenvaugment de la fosforilacié de tirosines de
les proteines del cap de l'espermatozoide en ldagions no unides a les cel-lules oviductals,
perd no en les poblacions unides a aquestes esl-l#lquest estudi de Petrunkina i
col-laboradors (2004) és de particular interesygedgmostra que la taxa de proteines amb els
residus de tirosina fosforilats a nivell de la alm I'espermatozoide és més gran en les
poblacions unides a fragments d'oviducte que elguesromanen lliures en suspensié o que
els espermatozoides incubats en un medi sensedragrd'oviducte. Aquest fet es relaciona
amb la preferéncia que tenen els espermatozoidespmsenten les proteines del cap no
fosforilades d'unir-se a les cél-lules oviductals, detriment dels qui presenten residus de
tirosina fosforilats a nivell d'aquestes proteings. fet, la unid dels espermatozoides a les
cel-lules oviductals forma el reservori seminalgpeér retarda la capacitacio impedint la
fosforilacié d'aquests residus de tirosina. D'ai@aada, com que aquesta preferencia d'unié a
les cél-lules oviductals que presenten els espemmigies que no tenen les proteines del cap
fosforilades s'ha observat tant en cocultiu homolmg heteroleg (Petrunkina i col-l., 2004),
no sembla que aquest fenomen depengui de les es@gtmals en questio.

A la poblaci6 espermatica unida a les cel-lulesdustals, el percentatge
d'espermatozoides no capacitats també augmentataiiggeriode d'incubacié, encara que en

grau menor al que succeeix a la poblacié no unidauestes cel-lules. Aixd podria estar
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relacionat amb el suggeriment que d'altres autars fiet en porci i que suposa que els
espermatozoides no capacitats s'uneixen preferantrae les cél-lules oviductals i,
posteriorment, capaciten rapidament (Fazeli i ¢dl999). En d'altres espécies, en canvi, s’ha
observat que la uni6 dels espermatozoides ambeélelsiles oviductals també és selectiva
(Petrunkina i col-l., 2001c) pero retarda la cdpa@ (Petrunkina i col-l., 2003) i que
I'alliberament dels espermatozoides del resenaniisal és dependent de la capacitacié i de
I'hiperactivacié (Yanagimachi i col-l., 2004); uenbmen, aquest darrer, que té menys
rellevancia en porci a diferéncia del que s'esasvd'altres especies com, per exemple, els
ratolins.

Encara que els espermatozoides units a les cséldulductals restin menys capacitats que
aquells que romanen lliures al medi de cocultiadtiel periode d'incubacio, fenomen que en
principi s'explica en principi perque la poblacgpermatica unida a les cel-lules oviductals
hauria de permanéixer no capacitada, I'augmenpatekentatge d'espermatozoides capacitats
en aquesta poblacié revela que tant el mecanisamddéntre els gametes masculins i les
cel-lules de I'epiteli oviductal com la capacitaegpermatica sén processos complexos. En
concordanca amb aquest fenomen, la capacitaciGneapea no es veu induida en aquells
espermatozoides que s'uneixen a les cél-lules prodectives LLC-PK1, tal i com s'ha
discutit al quart article. De fet, en el presenitel es proposa, tal i com han fet previament
altres autors (Fazeli i col-l.,, 1999), que la majat'espermatozoides que s'uneixen a les
cel-lules oviductals no es troben capacitats sum lg capacitacio es produeix precisament
durant aquesta unid. Aixi, els espermatozoides oii@s no s'uneixen a les cel-lules
oviductals perqué altrament el seu transport aésrade I'oviducte i en direccié a l'oocit
restaria impedit. Tanmateix, i malgrat els indigisnables que condueixen a aquesta hipotesi,
els resultats actuals encara no sén prou esclareoaquest punt.

Els efectes del medi condicionat per les cél-lubes cultiu sobre la capacitacio
espermatica també sén dependents del tipus cel-&utgrat, atées que el percentatge
d'espermatozoides capacitats és més gran desplig@idabacié amb el medi condicionat per
les cel-lules oviductals que després de les incoibe@mb el medi produit per les cel-lules
LLC-PK1 o amb el medi no condicionat. Aquesta olaeid, més destacable a la poblacio no
unida a les cél-lules epitelials dels experimemsacultiu que en aquest cas, es produeix
després d'una hora de l'inici de la co-incubaciac®d amb aquests resultats, semblaria que

els components del medi condicionat per les ceklalviductals son diferents dels produits
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per les cél-lules LLC-PK1 i dels que es troben abimo condicionat, i al mateix temps

també sén diferents dels que es troben al medialgderiments de cocultiu. Aquesta dada
corrobora, en part, I'estudi d'Abe i col-laboradd®95) que ha demostrat que la incubacio
dels espermatozoides amb medi condicionat peutsd-bviductals provoca efectes diferents

de la incubacié amb medi no condicionat per lesiras cel-lules.

La capacitacio, la hiperactivacio i alguns desorptde la cinetica espermatica son
processos relacionats segons Garcia-Herreros lalmmiadors (2000). A l'estudi del quart
article, les incubacions amb el medi condicionat les cél-lules oviductals augmenten
simultaniament els percentatges d'espermatozoidpacitats, la velocitat curvilinia i el
percentatge de linearitat després d'una hora amdiipcubacio, malgrat que en tots els casos
aquest increment no sigui tant important com el sjobserva a la poblacido no unida a les
cel-lules oviductals de I'experiment de cocultiiquAstes dades, que es reprendran més
endavant en aquesta discussié, corroboren la sipafee les secrecions produides i
alliberades per les cel-lules oviductals tenenrajgaper en la funcié espermatica, encara que
en menor grau que en el cocultiu. Endemeés, aquesiifiats estan d'acord amb el treball que
Yeung i col-laboradors (1994) han dut a terme endjen el qual s'ha documentat que tant el
cocultiu com la incubaci6 amb el medi condicionat lds cel-lules oviductals manté la
hiperactivacio dels espermatozoides.

Concretament, com que en ambdos sistemes (és atadlit, a les suspensions
espermatiques no unides a les cel-lules oviduetalsocultiu com en la co-incubacio amb el
medi condicionat per aquestes cel-lules), els ptatges d'espermatozoides no capacitats
disminueixen i els d'espermatozoides capacitatsnantgen durant el periode d'incubacio,
sembla que l'activitat secretora especifica dedébsules oviductals influencia la capacitacié
espermatica. Aquest fet sembla estar relacionatedrfgs que en porci (Rodriguez-Martinez i
col-l., 2001; Tienthai i col-l., 2004) i en bovia(Rsh i col-l., 1989; McNutt i Killian, 1991,
McNutt i col-l., 1994; Abe i col-l., 1995), el fliioviductal també juga un paper clau en la
capacitacio dels espermatozoides. De fet, | arpdets resultats obtinguts al quart article, és
molt probable que les secrecions produides perdkekiles oviductals estiguin involucrades
en la capacitacio, per bé que l'efecte sigui modis nevident en el cas de la poblacid
espermatica no unida a les cel-lules oviductal®lsnexperiments de cocultiu que en les

incubacions amb el medi no condicionat. Concretameyel que fa a l'activitat secretora de
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les cél-lules oviductals, cal recordar que I'epdell'oviducte de mamifer esta constituit tant
per cél-lules secretores com per ceél-lules ciliggdegeu també la Introduccié del present
capitol). Aquestes cel-lules secretores produeiahberen al lumen de I'oviducte un gran
nombre de macromolécules, com la glicoproteinaesada per I'oviducte (OSP) que es troba
conservada en un bon nombre d'especies de mar(ifens i col-l., 2000; Killian, 2004).
Aquestes proteines secretades duen a terme fundensuport en el desenvolupament
embrionari i de manteniment de la funcionalitatezsptica (Abe, 1996; Pérez-Martinez i
col-l., 2006). A més, i com ja s’ha assenyalat raortment, aquest fluid intraluminal esta
involucrat en la capacitacié espermatica en padatii com s’ha observat en estudis previs
(Rodriguez-Martinez i col-l., 2001; Tienthai i t9R2004).

La capacitacidé espermatica es un conjunt d’esdeants molt ben coordinat que té lloc
al tracte genital femeni i la seva terminacié puedles cel-lules espermatiques implicades
amb la fecundacio esta sincronitzada amb I'ovuléididnter i Rodriguez-Martinez, 2004). A
més, la capacitacid espermatica €s un procés pdatovi molt ben controlat i integram
vivo, de manera que el seu estudivitro és una tasca forca complicada. Durant el periode
preovulatori i de formacio del reservori seminal,peodueix la supressio de la finalitzacié de
la capacitaci6 espermatica com a estrategia d’ermmmagiament dels espermatozoides. A
més, la capacitaciéo es veu afectada per mecanidme®ntrol de I'ovari de tipus local i
sistémic, els quals actuen per coordinar la fasa fie la maduracié espermatica i I'encontre
de l'espermatozoide i l'oocit (Hunter i Rodriguezainez, 2004). Segons sembla, la
capacitacid i la reaccido acrosomica d'un espernoadez que penetra l'oocit es veuen
concloses gracies al fluid oviductal a nivell deuldé entre l'istmus i I'ampul-la (Hunter,
2002).

El marcatge amb l'antibiotic clortetraciclina, gséautilitza per valorar la capacitacio
espermatica, permet coneixer també 'estat dedsmna (Wang i col-l., 1995). A la poblacio
d’espermatozoides unida a les cel-lules epitelmiiductals i cél-lules LLC-PK1 no
s’observen canvis en els percentatges d’espermdamque presenten I'acrosoma reaccionat,
a diferencia del que s’observa a les poblacionsimdes a les cel-lules epitelials. Aquest
resultat és coherent amb el fet, demostrat en kmpwt, només els espermatozoides que
presenten I'acrosoma intacte s’uneixen a les ¢&$ lepitelials de I'oviducte i que un cop els
espermatozoides s’han unit a aquestes ceél-luleseats acrosomes romanen intactes. Aixi, la

unié dels espermatozoides amb les cel-lules o\atkiapareix de nou, encara que aquest cop
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en termes d’integritat acrosomica, com un procéeresal per a preservar la capacitat
fecundant de I'espermatozoide durant I'intervaretiinici de I'estre i 'ovulacié (Gualtieri i
Talevi, 2000).

El paper dels inductors de la capacitacio especaatia estat també estudiat en
experiments previs, alguns casos amb resultatsracheioris. Aixi, per exemple, I'acid
hialuronic, com s’ha discutit al capitol anterité, un efecte retardador de la capacitagio
vivo (Rodriguez-Martinez i col-l., 2001) i quan elsexapatozoides son preservats durant tres
dies a 15°C (Yeste i col-l., 2007b), pero tambeénéefecte inductor després d’incubar els
espermatozoides en condicioimsvitro (Bergqvist i col-l., 2006). En aquesta contro\ersi
s’ha observat que I'heparina i el dermatan sulatpdds glicosaminoglicans com I'acid
hialuronic i ambdds considerats com a inductordadeapacitacio, augmenten el nombre
d’espermatozoides viables i capacitats desprésrdadslicionats a I'esperma congelat de brau
(Bergvist i col-l., 2007). Altres estudis han sutfggue I'acid hialuronic té algun paper en
aguest procés perqué actua com a inhibidor potet# thteraccié entre els espermatozoides i
les cel-lules oviductals i indueix la capacitacidvitro sense desencadenar |'exocitosi de
'acrosoma (Tienthai i col-l., 2000). En aquesttemin estudi forca recent de Liberda i
col-laboradors (2006) ha demostrat que el fluiddoestal inhibeix les proteines d’'unié a
I'oviducte que es troben al plasma seminal. Aikflued oviductal contindria glicoproteines i
glicosaminoglicans que podrien induir l'alliberarmetels espermatozoides del reservori
seminal o bé podrien impedir la unié dels espermmaties a les cel-lules epitelials de
'oviducte. En canvi, el plasma seminal actua corfa@or decapacitant per bé que I'acid
hialuronic i el medi condicionat indueixin la capacid dels espermatozoides de parci
vitro (Suzuki i col-l., 2002).

Tal i com s’ha discutit préviament, la capacitad@ hiperactivacié dels espermatozoides
s’han demostrat associades amb els parametregsidétvelocitat curvilinia i de percentatge
de linearitat (Cancel i col-l., 2000), de tal mangque s’ha determinat una correlacié positiva
entre el percentatge d’espermatozoides capacitals percentatges de linearitat i rectitud
(Garcia-Herreros i col-l., 2005). Encara en relacid la motilitat espermatica, un altre estudi
dut a terme en porci (Satake i col-l., 2006) haatrat que les proteines procedents dels
extractes apicals de la membrana plasmatica dedliote (APM) actuen sobre les

subpoblacions espermatiques que es mou de manmda nalineal i en suprimeix la seva

498



Discussi6é general

velocitat. Al quart article, el percentatge de déintat i el d’espermatozoides capacitats ha estat
major al cocultiu amb cél-lules oviductals que @tudtiu amb cél-lules LLC-PK1 i al medi
sense cel-lules, de tal manera que aquest reseftdila concordar amb el fet que en porci les

proteines procedents de I’APM duen a terme unastgglosi-dependent sobre la linearitat

Els espermatozoides no capacitats s’uneixen preafasnt a les cel-lules oviductals o a
les cel-lules LLC-PK1 en detriment dels capacitatsy ja s’ha assenyalat en aquesta mateixa
discussio. Al mateix temps la unio entre els espévroides i les cel-lules oviductals és un
aspecte basic de la formacié del reservori semidals esdeveniments previs i necessaris
perqué la fecundacié es dugui a terme. En aquetit,sk& integritat de la membrana
plasmatica és un caracteristica dels espermatazqgice s’uneixen a les cel-lules oviductals i
que penetren I'oocit. Tal i com s’ha publicat en estudi previ dut a terme amb esperma
congelat/descongelat de bovi (Khalil i col-l., 2)0& capacitat d’'unio de I'espermatozoide a
les cél-lules oviductals depén de la integritatadeeva membrana, de manera que aquells
espermatozoides que presenten I'habilitat de nuadifiel seu volum respecte de les
reduccions de la osmolaritat del medi perquée laa seembrana plasmatica és integre i
funcional, presenten una major capacitat d’'uniées dél-lules oviductals i una capacitat
fecundant més elevada. Aixi, i seguint els resultbquest treball citat, els braus subfértils
gue presenten ejaculacions amb un nombre elevapelmatozoides amb la membrana
plasmatica malmesa presenten indexs d’uni6 a ldales epitelials més baixos i deficiencies
en I'adaptabilitat del seu volum després que edymixin xocs hipotonics. També relacionat
amb la fertilitat i la integritat de la membranaghatica, Pérez-Llano i col-laboradors (2001)
han demostrat que la resisténcia osmotica delsragpezoides, que esta correlacionada amb

la fertilitatin vivo, depén de la integritat de la membrana plasmédgtsaespermatozoides.

Quan s’analitzen conjuntament la viabilitat, la iitat i la capacitat espermatiques, es
conclou que el cocultiu amb cél-lules epiteliald’deiducte manté la viabilitat espermatica,
afecta les parametres cinetics i indueix la capeidit Aquests resultats concorden amb els
d’estudis previs duts a terme en huma (Kervanciogtol-l., 1994; Yeung i col-l., 1994;
Morales i col-l., 1996; Yao i col-l., 1999), po(&azeli i col-l., 1999; Yeste i col-l., 2007c),
cani (Petrunkina i col-l., 2003), bovi (Ellingtonadl-l., 1991; Pollard i col-l., 1991; Gualtieri i
Talevi, 2000), ovi (Gutiérrez i col-l., 1993) i eq&llington i col-l., 1991; Thomas i col-l.,
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1993; Thomas i col-l., 1995b), en els qual s’haeol® que les cél-lules oviductals
perllonguen la viabilitat dels espermatozoides,ugfaenten o en conserven la motilitat,
n'estabilitzen I'acrosoma, en modifiquen la fregdiande batec de la cua i n’indueixen la
capacitacio i la seva posterior hiperactivacio. &kxctes beneficiosos que tenen les cel-lules
oviductals sobre els espermatozoides també s’hseradit en sistemes heterolegs de cocultiu
entre espermatozoides humans i céel-lules ovidutisnes (Ellington i col-l., 1998). En
aquest cas, s’ha observat que aquestes cel-luheatigaes estabilitzen I'estructura de la
cromatina nuclear de I'espermatozoide, tant en seneec com criopreservat.

En l'analisi separada dels efectes de les cel-lodguctals sobre les poblacions
espermatiques unides a aquestes cél-lules de éesagbo estan als experiments de cocultiu
després de 24 hores de I'inici de I'experimengmparant amb el que s’observa als 5 minuts,
el percentatge d’espermatozoides no viables iiestas veu significativament incrementat a
la poblacié no unida a les ceél-lules oviductalspimee que els espermatozoides units a les
cel-lules oviductals romanen viables i mobils. Aixtom ja s’ha esmentat, després de 24
hores la viabilitat dels espermatozoides unitssackd-lules oviductals es veu només reduida
en un 10%, mentre que la viabilitat dels esperntédies no units ni a aquestes cel-lules ni a
les cel-lules LLC-PK1 es redueix del 80% al 30%mQgque s’'observen diferéncies entre el
control negatiu i les cél-lules oviductals a la lpold d’espermatozoides lliures i entre les
poblacions unides a les cel-lules oviductals idegles a les cél-lules LLC-PK1, es pot
concloure que tant les secrecions de les cél-lNeductals com el contacte directe entre
cel-lules somatiques i germinals masculines afectancionalitat espermatica. De fet, els
estudis que préeviament han demostrat la influerdembdos fendmens sén bastant
nombrosos (Yeung i col-l., 1994; Abe i col-l., 199%0brinski i col-l., 1997; Smith i
Nothnick, 1997; Yao i col-l., 1999). A més, detemrades proteines de I'epiteli oviductal
regulen la funcié espermatica en braus (Boquesobli.c1998) i la preservacio de la
funcionalitat espermatica al tracte genital femesgimbla estar relacionada, almenys
parcialment, amb la preséncia de catalasa al diductal.

En la comparacio dels parametres espermatics knpeblaciéo no unida a les cél-lules
epitelials dels experiments de cocultiu i els esozoides incubats amb el medi condicionat
per les cél-lules cultivades vitro, s’observa que el cocultiu té la capacitat de pranta
motilitat espermatica en major grau que la incubasnb medi condicionat, entre d’'altres

raons perque el medi condicionat no és identic atlinde cocultiu. Aquests resultats
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concorden amb els de Gutiérrez i col-laborador®31%®n ovelles i de Kervancioglu i
col-legues (1994) en huma, en ambdds casos s’hastiainque el medi condicionat no té el
mateix efecte que el cocultiu, per bé que siguiltorsiles incubacions amb aquest medi (Abe
i col-l., 1995) que les incubacions amb medi seoselicionar. Encara que a la literatura s’hi
trobin un bon nombre d'estudis que demostrin quenetli condicionat per les cel-lules
oviductals perllonga la viabilitat i manté la mibéit espermatiques (ljaz i col-l., 1994; King i
col-l.,, 1994; Abe i col-l., 1995; Zhu i col-l., 200 a l'article quart d’aquest capitol (Yeste i
col-l., 2008) nomeés s’ha observat una tendénaigdiea pel que fa a aquest efecte, sense que
s’hagin observat diferéncies estadisticament sagatifes. En bovi, les proteines del fluid
oviductal regulen la funcionalitat espermatica fedrde facilitat la fecundacié de I'oocit
(Parrish i col-l., 1989; McNultt i Killian, 1991; N\utt i col-l., 1994). Tanmateix, els resultats
de l'estudi de l'article quart suggereixen que eldel per estudiar I'efecte de les secrecions
de les cel-lules oviductals sobre els espermatezorgquereix una millora com ara la
utilitzacié fluid oviductal canulat, ates que aquesnté molécules que no sén presents al
medi condicionain vitro (Oliveira i col-l., 1999; Killian, 2004).

De l'estudi dels efectes del cocultiu amb cel-luegductals i del medi condicionat
produit per aquestes sobre els espermatozoidest esmcloure, en fi, que ambddés afecten la
funcioé espermatica en porci, encara que I'efeckealmiltiu €s molt més important que el de
la incubaci6 amb medi condicionat. Una questio irtgpd a tenir en compte en possibles
estudis futurs és el metode de valoracié de lacitgesd espermatica. Aixi, malgrat que en el
disseny experimental del quart article aquestags’lagsajat mitjancant el marcatge amb
clortetraciclina, altres treballs, com per exemglale Bergqvist i col-laboradors (2007) ha
determinat aquest parametre mitjancant el marcatgecianina-540, que sembla un métode

forca més sensible i acurat.

L’activitat secretora de les cél-lules oviductadsttin vivo com in vitro ha estat
abastament discutida en els paragrafs d’aquestassi®. Breument, el fluid oviductal conté
in vivo proteines secretades per les cél-lules ovidugtadstenen un efecte beneficidés per
I'espermatozoide huma (Lippes i Wagh, 1989) com ggemple, impedir que es desencadeni
la reaccié acrosomica en absencia de l'oocit (@uinti col-l., 2005). D’altra banda,
recentment s’ha estudiat I'efecte de dues protéitiegrals de la membrana plasmatica de les

cel-lules oviductals- la heat shock protein 60 kD&0 kDa) i laglucose regulated protein 78
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kDa (HSPA5)— sobre la funcionalitat de I'espermatozoide d’huiio@échance i col-l., 2007).
Aixi doncs, el coneixement actual en aquest anmitldmostrat que les cél-lules oviductals
actuen sobre els parametres espermatics cel-l(parsa més informaciéo vegeu el quart
article) mitjancant el contacte directe (Fazeloi-kc, 1999; Sostaric i col-l., 2006; Lachance i
col-l., 2007) i la secreci6 de determinats produéidcCauley i col-l., 2003; Quintero i col-l.,
2005; Kumaresan i col-l., 2006; Zhang i col-l., @00

Tanmateix, no hi ha massa treballs que dirigeilgrnseus esforcos a comprendre quin €s
I efecte que té presencia d’espermatozoides sdibrpressid genica de les cél-lules
oviductals (Fazeli i col-l., 2004; Georgiou i c9l2005; 2007; Kodithuwakku i col-1., 2007).
En porci s’ha observat que els extractes aillalegsiemembranes plasmatiques apicals (APM)
perllonga la viabilitat (Fazeli i col-l., 2003). Eelacié amb aquesta troballa, s’han identificat
recentment algunes proteines de I'extracte soldislguestes fraccions (SAPM) que apareix
en una banda de 70 kDa de massa molecular i s’@eigspermatozoides (Sostaric i col-l.,
2006; Elliot i col-l., comunicaci6 personal). Tetném compte aquests antecedents, I'estudi del
cinque article té dos objectius:

1) Determinar com varia I'expressié dels gens d’algutie les proteines identificades

a la sAPM durant les fases fol-licular i luteallet cel-lules cultivades i,

2) Assajar com els espermatozoides préviament remtas gradient de Percoll
modifiquen, en cocultiun vitro i durant un periode de 24 hores, I'expressio
d’aquests gens.

Els gens que s’han estudiat son quatre: la clost€@iLU), la heat shock cognate protein
related 70 kDa(HSPAS$, la heat shock protein 90 kDa alpha AMSP90AAY i la glucose
regulated protein 78 kDgHSPAY (per a més informacid, vegeu la versié anglesdade
Introduccié d’aquest capitol) i la seva expresdna sleterminat mitjancant la técnica de la
transcripcio inversa previa a la reaccié en cadknk polimerasa (RT-PCR), emprant el gen
de lap-actina ACTB com a estandard intern. D’altra banda, i com sizcal quart article,
s’ha utilitzat la linia cel-lular no reproductivaLC-PK1 com a control negatiu i les
incubacions s’han dut a terme en el medi de cac(RALP).

La clusterina és un glicoproteina multifuncionaéaonstitueix els complexes d’adhesio
cel-lulars i esta implicada en les interaccionslwatceél-lula i entre les cél-lules i la matriu
extracel-lular (Valdés-Gonzélez i col-l., 2005; \Yarol-l., 2007). Encara que la seva funcio

en termes reproductius sigui encara poc conegupleesta proteina ha estat localitzada a la
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superficie dels espermatozoides d’huma (Atlas-Whita-|., 2000) i al tracte genital masculi
d’huma i brau (Plotton i col-l., 2006; Moura i ¢912007).

La HSP90AAL, la HSPAS8 i la HSPA5 s6n componentaiblés i constitutius de la
superfamilia de proteines des xoc termic. El paper juguen aquestes proteines en la
fisiologia reproductiva esta relacionada amb laaseteraccido amb els receptors d’esteroides
gue inclouen, a banda del domini d'uni6 a lligasetis d'unié a proteines de xoc termic i
sequencies de localitzacio nuclear. També pel g paper de les proteines d’estres térmic i
la seva funcio6 reproductiva s’han observat canwisle nivells d’aquestes proteines durant els
cicles menstrual (Wu i col-l., 1996) i endometrijlomatsu i col-l., 1997; Tabibzadeh i
Broome, 1999).

D’altra banda, la HSP90AA1 sembla estar implicaddaemotilitat (Huang i col-l., 1999)

i la capacitacié espermatiques (Ecroyd i col-1.9020Hou i col-l., 2007). La HSPAS8 és la
forma constitutiva de leheat shock protein 70 KD@HSPA1A), una proteina que és
sobreproduida en resposta a la presencia d’esperoidés (Georgiou i col-l., 2005).
Finalment, la HSPA5 és una proteina present a dimte i a l'dter i S'uneix als
espermatozoides d’huma i bovi. A meés, aquestaipete estat identificada com a una de les
sis proteines més importants que constitueixen fl@scions apicals de la membrana
plasmatica (APM) de les cel-lules oviductals deit§Bwilard i col-l., 2004).

Gracies als resultats obtinguts al cinqué artieke,conclou que no hi ha diferencies
significatives en la expressio d’aquests quatres ggnre les cel-lules oviductals en cultiu dels
estadis fol-licular i luteal. Aquest resultat éhemnt amb el que altres treballs previs han
documentat pel que fa a d’altres aspectes d’acuestdules en cultiin vitro i en els que no
s’han observat diferéncies entre ambdds estadid, per exemple, I'estadi de l'ovari o la
regio de I'oviducte de la qual s’han obtingut I&s$:lales oviductals cultivades, no afecta la
funcié espermatica de manera diferencial (Suéaremlil.,, 1991; Fazeli i col-l., 1999;
Petrunkina i col-l., 2001c). Malgrat tot, altregballs in vivo centrats en l'estudi de
'endometri d’huma han constatat variacions enpelgons d’expressié genica depenent del
cicle menstrual en algunes proteines de xoc técornit la HSPB1, la HSPD1 i la HSPAS8. De
fet, 'endometri en humans pateix un conjunt dev@rtom a consequéncia dels cicles
proliferatius i secretors caracteristics i en resp@ les hormones esteroidees. Es dins del
marc d’aquest conjunt de canvis fisiologics quebs&ven variacions en I'expressiod

d’aquestes tres proteines, unes variacions quesiecialment subtils després de 'ovulacié
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(Tabibzadeh i Broome, 1999). Shah i col-laborad®98) han demostrat també en huma que
es produeixen disminucions dels nivells de HSPOOAAZEIs teixits decidual i de la placenta
durant el curs normal de la gestacio.

D’altra banda, i malgrat no s’hagin observat diferes en I'expressio de clusterina entre
ambdoés estadis, Forni i col-laboradors (2003) hamadtrat que I'expressiéo d’'aquesta
proteina augmenta en els cossos lutis quan laikités induida.

En definitiva, i a partir de les dades obtingudsseaperiments de cultiu, sembla que els
perfils d’expressio d’aguests quatre gens no vagiean es comparen ambdods estadis ovarics.
Tanmateix, i atés que s’observen canvis en I'exgided’aquests gens en d’altres orgams
vivo, no és del tot evident si I'abséncia de difereneietre els estadis fol-licular i luteal es deu
a la naturalesa de l'oviducte respecte I'endometrisi la manca de diferencies és una
consequencia dels processos de desdiferenciaclalaelue es produeixen durant el cultiu
primari d’algunes cel-lules epitelials, tal i corassleve, per exemple, durant el cultiwitro
de cél-lules epididimaries de porci (Bassols il.c&004; 2007). Aixi, se suggereix que és
necessari dur a terme experiments addicionalsapeetcomprendre amb més exactitud quins
canvis es produeixen en la expressié genica detantle ovaric.

Quan es comparen els nivells d’expressié d’aqugstsre gens entre les cél-lules
oviductals i les cél-lules LLC-PK1, IHSP90AAl la HSPA5estan més expressades en els
cultius de cél-lules LLC-PK1 que en els cultiusod¢lules oviductals. Com que ambdues
formen part del grup de proteines de xoc térmiciiolés, a diferéncia de la clusterina i de la
HSPAS8, aquest fet i la diferencia entre el cultiimari i la linia cel-lular podria explicar
aguestes diferéncies entre ambdds tipus de culliogensmenys, i com en el cas anterior,
s’hauria de desenvolupar un nou estudi empraniucpitmari de cél-lules no reproductives

per explicar millor aquesta darrera questio.

La preséncia d’espermatozoides en cocuttivitro produeix la sobreexpressio del gens
que codifiquen per proteines de xoc terniiSP90AALHSPA8I HSPAS tant en cel-lules
oviductals com LLC-PKL1. Per contra, I'expressioldeclusterina no es veu afectada per la
presencia dels gametes masculins. Com ja s’ha éatr@naquesta discussio, el paper de la
clusterina respecte de la fisiologia reproductigaén tant clar com el de les proteines d’estrés
térmic, que interaccionen amb els receptors d'eistes. De fet, la sobreexpressié d’aquests

gens és significativament superior en els culteisél-lules oviductals que en els de cel-lules
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LLC-PK1, i als gens induibles que als constitutias, concordanca amb d’altres estudis
(Tabibdzadeh i Broome, 1999; Georgiou i col-l., 20@Que suggereixen que aquestes
proteines d’estrés termic juguen algun paper éraete genital femeni.

S’ha publicat que la HSP90AAl és una proteina mm@lda en la capacitacio
espermatica (Ecroyd i col-l., 2003; Hou i col-1002), un procés que com s’ha discutit
s'esdevé a l'oviducte. En porci, de manera simidbhigue passa en d'altres espécies de
mamifers, els espermatozoides no capacitats s‘emeile manera preferent a les cel-lules
oviductals i a les cél-lules LLC-PK1 i posteriorrhéern el primer cas capaciten rapidament
(vegeu el quart article i I'inici d'aquesta discid§sAtés que la capacitacié espermatica no es
veu induida en aquells espermatozoides que s’'umeaxé¢es cel-lules LLC-PK1 i que la
sobreexpressio del gen deH&P90AAIcom a consequéencia de la presencia de les csl-lule
espermatiques s’observa abans a les cel-lules agiduque a les cel-lules LLC-PK1, es
conclou que ambdds fenomens podrien estar relasiona

El gen que codifica per una altra proteina induidéstrés termic, 1&1SPAS també es
veu sobreexpressat a les cel-lules oviductals l@®s després que aquestes siguin
cocultivades amb els espermatozoides, de maneitarsiah que s’observa pel gen de la
HSP90AA1AquestaHSPASés un xaperona molecular (Little i col-l., 1994¥ s induida en
condicions d’estrés i juga un paper protector. iAfjue article s’ha demostrat que I'expressio
del gen que codifica per aquesta proteina es veuitirespecificament per les cél-lules
oviductals, tal i com s’observa després de compardr el cocultiu amb cél-lules LLC-PK1.
Aquest resultat suggereix una funcié especificajuiata proteina en els esdeveniments
reproductius i concorda amb el fet que la HSPASesiat identificada com una de les sis
proteines més importants en els extractes de labmagra plasmatica apical de les cél-lules
oviductals en bovins (Boilard i col-l., 2004). A spnéquesta proteina esta implicada en la
espermatogenesi en ratoli (Huo i col-l., 2004) P'ieici de la sensititzacio uterina en rates
(Simmons i Kennedy, 2000).

L’altra proteina de xoc termic al cinque article l&s HSPA8 que també ha estat
identificada en una fraccio soluble de 'APM de led-lules oviductals (Elliot i col-l.,
comunicacié personal) i és la forma constitutiva ldeHSPA1A. A diferencia del que
s’observa per [#SP90AAT la HSPAS la sobreexpressio delSPA8deguda a la presencia
dels espermatozoides no és tant important comlglggms que codifiquen per les proteines

induibles d’estrés termic, per bé que la seva sspiees vegi augmentada després de sis
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hores cocultiu. Malauradament, no hi ha estudisegtiediin aguesta proteina a I'oviducte, de
manera que només es disposa dels resultats queddecamentat per la seva forma induible
(HSPA1A). En aquest sentit, s’ha determinat queesfgermatozoides indueixen I'expressio
del gen HSPA1A tant en cél-lules d’'una linia devizénteri en huma com en cultiu primari de

cel-lules de I'endocérvix de dones sexualment estideremias i col-l., 1997). També s’ha
observat que les proteines de la familia de la H2PAONn produides en resposta a la
presencia d’espermatozoides (Georgiou i col-l.5200anmateix, en d’altres treballs en els
que s’han estudiat les proteines HSPA8 i HSPAl&rdbmetri d’huma, s’ha observat que
els patrons d'expressié d’ambdues proteines séeredifs. Aixi, mentre que els nivells

d’'HSPAS8 varien, de tal manera que augmenten duestfases proliferativa tardana i

secretora primerenca i disminueixen a les faseseteges medial i tardana i a la fase
menstrual, els nivells de 'HSPA1A es mantenen tons durant tot aquest cicle

(Tabibdzadeh i Broome, 1999). Els resultats quars’btingut al cinque article, com els

treballs previs, indiqguen que la HSPA8 és una jmateimplicada en els processos
reproductius per bé que el seu comportament sifgrietit del de les proteines induibles de
xoc termic estudiades (HSP90AAL i HSPAD).

Previ a I'estudi del cinqué article, s’han dut ante d’altres aproximacions amb I'objectiu
d’estudiar I'expressié génica de les cél-lules owidls en resposta als espermatozoides.
Després de la inseminacio en ratolins, Fazeli ilalobradors (2004) han demostrat que els
espermatozoides desencadenen una via de transaied#d senyal que modula I'expressio
genica de les cél-lules oviductals quan els gammtexulins arriben a I'oviducte. En porci,
Georgiou i col-laboradors (2005; 2007) han dembsjua els gametes masculins i femenins
(és a dir, els espermatozoides i els oocits) nupakfin I'expressido d’algunes proteines
oviductals després de ser incubats amb fragmenritsvilducte. Recentment, un estudi similar
al del cinqué article, que s’ha dut a terme en bbai demostrat que els espermatozoides
mobils augmenten I'expressié de prostaglandines gaat de les ceél-lules epitelials de
I'oviducte (Kodithuwakku i col-I., 2007).

Com s’ha indicat previament, en conills (Smith itfNack, 1997), en porci (Fazeli i col-I.,
2003) i en vaques (Boilard i col-1., 2004), la ihaui6 dels espermatozoides amb les fraccions
apicals de la membrana plasmatica (APM) de I'ovidm manté la seva viabilitat. En porci,

aquests extractes han estat parcialment caraetsri¢(@ostaric i col-l., 2006; Elliot i col-l.,
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comunicacio personal) de manera que els esforcdsigsixen ara cap a la identificacié de la
proteina o proteines que modulen la funcié esp&mabDe fet, si s’aprofundeix en el
coneixement d’aguesta o aquestes proteines esmpaiaenyar nous diluents de llarga
durada amb el consegiient benefici per les pradigige conservacido espermatiques i les
indUstries agroalimentaries. Els resultats del win@rticle suggereixen que les proteines
HSP90AA1, HSPAS8 i/o HSPAS podrien ser alguns delsimonents de I'APM implicats en
aquesta modulacié de la funcié espermatica dedaepiparlava (Fazeli i col-l., 2003; Boilard
i col-l., 2004). Tanmateix, i ates que al cinquéckr s’ha utilitzat basicament la transcripcio
inversa i la PCR convencional, es recomana el mysseonsecucié de nous treballs emprant
la PCR a temps real, aixi com tecniques d'immupogciimica, proteomica i silenciament

genic.

Seguint aquest suggeriment, i a partir dels resugposats fins ara, s’ha dut a terme
I'estudi del sise article, basicament focalitzataedeterminacio dels efectes de la HSP90AAl
sobre la viabilitat espermatica després de cocuttiwitro amb cél-lules oviductals i
espermatozoides. Per tal d’assolir aquest objesthg utilitzat la interferencia de 'RNA
(RNAIi) que és una estrategia de silenciament ggréc tal d’inhibir I'expressié de
I'HSP90AAL. Posteriorment, la optimitzacio i I'etagtat d’aquest silenciament s’han valorat
mitjangant transcripcio inversa i PCR convencionahmunocitoquimica anti-HSP90AAL.
Un cop optimitzat el silenciament d’aquest gen /hborat la viabilitat espermatica després
d’un cocultiu amb cel-lules oviductals que teniegen de la HSP90AAL silenciat. En aquest
experiment s’han utilitzat, a més, dos controlgpreher consisteix amb cél-lules oviductals a
les quals no se’ls ha practicat transferencia gIRNA (control negatiu) i el segon consisteix
amb cél-lules oviductals a les quals se’ls ha fesihsun siRNA gue no silencia cap gen
(control positiu). Com al cinqué article, el genldé-actina s’ha utilitzat com a estandard
intern.

La interferencia de 'RNA és una estratégia pewuiretlexpressiéo genicakbockdowh
que actua a nivell post-transcripcional i que sligiet a partir de la introduccié de cadenes
dobles i curtes d’RNA (siRNA). Aquesta tecnica tBirierencia és una estrategia molt util en
linies cel-lulars i cultiu primari de cél-lules ohamifer a I'nora d’identificar la funcié que té
un gen determinat (Liu i col-l., 2004; Paroo i Gor2004). Actualment, la interferéncia de

I'RNA induida per siRNA és juntament amb I'mRNA &entit la técnica més emprada dins
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del conjunt de técniques anti-mRNA (Kurreck, 2098; 2007). Tanmateix, durant els ultims
anys I'Gs de la interferéncia de 'RNA ha anat smbisit progressivament la utilitzacié de
I'mRNA antisentit (Elbashir i col-l., 2001; Ovchaf® i col-l., 2005), ates que la primera
presenta molts més avantatges que la segona (l#pd@99; Lee i col, 2002; Achenbach i
col-l., 2003; Hough i col-1., 2003).

Un inconvenient de les técniques d'interferenciBMA, com succeeix també amb la
resta de técniques anti-mRNA, és la transfereneibadid nucleic a la cel-lula, perqué sovint
aquest procés compromet la viabilitat cel-lulaa vegades, aquesta transferéncia és dificlil
d’aconseguir en cultiu primari (Ovrachenko i c@l2005). Per transferir aquests siRNA es
poden utilitzar diferents metodes com, per exempde,transfeccid, la transduccié o
I'electroporacioin vitro. D’entre tots aquests, la transfeccidé és el metods utilitzat en
linies cel-lulars immortalitzades per bé que erticcubrimari sigui sovint poc efectiva
(Rebersek i col-l., 2007). Al sisé article, s’hart d terme un conjunt d’'intents per transferir
els siRNA mitjancant el metode de la transfeccitmica. Tanmateix, i atés que la transfeccio
no ha estat prou efectiva, s’ha utilitzat I'elepweacidin vitro per tal de silenciar el gens
ACTBi HSP90AA]l malgrat que aguesta tecnica estigui associadaa &levada citotoxicitat,
especialment pel que fa a la introduccié de plammadchb un elevat nombre de parells de
bases (Sato, 2005).

Al sise article, els nivells de viabilitat cel-lulabservats han estat superiors després
d’aplicar la transfeccio que després d’aplicareldttoporacio, per bé que mitjancant la
primera no s’han arribat a reduir els nivells degsid dels genBCTBi HSP90AAL Aixi,
després d’optimitzar la transferéncia d’siRNA mitjant I'electroporacidin vitro, les
cel-lules oviductals electroporades s’han cocultasab espermatozoides, la viabilitat dels
quals ha estat valorada després de 24 i 48 holegesilltats obtinguts confirmen que el
cocultiu amb cel-lules oviductals perllonga la Vitdt espermatica (tal i com s’observa al
quart article), car la viabilitat dels espermatdesi és superior després del cocultiu amb les
cel-lules oviductals no electroporades (que preseama confluencia molt més elevada) que
després del cocultiu amb les electroporades, taah g'utilitzen siRNAs especifics pel gen
HSP90AAlgue quan s'utilitzen siRNAs que no silencien cam.gAixo fa pensar que la
viabilitat espermatica més baixa observada en@llto amb cel-lules electroporades es deu

als efectes del métode d’electroporacio i no padehciament.
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A partir dels resultats de l'analisi de la vialatitespermatica es conclou que la
HSP90AAL no esta implicada en el manteniment dealailitat espermatica, perqué les dades
d’aquest parametre son similars quan s'utilitzeéRN#s especifics pel geRISPO0AALI
siRNAs inespecifics. S’ha publicat que les célduweiductals afecten de manera diferencial
la viabilitat espermatica segons si els espermatezas’uneixen o no a les cel-lules epitelials
(vegeu el quart article; Yeste i col-l., 2008). fateix, tampoc s’han observat diferéncies en
'analisi de la viabilitat espermatica de les dyssblacions com a consequéncia del
silenciament del geRlISP90AAL1 de manera que aquests resultats confirmen er pkgpkes
cel-lules oviductals en el manteniment de la viilespermatica pero descarten la
HSP90AA1 com a proteina oviductal involucrada emestjmanteniment.

Atés que al cinque article s’ha observat que gleresatozoides indueixen I'expressio del
genHSP90AAla les cel-lules oviductals després de tres hagesodultiu, aquesta proteina
podria tenir algun altre paper sobre la funcioatiispermatica diferent del manteniment de la
viabilitat. Aixi i atés que la HSP90AAl1 sembla esiavolucrada en la capacitacio
espermatica (Ecroyd i col-l., 2003; Hou i col-D02), es podria utilitzar la interferéncia de
I'RNA per esclarir aquesta funcid, puix que no hifobnament per la presencia d’inductors de
la capacitacié espermatica en els diluents de cilaaya durada.

D’altra banda, els genslSPA8i HSPA5també son sobreexpressats per les cel-lules
oviductals després de coculiiu vitro amb espermatozoies. Aixi, la interferéncia de IIRN
també podria permetre conéixer en major grau gsliel @aper d’aquests dos gens sobre la
funcionalitat espermatica.

Finalment, I'is de la RNAI planteja el problema e citotoxicitat a les cel-lules
transfectades. En aquest sentit, no és del toepvil les cel-lules epitelials no viables com a
consequencia de l'aplicacié de I'electroporacio godnfluir d’alguna manera sobre els
resultats finals, de manera que la utilitzaciotdéal tecniques de transferencia de I'RNA és un

dels aspectes a tenir en compte en futurs estudis.
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4. Conclusions

El cocultiu homoleg de cél-lules epitelials de ithxwcte | d’espermatozoides prolonga
la viabilitat espermatica i estabilitza les memilesan acrosomiques dels
espermatozoides de porci.

El perllongament de la viabilitat és significativamt superior a les poblacions
espermatiques unides a les cél-lules oviductalpeots als espermatozoides que
romanen lliures al medi de cocultiu. Aquest reswdsta d’acord amb la formacio i el
paper del reservori seminal.

El cocultiuin vitro amb cél-lules de l'oviducte manté els parametresndélitat
espermatica a la poblaci6 no unida a les cel-lubgdtelials de manera
significativament superior al cocultiu amb cel-tuld C-PK1.

Les cel-lules epitelials no reproductives (LLC-PKigntenen la viabilitat i la motilitat
espermatiques en major mesura que el medi sensdalper bé que en inferior grau
que les cél-lules oviductals.

Els espermatozoides no capacitats s’'uneixen de nmgmeferent a les cel-lules
oviductals i a les cel-lules LLC-PK1, mentre que ebpermatozoides capacitats
romanen lliures al medi sense unir-se a aquestdgles.

El percentatge d’espermatozoides capacitats ésisupe les poblacions unides i no
unides a les cél-lules oviductals que a les palmaciespectives de les cel-lules LLC-
PK1. Aquest fet suggereix que les cel-lules ovialscindueixen especificament la
capacitacié espermatica.

L’evolucio dels percentatges d’espermatozoidesdaitgia i no capacitats a la poblacio
espermatica unida a les cel-lules oviductals ebatren concordanga amb el
suggeriment que les cel-lules espermatiques nacitcag@s en porci s’'uneixen a les

cel-lules oviductals, i després capaciten rapidamen
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8. La incubacié dels espermatozoides amb el medi cowit per les cél-lules
oviductals afecta la funcié espermatica, per béeajumcultiu amb aquestes cél-lules
influencii en major grau la viabilitat, la capacitai la motilitat espermatiques.

9. No s’observen canvis en I'expressio dels gens aquifiquen per la clusterina, la
HSP90AAL, la HSPAS8 i la HSPA5 quan es comparenuétlus de cél-lules en els
estadis fol-licular i luteal del cicle ovaric.

10.La presencia d’espermatozoides no altera I'expdedsi gen de la clusterina ni a les
cel-lules oviductals ni a les cél-lules LLC-PK1rgperovoca la sobreexpressié dels
gens HSP90AA1 HSPA8i1 HSPAS que a pertanyen a la familia de les proteines
d’estres termic.

11.Els espermatozoides també indueixen lI'expressi@ densHSP90AA1l HSPASI
HSPA5 a les cel-lules no reproductives LLC-PK1, per0 apasterioritat al que
s'observa a les cél-lules oviductals. Aquest rassliggereix un efecte especific dels
espermatozoides sobre I'expressio d'aquests gksscal-lules oviductals.

12.La citotoxicitat observada quan s'’utilitza la eteporacidin vitro és superior que
quan s’utilitza el métode de transfeccié convergidolated transfection

13. Atés que utilitzant la transfeccio quimica no s@&fs el silenciament dels geA€TB
i HSP90AAla les cel-lules transfectades, I'electroporaitiovitro esdevé una
alternativa per a I'is de la interferéncia de I'RNA el cultiu primari de cel-lules
oviductals.

14.No s’observen canvis en la viabilitat espermaticaspiés de cocultivar els
espermatozoides amb cél-lules que tenen eHgPOOAAlsilenciat. Aquest resultat
implica que aquesta proteina no esta implicada Enpegllongament de la
supervivéncia espermatica.

15. Ates que la HSP90AAL és una proteina involucradi eapacitacio espermatica, els
experiments posteriors podrien estudiar quins skén efectes que produeix el
silenciament d’aquest gen a les cél-lules ovidscdabre aquest parametre funcional
espermatic.

16. Se suggereixen nous experiments utilitzant lafetencia de I'RNA per tal d’elucidar
el paper que la HSPA8 i HSPA5, entre d’altres, @rgwsobre la funcionalitat
espermatica, aixi com també nous estudis empras ahetodes de transferencia dels

siRNA diferents de la transfeccio i de I'electropcinin vitro.
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L’addicié de la prostaglandinafen un rang de concentracions de 2,5 a 10 mg/100
ml no malmena la qualitat espermatica. Per aixOestgu hormona a aquestes
concentracions pot ser afegida a les dosis semipafs millorar el rendiment
reproductiu induint contraccions a I'Uter, sensedpir efectes deleteris sobre els
espermatozoides, i millorar les técniques d’'inseii artificial.

L’addicié d’acid hyaluronic en un rang de concecias de 50-100 pg-fhiretarda la
capacitacié espermatica després de tres dies demacio a 15°C amb el diluent
BTS, sense malmenar ni la viabilitat ni la espeiqugs.

La tolerancia dels espermatozoides als canvis assndel seu entorn, determinada
com a resistencia de la viabilitat i la morfologtiapermatiques i del percentatge
d’espermatozoides amb I'acrosoma reaccionat, esinpatduir dins de models de
regressio lineal i es pot valorar juntament amb pasametres convencionals de
I'espermograma, a fi de predir millor la capacfestundant d’una ejaculacio.

El perllongament de la viabilitat és significativamt superior a les poblacions
espermatiques unides a les ceél-lules oviductalpeots als espermatozoides que
romanen lliures al medi de cocultiu. Aquest resuttancorda amb la formacio i el
paper del reservori seminal.

El percentatge d’espermatozoides capacitats ésisupe les poblacions unides i no
unides a les cél-lules oviductals que a les palmaciespectives de les cel-lules LLC-
PK1. Aquest fet suggereix que les ceél-lules ovialscindueixen especificament la
capacitacié espermatica.

La incubaciéo dels espermatozoides amb el medi codit per les cel-lules
oviductals afecta la funcié espermatica, per béeajumcultiu amb aquestes cél-lules

influencii en major grau la viabilitat, la capacitai la motilitat espermatiques.
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7. No s’observen canvis en l'expressio dels gens auifiquen per la clusterina, la

HSP90AAL, la HSPAS8 i la HSPA5 quan es comparenuétlus de cél-lules en els
estadis fol-licular i luteal del cicle ovaric.

La preséncia d’espermatozoides no altera I'expdedsi gen de la clusterina ni a les
cel-lules oviductals ni a les cél-lules LLC-PK1rdgperovoca la sobreexpressié dels
gens HSP90AA1 HSPA8iI HSPAS que a pertanyen a la familia de les proteines
d’estres termic.

No s’observen canvis en la viabilitat espermaticaspdés de cocultivar els
espermatozoides amb cél-lules que tenen eHgPOOAAlsilenciat. Aquest resultat
implica que aquesta proteina no esta implicada Eenpegllongament de la
supervivéncia espermatica. Tanmateix, els expetsngosteriors emprant tecniques
d’RNA d’inteferencia podrien estudiar quins son atectes que produeix el

silenciament d’aquest gen sobre d’altres paraméiresonals dels espermatozoides.
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