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1 Uvod

Uméléa inseminace je biotechnologickd metoda, kterd je nejvice vyuzivana v chovu mlééného
skotu z duvodu jeji snadné proveditelnosti, tspéSnosti a ekonomické navratnosti (Aires et al.,
2003; Moore et Hasler, 2017). Jsou pouzivany piedevs§im kryokonzervované inseminaéni davky
(ID). Posledni statistické udaje uvadéji celosvétovou produkei 252 miliony hluboce zmrazenych
ID ro¢né a 130 milioni provedenych inseminaci (Thibier et Wagner, 2002; Moore et Hasler,
2017). Pravé kryokonzervace zajiStujici kompletni zastaveni fyziologickych pochodi a
vyvojovych procest spermii (Vishwanath, 2003) je jednim z hlavnich faktord, které ovlivnily
rozsifeni Ul do celosvétového métitka. Vyznamnou vyhodou Ul je rozSifeni moznosti
vyuZitelnosti geneticky vhodnych a provéfenych jedincl, s ¢imz souvisi mnohondsobné vyssi
vyuziti ejakulatu byka v porovnani s ptirozenou plemenitbou (Whiston et al., 2017; Woods et al.,
2004). Dale je to prakticky neomezena vzdalenost transportu ID a zamezeni Sifeni
venerologickych onemocnéni (Bailey et al., 2003). I pies vSechny vyhody UI je vsak faktem, ze
vyznamné procento spermii je v prub&hu procesu kryokonzervace poskozeno (Watson, 2000;
Srivastava et al., 2015; Layek et al., 2016).

Prvnim z objevi, tykajicich se prodlouzeni zivotnosti spermii po odbéru ejakulatu, bylo
odhaleni pozitivnich ucinkd vajecného zloutku. Hlavnim milnikem v souvislosti pfimo
s kryokonzervaci spermii byl ndhodny objev kryoprotektivnich vlastnosti uc¢inkii glycerolu
pfi experimentech se spermiemi bykll a narozeni prvniho telete po Ul takto uchovavanymi
spermiemi (Polge et Rowson, 1952). Od tohoto objevu se optimalizaci procesu kryokonzervace
spermii bykl zabyvalo mnoho dalSich vyzkumnych praci. I pfesto vSak neni v dneSni dobé&
procento prezivsich, oplozeni schopnych spermii uspokojivé (Layek et al., 2016). Z tohoto
duvodu je dulezité zkoumat moznosti ovliviiovani efektivity procesu kryokonzervace. Jednou
z hlavnich cest je optimalizace a modifikace slozeni fedidel semene (Watson, 2000; Hu et al.,
2010; Yeste, 2015), a tim redukce negativnich vlivii pusobicich na spermie Vv pribéhu celého
procesu kryokonzervace.

Zvysovani efektivity a optimalizace procesu kryokonzervace spermii je tedy dilezité jak
pro zvySovani Uspé$nosti umélé inseminace skotu, tak z hlediska piinosu novych poznatkl do

védniho oboru kryobiologie.



2 Literarni prehled

2.1 Faktory ovliviiujici spermie v prubéhu procesu kryokonzervace

I ptes dlouhé obdobi, jez ubéhlo od zdsadniho objevu kryoprotektivnich vlastnosti glycerolu a
uspesného zmrazeni spermii, byly protokoly vypracované na pocatku padesatych let jen mirné
pozménény. VSeobecné se uvadi, ze oplozovaci schopnost hluboce zmrazenych ID je
dostacujici (Hu et al., 2010). Faktem ovSem zustava, ze je stale 40—50 % spermii béhem tohoto
procesu nenavratn¢ poskozeno (Layek et al., 2016). V prub&hu procesu kryokonzervace jsou
spermie vystaveny podminkdm vymykajicim se fyziologickym standardim. Je zde fada
fyzikalnich a chemickych stresovych faktorti ovliviijicich jejich strukturdlni a funkéni
integritu (Morris et al., 2012). Do vyétu téchto vlivi jsou Fazeny: teplotni zmény, tvorba
intracelularnich a extracelularnich ledovych krystali, odchylky extraceluldrniho prostiedi od
izotonickych podminek spojené s toxickym ptisobenim kryoprotektantd a oxidativni stres (Gadea
et al., 2008; Tapia et al., 2012).

2.1.1 Teplotni zmény

Spermie savcl nejsou adaptovany k preziti teplot, kterych je dosahovano v pribéhu procesu
kryokonzervace, a to ptredevsim z hlediska lipidového sloZeni a propustnosti iontti plazmatickou
membranou. To je kompenzovano moznosti transformace struktury lipidi v plazmatické
membrané (PM) odehravajici se pii teplotach od 36 do 17 °C (Parks et Graham, 1992; Sparr et
al., 2002), pticemz k nejvétsim zménam ve struktufe lipidGd dochdzi pfi teplotach 15-5°C
(Drobnis et al., 1993). Tyto zmény jsou popisovany jako tzv. chladovy Sok. Na tento stresovy
faktor reaguji spermie rozdiln€, v zavislosti na druhu, coz je dano predevs§im odlisSnym lipidovym
slozenim PM a rliznou mirou citlivosti spermii jednotlivych druhG zvifat ke
kryokonzervaci (Srivastava et al., 2013). Jeho letalni nasledky lze ¢aste¢né zredukovat vhodnou
rychlosti poklesu teplot pii zchlazovani spermii (Benson et al., 2012). Tento fenomén ovliviiuje
dalsi komponenty PM, jako jsou struktury proteinového charakteru, které se mohou vlivem
alteraci lipidd shlukovat, a mize dochazet k naruSeni jejich funkénich vlastnosti. Takovym
ptikladem mohou byt iontové kanaly CatSper (Chen et al., 2017). Jednim z hlavnich faktort
poukazujicich na prabéh chladového Soku je tak naruSeni permeability PM a jeji regulace. Jak
uvadi Drobnis et al. (1993), dochazi ke snizovani koncentrace intracelularniho K™ a zvySovani
Ca?*, coz naslednd ovliviiuje aktivitu biciku (motilitu) a dalsi struktury spermii. Disledkem
zvySené koncentrace vapenatych kationtli mohou byt také predcasné kapacitaéni zmény, které

negativné ovliviiuji potencialni fertiliza¢ni schopnost spermii (Srivastava et al., 2015).



2.1.2 Tvorba intracelularnich krystala

Dalsi faktor ovliviujici ptezitelnost spermii pii procesu kryokonzervace je tvorba ledovych
krystalt. Zde plati vSeobecné znamé pravidlo fikajici, Ze struktura bunc¢k zmrazenych pftilis
rychle je nendvratné poskozena kvili tvorbé intracelularnich krystalii vody a v opacném ptipadé
bunky zchlazované pfiliS pomalu jsou poskozovany dlouhou expozici prostiedi o vysoké
koncentraci solutt (Benson et al., 2012). Redukce ¢i v nékterych piipadech eliminace téchto
negativnich vlivl je docileno vyuzivanim vhodnych kryoprotektant a mrazicich kiivek (Pena et
al.,, 2011). V nedavné dobé bylo vsak kolektivem autort (Morris et al., 2007) pomoci
elektronové mikroskopie a diferencialni skenovaci kalorimetrie prokdzano, ze pii soucasné
vyuzivanych mrazicich kiivkach pro spermie hiebcl jiz nedochédzi k tvorbé€ intracelularnich
krystalti. Potencialni nebezpe¢i poSkozeni bunék tak proto predstavuji predevsim krystaly

extracelularni.

2.1.3 Tvorba extracelularnich krystali

S tvorbou extracelularnich ledovych krystalli nepfimo souvisi dal§i ze stresovych faktort
negativné ovlivitujici funkéni vlastnosti spermii zmény v osmotickych podminkéach. Tento typ
krystaltt vystavuje spermie hypertonickym podminkam (Koshimoto et al., 2000), a to diky
procesu nukleace ledovych krystali potazmo vytvofeni krystald vody pifi zchlazeni média
k teploté tuhnuti. Soluty jsou poté disociovany ve zbyvajici dosud nezmrzlé vod¢, ¢imz stoupa
osmoticky tlak roztoku, v némz jsou spermie pfitomny (Watson, 2000).

Jak dale uptesiiuje Holt (2000b) a je rovnéz patrné z vysledkt elektronové mikroskopie
(Morris et al., 1999), spermie individualné mohou byt ve zmrzlém médiu soucasné lokalizovany
krystalt plati vS§eobecné pravidlo, Ze pii vyssi rychlosti zchlazovani suspenze (spermie + fedidlo)
dochdzi k omezeni pfitomnosti dosud nezmrzlé vody a tim ke snizeni plsobeni
hyperosmotickych podminek (Benson et al., 2012). Zaroven v§ak musi byt rychlost zmrazovani
dostate¢né pomala ve vztahu k eliminaci letalnich krystalti intracelularnich (Woods et al., 2004;

Benson et al., 2012).

2.1.4 Pritomnost permeabilnich kryoprotektanti

K odchylkam od izotonickych podminek pfispiva nezanedbatelnym dilem rovnéZz ptitomnost
permeabilnich kryoprotektantti v fedidlech (Tapia et al., 2012).
Pridani fedidla k ejakulatu ma tak vyznamny dopad na tvorbu hypertonického charakteru

extracelularniho prostiedi. Intracelularni voda je tak ve sméru niz§iho chemického potencialu
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(vyssi koncentrace osmoticky aktivnich latek) transportovdna ven z bun€k a paralelné dochézi ke
zmenSovani objemu spermii (Mazur et Koshimoto, 2002). V prubéhu rozmrazovani je situace
opacna, spermie jsou vystavovany podminkam hypoosmotickym. V dusledku tohoto je voda do
cytoplasmy pfijimana az do té doby, nez dojde k vyrovnani koncentraci soluti mezi
intracelularnim a extracelularnim prostorem, tim je tedy jejich objem zvétSovan. Pravé kvuli
témto dvojnasobné plisobicim osmotickym zménam, na které¢ jsou spermie velmi citlivé, dochazi
primarné k poruseni integrity plazmatické membrany (Tapia et al., 2012). Navic bylo zjisténo u
spermii byku (Guthrie et al., 2002) a hiebcti (Macias Garcia et al., 2011c), ze fluktuace v
osmotickych podminkach plsobi vice negativné¢ v porovnani s konstantnim vystavovanim

hypertonickym podminkam.

2.1.5 Oxidativni stres

Oxidativnim stresem se rozumi stav nerovnovahy mezi produkci reaktivnich forem kysliku a
antioxidativnim systémem slouzicim k jejich redukci ¢i k regeneraci struktur, které jiz byly
zasazeny. Pravé zminované reaktivni formy kysliku (Reactive Oxygen Species - ROS) jsou
hlavnimi slouc¢eninami pusobicimi negativni zmény (Agarwal et al., 2003). Jestlize je tvorba
ROS v rovnovazném stavu s funkci antioxidativniho systému, pisobi na fyziologické procesy
spermii napf. na kapacitaci a akrozomalni reakci (O'Flaherty et Matsushita-Fournier, 2017). ROS
jsou slouceniny vytvafené biochemickymi reakcemi mezi inertnim kyslikem a organickymi
molekulami. Zahrnuji pfedev§im volné radikaly, coZz jsou chemické latky, které obsahuji
minimalné jeden neparovy elektron a jsou pfitom stabilni. Tento fakt zajiStuje pravé jejich
vysokou reaktivitu s organickymi slou¢eninami (Griveau et LeLannou, 1997).

Gamety jsou vSeobecné velmi citlivé pravé na zmény zpisobené ROS. V piipadé spermii
je tato citlivost zpisobena specifickym sloZzenim plazmatické membrany, omezenymi
schopnostmi antioxidativniho systému a neschopnosti opétovné syntézy poSkozenych
komponent (Gadea et al., 2013). V prub&hu procesu kryokonzervace jsou spermie vystavovany
zvySenym koncentracim téchto vysoce reaktivnich sloucenin, pticemz s jejich zvySenou produkci
souvisi zmény v prubéhu chladového Soku (Chatterjee et al., 2001). Toxicita ROS souvisi s
inaktivaci proteint, poskozenim DNA a peroxidaci nenasycenych lipida (O'Flaherty et
Matsushita-Fournier, 2017). Posledni uvedeny vliv je v piipadé spermii velmi vyznamny z
hlediska vysokého podilu fosfolipidi v plazmatické membrané obsahujicich fetézce
polynenasycenych kyselin. To ve vysledku vede k destabilizaci plazmatické membrany, a tim k
modifikaci aktivity enzymi na ni vazanych a nakonec k bunééné smrti (Aitken et Baker, 2004).

Mimo tento uvedeny vliv ma kryokonzervace negativni dopad na koncentraci intracelularniho



glutationu, ktery hraje velice vyznamnou roli v antioxidativnim systému spermii bykt i dalSich
druhi (Gadea et al., 2011; Castro et al., 2016). Souhrnem téchto vlivi je tedy ve vysledku opét

potencialné snizovana schopnost spermii piezit a zachovat si oplozovaci schopnost.

Vyse uvedené faktory negativné ovliviiuji spermie v priubéhu procesu kryokonzervace.
Pficemz primarni strukturou, na kterou ma kryokonzervace piedev$im dopad, je plazmaticka

membrana (Khalil et al., 2018).

2.2 Plazmaticka membrana — kriticka struktura z pohledu kryokonzervace

Plazmatickd membrana pokryvajici celou spermii je typickym piikladem vysoce
kompartmentalizované struktury. V pribéhu spermatogeneze, pti diferenciaci kulatych spermatid
ve spermie protahlého tvaru, je PM dé€lena na 3 kompartmenty, jenz tvofti tzv. subdomény majici
specificky komplement proteini a lipida (Gadella et Luna, 2014). Prvni z nich pokryvajici
hlavicku spermie jsou soucasti akrozomu, ekvatoridlniho segmentu a postakrozomalni casti.
Dalsi dva kompartmenty se nachazi na stfedni Casti v hlavnim oddile bi¢iku (Gadella et al.,
1994). Mezi témito jednotlivymi subdoménami dochazi k vyméné membranovych komponent a
jsou tak zajistovany fyziologické procesy a jejich kontrola (James et al., 2004). Tzv.
kompartmentalizace PM je z hlediska kryokonzervace vlastnosti, ktera mize plisobit negativné, a

to kvuli skute¢nosti, ze dava jednotlivym ¢astem rtizné vlastnosti (Morris et al., 2012).

2.2.1 Slozeni plazmatické membrany spermii

Buné¢na membrana je tvofena lipidovou dvojvrstvou tvofenou zejména fosfolipidy skladajicimi
se z polarni a nepolarni €asti interagujicich s fadou proteinli. Orientace polarnich ¢asti (hlavicek)
lipidii, jezZ mohou mit riznou chemickou strukturu, je smérem k vodnému prostiedi. Nepolarni
Casti jsou tedy orientovany smérem k sobé (Tapia et al., 2012). Distribuce lipid ve dvojvrstveé je
nehomogenni, neustdle dochazi k lateralnim zméndm jejich pozic. Tento pohyb téz
nazyvany ,,flip-flop je umoziovan c¢innosti ATP dependentnich enzymu flipaz a flopaz.
Poslednim typem enzymd, ktery je vSak na ATP nezavisly, jsou skramblazy, fungujici opacné
tzn. jejich funkci je omezeni asymetrie lipidové dvojvrstvy PM.

Slozeni PM spermii je specifické, jsou zde glycerol-fosfolipidy s pievahou
fosfatydilcholinu a fosfatydiletanolaminu, jejichz zastoupeni je mezidruhové stalé (Parks et
Lynch, 1992). Dale jsou zde fosfatydilserin, fosfatydilinositol, lysofosfatydilcholin,
sfingomyelin, kardiolipin (Gadella et Luna, 2014). Glycerol-fosfolipidy, vseobecné, jsou



charakteristické svou stavbou, zdkladni strukturou je glycerol, na kterém jsou hydroxylové
skupiny na C1, C2 esterifikovany v mastné kyseliny a skupina OH-na C3 je esterifikovana
na fosfat. Vyznamna cast téchto fosfolipida je vSak slozena z plazmalogenti, v nichz jsou dlouhé
nenasycené fetézce mastnych kyselin (C-20; C-24) vazany pies vazbu éterovou (Lenzi et al.,
2000; Le Guillou et al., 2013). Spermie se od ostatnich typti savéich bun¢k dale vyrazné lisi
obsahem plasmalogenti, které v nékterych ptipadech predstavuji vice jak 18 % z celkového
mnozstvi glycerol-fosfolipida tvoficich jejich PM (Oresti et al., 2011). Jak uvadi Fuchs et al.
(2007) velmi pravdépodobné maji schopnost eliminovat volné radikaly a dale je zde piedpoklad,
ze jsou dilezité pro tvorbu makro a mikrodomén potitebnych z hlediska kompartmentalizace PM
spermii (Gorgas et al., 2006).

Z hlediska kryokonzervace jsou vyznamné mezidruhové rozdily ve slozeni PM,
pfedev§im z hlediska zastoupeni mastnych kyselin, pfesnéji jejich zbytka tvoficich hydrofilni
konce fosfolipidi a jejich stupné nasycenosti (Tapia et al.,, 2012). Nejvyznamnéji jsou
ve struktufe PM  spermii hospodarskych zvifat zastoupeny acylové zbytky kyseliny
dokosahexanové (C22:6 n-3) a dokosapentaenové (22:5n-6). U spermii byku je nejcastéji
zastoupenou mastnou kyselinou ve struktufe fosfolipidi C22:6 n-3 (Schiller et al., 2003), stejné
tak u spermii kanci (Cerolini et al., 2000), u hiebci je to 22:5 n-6 (Macias Garcia et al., 2011b).
Vysoky obsah zbytkli polynenasycenych mastnych kyselin dava plazmatické membrané spermiti
vyraznou fluiditu, kterd zajiStuje vysSsi elasticitu. Pficemz tato vlastnost pfimo ovliviiuje
schopnost buriky ptizptisobovat sviij objem danym podminkam (Wathes et al., 2007). Vseobecné
1ze fici, Ze vyssi podil polynenasycenych mastnych kyselin v PM pozitivné koreluje s procentem
spermii vykazujicim intaktni PM, pravé z divodu zvySeni fluidity, potazmo flexibility PM.
Opacny vliv ma pak vyssi podil dlouhych nasycenych fetézcli mastnych kyselin, jenZ zplisobuje
nepoddajnost PM (Macias Garcia et al., 2011b). Nadruhou stranu vsak zvySeny vyskyt
nasobnych vazeb ve struktufe acylovych zbytkii znamend vyssi citlivost k poskozeni volnymi
radikaly, a tudiz nachylnost k peroxidaci lipida PM (Wathes et al., 2007). Uroveii zastoupeni
urcitych mastnych kyselin v PM hraje vyznamnou roli pfedev§im z hlediska senzitivity spermii
vici kryokonzervaci v ramci mezidruhovych i individualnich rozdilt (Macias Garcia et al.,
2011b).

Dalsim velice dilezitym ukazatelem udavajicim senzitivitu PM ke kryokonzervaci je
pomér cholesterolu k fosfolipidiim. Cholesterol je podstatnou slozkou PM, predstavuje 25-50 %
lipidd PM, cozZ tvoii az 90 % celkového bunééného cholesterolu. Strukturdlné se steroly lisi od
ostatnich polarnich lipidd tim, Ze jejich hydrofilni ¢ast je tvofena malymi hydroxylovymi

skupinami. Ty jsou navazany na hydrofobni ¢ast tvofenou Ctyfmi cyklickymi uhlikatymi fetézci,



kde je na opacném konci nez se nachdzi skupina OH-, pfipojen rozvétveny uhlikaty
fetézec (Moce et al., 2010a). Cholesterol je dulezitym prvkem regulace membranové fluidity.
Nad hranici teploty ovliviujici strukturalni podobu lipidd PM ji sniZzuje a naopak pii teplotach
pod touto hranici ji zvySuje (Purdy et Graham, 2004). Bylo potvrzeno, ze zména lipidového
slozeni PM tykajici se zvySeni procentudlniho zastoupeni cholesterolu, vlivem ptidavku
cyklodextrinti nesouci tuto slouc¢eninu, ptedstavuje pro spermie vyssi odolnost vii¢i chladovému
Soku a piezitelnost po kryokonzervaci (Purdy et Graham, 2004; Moce et al., 2010b). Zvyseny
podil cholesterolu by mohl rovnéz snizit zmény podobné kapacitaci spermii vyvolavané
kryokonzervaci, které negativné ovliviiuji jejich fertilizaéni schopnosti (Cormier et Bailey,
2003). Ze steroli je dale zastoupen desmosterol. Jeho pfitomnost byla objevena jiz v roce 1974
autory Bleau et Vandenhe, avSak prozatim nebyl zjistén jeho piesny vyznam. Predpoklada se, Ze
jeho tloha bude obdobna, jako byla potvrzena v piipadé cholesterolu (Travis et Kopf, 2002; Saez
etal., 2011).

Zatimco fosfolipidy pfedstavuji strukturalni elementy PM, membranové proteiny plni jeji
specifické funkce. Proteiny jsou déleny do dvou zékladnich skupin podle jejich ptfipojeni na PM
a to na transmembrdnové a periferni. Proteiny transmembrdnové jsou zaclenény piimo do
lipidové dvojvrstvy. Pfedevsim jako iontové kandly a ptfenaSeCe se Ucastni selektivniho pienosu
molekul skrz membranu a dale regulac¢nich a signalnich procesti. Druhou skupinu tvoii periferni
proteiny, jez jsou na PM nepfimo navazany pomoci interakce s polarnimi hlavickami fosfolipida
a zaujimaji hlavni roli pfi oplozeni a regulaci dalsich fyziologickych procest (Tapia et al., 2012).
Reorganizaci lipid v prabéhu kryokonzervace a narusenim jejich interakce s proteinovou
sloZkou miiZze rovnéZz dochédzet k jejimu nevratnému poskozeni. To mulZe zplsobit zmény
vedouci k fenoménu vSeobecné nazyvanému ,.kryokapacitace* (Cormier et Bailey, 2003), jelikoz

je PM dulezitym prvkem v signalni kaskadé procesu kapacitace spermii (Signorelli et al., 2012).



2.2.2 Zmény v plazmatické membrané v pribéhu kryokonzervace

Plazmaticka membréna je za fyziologickych podminek charakteristickd svym fluidnim stavem.
Fluidita je jednou ze zékladnich vlastnosti PM a je ovlivilovdna pfedev§im pomérem obsahu
fosfolipidii a cholesterolu a také teplotou. Pii poklesu teploty na uréitou mez dochazi ke zménam
stavu PM v piechodny - na rozhrani fluidni a krystalické formy. Soucasné dochazi ke zménam v
uspotadani acylovych zbytkd (Oldenhof et al., 2015; Sieme et al., 2015). Poté je v prib¢hu
zmrazovani ménén prechodny stav PM v krystalicky, kdy se soucasné s pokracujici zménou
postaveni zbytkd mastnych kyselin stava PM rigidni. Teplota, pfi které dochazi k témto zméndm,
se lisi v zavislosti na délce uhlovodikovych fetézci a jejich nasycenosti. Jakmile je této teploty
dosazeno, dojde ke zmén¢ konformace daného typu lipidl, které poté agreguji s ostatnimi lipidy
v PM nachézejicimi se ve stejném stavu. Cast lipida viak zistava za téchto podminek ve
fluidnim stavu az do dosazeni nasledujici specifické teplotni zmény. Pravé prechody mezi ¢astmi
PM, kde jiz ptechod lipidii do krystalické formy probéhl a ¢astmi ve fluidnim stavu, predstavuji
slaba mista, kde mize dojit k mechanickému poskozeni (Hammerstedt et al., 1990; Sieme et al.,
2015). K poskozeni az do tohoto stadia nemusi vzdy dojit, naruseni PM muze byt na urovni
funkce iontovych kanald a dalSich regulacnich casti. Tato populace spermii mizZe byt pak v
¢astecné kapacitovaném stavu, coZ znamena jejich zkracenou zivotnost a snizenou fertiliza¢ni
schopnost (Bailey et al., 2000; Bailey, 2010). Z hlediska procesu kryokonzervace, je to obsah
cholesterolu v PM, jenz udava jeji rezistenci vii¢i nizkym teplotam. Hraje roli pii stabilizaci
PM (Bergeron et al., 2003; Aksoy et al., 2010), i pfes to, Ze je fluidita PM v pfitomnosti vétsiho
mnozstvi cholesterolu vyssi, si spermie zachovavaji vyrazné lepsi viabilitu (Purdy et Graham,
2004). Cholesterol pusobi také pozitivné pii stabilizaci fizeni aktivity transmembranovych
proteinti (Tannert et al., 2007). Spermie s vys$S§im podilem cholesterolu k fosfolipidim jsou

charakteristické vyssi odolnosti vii¢i procesu kryokonzervace (Moce et al., 2010b).



Zmény zpusobené zminovanymi faktory maji v pribchu kryokonzervace negativni dopad
primarné na plazmatickou membranu spermii (Yeste, 2015). Ultrastrukturalni studie Khalil et al.
(2018) tento fakt na zakladé vysledku elektronové mikroskopie jasné potvrdila (viz. Obr. 1). Jeji
integrita vSak dale souvisi s dal§imi strukturami a organelami, jako je akrozom ¢i mitochondrie
(Sieme et al., 2015; Khalil et al., 2018). Pficemz naruseni jejich morfologické a funkéni integrity
(Morris et al., 2012) nasledné vede ke snizeni jejich fertilizaéni schopnosti (Oldenhof et al.,
2015). Odolnost PM spermii je dana piedev$im lipidovym sloZenim, zejména co se tyce
pfitomnosti cholesterolu spole¢né se zastoupenim polynenasycenych mastnych kyselin (Macias

Garcia et al., 2011a; Yeste, 2015).

A B

Obr. 1 Zmény na PM bycich spermii v pribéhu procesu kryokonzervace. A ihned po odbéru; B v pribéhu
zchlazovani; C po kryokonzervaci (Khalil et al., 2018)

Préavé opatieni vedouci k potlaceni zmén na plazmatické membrané ¢1 k modifikaci jejiho slozeni
pfedstavuji moznosti pro zdokonalovani kryokonzervacnich protokoli pfedev§im s diirazem na

slozeni fedidel semene (Hu et al., 2011; Yeste, 2015).

2.3 Redidla pouZivana pro kryokonzervaci semene byki

Jelikoz spermie ¢eli béhem procesu kryokonzervace fad¢ negativné piisobicich vlivli, musi byt
pro kryokonzervaci spermii pouZito vhodné fedidlo. VSeobecné musi byt v receptufe fedidel
semene piitomny slozky (iontové nebo neiontové povahy) udrzujici osmolaritu a pH. Dale je
dualezity zdroj lipoproteinii ¢i jinych vysokomolekularnich slozek, jako vaje¢ny Zloutek ¢i mléko,
pusobici jako nepermeabilni kryoprotektanty proti chladovému Soku (Holt, 2000a; Layek et al.,
2016). Dalsi slozkou je glycerol ¢i alternativy jako propan-diol, dimethylsulfoxid (DMSO),

acetamid  Ci etylen-glykol pfedstavujici permeabilni  kryoprotektanty. Piedev§im prvné



jmenovany glycerol je Vnejvétsi mife pouzivan v fedidlech pro kryokonzervaci spermii
bykut (Vishwanath et Shannon, 2000; Morris et al., 2012). Pro tyto permeabilni kryoprotektanty
je z hlediska jejich pouziti vyznamna hranice jejich toxicity (Fahy, 2010). Jako zdroj energie
slouzi v recepture fedidel glukodza, fruktéza a jiné jednoduché cukry. Navic mohou nékteré
sacharidy, jako trehaldza ¢i rafindza, ve vySSich koncentracich mit podobny kryoprotektivni
ucinek, jako je tomu u permeabilnich kryoprotektanti (Malo et al., 2010). Posledni slozkou
fedidel semene jsou aditiva, jako enzymy, antibiotika pro minimalizaci riistu mikroorganismu
puvodem ze semenné plazmy a zamezeni kontaminace. Dale to mohou byt aminokyseliny
ochranujici strukturu plazmatické membrany nebo také antioxidanty (Gadea et al., 2011; Moore
et Hasler, 2017).

Rozdéleni druhit fedidel je dano piedevSsim na zékladé piitomného zdroje
vysokomolekularnich kryoprotektivnich slouc¢enin nepermeabilniho charakteru (Layek et al.,
2016). Jsou to fedidla s témito slozkami vyhradné neZivoc¢isného pivodu, a to v nejvétsi mife s
obsahem extraktu ze sdji — sojového lecitinu (fosfatydilcholinu) napt. Biociphos®, Bioxcell®
(IMV, Francie), Andromed® (Minitiibe, Némecko). Dalsim druhem jsou fedidla s obsahem
vajecného zloutku, napt. BullXcell (IMV, Francie), Triladyl® (Minitiibe, Némecko), Optidyl®
(Biovet, Francie) nebo na bazi odstfedéného mléka napt. Laciphos® (IMV, Francie). Pravé
fedidla, v nichZ je obsaZen vajecny Zloutek, jsou hojné vyuZivand pii kryokonzervaci spermii
bykut a dalsich hospodaiskych zvifat (Leite et al., 2010; Singh et al., 2014; Layek et al., 2016).
Pozitivni vlastnosti fedidel na bazi vajecného Zloutku jsou vSak negativné ovliviiovany nékolika
faktory. V prvni tadé je to skuteCnost, Ze ne vSechny slozky vajecného Zloutku jsou
charakteristické¢ pozitivnim pisobenim v pribéhu kryokonzervace. Nékteré slozky, jako
vysokodenzitni lipoprotein (High Density Lipoprotein - HDL) obsazeny ve Zloutkovych
granulach, mohou negativné puisobit na respiraci spermii (Demianowicz et Strzezek, 1996; Wall
et Foote, 1999). Navic vajecny Zloutek piedstavuje mozné hygienické riziko, ze mikrobialni
kontaminace fedidla s obsahem zloutku je srovnatelnd s kontaminaci samotného zloutku
(Bousseau et al., 1998; Aires et al., 2003). K této skutecnosti se piidava dalsi faktor, kterym je
variabilita sloZeni vaje¢ného Zloutku, coZz pifimo souvisi s problémem standardizace receptury
fedidla (Aires et al., 2003; Singh et al., 2014). Dale mize ptitomnost Zloutku negativné ovlivnit
laboratorni postupy pii mikroskopickém hodnoceni parametrd spermii (van Wagtendonk-de
Leeuw et al., 2000; El-Sharawy et al., 2012).
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Potencialni piekdzky a rizika fedidel na bazi vajeéného zloutku byly omezeny
uvedenim fedidel s obsahem so6jového lecitinu (Layek et al., 2016). Nebyl vSak prokazan
srovnatelny vliv této kryoprotektivni slozky. Dosavadni studie hodnotici kryoprotektivni
schopnosti fedidel na bazi sdjového lecitinu a vajeéného zloutku ve vztahu kin vitro ain
vivo ukazatelim prokazaly rtiznorodé vysledky, ve vétsi mife ve prospéch fedidel s obsahem
vaje¢ného zloutku (Gil et al., 2000; van Wagtendonk-de Leeuw et al., 2000; Thun et al., 2002;
Aires et al., 2003; Crespilho et al., 2012).

Po vyvinuti receptury fedidel s obsahem s6jového lecitinu nasledoval dalsi dulezity
krok spojeny s modifikaci kryokonzervace spermii. Byl zdokonalen postup ziskavani
kryoprotektivni slozky vaje¢ného zloutku — LDL a byly testovany jeho kryoprotektivni ucinky
(Moussa et al., 2002; Anton et al., 2003), coz otevielo prostor pro dal$i moznosti modifikace

sloZzeni médii pro kryokonzervaci spermii.

2.4 LDL kryoprotektivni slozka vaje¢ného Zloutku

Dals$i moznosti jak ptedchazet negativnim vliviim vajeéného Zloutku je tedy vyuziti pouze jeho
funk¢ni, kryoprotektivni slozky — LDL. Vaje¢ny zloutek obsahuje 78 % plazmy a 22 % granul.
Jde o velice komplexni smés lipoproteinli a proteini, u nichZz dosud neni znama jejich piesna
funkce. Zloutkova granula obsahuji hlavn& lipoproteiny o vysoké hustoté, 70 % (High Density
Lipoprotein), a 16 % fosfitini (Hevonoja et al., 2000). Naproti tomu zloutkova plazma obsahuje
pfedevsim nizkodenzitni lipoprotein (Low Density Lipoprotein — LDL), ktery zahrnuje polovinu
obsazenych fosfolipid a cholesterol, jez ptisobi jako ochrana proti chladovému Soku (Murphy et
al., 2017). Zloutkova plazma s majoritnim zastoupenim LDL je tedy zodpovédna za
kryoprotektivni vlastnosti zloutku (Pace et Graham, 1974; Moussa et al., 2002).

2.4.1 Charakteristika LDL a jeho kryoprotektivni pusobeni

LDL tvoii dvé tfetiny hmoty vaje¢ného Zloutku, jsou to sférické castice o velikosti 17-60 nm.
Lipidové jadro je sloZeno z triglyceridi a estert cholesterolu, obklopovéano vrstvou fosfolipidi a
proteint (viz. Obr. 2). Celkové obsahuje 83-89 % lipidid a 11-17 % proteini (Moussa et al.,
2002; Anton et al., 2003). LDL bylo separovano poprvé jiz v roce 1974 (Pace et Graham, 1974)
nasledné byla metoda separace zdokonalena ve smyslu vyssi efektivity produkce standardizace a

Cistoty frakce LDL (Moussa et al., 2002).
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Obr. 2 Tlustrativni nakres struktury ¢astice LDL (Harisa et Alanazi, 2014)

Presné mechanismy kryoprotektivniho ptisobeni LDL nejsou dosud piesné popsany. Jednim
Z moznych mechanisml je schopnost LDL pfilnout k PM spermii a vytvofit tak ochranny
film (Bergeron et al., 2004). Bylo zjisténo, ze LDL hraje vyznamnou roli v prib&éhu procesu
gelace vajecného zloutku (Wakamatu et al., 1982; Primacella et al., 2018). Pii tomto procesu,
ktery je spoustén kryokonzervaci, dochédzi k rozvolnéni struktury LDL. Vazby mezi lipidy a
fosfolipidy jsou naruSovany, pficemzZ pravé naopak je tomu u vazeb mezi proteiny. Triglyceridy
a fosfolipidy jsou tak uvolnovany do média a apoproteiny obalujici jadro ¢astic LDL se stavaji
méné rozpustnymi a vytvari gel. Fosfolipidy poté mohou tvofit ochranny film na povrchu
PM (Hu et al., 2010). Je vSak také mozné, Ze by mohly byt celé molekuly vazany na PM spermii
(Bergeron et al., 2004). Témito interakcemi muZe byt vytvafena mechanicka bariéra chranici
fazové rozhrani PM proti naruSeni (Martinet et al., 2003). Navic dochazi k inkorporaci LDL do
struktury PM, a tim ke zvySovani obsahu cholesterolu a fosfolipidii v plazmatické membrang,
coz znamena jejich vyssi odolnost v pribéhu kryokonzervace (Bergeron et Manjunath, 2006).
Dal$im mechanismem ptsobeni LDL na spermie je jeho schopnost vytvafet velice stabilni
komplexy s BSP-Al, BSP-A2, BSP-A3 a BSP-30-kDa, souhrnné nazyvané BSP (Bovine Sperm
Binder) proteiny (Lusignan et al., 2011b). Ty tvofi 80 % celkového mnozstvi bilkovin semenné
plazmy. BSP jsou na fosfatydilcholin v PM spermii vazany ihned po ejakulaci (Srivastava et al.,
2012), dale maji schopnost vazat se na kapacita¢ni faktory (heparin, HDL), z ¢ehoz vyplyva
jejich pozitivni efekt. AvSak na druhou stranu je zde také jiny efekt nez ten fyziologicky. Jsou-
li spermie vystavovany proteinim po delsi dobu, jako napt. v pribéhu procesu kryokonzervace,
je jejich ucinek negativni kvili schopnosti téchto proteint stimulovat vylu¢ovani cholesterolu a
fosfolipida z PM (Lusignan et al., 2011b; Rodriguez-Martinez et al., 2011; Srivastava et al.,

2013). To vede ke zvySeni citlivosti spermii na proces kryokonzervace ve vztahu napf.
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k chladovému Soku (Therien et al., 1999; Morris et al., 2012) nebo vlivem destabilizace PM
muze dojit k pfedCasnym kapacitaénim zménam spermii (Cormier et Bailey, 2003; Faezah et al.,
2014). LDL, jak bylo zjisténo autory (Lusignan et al., 2011b), je charakteristické velkou
kapacitou pro vazbu téchto proteinli, a navic vytvoiené vazby jsou velice stalé, a to i1
po rozmrazeni. Déle bylo prokazano, ze vazba LDL na BSP proteiny je nasycend, rychld a
specificka (Manjunath et al., 2002; Lusignan et al., 2011b). Jinym pozitivnim vlivem LDL je
jeho priznivé plsobeni na antioxidativni aktivitu enzymt katalazy (CAT), glutation
peroxidazy (GSH-PX) a redukovaného glutationu (GSH), které hraji dtlezitou roli pii zachovani
fertilizacni schopnosti spermii (Hu et al., 2011). Kvuli vysokému podilu polynenasycenych
mastnych kyselin v plazmatické membrané, jsou spermie citlivé pravé na posSkozeni oxidativnim
stresem, jenz je vysokou mérou ovliviiovan kryokonzervaci (Tapia et al., 2012). Pravé
antioxidativni aktivita vySe jmenovanych enzymt byla diky pfitomnosti LDL v fedidle

prokazatelné zvysena (Hu et al., 2011; Perumal et al., 2016).

Vyse uvedené mechanismy puasobeni LDL piiznivé ovliviiuji kvalitativni parametry
spermii a pusobi tak pozitivné na udrzeni jejich fertiliza¢ni schopnosti po rozmrazeni. Veskeré
studie zabyvajici se efektem LDL na spermie bykl po rozmrazeni hodnotily jeho vliv v podob¢
nahrady vaje¢ného zloutku v receptute fedidel. Autofi Moussa et al. (2002) kromé zdokonaleni
postupu ziskavani LDL, jako prvni odhalili skute¢nost, Ze optimalni koncentraci je 8§ % LDL v
tedidle z hlediska procentualni motility spermii bykli po rozmrazeni. Dal§imi autory byl tento
fakt potvrzen a doplnén o dalsi vysledky poukazujici na pozitivni vliv této koncentrace LDL na
dalsi in vitro parametry spermii, jako je integrita plazmatické a akrozomalni membrany
zachovani aktivity mitochondrii ¢i integrity DNA (Amirat et al., 2005; Hu et al., 2010; Hu et al.,
2011).

Pouze v omezeném poctu studii zabyvajicich se efektem LDL na spermie bykl byly
zahrnuty fedidla na bazi sdjového lecitinu a to pouze v kontrolnich skupinach. Jak z hlediska
motility spermii, tak integrity plazmatické a akrozomdlni membrany byly tyto parametry
signifikantné zlepSeny vlivem LDL, které v fedidlech nahrazovalo vajecny Zloutek, v porovnani

s fedidly s obsahem rostlinného lecitinu (Amirat et al., 2005; Vera-Munoz et al., 2011).

Ve vsech vysSe uvedenych studiich nebyl popsan zadny postup konzervace LDL po jeho
ziskani. Z toho vyplyva mensi trovenl jeho potencialniho praktického vyuziti. To by mohlo byt
zdokonaleno mozZnosti konzervace LDL pomoci azidu sodného, ktery by mohl mimo

prodlouzeni doby jeho pouzitelnosti rovnéZ eliminovat také hygienicka rizika (Hyldgaard et al.,
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2014), jez jsou hojné¢ diskutovanym tématem (Bousseau et al., 1998; Aires et al., 2003; Layek et
al.; 2016).

Absence konzervace LDL tak otevira otazku moznosti otestovani jeho oSetéeni po vyrobé
pomoci azidu sodného. To by znamenalo jeho stabilizaci, omezeni mikrobialniho rizika,
prodlouzeni doby pouzitelnosti a tim zvySeni potencidlni Gspésné translace vysledkl vyzkumu

do praxe.

Pozitivni efekty LDL byly ve vSech pfipadech testovany a potvrzeny v souvislosti
s eliminaci vajeéného Zloutku z receptury fedidel, tedy jeho substituce pomoci LDL (napft.
Moussa et al., 2002; Hu et al., 2011). Jen v omezeném poctu studii byly pro srovnani
dynamickych vlastnosti fedidel zatazeny i1 vzorky spermii, v kontrolnich skupinach, oSetfené
fedidly na bazi sdjového lecitinu. I v tomto piipad€ spermie fedéné v fedidlech, kde byl vajecny
Zloutek nahrazen LDL vykazovaly po rozmrazeni lepsi kvalitativni parametry v porovnani s
fedidly s obsahem so6jového lecitinu (Amirat et al., 2004; Amirat et al., 2005; Amirat-Briand et
al., 2009).

Dosavadni studie zabyvajici se srovnanim kryoprotektivniho efektu fedidel s obsahem
vajecného Zloutku s fedidly na bazi sdjového lecitinu neprokdzaly shodujici se vysledky.
S ohledem na potvrzené pozitivni efekty LDL vyvstava tedy otdzka, zda by se pozitivni ucinky
LDL mohly projevit ve spojeni s fedidly na bazi sdéjového lecitinu a dojde tak ke zlepseni jejich
kryoprotektivnich vlastnosti. Navic ve prospéch této hypotézy hraje roli i skutenost, ze LDL je
mozno vyuZzivat jako bio-nanomolekulu pfi transportu terapeutickych substanci na bunécné

urovni (Harisa et Alanazi, 2014), coz ukazuje na jeho vynikajici schopnost interakce s PM.

2.5 Hodnoceni kvalitativnich parametri spermii

Hodnoceni kvalitativnich ukazatelt spermii slouzi k posouzeni jejich funkéniho stavu souvisejici
do jist¢ miry s jejich potencialni fertilizacni schopnosti. Na inseminacnich stanicich je
z praktického hlediska provadéno hodnoceni omezeného poctu parametrii spermii, a to v ramci
vstupni kvality ejakulatu po odbéru a nésledné pro ovéieni uspésSnosti kryokonzervace. Ve
vyzkumu, pfi vyvoji novych postupii tykajici se zpracovani spermii, kam patii samoziejmé i
modifikace fedidel semene, je k hodnoceni jejiho vlivu vyuZzivana S§ir§i Skdla funkénich
parametrd spermii.

Jednim ze zakladnich ukazatelt kvality spermii je jejich motilita (Sellem et al., 2015).

Toto hodnoceni mize byt provadéno dvéma zplsoby. Subjektivni hodnoceni s sebou nese fadu
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moznych vlivi,, které mohou vysledek zatizit chybou (Contri et al.,, 2010). Vyznamné
objektivnéj$i metodou s vEétsi moznosti standardizace v ramci urcité laboratofe je pocitacem
fizend analyza spermii (Computer Assisted Sperm Analysis - CASA) (Amann et Waberski,
2014). V tomto piipadé nehraje hlavni roli lidské oko, ale kamera pfevadé&jici pohyb spermii do
digitdlni podoby a pocitacovy software se specifickymi algoritmy, ktery vypocitava tadu
individualnich kinematickych parametri spole¢né s ukazatelem procentualni celkové a
progresivni motility. AvSak 1 v pfipad¢ pouziti této metody muze dojit k zatizeni vysledkt
chybou a to ve vSech fazich procesu hodnoceni vzorku od pouziti vhodné komurky po vhodné
statistické zpracovani a interpretaci dat (Holt et al., 2007; Gallego et al., 2017). Tato metoda byla
vyuzivana v naSich studiich, bylo tedy velmi relevantni se hloub&ji zabyvat jak faktory
s moznym dopadem na kvalitu vysledki, tak i dalSim vyvojem stavajiciho softwaru v laboratofi
Katedry veterinarnich disciplin. Z tohoto divodu bylo naplanovano zpracovani review
zaméteného na aktudlni stav poznani tykajici se CASA s dirazem na faktory ovliviijici
vysledky a metody zpracovani dat. Pro zpfesnénim vysledka kvalitativni analyzy spermii po
rozmrazeni bylo nutné doplnit vySe uvedené hodnoceni motility o analyzu dalSich funkcnich
parametrt (Sellem et al., 2015). Mezi ty patii v prvni fadé viabilita, primarné spojovana
s integritou plazmatické membrany (Gillan et al., 2008). Intaktnost této struktury mize byt
hodnocena na =zakladé¢ schopnosti bunky nepfijmout do cytoplasmy barvivo Eosin.
Sofistikovanéj§i alternativou pro tuto zékladni metodu je pouziti fluorochromi
charakteristickych jejich vyssi specifitou. Jde naptiklad o karboxyfluorescein di-acetat nebo
SYBR 14 v kombinaci s propidium jodidem, ktery je nejCastéji vyuzivan pro znafeni mrtvych
bunék z diivodu schopnosti interkalace mezi porusené baze DNA (Kumar et al., 2017). SYBR 14
je jedna z nejlepsich variant diky jedine¢né vlastnosti, byt vazan pouze na neporuSenou DNA,
proto podava velice objektivni vysledky i pfi hodnoceni spermii po rozmrazeni, kde je velké
riziko interference fluorochromu se slozkami fedidla (Graham et al., 1990; Petrunkina et al.,
2010). Dalsi strukturou nezbytnou pro uspésné oplozeni je akrozom. Jeho integritu je mozné
fluorescen¢né stanovit nejcastéji na zaklad¢ specifické vazby lektinii na sacharidy obsazené v
akrozému. Pficemz pro hodnoceni spermii bykl je uvadéno vhodnéjsi pouziti lektinu ptivodem
z Pisum Sativum (PSA). Soubor funk¢nich parametri, které v soucasnosti jiz patfi na
experimentalni urovni ke standardim, uzavira stanoveni mitochondridlni aktivity. Nejcastéji je
vyuzivano fluorochromu MitoTracker, kdy princip funkce spociva v jeho akumulaci uvnitf
funkénich mitochondriich. Pficemz musi byt brano na zietel, zda bude vyuzita aldehydova fixace

¢i nikoli.
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U téchto fluorescencnich metod je nespornou vyhodou vysoka specifita a moznost
vyuziti pritokové cytometrie pfinasejici vysokou objektivitu vysledkli z diivodu velkého poctu
pozorovanych spermii v porovnani s po¢itanim bunék na mikroskopickych preparatech (Hossain

etal., 2011).

16



3  Hypotézy a cile

Byly stanoveny hypotézy:

e Modifikace receptury vybranych fedidel pomoci LDL bude mit pozitivni dopad
na rezistenci spermii vici chladovému Soku

e Modifikace receptury vybranych fedidel na bazi sdjového lecitinu pomoci LDL povede
ke zvyseni jejich kryoprotektivnich vlastnosti

e Substituci vajecného Zloutku v fedidle pomoci LDL oSetfen¢ho azidem sodnym bude

dosazeno vysledki srovnatelnych se standardy uvadénymi v literatufe.

Pro ovéfeni hypotéz byly stanoveny nasledujici cile:

= Stanovit efekt LDL v fedidlech semene na rezistenci spermii bykt vici chladovému Soku
pted kryokonzervaci

= Stanovit efekt adice LDL do fedidel na bazi sdjového lecitinu na funkéni parametry
spermii bykil po kryokonzervaci

= Ov¢rit standardni G¢innost LDL pii substituci vaje¢ného zloutku v fedidle v porovnani
S publikovanymi standardy s ohledem na pouziti azidu sodného pro jeho dlouhodobé
uchovavani

= Optimalizovat metodiku pro hodnoceni motility spermii pomoci pocitatem ftizené
analyzy (CASA)

o Analyza aktualniho stavu problematiky
o Aplikace teoretickych a praktickych poznatki do praxe v laboratofi Katedry

veterinarnich disciplin v€etné modifikace stavajiciho softwaru.
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4  Publikované prace

4.1 Pocitacem Fizena analyza spermii soucasny stav poznani, faktory ovliviiujici vysledky

a translace poznatkii do modulu CASA - NIS Elements 4.50

Motilita spermii je jeden ze zakladnich ukazatelt funk¢ni integrity potazmo fertility po jejich
kryokonzervaci. V poslednich letech se zvysila objektivita metod hodnoceni diky zavedeni
pocitatem fizené analyzy spermii (anglicky ekvivalent Computer Assisted Sperm Analysis -
CASA) (Mortimer, 2000; Amann et Waberski, 2014). Z vyzkumné sféry se v posledni dob¢
znac¢nou meérou rozsifila do praxe a je hojné vyuzivana pro kontrolu kvality na inseminac¢nich
stanicich bykd (Kathiravan et al., 2011). Pro dosazeni zmifiované vys$i objektivity a
opakovatelnosti vysledkl je nutné dodrzet fadu zésad a doporuceni, které poté vedou jak k vyssi
porovnatelnosti vysledkl napfi¢ laboratofemi, tak ke zpfesnéni tolik zadané predikce fertility

spermii nasledné v podminkach in vivo.

V této souvislosti byl stanoven cil: Optimalizovat metodiku pro hodnoceni motility spermii

pomoci pocitatem fizené analyzy (CASA).

Na Katedre veterinarnich disciplin je dlouhodobé pouZivan software NIS Elements (Laboratory
Imaging s.r.o., Praha). OvSem, co se ty¢e modulu CASA, musel byt z hlediska specifickych
pozadavkli modifikovan. Z tohoto diivodu bylo zpracovano podrobné review, které se soustfedilo
na informace o kli¢ovych aspektech této metody shrnujici aktualni poznatky tykajici se celé fady
faktori ovliviiujicich vystupy a metodické postupy zpracovani dat. Dale to byly i praktické
zkuenosti z nékolikamésiéni stdZe na Veterinarni fakulté Univerzity v Murcii (Spanélsko), jez
umoznily aktivni podil na dal$im vyvoji modulu CASA.

V ramci spoluprace s touto firmou byl tak modul na zaklad¢ pfipominek a navrhti modifikovan a
byla vytvofena jeho finalni podoba. Co se tyce konkrétnich zmén v softwaru, byl predevsim
doplnén o dilezité funkce zajiStujici zpfesnéni vysledki, kontrolu pfi analyze nasnimanych

vzorkl a uzivatelsky pfijemnéjsi praci se ziskanymi daty.

Bylo tak dosazeno translace teoretickych a praktickych poznatkli do praxe laboratofe Katedry

veterinarnich disciplin. Konkrétné Slo o tyto nejdiulezitéjsi softwarové modifikace: 1)
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ptidani/odebrani nasnimanych objektii z nasledujici analyzy; II) kontrolni vypocet koncentrace
pfed snimanim spermii; III) okamzity vypocet celkové a progresivni procentudlni motility
spermii; IV) automaticky export dat do souboru Excel; V) uzivatelské rozhrani zajist'ujici lepsi
kontrolu nad pofizenymi daty.

Timto byly vytvofeny podminky pro experimentdlni studie tykajici se tématu této

disertacni prace a rovnéz pro dalsi vyzkumné tymy Katedry veterinarnich disciplin.

Publikace:

Simonik, O., Sichtar, J., Krejcarkova, A., Rajmon, R., Stadnik, L., Beran, J., Dolezalova, M.,
Biniova, Z. 2015. Computer assisted sperm analysis — the relationship to bull field fertility,
possible errors and their impact on outputs: A review. Indian Journal of Animal Sciences. 85 (1).
3-11.

Dal$im vystupem na zaklad¢ zpracovaného review a praktickych zkuSenosti ze zahrani¢nich
stazi bylo vytvoreni detailniho manualu pro praci s modulem CASA softwaru NIS Elements
4.50. (viz ptiloha ¢ 1.)

19



vt
frihen

Indian Journal of Animal Sciences 85 (1): 3—11, Janvary 2015/Article

Computer assisted sperm analysis — the relationship to bull field fertility, possible

errors and their impact on outputs: A review
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ABSTRACT

Sperm motility is one of the indicators most evaluated before and after cryopreservation, regarding quality and
fertilizing ability. The present review provides complex information about the possible negative effects on the
results of computer assisted sperm analysis (CASA) and also reflects a possible connection of these results to bull
field fertility. Recently, there has been a growing interest in sperm motility assessment by CASA to determine
sperm motion more accurately and objectively than by subjective evaluation. CASA systems have been routinely
used in most research laboratories and also with increasing tendency in the case of insemination centres. However,
objectivity and comparison of CASA results through laboratories can be impacted unfavourably. This is in particular
due to the absence of standardization for bull sperm motility evaluation and the presence of drawbacks in the form
of human and non-human factors. Investigators have recently turned to the possible association of CASA results
with the prediction of bull field fertility. However, the studies suffer from discrepancies, thus a clear relationship
has not yet been confirmed. Specific combinations of motility parameters with accurate determination of sperm
subpopulations could represent another part in the complex system of providing the ability to predict fertility in
vivo. The task of future works should be to establish standardization regarding sperm motility evaluation of specific
animals, in addition to the settings and algorithms of CASA systems. Furthermore, predictive value CASA outputs
to bull field fertility demand more extensive research aimed at a more precise definition of this relationship.

Key words: CASA, Fertility, Insemination dose, Sperm motility

For successful fertilization, both the male and the female
gamete of every species is important. In males, this factor
is currently represented by the quality of insemination dose
(Beran et al. 2012, Beran et al. 2013) mainly in cattle, where
artificial insemination (Al) is the biotechnological method
used on a wide scale (Muino er al. 2008, Gravance ef al.
2009, Sundararaman et al. 2012),

Quality control of insemination doses before and after
thawing is mostly carried out subjectively, mainly on the
basis of an estimation of motile spermatozoa ratio, since
sperm motility is considered as closely related to fertility
(Puglisi et al. 2012). Results of this estimation can be
affected by bias and inaccuracy (Amann and Waberski
2014); moreover there are discrepancies among results of
different studies (Farrell ef al. 1998, Januskauskas ef al.
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1999, Gillan et al. 2008, Kathiravan ez af. 2008). Methods
routinely used for the assessment of spermatozoa do not
always give results correlating sufficiently with fertility
(Puglisi e al. 2012) and also these outputs are laden by
subjectivity and variability (Rijsselaere er al. 2012).

In comparison to subjective evaluation, during
examination of sperm suspension with computer assisted
sperm analysis (CASA), a greater number of sperm cells is
semi-automatically evaluated and, moreover, in a shorter
time (Verstegen et al. 2002, Kathiravan et al. 2011). CASA
represents a practical tool, which was developed at the
beginning of the 1980s, aimed at providing a more objective
analysis of sperm motility by reconstruction of sperm
trajectories and their classification into different categories,
to provide [urther details of sperm motility for quality
assessment and fertility estimation. Nevertheless, there are
still difficulties which have to be resolved before the routine
use of CASA, as well as requirements which have to be
fulfilled and factors which can affect CASA results
(Mortimer 1997, Feitsma et al. 2011). According to
Kathiravan ef «l. (2011), this system of sperm motility
analysis can be considered as a more effective, precise and
trustworthy tool for fertility assessment than subjective
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evaluation across breeds and age categories of breeding
males. They also state that the results obtained are more
objective, repeatable with a higher predictive ability and
can be standardized. However, there are requirements which
have to be fulfilled and factors which influence the results.

A primary disadvantage of CASA is the fairly high price
of these systems which relates to its availability for
laboratorics. An overwhelming majority of managers and
laboratory leaders have extensive information from CASA
suppliers, reassuring them of accurate and reliable results.
However, independent accurate comparison among
different CASA systems has been lacking. Moreover, there
is no standard among different CASA types (Kathiravan er
al. 2011, Lu et al. 2014). Despite the indicated results by
suppliers, it is appropriate to carry out comparison among
different CASA systems and performance tests before
purchasing (Feitsma ef al. 2011, Amann and Waberski
2014). According to Feitsma et «al. (2011), it is
recommended that tests arc performed on at least 100
ejaculates in duplicates, with the intention of evaluating
accuracy and repeatability. The repeatability of the CASA
results can be determined by regression of CASA
measurement and WHO standards. The cocfficient of
determination resulting from this analysis represents
repeatability. For a more detailed description of other
possible coefficients and their relationships, see the study
of Feitsma ez al. (2011). Reliability of CASA is positively
related to repeatability, which is increased with a higher
number of successfully analysed spermatozoa, thus with
decreasing coefficient of variation. Subsequently, in respect
of this costly investment, there is a need for economic
evaluation together with judging the level of lab technicians’
skills in order Lo achieve the expected trustworthy outputs
(Feitsma et al. 2011).

Introduction of CASA requires a higher level of
cconomic and technical evaluation for determination of
repeatability, calculation of economic profit, as well as
training courses for laboratory technicians. Morcover, there
is the consideration whether one CASA system would be
sufficient for the analysis of a huge number of samples
(Feitsma et «l. 2011). Owing to these facts, a decision to
purchase CASA has to be based on technical and economic
analyses. Furthermore, managerial staff has to be confident
of having skilled employees with the natural undertaking
to be further trained, so that the required reliability of results
is ensured. Recently, CASA systems have more often been
introduced into boar and stallion insemination centres.
Nevertheless, there has also been the same tendency in bull
insemination centres (Amann and Waberski 2014).

The CASA system was [irst introduced in 1980
(Mortimer 2000), and over the years it has been developed
from the analysis of microphotographs exposition, through
analysis of records from cach video record, to the latest
semi—automatic methods (Rijsselaere e al. 2012). The first
available systems were the CellSoft Automated Semen
Analyser and Hamilton Thorn Motility Analyser (HTM),
after which other types of this system were also presented
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(Katila 2001). The arrangements ol CASA systems differ
from each other mainly in hardware, optics (microscope,
lens, camera) and software accessories (Verstegen ef «f.
2002). The CASA system is based on acquiring consecutive
frames from a microscope by means of a simple chip camera
(Quintero-Moreno et al. 2003). The image is consequently
converted to a black/white resolution, exported to the
computer and evaluated by specific software with the CASA
module, which is able to analyse these images (Mortimer
2000). The obtained data are subsequently mathematically
processed and trajectories are defined in numerical form.
The results from this operation are reflected as a series of
parameters which accurately define the motion of each
spermatic cell (Quintero-Moreno ef al. 2003). The process
of motility analysis by CASA is partially automated, but
its reliability depends on several factors.

The objective of this review is to summarise and provide
complex information about possible errors and dilficulties
during the analysis of samples and subsequent interpretation
of the obtained results. In addition, it reflects a possible
relationship between the sperm motility parameters assessed
by CASA and their value for estimation or prediction of
bull field fertility.

Evaluation of sperm motility by CASA

In general, sperm motility has been considered as one
of the most important characteristics in connection with
fertilizing ability (Rodriguez-Martinez 2006, Awad 2011).
With respect to the fact that cryopreserved semen is used
entirely in bovine reproduction, estimation of the motility
before cryopreservation closely relates to the quality of
spermatozoa post-thaw (Fitzpatrick er al. 2002). Subjective
motility assessment is considerably allected by the
technicians’ experience, thus there is a higher probability
of the incidence of systematic mistakes (Januskauskas ez
al. 1999, Amann and Waberski 2014). Evaluation of motion
characteristics by the CASA system provides a wide scale
of kinematic parameters described by Mortimer (2000),
which can be seen in Table 1 and are graphically illustrated
in Fig. 1. These indicators have a high informative value,
characterising the physiological state of spermatozoa and
their possible fertilizing ability; thus they provide more
accurate information with regard to the estimation of bull
fertility (Farrell ez al. 1998, Kathiravan ez al. 2011). Because

Fig. 1, Expression of selected movement characteristics.
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Table 1. Abbreviations used

VCL curvilinear velocity
VAP average path velocity
VSL straight line velocily
STR straightness (VSL/VAP)
LIN linearity (VSL/VCL)
WOB wobble (VAP/VCL)
TMOT total motility

PMOT progressive motility
ALH amplitude of lateral head displacement
BCF beat cross frequency
LVV low VAP cut-oll

MVV medium VAP cut-off

there is no standard for animal spermatozoa assessment
(Amann and Katz 2004, Feitsma et af. 2011), it could be
divided according to the World Health Organization (WHO)
classification for human spermatozoa into 4 categories —
fast, medium fast, slow and immotile. Categorization
according to WHO is performed, depending on the lowest
and middle value of VAP (LVV and MVV) and the minimal
value of STR, in which fast sperms are considered sperms
with VAP > MVV, middle fast LVV < VAP < MVYV, slow
VAP < LVV and immotile without any movement during
the analysis. The percentage of sperm with progressive
motility (PMOT) is consequently established by VAP which
exceeds MVV and the minimal value of STR (WHO 2010).
In bull sperm, the accurate values for categorization have
not yet been established. This fact is evident in studies by
Farrell et al. (1998);, Gillan et al. (2008), Contri et al.
(2010), Shojaei et al. (2012) and Oliveira et al. (2013),
where, despite the fact that the authors used the CASA
system from the same manufacturer, the values for
categorization were sct at different levels.

Another method for distinction of the different sperm
groups is determination of subpopulations, which are
differentiated by cluster analysis. Identification of
subpopulations in sperm sample is recently accepted by a
wide range of scientists, due to the more meaningful
approach to establish a ratio of specific subpopulations in
sperm sample in contrast to values of means or medians
(Amann and Waberski 2014). In addition to other
mammalian species (Abaigar er al. 1999, Abaigar et al.
2001, Quintero-Moreno et al. 2003, Quintero-Moreno et
al. 2004, Quintero-Moreno et al. 2007,), the presence of
these subpopulations has also been ascertained in bulls
(Muino ef af. 2008, Muino et al. 2009). More importantly,
results of studies (Muino ef af. 2008, Muino et af. 2009)
showed possible similarities in the distribution of
subpopulations among bull sires, thus that subpopulation
structure could be constant for bovine sperm samples
(Muino ef al. 2009). The diversity of these subpopulations
is a reflection of the differences in morphology, motility,
longevity and finally also in their fertilizing ability (Muino
et al. 2008, Amann and Waberski 2014, Martinez-Pastor ef

COMPUTER ASSISTED SPERM ANALYSIS
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al. 2011). Muino et al. (2009) reported the presence ol the
following four sperm subpopulations: the first
subpopulation with a relatively low velocity but high
progressivity (high LIN, STR, WOB, BCF and low ALH);
the second subpopulation which was characterized by high
activity but without PMOT, with high values of VCL and
ALH simultaneously with low LIN, and STR so-called
hyperactivated motility; the third included sperms with very
low motility and without progressive movement, which is
characterized by the lowest values of VCL, VSL, VAP, ALH,
BCF, LIN, STR, WOB; and the fourth subpopulation
represented spermatozoa with tast and PMOT with the
highest values of both VCL, VSL, VAP, BCF and LIN, STR,
WOB, ALH.

From the viewpoint of bovine insemination doses
production, it was shown that the percentage of sperm with
fast and progressive motility before cryopreservation
correlates with the longevity of spermatozoa alter thawing
(Nunez-Martinez et al. 2006). This result indicates that a
higher resistance of the ejaculate to the cryopreservation
process is linked to a higher incidence of spermatozoa from
this subpopulation before freezing. Nunez-Martinez ez al.
(2006), who cvaluated Holstein bulls, concluded that the
ratio of each subpopulation was similar in both native
ejaculate and insemination dose after thawing. Only the
case of the percentage of fast sperms with progressive
motility was found by these authors as significantly
different. Similar results were published in a study where
the authors assessed post-thaw motility in a group of
Asturiana de los Valles beef cattle (Muino ez al. 2009).

Factors affecting analysis outputs

Processing of sample: A very important factor (or the
standardization of the CASA system results is the pre—
analytical part, which includes the preparation of a sample
for analysis (Amann and Waberski 2014). Thus the
concentration, sample volume, counting chamber type,
temperature and type of extender are crucial for correct
interpretation of CASA results.

The samples have to be diluted before analysis, since
the concentration of the native ejaculate is too high for a
successful analysis of the pathway of each sperm (Verstegen
et al. 2002). These authors also indicate that the optimum
concentration of sperm for CASA analysis is within the
range of 30-50 x 10%m]. Additionally, Contri et al. (2010)
reported that the optimum concentration as 20 x 10%ml,
when in their experiments the concentration of 50 x 10%/ml
caused a large amount of erroneously generated trajectories
and inferior sperm detection. The sample volume of semen
after dilution used for CASA analysis varies between 4 —
10 pl, depending on the counting chamber used. For
Microcell chambers, 7 pl is used; in Makler chambers it is
4 ul (Januskauskas er al. 1999), as in the Leja chambers
(Shojaei et al. 2012).

In the same way that the use of different types of
chambers can affect sperm motility parameters (Lenz ez al.
2011, Gloria et al. 2013, Amann and Waberski 2014), the

| s |
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duration of the analysis can alfect the results of the analysis,
both the motion parameters and the total percentage of
progressive motile spermatozoa. The duration of the
analysis should not exceed 5 min (Contri ez ¢l. 2010). Due
to the small volume which is used for the analysis, the
samples have to be maximally homogenized and processed
gently. For the safety of the objectivity of the results, higher
demands arc required on the preparation of samples in
comparison with subjective analysis (Feitsma ef . 2011,
Michos et al. 2013).

For analysis of insemination dose, the thawing procedure
must be taken into account, since a possible ettect on some
analysed parameters has been shown (Iguer-ouada and
Verstegen 2001, Contri ef al. 2010). Particularly the
temperature of thawing and further incubation (37°C) is
crucial (Iguer-ouada and Verstegen 2001).

In addition, the fact that the sample already contains an
extender plays a role, because no medium has the same
properties as the fluids in the female reproductive tract
(Amann and Hammerstedt 2002). Therefore it is necessary
to know which type of cxtender was used before the
interpretation of the results. In ecgg yolk extenders, there
arc objects with a similar size as the sperm cells yolk
granules — which can adversely affect the accuracy of
results” objectivity (Wall and Foote 1999, Amirat ez al. 2005)
and the percentage of motile spermatozoa as well (Moussa
et al. 2002). In contrast, the addition of only effective
compound of egg yolk can improve post-thaw motility of
spermatozoa (Simonik ef al. 2013) and can lead to better
assessment, due to no presence of yolk granules. The higher
viscosity in comparison with non-egg yolk types of media
is also related to this influence. This fact has been
demonstrated by the reduction of speed parameters (VAP,
VSL and VCL) and the percentage of fast-moving sperm
cells. Conversely, using HEPES or TALP for sample dilution
caused incrcase of the percentage of motile and rapidly
moving spermatozoa. In the case of a saline solution, its
usage can avoid the compromise of speed parameters,
however, the percentage of progressive and moderately fast
moving sperm is also lower (Rijsselaere ef al. 2003). With
regard to the comparison of other diluting media and their
relation to the analyzed parameters, there were no
significant differences between saline solution,
physiological buffer saline and Bioxcell®, with the
exception of VCL and ALH, which were significantly
higher, and LIN, which was lower when using
Bioxcell® compared with saline solutions (Contri er al.
2010).

Other factors

When the possible effect of camera properties were
assessed, a significant influence of lower imaging speed
on total motility (TMOT), progressive motility (PMOT),
all the kinematic parameters and categories of fast, middle
fast, slow and immotile spermatozoa were found upon a
comparison among cameras with 30, 45 and 65 fps (Contri
et al. 2010). The most common sources of errors in CASA
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systems are inaccurate object recognition, collisions
(Rijsselaere et al. 2003, Rijsselaere er al. 2012), loss of
trajectories due to the high sperm concentration, errors
during the reconstruction of the conflicting trajectories and
their interpolation. However, there are ongoing innovations
of the CASA systems, such as the endecavour to determine
new algorithms for a more reliable assessment of static
objects and collisions. One of the most basic methods of
prevention of incorrect results caused by sperm collisions
is, as mentioned previously, appropriate sperm
concentration (Verstegen e al. 2002). Different types of
CASA software represent another ‘non-human’ factor which
plays a role in the reliability of results, especially during
comparison among laboratories. Software functions on the
same principles, but there are differences in the settings
and algorithms for generating trajectories and calculating
velocities of each spermatozoon (Amann and Waberski
2014). Moreover, variances among CASA in the capability
of distinguishing spermatozoa from debris and egg yolk
particles are known (Vincent ef al. 2012). These factors
also present possible influences related to the introduction
of CASA in scientific laboratorics and insemination centres,
as well.

As was previously stated, also the human factor can
affect results of analysis in different ways, thus specitic
requirements have to be fulfilled. The lab technician plays
a crucial role in these complex conditions of assessment
and can influence almost all of the aforementioned factors,
in order to keep obtained results reliable and repeatable
(Michos et al. 2013, Amann and Waberski 2014). Hence,
CASA as a sophisticated system places high demands on
skilled operators. Moreover, since there is no defined golden
standard for methods ol animal spermatozoa motility
analysis, so establishment of a standard operating procedure
for a specific laboratory is recommended. This should be
accompaniced by determination of repeatability of
assessment, when repeatability higher than 95% is feasible
(Feitsma et al. 2011). In other words, one of the difficultics
in the usage of CASA is the human factor. The purchase
and establishment of CASA not only entail maintaining the
facilities, but operators need to know the principles of CASA
and have to be periodically trained (Michos et al. 2013).

Relationship of sperm motility to bull fertility

Motility is accepted as the most important parameter in
the set of evaluated characteristics in terms of the
fertilization ability of sperm, according to e.g. Fitzpatrick
et al.(2002) and Kathiravan et al. (2011). A number of
scientific laboratories deal with the subject of determining
one particular parameter, evaluated by the CASA system,
and its close correlation with fertility in vivo. However,
this parameter or laboratory test, which could accurately
report information on the fertilization ability of insemination
dose, has not yet been established (Oliveira et al. 2013). To
a certain extent, this cannot be expected due to the fact that
the reproductive process is very complex (Feitsma et al.
2011, Vincent ef al. 2012, Amann and Waberski 2014, Ferraz

| e |

23



January 2015]

et al. 2014) and can be allected by dilferent physiological
conditions (Rehak er al. 2012).

Nevertheless, different sets of specilic parameters of
motility and their relationship between in vitro and in vivo
fertility were described earlier (Farrell ef al. 1998, Gillan
et al. 2008, Oliveira ef al. 2013). One of the first studies to
demonstrate the relationship among kinematic parameters
of spermatozoa assesscd by CASA and bull fertility was
published by Farrell ez al. (1998). This study was performed
on the basis of motility parameters of native ejaculates from
11 bulls and their lifetime fertility. Results indicated that,
for the prediction of bull fertility, the following
combinations of parameters had the highest correlation
values - ALH, BCF, LIN, VAP, VSL (r’ = 0.98); BCF, LIN,
VSL, VCL, STR (r? = 0.97); BCF, LIN, VAP, VSL, STR (1
= 0.97) and BCF, LIN, VAP, VSL, VCL (1* = 0.97).
Conversely, for single parameters r? values were much
lower, for example [or total motility, the coelficient of
determination was 0.34. Similarly. the fact that a
combination of several parameters correlated more with in
vive fertility was confirmed by Oliveira er al. (2013).
However, this study was carricd out on the basis of
cvaluation of sperm paramcters of frozen-thawed
insemination doses and a field artificial insemination
programme. Although these authors used the same type of
CASA system, the settings were different and, moreover,
samples were stained with Hoechst 342 for better
visualisation and differentiation of spermatozoa in milk-
based extender. In contrast to the study of Farrel er al.
(1998), partial least squares analysis was applied for the
first time for this purpose. Oliveira et al. (2013) revealed
that motility parameters, which could be used as predictors
of field lertility immediately after thawing, were total and
progressive motility. After two hours of thermal resistance
test, important predictors of lertility were total motility,
progressive motility, BCF and percentage of rapidly moving
cells. On the basis of these two studies, the fact that more
paramcters have higher predictive value was confirmed.
Moreover, it was found that after 2 hr incubation of frozen-
thawed insemination doses, a higher number of evaluated
sperm motion characteristics had greater predicative
capability.

Zhang er al. (1998) also assessed sperm qualitative
parameters post-thaw and their possible correlations to bull
field fertility. They presented a significant positive
correlation of sperm with linear movement pattern. On the
other hand, different CASA software was used and,
moreover, with a different setting. Another study by Cseh
et al. (2004), conducted with a different CASA system,
showed a correlation with strong significance [or VAP and
bulls with higher in vivo fertility. Cseh ez @l. (2004) proved
that lower values of VCL (22.51 — 79.5 pm/s); VSL (11.35
—35.71 pm/s) and VAP (12.67 — 34.45 um/s) were linked
to bulls with low field fertility.

Contrary to the results of Farrel er al. (1998), Cseh er al.
(2004) and Oliveira et al. 2013), the results of Gillan ef al.
(2008) were different. They worked with the same CASA
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system as Oliveira et al. (2013) with almost the same
settings, however with a higher number of bulls. Fertility
of bulls was assessed with FERTSOL expressing fertility
by 56-day non-return rate adjusted for scason of
insemination, inseminator, and number of inseminations,
ctc. (Vincent et al. 2012). Different groups of bulls were
involved to experiment according to these statistically
derived fertility values. Gillan ef al. (2008) showed no
correlation of almost all the parameters evaluated by CASA
and in vivo fertility. Interestingly, results also showed that
merely VSL, VCL, ALH, BCF parameters were involved
in certain combinations with other specific in vitro assessed
parameters which had high correlation values > 2 0.986
which is in contrast to other studies (Farrell er al. 1998,
Cseh er al. 2004, Oliveira et al. 2013). But like that of
Oliveira et al. (2013). this study proved that an increased
number of tests resulted in greater correlation values with
fertility in vivo. Even more relationships among motility
parameters and other in vifro tests were determined. Oliveira
et al. (2012) also showed discrepancies in relation to the
motility paramcters asscssed by CASA, when bulls
characterized with higher field fertility displayed lower
VSL, STR and LIN. On the other hand, bulls with lower
fertility had lower TMOT. This fact was additionally
supplemented with lower values of parameters TMOT,
PMOT, VAP, VSL, VCL,ALH, BCF, STR, LIN after 4 hours
of thermo resistance test. Nonetheless, it must be taken
account that the study included only three bulls and inter-
bull ditferences were not significant.

Factors which can also play a role in determining a set
of indicators for predicting fertility of insemination doses
are individual differences in sensitivity of ejaculates to
cryopreservation (Muino et al. 2008) and interbreed
differences (Hoflack er al. 2007, Beran et al. 2011). Hoflack
et al. (2007) are some of the few researchers to have
investigated a comparison of parameters in native semen
of different bull sires — Holstein and Belgian Blue-White
(Bos taurus). Differences were determined in speed as well
as in other physical characteristics. In Belgian Blue-White
breed, VCL, VSL and VAP were significantly lower,
together with the differences in the kinetic characteristics
of ALH and BCF, showing lower movement efficiency.
Those differences may also be related to the fertilization
ability of sperm after cryopreservation, which was
demonstrated by Farrell er al. (1998). In the view of the
categories, slow, immotile spermatozoa were found in a
higher proportion. Moreover, overall and progressively
motile sperms were lower as well, in the case of the Belgian
Blue-White breed.

Studies (o investigate the possible connection ol sperm
motility assessment before cryopreservation with the quality
of insemination doses post-thaw, which is obviously
connected with fertilisation ability (Holt 2000), were
performed by Muino et al. (2008) and Muino et al. (2009).
Muino et al. (2008) presented data of the Holstein breed,
which suggested a possible relationship of sperm
subpopulations before freezing and their quality post-thaw.
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Occurrence of these dilferent sperm subpopulations in the
native ejaculate can be used to predict resistance to
cryopreservation, in other words, lertilizing ability of the
insemination dosc. The specific prevalent category of
rapidly and progressively moving spermatozoa before
cryopreservation is directly proportional to this
subpopulation after thawing (Muino et «l. 2008). In
addition, evaluation of the cryopreservation effect on sperm
subpopulations of the autochthonous breed of Asturiana de
los Valles bulls by Muino et al. (2009) proved virtually the
same results. The lack of studies concerning differences
among other breeds raises the question: what will the
situation be when comparing more similar breeds? Are the
number and characteristics of sperm subpopulations
constant for bovine ejaculates?

Another indicator of bull fertility in vivo could be the
ability of spermatozoa to transform to the hyperactivation
state, thus the ratio of sperm cells with motility pattern
which classifies them into so called ‘transition phase’
(Shojaei er af. 2012). This movement pattern was
characterized by higher VCL, ALH and simultancously
lower LIN, WOB (Mortimer 2000). The full physiological
significance of the hyperactivation phenomenon has not
been completely understood. However, there is a
presumption that is important for the release of the sperms
attached to epithelial cells in the isthmus of the oviduct
(Verstegen et al. 2002, Marquez and Suarez 2007, Suarez
2008a, b). An essential requirement from the point of view
of more precise identification of this sperm movement
pattern is to use a camera with more than 60 fps. Cut-offs
for recognition of the transition phase were: ALH > 7 um,
LIN < 0.65 and VCL > 80 um/s (Marquez and Suarez 2007).
The ability to use the ratio ol spermatozoa in the transition
phase determined by CASA to predict field bull fertility
was proven by Shojaei er al. (2012). These authors showed
that the aforementioned values were characteristic for the
cjaculate of bulls with higher FERTSOL index, suggesting
positive correlation of these motility parameters with
increased fertility. As a consequence, the same authors
subsequently confirmed in an environment simulating the
female genital tract in vitro, that the sperms of these bulls
with higher fertility easily cross into a state of
hyperactivation. This hyperactivated status probably
increases the passage of sperm cells through the female
reproductive tract to the point of fertilization (Suarez 2008),
thus the ability to undergo a hyperactive state could be an
indicator of the spermatozoa performance characteristics
associated with flertility in vivo suggested by Shojaei et al.
(2012).

Other utilization of CASA

In addition to motility assessment, most CASA systems
can be used for an evaluation of sperm concentration, sperm
morphology and sperm viability. However, Verstegen ef al.
(2002) reported that, where this parameter was investigated,
an accurate assessment of sperm concentration using CASA
is a problem in most species. The main problems are

[/ndian Journal of Animal Sciences 85 (1)

underestimation of the number of sperms (Maes ez al. 2010)
and overestimation of the sperm numbers due to collisions
and subsequent re-counting of already analyzed objects
(Coetzee et al. 2001). A major factor which can cause non-
uniformity of sperm distribution in a sample, thus the
estimation of sperm number, is the counting chamber. After
filling, the Segre-Silberberg effect causes excessive sperm
movement towards the walls of the chamber, dependent on
the Z axis and viscosity of the suspension. It can be reduced
by analysing the sample along the central axis of the
chamber and also by the use of a correction coefficient
(Kuster 2005 , Douglas-Hamilton ez al. 2005).This physical
phenomenon also affects the number of sperms in relation
to the time when motile sperms relocate from the walls to
the centre of the chamber and immotile sperms cannot be
redistributed (Amann and Waberski 2014). In
haemocytometer count, which is generally accepted as a
gold standard for the determination ol sperm concentration,
the Segre-Silberberg effect is eliminated due to its depth
(100um). However, the fact that the Biirker chamber has a
five times greater depth does not allow its use during CASA
concentration evalvation (Hansen ef af. 2006). These
authors presented that the highest agreement for diluted
semen was between sperm vision and haemetocytometer.
Nonetheless, huge discrepancies can also be found among
CASA systems with regard to SpermVision and UltiMate
(Douglas and Hamilton 2005). Alternatively, during the
comparison of CASA and the subjective evaluation, there
has been an overestimation prior to cryopreservation, with
the opposite error after thawing. The reason could be the
tendency of sperm cells to agglutinate after the
cryopreservation process. Another influencing factor may
be the system setup [lor evaluation ol native and
cryopreserved semen in relation to the used extender
(Verstegen et al. 2002, Hansen et «f. 2006). Finally, in bull
artificial insemination centres, sperm concentration
determination by CASA has been considered as too
inaccurate in comparison with standard and routinely used
methods. So, the use of the CASA tool is more common in
centres where stallion or boar semen is processed (Amann
and Waberski 2014). In the case of morphology analysis,
Bjorndahl ez al. (2010) reported that the current generation
of CASA instruments are not able to analyze sperm
morphology to a degree that would be suitable for routine
use. The problem is the lack of the ability to determine the
central part of a sperm flagellum. In subjective evaluation
of human sperm morphology, the guidelines are set by
WHO, and despite this fact, there can be considerable
variability among laboratory technicians and also among
all laboratories (Rijsselaere ef af. 2012, Amann and
Waberski 2014). Standardization is not established in
morphology evaluation of livestock sperms (Verstegen et
al. 2002), therefore it is possible to expect even greater
variability. Morphology analysis using CASA is also
influenced by factors which can distort results, but these
can be eliminated by following the standard procedures
(Gravance ef al. 1996, Verstegen ef al. 2002). Samples for
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analysis have (o be prepared by washing, staining and [ixing
before image recording and processing, but this is associated
with a greater time consumption and varies according Lo
the CASA system used. Therefore, for maximum image
quality, the outputs of quality, type of staining,
magnification and the optical device are crucial. These
factors, together with different user settings of software may
again be a source of variability (Verstegen et al. 2002).

Conclusion

In summary, CASA is known and used in laboratories,
however certain problems persist. Sperm motility is one of
the parameters evaluated routinely. CASA represents a tool
for more objective and accurate analysis of sperm motion
than subjective evaluation. It must be borne in mind that
various human and non-human factors can influence the
advisability and objectivity of outputs obtained by CASA.
Although CASA provides many parameters [or every
recognized sperm cell, only a specific approach ensures the
meaningful value of a vast number of data for semen
evaluation and prediction of bull fertility. Nevertheless,
accurate significance of motility parameters to prediction
of field fertility has not yet been elucidated.

In all honesty, the use of CASA currently does not
represent a tool for precise prediction of bull field fertility.
However, a debatable question is: Does it make it possible
to discover one or more in vifro parameters serving to
foretell bull fertility? Outputs of CASA are unlikely going
to be individually representative indicators for bull fertility
in vivo. Nevertheless, specific combinations of motility
parameters and defined subpopulations of spermatozoa
assessed by CASA should be used together with outputs of
other laboratory tests. In this way, they can serve as
parameters for improving and increasing the value of in
vitro assessments for the prediction bull field fertility.

Differences among CASA systems represent obstacles
in view of the objective comparison of results across
laboratories and also studics investigating prediction values
of CASA outputs to bull field fertility. Creation of standards
for animal sperm motility assessment by CASA regarding
algorithms, parameters, precise object recognition and
threshold values for subpopulations can overcome the
aforementioned loophole. Moreover, the possible
contribution of CASA results to the prediction of bull in
vive fertility demands further extensive investigation.
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4.2 Ovlivnéni rezistence spermii byki vici chladovému Soku - vliv pritomnosti LDL

Vv Fedidlech semene pred kryokonzervaci

Jiz v prabéhu procesu postupného zchlazovani a ekvilibrace, jakozto jednoho =z kroku
kryokonzervace spermii, dochazi ke zna¢né negativni zatézi (Barbas et Mascarenhas, 2009).
Jednim z hlavnich projevi stresovych podminek jsou zmény v lipidové struktuie plazmatické
membrany vedouci k nevratnym zménam ptedevsim, co se tyce obsahu cholesterolu (Salmon et
al., 2016). Je znamo, Ze tato molekula dokaze s plazmatickou membranou interagovat, je tedy
evidentni, Ze hraje klicovou roli ve stabilit¢ plazmatické membrany a ochrané jejich funkénich

vlastnosti (Moce et al., 2010a; Le Guillou et al., 2016).

Hypotéza: Modifikace receptury vybranych fedidel pomoci LDL bude mit pozitivni dopad na

rezistenci spermii vuéi chladovému Soku.

Cil: Stanovit efekt LDL v fedidlech semene na rezistenci spermii bykt vii¢i chladovému Soku.

Vliv LDL pied vlastni kryokonzervaci spermii byl hodnocen na zakladé jejich rezistence vici
chladovému Soku v pribéhu dvouhodinného termodynamického testu supravitalnim barvenim
pomoci eosinu a nigrosinu.

Prvotni vysledky ukéazaly srovnatelné procento spermii s intaktni plazmatickou
membranou v pfitomnosti LDL v porovnani s kontrolnimi skupinami fedidel na zacatku i na
konci dvouhodinového termodynamického testu. Na zakladé podrobngjsi statistické analyzy,
ktera zohlednovala interakci LDL se specifickym typem fedidla, byl odhalen pozitivni vliv adice
6% LDL do fedidla Bioxcell. Obdobny vliv byl pozorovan i po dvou hodinach
termodynamického testu, kdy stejna koncentrace LDL nejvétsi mérou zredukovala procento

spermii s porusenou plazmatickou membranou.

Bylo tedy prokazano, ze jiz pted kryokonzervaci LDL vykazuje pozitivni efekt
v kontextu pouzitého fedidla s obsahem sdjového lecitinu na plazmatickou membranu spermii.
Potvrdil se tak potencial testovani vlivu adice LDL ve smyslu zvySovani kryoprotektivnich

vlastnosti této kategorie fedidel.
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Abstract

BERAN JAN, SIMONIK ONDRE], STADNIK LUDEK, RAJMON RADKO, DUCHACEK JAROMIR,
KREJCARKOVA ADELA, DOLEZALOVA MARTINA, SICHTAR JIRL: Effect of bull, diluter and
LDL-cholesterol concentration on spermatozoa resistance against cold shock. Acta Universitatis Agriculturae
et Silviculturae Mendelianae Brunensis, 2013, LX1, No. 6, pp. 1575-1581

The objectives of this study were to determine and evaluate the effect of bull, diluter and addition of
LDL in different concentration on the percentage rate of spermatozoa survival after cold shock. In
total, four bulls were collected during a period of eight weeks. A total of 8 samples of fresh semen with
required quality were processed. Three extenders were used for dilution of each sample; AndroMed®,
Bioxcell” and Triladyl”, each in standard and LDL enriched variants. In the case of AndroMed® and
Bioxcell®, 4, 6 and 8% of LDL were simply added. In Triladyl’, 6, 8 and 10% of LDL replaced the
standard egg yolk component. Resistance of spermatozoa against cold shock (0 °C, 10 minutes)
was evaluated by the percentage rate of live sperm using Eosin-Nigrosine staining immediately and
2 hours after heat incubation (37 °C). The results showed the influence of bull individuality as an
important factor. Among diluters used it is possible to recommend AndroMed® and Bioxcell* due to
significantly (P < 0.01) lower decline of live sperm proportion during the cold shock test than Triladyl*
(-9.19, respectively -4.95%). The optimal LDL concentration increasing resistance of spermatozoa

against cold shock was not determined, therefore subsequent research is necessary.

bull semen, sperm survival, cold shock, extender, LDL cholesterol

Fertility of dairy cows has declined over the
past five decades as milk production per cow has
increased (Zink et al., 2012; Walsh et al,, 2011). The
issue of cattle fertility was intensively studied in
recent years from cow point of view and effects on
their reproductive performance (Dolezalova et al,
2013; Roche et al., 2011; Hanu3 et al., 2010; LeBlanc
et al., 2010). However, cow’s reproduction results
are also affecting by male component which is
represented by the fertilization ability of bull
ejaculate.

Sperm quality is influenced by many factors,
e.g. by such internal factors as breed, variation
between individuals, and age of sire (Beran et al.,
2011; Stolc et al, 2009), and by such external

factors as environmental conditions (Balic et al,
2012), composition of the diet (Horky et al,, 2012)
and frequency of collecting ejaculate (Kaya et al,
2002). Collection of ejaculate and its subsequent
processing present further potential risk factors
for declined sperm quality. Phases of producing
insemination doses (diluting of sperm, filling of
straws, cooling and freezing) have a significant
effect on sperm motility after thawing (Siddique
et al., 2006), and the properties of extender used are
especially important (Beran et al,, 2012; HegediiSova
et al., 2012), as well as method of thawing (Filip¢ik
and Hanuldkov4, 2011).

Low Density Lipoprotein (LDL cholesterol -
LDL) - a component of egg yolk - is believed to
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be largely responsible for the egg yolk protective
eifects on spermatozoa during the freezing process
(Pace and Graham, 1974) increasing their resistance
against cold shock (Moussa et al., 2002). There is an
assumption that extenders containing LDL, which
is extracted from egg yolk, can have better effects on
spermatozoa membranes during the freezing than
diluters commercially exploited (Moussa et al., 2002).

Biological tests of ejaculate have been developed
to assess the resistance and the fertilization ability of
sperm using LDL addition into diluters, e.g. short-
term heat test of sperm survival (Maurya and Tuli,
2003), hypo-osmotic swelling tests (Padrik et al,
2012), however resistance of sperm against cold
shock has not been evaluated as well in relation to
addition of LDL.

Thus, the aim of this paper was to determine
the effect of bull, diluter and addition of LDL in
different concentration on the percentage rate of
spermatozoa survival after cold shock.

MATERIALAND METHODS

Semen collecting, dilution and processing

Ejaculate of four bulls (No. 1, 2, 3, and 4) belonging
to one artificial insemination (Al) centre approved
for public use, were sampled and evaluated. Samples
of ejaculate were obtained using an artificial
vagina during the period of eight weeks and tested
immediately after collection. Volume of semen
(VOL), density of sperm (DEN, and percentage of
progressive motile spermatozoa above head (ACT)
were evaluated by only one trained technician of
Al centre. A total of 8 samples of fresh semen with
required quality (minimum progressive motility
70% and sperm concentration 0.7 x 10° mm™*) were
then transferred at 4 °C to the university laboratory
within one hour for next processing.

Three extenders were used for dilution of each
sample; AndroMed*, Triladyl® (both from MiniTiib
GmbH, Tiefenbach, Germany} and Bioxcell”
(IMV, L' Aigle, France). Control variants of diluters
(0% LDL addition) were prepared according to
the manufacturer’s instructions. Experimental
variants included 4, 6 and 8% LDL addition into the
AndroMed® and Bioxcell* diluters, and 6, 8 and 10%
LDL addition into the Triladyl® diluter prepared
without using egg yolk, which is normally its
essential component. Higher concentrations of LDL
in Triladyl® replaced cryoprotective properties of
egg yolk. The extenders were prepared on the day of
sampling and stored at the cooling box (4 °C) before
ejaculate dilution.

Samples of semen were pipetted using a sterile
pipette to a sterile chilled (4 °C) tubes. Each sample
of semen was immediately diluted to 50000
spermatozoa/ml. The required amount of diluters
was applied using sterile syringes directly to the
tubes with samples. Thereafter tubes were sealed
with sterile stoppers, mixed gently and placed into
the cooling box (4 °C).

Evaluation of resistance against cold shock

Three capillaries (0.1 ml) were successively filled
from each sample at 4 °C, closed at one end with
plasticine and stored at 0 °C into a cooled bath (No
Ice, Bibby Scientific, Ltd., Staffordshire, UK) for
ten minutes. After the end of cold incubation the
capillaries content was gently mixed on preheated
hour glass (37 °C) with 20 pl of Eosin by circular
motion for 30 sec. and then Nigrosine was added at
amount of 40 pl. A volume of 20 pl of the resulting
suspension was added into a preheated glass slide
and smear was done at the beginning of the test
{time 0). This procedure was repeated after 2 hours
heat incubation of extended semen samples in
a water bath at 37 °C. After drying each smear (72
of each collecting day, 576 together) was examined
under a phase contrast microscope (Eclipse E200,
Nikon®, Tokyo, Japan) at 1000x magnification and
with oil immersion by only one evaluator. Minimum
of 100 spermatozoa was classified as either dead
(with red heads) or live (with white heads) and
expressed as a percentage rate of live sperm at the
beginning of the test (L0) and after 2 hours of heat
incubation (L2).

Statistical analysis

The data were evaluated with statistical software
SAS 9.3. (SAS/STAT* 9.3, 2011) using UNIVARIATE,
CORR, and MIXED procedures. The following
equation was used:

Y,=p+BULL+ DIL + LDLC,+ b *VOL) +
+b,*(DEN) + b,HACT) +¢,,

where:
W v ciamamaniionns

oo observed value of the dependent

variable (percentage rate of live sperm
at the beginning of the test and after
2 hours heat incubation, difference
between these two measurements),

BULL i fixed effect of the i bull (i = 1, n = 216;
2,n=216;3,n=72;4,n=72);

5] § PEERE fixed effect of the j* diluter (j = 1 -
AndroMed’, n = 192; 2 - Bioxcell,
n=192; 3 - Triladyl®, n = 192);

LDLC,....fixed effect of the k™ concentration of
LDL (k=0,n=144;4,n=96; 6,n = 144; 8,
n=144; 10, n=48);

b,*(VOL) ...regression on volume of ejaculate;

b,*DEN)....regression on density of sperm;

b *ACT)...regression on activity of sperm;

Eppdsssessssrsosssd residual effects.

The differences between the variables estimated
were tested at the levels of significance P < 0.05 and
P < 0.01. Pearson correlation coefficients were also
determined.

RESULTS AND DISCUSSION

The basic statistical characteristics of observed
data are shown in Tab. I. The volume of ejaculate
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I: Basic statistical characteristics of observed data
Variable Unit Min Max Mean SD

voL [g] 6.2 118 9.78 1.663

DEN [104. mm7] 0.9 1.8 128 0.269

ACT [%] 80 90 87.5 3.542

Lo [%] 23.27 932 74.12 16.245

L2 %] 5.98 89.25 54.37 16.667
LO-L2 [%] 0.61 54.62 19.68 11.528

Key: VOL = volume of ejaculate; DEN = density of sperm; ACT = activity of sperm; LO = percentage rate of live sperm at the
beginning of the test; L2 = percentage rate of live sperm after 2 hours of the test duration; L0 - L2 = difference between

percentage rate of live sperm at time 0 and 2 hours of the test

IL: Pearson correlation coefficients r and related statistical significance Pamong evaluated traits

DEN ACT Lo L2 L0-L2
[10¢. mm?] [%] [%] gl [%]

VOL r 05886 0.7563 0.8524 0.6006 03445
(gl P <.0001 <.0001 <.0001 <.0001 <.0001
DEN r 0.4616 0.5607 0.3876 02377
[10%. mm~] P <.0001 <.0001 <0001 <.0001
ACT r 0.8063 0.6007 0.2914
[%] P <.0001 <0001 <0001
Lo r 0.7565 03256
lg] P <0001 <.0001

Key: VOL = volume of ejaculate; DEN = density of sperm; ACT = activity of sperm; LO = percentage rate of live sperm at the
beginning of the test; L2 = percentage rate of live sperm after 2 hours of the test duration; L0 - L2 = difference between

percentage rate of live sperm at time 0 and 2 hours of the test

ranged from 6.2 to 11.8g in selected bulls. The
volumes of ejaculates correspond to the findings
of other authors, e.g. Louda et al. (2007) reported
the range 3-12g in sires kept in Al centre. Ball and
Peters (2004) mentioned the closer range from 5 to
6g.
gThc: sperm density ranged from 09 to 1.8 = 10¢
mm-*. Our results again agreed with those of Louda
et al. (2007), who reported standard sperm density
of bulls’ ejaculates from 0.8 to 2.0 x 10° mm-.
Ball and Peters (2004) observed a range from 0 in
azoospermic bulls to 3000 x 10° mmin excellent
sires, however especially mentioned substandard
marginal bulls could not be used as widely applied
sires.

The activity of sperm immediately after collection
ranged from 80 to 90% due to determined threshold
of 70% commonly used in Czech Al centers. These
values correspond with those of Louda et al. (2007),
who reported sperm activity 45-75% or more.
Similarly, Ball and Peters (2004) reported that at
least 60% of the spermatozoa should be shown
straight progressive movement above head. This
requirement was fulfilled within our observation.

Cold shock test belongs to the main evaluation
method of sperm quality. We take a reflection about
viability and fertility of ejaculate. The rate of live
sperm ranged from 23.27 to 93.2% in the beginning
and from 5.98 to 89.25% after 2 hours of the heat
incubation.

Indicators mentioned above belong to the
main characteristics of collected fresh semen
(Hanulakovi et al., 2012) and determine the initial
quality of ejaculate subsequently used for Al doses
manufacturing (Vigenknechtova et al,, 2011). The
last findings confirm that the initial quality of
ejaculate determines final quality of AT dose (Beran
etal., 2012).

Tab. II contains Pearson correlation coefficients
among the evaluated traits. Significant (P < 0.01)
correlation coefficients (r = 0.2377 to 0.8524) were
detected between all characteristics evaluated.

Further, the effects of bull, diluter and LDL
addition have been evaluated in detail by the
statistical model designed. Results of this evaluation
are presented in Tab. III and IV. Coefficient of the
whole model repeatability ranged from r? = 0.408 to
r* = (.852 during the evaluation of observed traits.
Effect of bull was significant (P < 0.01) in relation
to the whole evaluated traits. Effect of diluter was
significant (P < 0.01) in relation to the percentage rate
of live sperm after 2 hours of the heat incubation and
difference between percentage rate of live sperm at
the beginning and 2 hours of the heat incubation.
Effect of LDL concentration in tested samples was
insignificant to all evaluated traits (P > 0.05). The
statistical model also included the effects of the
initial quality parameters of ejaculate regression
(volume, density and activity). Effect of volume of
ejaculate was significant (P < 0.01) only in relation
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II: Effects of individual factors in statistical model

MODEL BULL DIL LDLC VOL DEN ACT
TRAIT

r? P F-test P Ftest P Ftest P Ftest P Ftest P F-test P
Lo 0.852 <0.001 3403 <0001 206 0.13 120 0311 913 0003 902 0003 13.38 <0.001
L2 0.697 <0.001 6270 <0.001 26.61 <0001 013 0969 120 0274 944 0002 311 0.08

LO-L2 0408 <0.001 2531 <0001 19.38 <0.001 123 0298 068 0410 278 <0.001 18.85 <0.001

Key: LO = percentage rate of live sperm at the beginning of the test; L2 = percentage rate of live sperm after 2 hours of the
test duration; LO - L2 = difference between percentage rate of live sperm at time 0 and 2 hours of the test; BULL = effect of
each bull; DIL = effect of each diluter; LDLC = effect of different concentration of LDL in tested sample; VOL = volume of
cjaculate; DEN = density of sperm; ACT = activity of sperm

IV: Effect of bull, diluter and concentration of LDL on sperm survivability after cold shock

Lo L2 LO-L2
EFFECT LEVEL
LSM =SE LSM =SE LSM +SE
1 75.40+1.1934 64.05 £ 1.807* 11.56 £ 1.747*
BULL 2 78.82 + 1.0834 56.00 + 1.624" 22.86 £1.571*
3 75.70 £ 1.625* 61.84 +2.408%" 13.67 £2.328%A®
RS 54.66 +3.447" 14.60 +5.167° 39.54 + 4,996 8¢
AndroMed* 71.65£1.053 5425 +1.556* 17.43 £ 1.504*
DIL Bioxcell” 71.88 + 1.053 50.02 + 1.554" 21.67 +1.502"
Triladyl* 69.91+1.032 43.10£ 1.531°¢ 26.62 +1.481°
0 69.87 + 1.075 49.61 £1.597 20.12 £1.545
4 71.27+1238 49.46 £ 1.840 21.51£1.779
LDLC 6 71.26 + 1.075 48.58 £ 1.587 22.76 £1.535
8 72.18 £ 1.075 48.84 £1.597 2320+ 1.545
10 71.16 + 1.632 49.14 £2.404 21.95£2.325

Key: BULL = effect of each bull; DIL = effect of each diluter; LDLC = effect of different concentration of LDL in tested
sample; LO = percentage rate of live sperm at the beginning of the test; L2 = percentage rate of live sperm after 2 hours of
the test duration; L0 - L2 = difference between percentage rate of live sperm at time 0 and 2 hours of the test. Different

superscript letters mean a significant difference withina column -a, b= P < 0.05; A, B,C = P < 0.01

to the percentage rate of live sperm at the beginning
of the test. This is in accordance with physiological
basis, due to amount of sperm and their supply
with important substances from seminal plasma.
Effect of sperm density was significant (P < 0.01) in
relation to the whole evaluated traits. This result
has also biological background, because density of
sperm in ejaculate defines the average conditions
for the cells functioning. The effect of sperm activity
was significant (P < 0.01) to the percentage rate of
live sperm at the beginning and difference between
percentage rate of live sperm at time 0 and after 2
hours of the heat incubation. This is also logical
as sperm activity represents an indicator of initial
quality - viability of spermatozoa.

Significant differences (P < 0.05 - 0.01) were
detected between bulls regardless of the used diluter
or LDL concentration. At the beginning of the test
was the best bull No. 2 (78.82 + 1.083%), while after
2 hours had the best survivability bull No. 1 (64.05 +
1.807%), including the smallest difference between
the first and second measurement (11.56 + 1.747%).
Significantly (P < 0.01) the lowest values of sperm
survivability during whole test had bull number 4
(54.66 + 3.447, respectively 14.60 + 5.167%). This

bull also had significantly (P < 0.05-0.01) the highest
sperm survivability decline between time 0 and 2
hours of the heat incubation (39.54 + 4996%). Our
results confirmed that effect of bull is important,
individual differences were found between them
(Thara and Nair, 2007).

Focusing on the influence of diluter regardless
of the concentration of LDL we can assume that
AndroMed" (71.65 + 1.053%) and Bioxcell* (71.88 +
1.053%) had the best results at the beginning of the
test and Triladyl® (69.91 + 1.032%) reached the worst
results. Triladyl® extender achieved significantly
(P < 0.01) the worst results after 2 hours of the
heat incubation (-6.92% less than Bioxcell® and
-11.12% less than AndroMed"). This extender also
had significantly (P < 0.01} the highest declined
percentage rate of live sperm during the entire the
test (26.62 + 1.481%). Our results showed that better
results of the cold shock test were achieved using
the AndroMed® and Bioxcell”. This is in accordance
with Jannet et al. (2005) or Stradaioli et al. (2007) who
state that AndroMed”, respectively Bioxcell” are the
most suitable extenders for cryopreservation of bull
semen.
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In Tab. IV are also shown results of LDL
concentration influence on sperm survivability
without specification of extender type. Differences
between each concentration of LDL cholesterol
were statistically insignificant (P > 0.05). The lowest
value of percentage rate of live sperm (69.87 +
1.075%) at the beginning of the test had control
samples (0% LDL cholesterol). While these samples
had the best results at the end of the heat incubation
(49.61 + 1.597%). These samples also had the smallest
difference between time 0 and 2 hours of the test.
There is need to say that all differences of sperm
survivability detected in relation to concentration
of LDL were insignificant (P > 0.05). The values of
percentage rate of live sperm after 2 hours of the
heat incubation were almost the same in all LDL
concentrations. From these results we cannot clearly
determine the most suitable concentration of LDL

addition and subsequent research in this area is
necessary.

CONCLUSION

Based on our monitoring we can assume that
effect of bull is important and individual differences
between selected sires in their sperm resistance
against cold shock were detected. AndroMed® and
Bioxcell® have been found as the more suitable
extenders for cryopreservation of bull semen
compared to Triladyl® due to lower decline of
live sperm proportion during the cold shock test.
Effect of LDL concentration added to extenders
was insignificant (P > 0.05) and showed unclear
results. We cannot recommend the optimal LDL
concentration increasing resistance of spermatozoa
against cold shock. Therefore, subsequent research
of this topis is necessary.

SUMMARY

The aim of this study was to determine and evaluate the effect of bull, diluter and addition of LDL in
different concentration on the percentage rate of spermatozoa survival after cold shock.

In total, four bulls were collected during a period of eight weeks. A total of 8 samples of fresh semen
with required quality were processed. Three extenders were used for dilution of each sample:
AndroMed", Triladyl® (both from MiniTiib GmbH, Tiefenbach, Germany) and Bioxcell” (IMV, L Aigle,
France). In the case of AndroMed*and Bioxcell*, 4, 6 and 8% of LDL were simply added. In Triladyl*, 6,
8and 10% of LDL replaced the standard egg yolk component. Resistance of spermatozoa against cold
shock (0 °C, 10 minutes) was evaluated by the percentage rate of live sperm using Eosin-Nigrosine
staining in time 0 and 2 hours of heat incubation (37 °C) after exposure to cold. In total, 576 smears
were evaluated. Statistical software SAS 9.3, procedures UNIVARIATE, CORR, and MIXED were
used for analyzing the data.

Effect of bull was significant (P < 0.01) in relation to the whole evaluated traits. Effect of diluter was
significant (P < 0.01) in relation to the percentage rate of live sperm after 2 hours of the heatincubation
and difference between percentage rate of live sperm at the beginning and 2 hours of the heat
incubation. We can recommend AndroMed” and Bioxcell” due to significantly (P < 0.01) lower decline
of live sperm proportion during the cold shock test than Triladyl" (-9.19, respectively -4,95%). Effect
of LDL concentration in tested samples was insignificant to all evaluated traits (P > 0.05). We cannot
recommend the optimal LDL concentration increasing resistance of spermatozoa against cold shock
and subsequent research is necessary.
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Abstract

BERAN JAN, SIMONIK ONDREJ, RAJMON RADKO, STADNIK LUDEK, DOLEZALOVA
MARTINA, KREJCARKOVA ADELA, DUCHACEK JAROMIR, SICHTAR JIRI. 2016. Effect of LDL
Addition Into Selected Bull Sperm Diluters on Resistance of Spermatozoa Against Cold Shock. Acta
Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 64(2): 395-399.

The aim of work was to determine the effect of LDL cholesterol addition into selected diluters on the
resistance of spermatozoa against cold shock and on their short-term survivability during cold test.
The hypothesis was that the addition of LDL cholesterol will positively affects sperm resistance
to cold shock and ensures a higher survivability of spermatozoa during short-term cold survival test.
Four bulls of different breeds and ages, from the same sire insemination center were used. A total
of eight semen collections were processed. Each ejaculate was divided into 6 portions (3 controls and
3 samples). Three commercially produced diluters, AndroMed’, Bioxcell*, and Triladyl* were used,
each in standard and LDL enriched variants. In the case of AndroMed® or Bioxcell®, 6% of LDL was
simply added. In Triladyl®, 10% of LDL replaced the standard egg yolk component. Spermatozoa
resistance to cold shock was evaluated by the percentage of live sperm using Eosin-Nigrosine
staining. The results showed the influence of bull individuality as an important factor. It is possible to
recommend Bioxcell” with addition of LDL cholesterol in 6% concentration, which survivability was
69.17% at the beginning of the test, and 52.94% after 2 hours of incubation.

Keywords: AndroMed, Bioxcell, bull semen, LDL, Triladyl, sperm survivability

INTRODUCTION

During the processing of semen, spermatozoa are
exposed to many non-physiological changes, e.g.
of temperature, pH, osmotic pressure induced by
cryoprotectants, formation and dissolution of ice
crystals and of course the absence of female genital
secretions, with which the sperm are mixed after
ejaculation (Beran et al., 2014). Biochemical and
anatomical characteristics of sperm can be altered
during the freezing process, plasma membrane
is primarily affected (Hammerstedt et al, 1990).
So, the success of cryopreservation depends on
many factors, including the interaction between
cryoprotectants, type of diluters (Stadnik et al., 2015),
speed of freezing/thawing (Dolezalova et al., 2015),

packaging and individuality of donor (Cooter et al.,
2005; Clulow et al., 2008).

Composition of diluters affects the viability and
fertilization ability of sperm in the insemination
dose (Siddique et al., 2006). Therefore, the most
suitable protecting media are continuously looking
forand developing.

Egg yolk improves sperm function and keeps
their fertilization ability (Barak et al., 1992). The
phospholipids and low-density lipoprotein (LDL)
permeating into membranes are basic fractions of
egg yolk which provide protection for sperm during
cooling and freezing (Medeiros et al., 2002). Egg yolk
can be replaced in diluters by plant phospholipids
due to its inconsistent composition (Ansari
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¢t al, 2010) and risk of bacterial contaminations
(Bousseau et al., 1998). There is an assumption
that LDL addition to commercially manufactured
diluters (animal and/or plant phospholipid-based)
can improve cryoprotective properties of them.

The potential fertility of sperm can be evaluated
by several methods (Dhurvey et al,, 2012). Cold
shock test was evaluated in relation to LDL addition
to diluters (Beran et al,, 2013), but optimal LDL
concentration increasing resistance of spermatozoa
against cold shock was not suggested. Thus, the
aim of this study was to determine the effect of
the LDL addition to selected diluters on the rate
of spermatozoa survival following cold shock and
propose the optimal combination of the diluter and
LDL concentration.

MATERIALS AND METHODS

Collection of Semen, Dilution and Processing

Three commercially available diluters -
AndroMed”*, Triladyl” (both from MiniTiib GmbH,
Tiefenbach, Germany) and Bioxcell® (IMV, L' Aigle,
France) were used. Control variants (CA, CB, and
CT) of diluters were prepared according to the
manufacturer’s instructions. Experimental variants
included 6% LDL cholesterol addition into the
AndroMed® (A6) and Bioxcell* (B6) diluters, and
10% LDL addition into the Triladyl® (T10) diluter
prepared without using egg yolk, which is normally
its essential component. Increased concentration of
LDL in Triladyl® replaced cryoprotective properties
of egg yolk. The diluters used were prepared on the
day of sampling and stored at the cooling box (4 °C).

Four bulls (bull A, B, C, and D) of different breeds
{two bulls of Holstein breed, two bulls of Czech
Fleckvieh breed), of ages from two to four years
and the same frequency of collecting (once weekly)
belonging to one sire insemination center were
used. The bulls were proved and actively used for
sperm production. Eight samples of ejaculate were
obtained from selected bulls using an artificial
vagina during the period of eight weeks. The
samples of semen were then transferred to the
university laboratory within one hour at 4 °C for
next processing.

Samples of semen were pipetted using a sterile
pipette to a sterile chilled (4 °C) tubes. Each
sample of semen was immediately diluted to
50000 spermatozoa/ml. The required amount of
diluters was applied using sterile syringes directly
to the tubes with samples. Thereafter tubes were
sealed with sterile stoppers, mixed gently and placed
into the cooling box (4 °C).

Evaluation of Resistance Against Cold Shock

Three capillaries (0.1ml) were gradually filled
from each sample at 4 °C, closed at one end with
plasticine and stored for ten minutes in a cooled
bath (No Ice, Bibby Scientific, Ltd., Staffordshire,
UK) at 0 °C. After the end of incubation, Eosin-

Nigrosine staining was done: the capillaries content
was gently mixed with 20 pl of Eosin by circular
motion for 30 sec. Then 40 pl of Nigrosine was
added, gently mixed and smear was done from this
suspension. This procedure was repeated after
2 hours incubation of extended semen samples in
a water bath at 37 °C. Smears (36 of each collecting
day, 288 together) were examined after drying
under a phase contrast microscope (Eclipse E200,
Nikon®, Tokyo, Japan) at 1000x magnification and
with oil immersion by one evaluator. Minimum of
100 spermatozoa was classified as either dead (with
red heads) or live (with white heads) and expressed
as a percentage rate of live sperm.

Statistical Analysis
The data set was analyzed using a generalized
linear model in the statistical program SAS/
STAT 9.1. (SAS Institute Inc., Cary, NC, USA). The
following equation was used:

Y, =p+BULL + SAMPLE +¢,,
ij i 1 Bl

Y piassisaiasiios observed value of the dependent
variable (percentage rate of live sperm
at the beginning and the end of 2 hours
incubation, difference between these
measurements),
average value of the dependent variable,
fixed effect of the i bull (i=bull A,n=3;
bull B,n=3;bullC,n=1;bullD,n=1),
..fixed associated effect of the j* sample of
diluter and LDL addition combination
(j=A6,n=48; B6,n=48; T10,n=48; CA,
n=48;CB,n=48; CT,n=48),
- — residual effects.
The differences between the variables estimated
were tested at the levels of significance P < 0.05 and
P <0.01.

RESULTS

The basic characteristics of the model equation
used are presented in Tab. L. The coefficient of
determination ranged from r* = 0.24 to 0.84. The sire
individuality had a significant effect (P < 0.01) on
all investigated characteristics (ACT 0, ACT 2 and
ACT 0-ACT 2). The effect of sample (diluter and
LDL addition) was statistically higher significant
(P < 0.01) only on sperm survivability after 2 hours
of the test (ACT 2) and on the difference between
sperm survivability in time 0 and 2 hours of the test
(ACT 0-ACT 2).

The results of evaluation of the effect of the
bull on the sperm survivability are presented in
Tab. II. The highest survivability of sperm at the
beginning of the test was found in bull A (81.62%),
the lowest was detected in bull D (36.44%, P < 0.01).
The highest sperm survivability after 2 hours of the
test duration was found in bull C (61.25%, P < 0.05-
0.01), whereas the lowest was detected in bull D
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I: Basic characteristics of the model equation used for data analysis

MODEL BULL SAMPLE
TRAIT
r? P F-test P F-test P
ACTO 0.84 <0.01 598.33 <0.01 158 0.0813
ACT2 0.56 <0.01 123.48 <0.01 4.18 <0.01
ACT 0-ACT2 0.24 <0.01 2197 <0.01 294 0.0003
ACT 0 = sperm survivability at the beginning of the test; ACT 2 = sperm survivability after 2 hours of the test duration;

ACT 0-ACT 2 = difference between sperm survivability in time 0 and 2 hours of the test.

II: The effect of bull on sperm survivability

Bull A Bull B BullC Bull D
LSM £ SE LSM £SE LSM +SE LSM +SE
ACTO 81.62 £0.56° 80.61 £ 0.56°° 70.34 £ 0.98A0 36.44 = 0.984%
ACT2 57.43 + 1.05" 56.47 + 1.05 61.25 + 1.82"0 2031+ 1.824%
ACT 0-ACT2 24.18 £ 1.06" 24.14+1.06%° 9.09 + 1.844% 26.12+1.84'%

ACT 0 = sperm survivability at the beginning of the test in percent; ACT 2 -

sperm survivability after 2 hours of the test

duration in percent; ACT 0-ACT 2 = difference between sperm survivability in time 0 and 2 hours of the test in percent;
upper script letters means significant difference among sires -a, b, ¢, d = P < 0.05; A, B,C,D = P < 0.01.

111z The effect of the diluter and LDL addition on sperm survivability against cold shock

Label ACTO ACT2 ACT0-ACT 2
Sample
LSM £ SE LSM +SE LSM £ SE

A6 A 67.86+1.36 47.12+2.52 20,74+ 2.56
B6 B 6917+ 1.36¢ 52.94 +2.52¢ 16.23 = 2.56¢
T10 C 65.97+1.36 44,53 +2.52¢ 21.44 £2.56
CA D 64.75+ 136 47.85+2.52F 16.90 = 2.56"
CB E 65.61 +1.36" 46.16 £2.52° 19.46 £ 2.56°°
CcT F 67.41+136 51.40 +2.52¢ 16.01 + 2.56¢

ACT 0 = sperm survivability at the beginning of the test in percent; ACT 2 =

sperm survivability after 2 hours of the test

duration in percent; ACT 0-ACT 2 = difference between sperm survivability in time 0 and 2 hours of the test in percent;
A6 = AndroMed"® with 6% LDL; B6 = Bioxcell* with 6% LDL; T6 = Tnladvl' with 10% LDL; CA = control samples of
AndroMed*; CB = control samlzlcs of Bioxcell*; CT = control samples of Triladyl*; upper script letters means significant

difference among samples - a,

again (20.31%, P < 0.01). The smallest difference in
sperm survivability (9.09%, P < 0.01) was reached
by bull C, on the other hand the highest difference
was determined in bull D (26.12%, P < 0.01). Results
presented in Tab. IT documented significant
variability of sperm survival among selected sires at
the beginning of observation, at the end of the test,
as well as in sperm survival decline during the entire
test performed.

The results of evaluation of the diluter and LDL
addition effect on sperm survivability against cold
shock are presented in Tab. IIL. Significantly the
highest survivability of sperm at the beginning of
the test was found in sample B6 (69.17%) compared
to CB (65.61%; P < 0.05), and the lowest was detected
in sample CA (6475%; P > 0.05). Significantly
the highest sperm survivability after 2 hours of
the test duration was found again in sample B6
(52.94%) in comparison with CB (46.16%; P < 0.05)
and significantly the lowest values were detected
in sample T10 (44.53%) compared to CT (51.40%;
P <0.05). Some of other differences among evaluated
diluters at the end of the test were significant as

40

,c,d,c,ffP(0.0S;A,B,C,D,E,F-P<0.0L

well (P < 0.05-0.01). The difference between the
beginning and the end of the test duration was the
largest in sample T10 (21.44%) and the lowest were
detected in CT (16.01%; P < 0.05). The second lowest
decline of sperm survival was detected in sample B6
(16.23%), significantly (P < 0.05) different from CB
(19.46%). Some of measured differences of sperm
survival decline were statistically significant to each
other as well (P < 0.05-0.01).

DISCUSSION

The experiment brought some interesting
results. Using the extracted LDL - cholesterol
from egg yolk has been investigated previously
in various extenders (Vera-Munoz et al., 2009), at
different concentrations (Moussa et al., 2002) and
confirmed by thermal test or cryoconservation, but
the cold shock test was used in this experiment
for the first time. According to Anton et al. {2003)
is known that egg yolk has a positive effect during
sperm cryopreservation, because the components
in egg volk can create the absorption of oil and
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water phase interface and make the oil droplets
protective film. These abilities include membrane
stabilization or cool shock protection. Egg yolk
contains phospholipids; the largest amount is
represented by LDL - cholesterol, which provides
sperm cryoprotection during freezing or thawing
by increasing the stability of the plasma membrane
(Moussa ¢t al., 2002). Watson (1995) stated that is
important to test both, the effect of heat and cold on
sperm survivability. Chantler et al. (2000) confirmed
the loss of motility of sperm if the cryoprotective
substances (e.g. egg volk) were not added into
ejaculate. Cold shock was also investigated in boar
sperm survivability using egg yolk. Positive results
attributed to the composition of egg yolk, natural
source of LDL cholesterol (Hu et al., 2006).

Individuality of bulls has very important effect
on sperm survivability. Effect of bull was significant
(P < 0.01) on all monitored indicators. The
significantly (P < 0.01) lowest sperm survivability
was found in bull D in all observed characteristics.
On the other hand the highest sperm survivability
had bull A at the beginning of the cold test and bull
C at the end of the test; bull C had simultaneously
the lowest (P < 0.01) difference between the
beginning and the end of the test. In general we
can say that considerable individual differences in
sperm survivability between bulls were determined.
This is in accordance with the work of Beran et al.
(2012 and 2013).

We can assume that the associated effect of diluter
and LDL addition on sperm survivability against
cold shock was highly significant (P < 0.01) only after
2 hours of the test. This is in accordance with Vera-

Munoz ¢t al. (2011) findings. They confirmed that
samples with LDL showed better sperm motility
and plasma membrane integrity even after 8 days of
incubation. Similarly, Amirat et al. (2005) determined
the lowest damage of sperm diluted with LDL after 4
hours incubation.

Based on our results, we can say that the samples
of AndroMed® and Bioxcell® enriched by LDL
achieved balanced or higher sperm survival
(-073% to +6.78%) compared to control samples.
Control Triladyl® contained 20% of egg yolk and
provided higher level of sperm survival during
the test (+1.44% and +6.87%) than 10% addition
of LDL cholesterol as substitution of egg volk.
Concurrently, Bioxcell® with 6% LDL addition was
the best variant for resistance of sperm following
cold shock. This variant had the highest values of
sperm survivability at the beginning (69.17%) and
after 2 hours incubation (52.94%) compared to
Triladyl" and AndroMed". Bioxcell* with 6% LDL
addition had the smallest decline during the entire
test (16.23%) as well. However, significant differences
were determined only to control variant of Bioxcell”.
The combination of Bioxcell” and 6% of LDL was the
most favorable for sperm due to the lower decline of
motility compared to other experimental variants of
diluters.

If we compare the control samples each other we
can state that the best variant is the diluter Triladyl".
This variant has achieved the lowest decline
(16.01%). This is in opposite with Vera-Munoz ¢t al.
{2009) who state that the LDL diluter had better
results than Triladyl® and AndroMed".

CONCLUSION

Generally, we can recommend addition of 6% LDL into diluter Bioxcell® according to significantly
higher sperm survival and its lowest decline in comparison with control variant of Bioxcell".
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4.3 Moznost zvySeni kryoprotektivnich vlastnosti fedidel bez obsahu vaje¢ného Zloutku -
vliv adice LDL do Fedidel na bazi séjového lecitinu na funkéni parametry spermii

byki po rozmrazeni

I ptes dlouhodobou snahu vyzkumnych tymi zvysit efektivitu kryokonzervace spermii byki je
V soucasnosti uvadéno jak védeckymi zdroji (Layek et al., 2016), tak i z praxe (MVDr.
Koubkova CRV Czech Republic spol s.r.0. 2017, pers. comm.), ze az 50 % bunék je nenavratné
béhem procesu kryokonzervace poskozeno. Jednou z hlavnich strategii, jak zvySit procento
intaktnich spermii po rozmrazeni, a tim kvalitu insemina¢nich davek, je modifikace receptury
fedidel semene, predevsim co se tyce obsazenych kryoprotektantti (Moce et al., 2010a). Siroce
vyuzivana jsou fedidla s obsahem vajeé¢ného zloutku (Celeghini et al., 2008), ov§em pfitomnost
Zloutku ptedstavuje urcité piekazky a rizika (Amirat et al., 2004; Amirat et al., 2005). U fedidel
bez obsahu komponent Zivocisného puvodu, kde je obsazen sdjovy lecitin nebyla prozatim
jednoznacné prokdzana srovnatelnd kryoprotektivni u¢innost v porovnani s prvné jmenovanymi
(Crespilho et al., 2012; Murphy et al., 2017). Pro zachovani zivotaschopnosti a tim i fertiliza¢ni
schopnosti spermii je zasadni zachovani integrity plazmatické membrany. Z tohoto hlediska je
velice podstatny cholesterol, pficemz LDL, jako hlavni komponenta vaje¢ného Zloutku
podminujici jeho kryoprotektivni vlastnosti, ve své struktufe cholesterol nese, spolu s dalsi
dulezitou slozkou, kterou jsou antioxidanty (Anton et al., 2003; Harisa et Alanazi, 2014). Je tedy
otazkou, zda by LDL mohlo pfispét ke zvySeni kryoprotektivnich vlastnosti fedidel s obsahem
sojového lecitinu.

Vzhledem k tomu, Ze LDL neni komeréné dostupné, jeho izolace probihala na zakladé
publikované metodiky (Moussa et al., 2002). Pro tcely dlouhodobéjsiho uchovavani LDL byl
metodicky postup ve findlnich fazich modifikovan pfidanim konzervantu azidu sodného. Nami

izolovany LDL bylo tedy nutné otestovat ve smyslu porovnatelnosti s vysledky ostatnich autort.

Hypotéza: Modifikace receptury vybranych tedidel na bazi séjového lecitinu pomoci LDL

povede ke zvyseni jejich kryoprotektivnich vlastnosti.

Cil: Stanovit efekt adice LDL do fedidel na bazi s6jového lecitinu na funkéni parametry spermii

byktl po kryokonzervaci.

V prvotni studii byla testovana SirSi skala fedidel a koncentraci LDL. Vliv LDL na funkci

spermii po rozmrazeni byl hodnocen na zakladé primérnych hodnot kinematickych parametrt

motility spermii a jejich viability. Vysledky ukazaly pozitivni efekt 6% LDL v piipad¢ adice do
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fedidla Bioxcell, tato koncentrace se tak ukéazala ve spojeni s timto fedidlem jako potencialné
optimalni.

V navazujici studii byl hodnocen vliv adice LDL do fedidel na bazi sdjového lecitinu jiz
jen ve vybrané koncentraci 6%. Na zakladé¢ zpracovaného review a praktickych zkuSenosti
ze zahrani¢ni stdze byl pouzit alternativni statisticky pfistup k hodnoceni motility spermii
z CASA clusterovou analyzou. Tato multiparametricka statistickdi metoda zohlednuje
biologickou podstatu vzorkli tim, Ze poskytuje moznost hodnoceni jednotlivych subpopulaci
spermii ve vzorku (Holt et al., 2007). Pozitivni vliv LDL na distribuci jednotlivych subpopulaci
spermii byl zfetelny u obou vybranych fedidel Bioxcell i Andromed. Podobné jako u motility se
projevil pozitivni vliv LDL i na integritu akrozému spermii. Signifikantni se ukdzal v ptipade
adice LDL do fedidla Bioxcell. Zajimavé je, Ze pti hodnoceni funkéniho stavu mitochondrii se
efekt LDL ukazal jako vyznamny naopak u fedidla Andromed. Procento zivych spermii po
rozmrazeni s intaktni plazmatickou membranou nebylo ptekvapivé pfitomnosti LDL v zadném
z fedidel podpoteno. Lze predpokladat, ze rozdily ve vlivu LDL mohou souviset s odliSnym

slozenim samotnych fedidel, pfedevs§im co se ty¢e procentualniho zastoupeni a sdjového lecitinu.

Vysledky studii ukdzaly prokazatelny efekt adice LDL do fedidel s obsahem sdjového
lecitinu, kdy konkrétni dopad na spermie po rozmrazeni souvisi s pouzitym fedidlem. Adici LDL

je tedy mozné zvySovat kryoprotektivnich vlastnosti fedidel s obsahem sdjového lecitinu.

Hypotéza: Substituci vajecného zloutku v fedidle pomoci LDL oSetfeného azidem sodnym bude

dosazeno vysledku srovnatelnych se standardy uvadénymi v literatufe.

Cil: Ov¢rit standardni G¢innost LDL pii substituci vaje¢ného Zloutku v fedidle a porovnat
s publikovanymi standardy s ohledem na pouziti azidu sodného pro jeho dlouhodobé

uchovavani.

Z hlediska praktické vyuzitelnosti bylo dulezité ovéfit standardni kvalitu a funkci némi
produkovaného LDL. V ramci studie Simonik et al. (2016) byla testovana i substituce vaje¢ného
zloutku v fedidlech pomoci LDL, pficemz vysledky byly shodné s vystupy studii ostatnich
autorti. Ukazala se tak standardni kvalita a funkce nami produkovaného LDL, které bylo

v koneénych fazich izolace prechodné konzervovano azidem sodnym.
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Byla tedy potvrzena moznost prodlouzené skladovatelnosti LDL pted jeho pouzitim. Tento fakt,
jako dalsi prvek novosti piedstavuje diilezity krok z hlediska potencidlu praktického vyuziti LDL

a translace vysledkli vyzkumu do praxe.
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ABSTRACT: Soybean lecithin-based extenders represent an alternative to extenders containing egg yolk, but
there has been discussion about their cryoprotective efficacy. Low-density lipoprotein (LDL) was proved as
a cryoprotective agent, which can replace egg yolk in extenders. The aim of this study was to investigate the
effects of LDL addition to the soybean extenders on their cryoprotective properties. The effect of the LDL of our
production was verified using commercial egg yolk extender BULLXcell®, 6%, 8%, and 10% LDL (v/v) as an egg
yolk replacement. The effects of LDL addition to the soybean lecithin-based extenders in concentrations of 4%,
6%, and 8% (v/v) were tested using extenders AndroMed™ and Bioxcell”. In total, 64 samples from eight bulls
were evaluated. Kinematic parameters of spermatozoa, resulting from Computer Assisted Sperm Analysis, and
their viability, evaluated by fluorescent technique, were assessed immediately after thawing and after 2 hours.
The quality of LDL compared to other studies was confirmed, and the beneficial effects of egg yolk replacement
by LDL were proved in extender BULLXcell". 8% LDL provided the best values for the majority of kinematic
parameters (P < 0.05), without effect on total motility (P > 0.05). Furthermore, addition of 4%, 6%, and 8% LDL
to the soybean lecithin-based extender Bioxcell® showed a positive effect on the majority of kinematic param-
eters of spermatozoa (P < 0.05) at both times of incubation. However there was no significant influence on total
motility (P > 0.05). Viability was higher after thawing in the case of 8% LDL (P < 0.05). However, there was no
consistent effect of LDL addition to the AndroMed" extender. In conclusion, cryoprotective properties of the
semen extenders based on a soybean lecithin can be improved by the addition of LDL.

Keywords: bull sperm; cryopreservation; sperm motility; viability; cryoprotectant

INTRODUCTION used worldwide, especially in dairy cattle breeding.
For Alin cattle breeding, cryopreserved insemina-

Artificial insemination (Al) is a reproductive tion doses (ID) are used (Zhang et al. 2015) and,
biotechnology method that has been intensively consequently, their quality plays an important role
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of Agriculture of the Czech Republic (Project No. QJ1210109), and by the Grant Agency of the Charles University
in Prague (Project UNCE 204025/2012).
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in the success of fertilization (Beran et al. 2013).
However, cryopreservation represents a limiting
factor in several of the advantages of Al due to
its impacts on structural integrity and the physi-
ological processes of spermatozoa (Amirat-Briand
et al. 2009; Dzyuba et al. 2015; Sieme et al. 2015;
Meamar et al. 2016).

To ensure spermatozoa protection against harm-
ful effects of cryopreservation, such as the “cold
shock” (Drobnis et al. 1993; Stadnik et al. 2015),
crystal formation (Koshimoto et al. 2000) or re-
active oxygen species generation (Alomar et al.
2016), the collected semen has to be diluted with
a suitable freezing extender. As many authors have
demonstrated, optimization of extender composi-
tion can have a positive effect on the undesirable
changes in spermatozoa caused by cryopreservation
(Spalekova et al. 2014; Muchlisin et al. 2015). Egg
yolk and glycerol are the cryoprotectants that are
most often utilized in the field of bovine semen
cryopreservation (Aires et al. 2003). However,
there have been efforts to replace the egg yolk in
extenders by another substance due to possible
risks connected with bacteria or mycoplasma con-
tamination and for standardization of the extender
composition (Crespilho et al. 2012). Additionally,
egg yolk contains detrimental constituents, such
as high-density lipoprotein or granules, which can
inhibit physiological processes in the spermatozoa
(Wall and Foote 1999).

Soybean lecithin, which generally consists of
phosphatidylcholine and a mixture of fatty ac-
ids, is an alternative to egg yolk (Vishwanath and
Shannon 2000). However, studies evaluating the
efficiency of bovine semen extenders based on
soybean lecithin or egg yolk have shown varied
results, in favour of the latter type of extender (e.g.
Gil et al. 2000; van Wagtendonk-de Leeuw et al.
2000; Thun et al. 2002; Aires et al. 2003; Beran et
al. 2012; Crespilho et al. 2012). Another alternative
to egg yolk in extenders is its substitution only
by the compound responsible for its cryoprotec-
tive properties. In 1974 it was discovered that
this compound is the major fraction of egg yolk
plasma, i.e. low-density lipoprotein or LDL (Pace
and Graham 1974). Different cryoprotective prop-
erties of LDL, that positively and directly affected
spermatozoa structure (Bergeron et al. 2004) and/or
extracellular conditions, were found (Hu et al.
2011). The positive effects of egg yolk substitu-
tion by LDL in semen extenders on qualitative

parameters of spermatozoa have been repeatedly
demonstrated (Moussa et al. 2002; Vera-Munoz
et al. 2009; Amirat-Briand et al. 2010; Hu et al.
2010, 2011). The question then arises on whether
the cryoprotective properties of soybean lecithin-
based extenders could be improved by LDL addi-
tion. Furthermore, none of the above-mentioned
studies describes any form of LDL preservation,
which limits the practical use of LDL. However,
the shelf-life of produced LDL may be stabilized
and prolonged using sodium azide.

Therefore, the aim of this study was to inves-
tigate the effects of LDL addition to the soybean
extenders on their cryoprotective properties.

MATERIAL AND METHODS

LDL extraction. Low-density lipoprotein with
97% purity was prepared according to the metho-
dology of Moussa et al. (2002). Hen eggs were
obtained from the controlled breeding program
of BIOPHARM Czech Republic. In comparison
to the methodology established by Moussa et al.
(2002), there were slight modifications in our study.
Sodium azide (0.1%) was used for preservation
of the produced LDL and to minimize sanitary
risks. Before using the LDL, sodium azide was
removed by extensive dialysis against phosphate
buffer saline (PBS).

Preparation of the extenders. Extenders were
prepared at the beginning of the experiments. To
verify the quality of LDL, the egg yolk extender
BULLXcell” was used (IMV Technologies, L'Aigle,
France). The standard composition according to
the producer’s manual with egg yolk served as a
control, and in experimental variants, the egg yolk
was substituted by 6%, 8%, and 10% LDL (v/v).

Soybean lecithin-based extenders, AndroMed™
(Minitiibe, Tiefenbach, Germany) and Bioxcell”
(IMV Technologies) were used for testing the effect
of LDL addition. These media were prepared in
accordance with the manufacturer’s instructions,
and then LDL was added in concentrations of
4%, 6% or 8% (v/v) to each of the aforementioned
extenders. Extenders without LDL were used as
a control.

Collection and processing of semen. The semen
was collected from eight bulls in a standard way at
the insemination centre (Natural Ltd., Hradistko
pod Mednikem, Czech Republic). Each ejaculate
was submitted to the basic assessment done by

561



Original Paper

Czech |. Anim. Sci., 61, 2016 (12): 560-567

trained laboratory technician from the insemina-
tion centre. The following parameters were evalu-
ated: ejaculate volume, sperm concentration, and
percentage of motile sperm. Only ejaculates that
conformed to the limits of sperm concentration
(2 0.7 x 10°/ml) and percentage of motile sper-
matozoa (= 70%) were used in this study. Semen
was divided into equal fractions in relation to the
number of tested variants and diluted to a final
concentration of 120 x 10°spermatozoa/ml. Diluted
semen was placed into polyvinyl straws (0.25 ml)
and equilibrated at 5°C for 2 h. After this period,
straws were cryopreserved using a computerized
freezing machine (DigitCool"™; IMV Technologies)
with the standard freezing curve for bovine semen
and then immersed directly into liquid nitrogen
(—196°C) for storage. Straws were analyzed at least
one week after the cryopreservation. Before each
evaluation, the straws were thawed in the standard
way in water bath (37°C/30 s). All analyses were
performed 10 min after thawing (“incubation 0 h”)
and after a 2-hour thermoresistance test (“incuba-
tion 2 h”) at the same temperature 37°C.
Evaluation of sperm motility. Sperm motility
was assessed with the Computer Assisted Sperm
Analysis (CASA) module NIS Elements Ar 4.20
(Laboratory Imaging Ltd., Prague, Czech Repub-
lic), using a DMK 23UMO021 camera (The Imaging
Source Europe GmbH, Bremen, Germany) with a
frame rate of 60 images/s and a stereo microscope
Nikon Eclipse E600 (Nikon Corp., Tokyo, Japan) with
a heated plate. Thawed samples were transferred
into the 1.5 ml plastic microtubes and diluted with
physiological saline (pH 6.8) to a final concentra-
tion of 20-40 x 10° spermatozoa/ml, according to
Verstegen et al. (2002). Next, 3 pl of the sample were
evaluated in a calibrated Leja™ counting chamber
(Leja, Nieuw-Vennep, The Netherlands) with a
depth of 20 pm in six different fields per sample.
At least 200 trajectories per field were analyzed.
The parameter total motility (TM) was evaluated
on the basis of threshold of motile spermatozoa
VAP > 20 pm/s. Selected kinematic parameters
were analyzed: curvilinear velocity (VCL, um/s),
velocity of average path (VAP, um/s), straight line
velocity (VSL, um/s), linearity (LIN, %), and ampli-
tude of lateral head displacement (ALH, pm). For
each sample, a total of 41 frames were captured at
aforementioned frequency of camera (60 frames/s).
Evaluation of sperm viability. For the evaluation
of sperm viability, a fluorescent technique accord-
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ing to Harrison and Vickers (1990) was used. Briefly,
sperm samples were diluted with physiological sa-
line (ph 6.8) to 950 pl to a final concentration of 1-10
x 10° spermatozoa/ml. This suspension was further
supplemented with 20 pl of 5(6) carboxyfluorescein
diacetate (CFDA) (Sigma Aldrich, St. Louis,
USA) working solution (0.46 mg CFDA/mlI di-
methyl sulfoxide), 20 pl propidium iodide (PI)
(Sigma Aldrich) working solution (0.5 mg PI/ml]
physiological saline), and 10 pl of 0.3% formal-
dehyde. The samples were then incubated in the
dark at 37°C for 10 min. After incubation, 7 pl of
the sample was transferred to a microscopic slide
and mounted under a coverslip using nail polish.
Evaluation was performed using a fluorescent
microscope Nikon Eclipse E6000 (Nikon Corp.)
at 400x magnification. Live spermatozoa with
functional esterases emitted green fluorescence,
while dead spermatozoa were red due to the in-
tercalation of propidium iodide. For each sample,
three replicates were evaluated, which means that
600 spermatozoa were counted per sample.
Statistical analysis. The dataset was evaluated
using the SAS software (Statistical Analysis Sys-
tem, Version 9.3, 2011). To evaluate the indicators,
a relevant model was selected using the REGG
procedure and STEPWISE method. The effect of
LDL concentration in each extender was assessed
separately for incubation. The effect of bull in regres-
sion was added into the equation. The differences
between samples and groups were evaluated using
the GLM procedure and the Tukey-Cramer test.
Model equation. The following model was applied:

Y = HEa+ b*(BULL) + e;

where:

Yy = dependent variable (amplitude of lateral head
displacement, linearity, velocity of average
path, curvilinear velocity, straight line velocity)

= mean value of dependent variable

a = fixedeffect of LDL concentration (BULLXcell™:
i=0,n=5225;i=6,n=6321;i=8,n=06118;
i = 10, n = 6420; Bioxcell™: i = 0, n = 5696;
i=4,n=4637;i=6,n=5434i=8,n=5213;
AndroMed"™: i = 0, n = 6202; i = 4, nn = 7116;
i=6,1n=6834i=8,n=6581)

b*(BULL) = linear regression for bulls

e, = random error

The significance was evaluated at the level P < 0.05.
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RESULTS

Effect of egg yolk replacement with LDL on
motility and viability of spermatozoa. After thaw-
ing (T0) and 2 h of incubation (T2) there was no
significant influence of LDL on TM (P > 0.05) (Ta-
ble 1). The influence of egg yolk substitution with
various concentration of LDL in the BULLXcell®
extender on sperm motility and viability at TO and
T2 is shown in Table 1. All the chosen concentra-
tions of LDL (6%, 8%, and 10% v/v) significantly
influenced the kinematic parameters of motility at
TO as well as at T2 (P < 0.05). Substitution of egg
yolk with particular concentrations of LDL in the
BULLXcell" extender significantly increased the
values of VAP, VCL, and VSL at TO and T2 (P <
0.05). Viability of sperm was negatively influenced
at TO (P < 0.05) when egg yolk was substituted with
6% LDL; however, this effect was not observed
after 2 h of incubation (T2).

Effect of LDL addition to soybean extenders
on motility and viability of spermatozoa. There
were no significant differences (P > 0.05) in TM
between concentrations of LDL added to extender
Bioxcell”. There was a significant positive effect
(P < 0.05) of all added LDL concentrations on VAP,
VCL, VSL, and ALH of spermatozoa treated with
Bioxcell™ extender at TO (Table 2). These kine-
matic parameters were significantly higher (P <

0.05) when 4%, 6%, and 8% LDL (v/v) was added
to Bioxcell” compared to the control. The same
effect was seen after 2 h of incubation (T2) in VAP,
VCL, and VSL (P < 0.05). Significant differences
(P < 0.05) between individual concentrations of
LDL were seen at TO and T2. Addition of 8% LDL
significantly (P < 0.05) increased the percentage
of viable spermatozoa compared to the Bioxcell”
control at TO. However, the proportion of viable
spermatozoa after 2 h of incubation was the same
for Bioxcell" with and without the addition of
LDL (P > 0.05).

The effect of various concentrations of LDL on
TM was also insignificant (P > 0.05), however the
influence on evaluated kinematic parameters of
spermatozoa was not as distinct in AndroMed"
as in the case of Bioxcell® (Table 3). The effect
of LDL (4%, 6%, and 8% v/v) addition to the An-
droMed” extender was not beneficial, although
differences between individual concentrations in
ALH, LIN, VCL, and VSL were significant (P < 0.05)
at TO. After 2 h of incubation (T2), spermatozoa
in AndroMed” containing 8% LDL demonstrated
significantly higher (P < 0.05) values of ALH, LIN,
VAP, VCL, and VSL parameters compared to the
AndroMed" control without LDL. A significantly
higher (P < 0.05) number of viable spermatozoa
were present at T0O in samples containing 4% LDL
compared to the AndroMed" control.

Table 1. Effect of egg yolk replacement by low-density lipoprotein (LDL) on motility and viability of frozen-thawed

spermatozoa
Viability ™ ALH LIN VAP VCL VSL
Incubation 0 h
BULLXcell” 51.23 +2.32% 56.71 +5.12 496 + 0.06" 44.11 + 0.34* 57.81 = 0.88* 107.67 = 1.72* 50.76 + 0.87*
6% 41.57 +2.08"% 50.46 +4.67 532+0.06" 37.91 +0.31" 64.42 + 0.88" 135.68 = 1.60" 54.94 + 0.81°
LDL 8% 50.86+2.131 54.20+4.33 581 +0.05° 39.01 £0.29" 73.98 £ 0.76° 157.89 £ 1.48° 63.12 + 0.75°
10% 48.95 +2.077 42.89 +4.67 5.29+0.05" 39.02 + 0.29° 67.15 = 0.77" 139.73 + 1.49° 57.86 + 0.76"
Incubation 2 h
BULLXcell® 3670+ 191 3898 +5.12 5.17+0.05 5091 +0.34* 66.11 + 0.87* 116.14 + 1.43* 116.14 + 1.43°
6% 32.02+1.91 4826+4.67 507005 47.24 +0.30" 74.62 + 0.76" 136.20 + 1.25° 136.20 + 1.25
LDL 8% 3242+196 43.73+4.33 538+0.05" 4843 £ 034" 83.83 £ 0.86° 153.41 £ 1.42° 153.41 + 1.43°
10% 35.10 + 1.87 39.35+4.67 5.24+0.05 46.80+0.32> 77.30 £ 0.81" 144.66 + 1.32¢ 144.66 + 1.32°

TM = total motility (%), ALH = lateral head displacement, LIN = linearity, VAP = average velocity path, VCL = curvilinear

velocity, VSL = straight-line velocity
values are presented as Least Squares Means + SE
ABa-

dvalues within the same column and time of incubation with different letters mean significant differences (P < 0.05)
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Table 2. Effect of low-density lipoprotein addition to soybean lecithin-based extender Bioxcell” on motility and vi-

ability of frozen-thawed spermatozoa

Viability ™ ALH LIN VAP VCL VSL
Incubation 0 h
Bioxcell®  61.36+291% 51.67+4.67 3.95+0.04° 50.26+0.32° 61.23+0.80° 109.07 + 1.26"  56.29 + 0.79"
4% 66.87+3.09 54.01%512 4.64+005" 51.56%0.38 74.45+0.95" 127.02 + 1.50° 69.02 + 0.94"
LDL 6% 67.59+299 5227+4.67 4.68+0.05° 51.82:036° 7541+0.91" 127.25+ 143" 69.14 +0.90°
8% 74.20+291% 50.34%4.67 437+005 50.53%0.35 70.58 + 0.88° 120.02 + 1.39°  64.99 + 0.87°
Incubation 2 h
Bioxcel”  46.05+234 2891:4.67 337+004 4558041 4552+0.74" 8595+ 1.10° 40.76 + 0.75"
4% 48.83+264 44.16%512 3.84+004> 4500%041 5447+ 074> 99.94% 1.11° 49.29 + 0.76"
LDL 6% 4677+234 42.04%4.67 372+0.04° 44.87+0.36"° 50.87 +0.65° 97.00+0.98° 45.93 +0.70°
8% 54.60+248 4590+4.67 3.67+0.04> 4643:0.39° 53.66+0.71> 97.78 + 1.05° 49.43 + 0.72"

TM = total motility (%), ALH = lateral head displacement, LIN = linearity, VAP = average velocity path, VCL = curvilinear

velocity, VSL = straight-line velocity

values are presented as Least Squares Means + SE
ABa-c,

values within the same column and time of incubation with different letters mean significant differences (P < 0.05)

Table 3. Effect of low-density lipoprotein addition to soybean lecithin-based extender Andromed™ on motility and

viability of frozen-thawed spermatozoa

Viability ™ ALH LIN VAP VCL VSL
Incubation 0 h
Andromed” 56.20 £ 2.85" 5260572 5.13+0.05 4210+ 0.29 7275+ 077" 146.21 £ 1.50° 64.41 + 0.81"
4% 68.76 £2.94% 61.14£4.67 518+0.04° 4143 +026" 69.84+0.69 140.24 +1.35* 61.52 £ 0.72°
LDL 6% 60.15+294 6287467 4.96+0.05" 41.81+029 68.73+0.76" 140.29 + 1.48> 60.72 + 0.79"
8% 6231:272 5445+4.05 5.030.05 42,68+ 028" 71.32+0.76 13245+ 1.46° 70.10 + 0.79°
Incubation 2 h
Andromed” 45.67 +2.25 4058%572 4.50+0.04* 41.63+033 59.76+0.72" 118.13 + 1.25° 52.32 + 0.74"
4% 4449220 4427467 438+0.04° 41.07 £0.32° 5642+ 071" 112.86 + 1.23> 49.54 + 0.73°
LDL 6% 44.23+265 5332+4.67 4.59+0.04" 4261+030 62.18+0.66° 121.55+ 1.15° 55.21 + 0.67°
8% 4580:232 4543:4.05 4.74:0.04® 4277+031% 63.34 £ 0.69° 123.59 + 1.18° 56.45 + 0.70°

TM = total motility (%), ALH = lateral head displacement, LIN = linearity, VAP = average velocity path, VCL = curvilinear

velocity, VSL = straight-line velocity

values are presented as Least Squares Means + SE
ABa-c

DISCUSSION

Specific difficulties in using complete egg yolk
in extenders (Wall and Foote 1999) led researchers
to perform experiments to examine the possibility
of egg yolk replacement in extenders with LDL.
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values within the same column and time of incubation with different letters mean significant differences (P < 0.05)

In most studies, substitution of egg yolk with
8% LDL improved the qualitative parameters of
frozen-thawed spermatozoa immediately after
thawing in comparison to extenders with whole
egg yolk (Moussa et al. 2002; Hu et al. 2010, 2011;
Stadnik et al. 2015) and soy bean lecithin-based
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extenders as well (Amirat et al. 2005; Vera-Munoz
et al. 2009).

In our study, we modified the protocol of LDL
preparation by addition of sodium azide for the
long-term preservation of LDL. To the best of
our knowledge, other authors (e.g. Moussa at al.
2002; Hu et al. 2010) did not use any preservative
in their studies. We achieved similar results as
the above-mentioned authors, i.e. a comparable
TM, proportion of viable spermatozoa, and better
kinematic parameters after substitution of egg yolk
with LDL preserved with sodium azide. Moreover,
8% LDL improved the kinematic parameters of
spermatozoa, which is in agreement with the results
of other authors (e.g. Moussa et al. 2002; Hu et al.
2011). Generally, in these studies, spermatozoa
parameters were assessed only immediately after
thawing. Our results also confirmed the positive
effects of LDL after a 2-hour thermoresistance
test. The consensus with other published experi-
ments and, moreover, the positive effects after
prolonged spermatozoa incubation under stress-
ful conditions point out standard quality of our
own produced LDL. In summary, our modifica-
tion means an extended period of LDL storage is
possible, which is advantageous for its practical
use. Moreover, sodium azide should minimize any
microbial risk (Hyldgaard et al. 2014), which has
been a debatable issue (Aires et al. 2003).

The main objective of our study was to determine
the influence of LDL addition on the cryoprotec-
tive properties of the two soybean lecithin-based
extenders. In the case of the first one (Bioxcell™),
our results showed a positive effect of 8% LDL
on sperm viability immediately after thawing.
Regarding spermatozoa motility, 4%, 6%, and 8%
LDL had a beneficial effect on the majority of
sperm kinematic parameters immediately after
thawing and after the 2-hour thermoresistance
test. Nevertheless, the second lecithin-based ex-
tender (Andromed™) did not show these trends.
Although the addition of 4% LDL had a positive
effect on spermatozoa viability after thawing, this
effect was not seen in other groups or after the
thermoresistance test. Furthermore, the sperm
motility parameters did not show any obvious
positive tendency as in the Bioxcell” extender. It
was shown that there could be a different level of
specific interactions between LDL and soy bean
lecithin. These differences may be caused by dif-
ferent compositions of the extenders tested in our

study, when they may probably differ in percentage
of soybean lecithin content; unfortunately more
detailed information about this is not available.
Low-density lipoprotein, as well as soybean lecithin,
acts mainly due to its phospholipid content (Thun
et al. 2002). As Moussa et al. (2002) noted, there
is a possible interference between the concentra-
tion and the positive influence of LDL. In their
study, more than 10% LDL as the replacement for
egg yolk in the extender led to a decrease in the
sperm motility after thawing. The situation was
similar in our study, in which 10% LDL in the egg
yolk extender BULLXcell” decreased the majority
of the sperm kinematic parameters in comparison
to the optimal 8% concentration of LDL. Moussa
et al. (2002) hypothesized that this was due to
precipitation of fructose and salts in the extender.
Thereby, the positive effects of LDL addition to
already present lecithin in the extender might be
also limited.

CONCLUSION

Based on the results of this study it could be
concluded that produced LDL might be preserved
using sodium azide. And especially that the cryo-
protective properties of the semen extenders based
on a soybean lecithin could be improved by egg
yolk LDL addition. Nevertheless, the identifica-
tion of the limits or patterns of this synergism
are beyond the scope of this study. Additional
experiments should be performed to determine
optimal LDL concentrations for individual types
of soybean lecithin-based extenders, as well as to
evaluate the clinical significance of the positive
effects observed.
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Abstract

Low Density Lipoprotein (LDL) could be an important substance for the improvement of the
still questionable cryoprotective efficiency of soybean lecithin (SL) extenders. The aim of this
study is to assess the effect of LDL extracted from hen-egg yolk on the cryoprotective
properties of SL extenders.

In total, 35 ejaculates were collected and cryopreserved at an insemination centre. The effect
of 6% (v/v) LDL addition to the extenders on spermatozoa after thawing was tested. Extender
modification was assessed on the basis of sperm motility, plasma membrane, mitochondrial
and acrosomal integrity by CASA, flow cytometry and fluorescent microscopy. Based on
kinematic parameters derived from CASA, k-means cluster analysis was used to classify
individual spermatozoon into specific subpopulations (fast, medium-fast and slow). A
subpopulation of fast spermatozoa was increased in the presence of LDL in both extenders
AndroMed” and Bioxcell® (P<0.05). Moreover, the positive effect of LDL on sperm motility
was confirmed by decreasing the percentage of sperm in slow subpopulation (P<0.05). The
effect of LDL addition on the incidence of spermatozoa with intact plasma membrane was not
demonstrated in any case of extender used (P>0.05). The percentage of sperm with intact
acrosome was improved when LDL was added to Bioxcell” (P<0.05). On the other hand,
addition of LDL to AndroMed” improved mitochondrial intactness after thawing (P<0.05).
Our results showed that adding LDL to selected SL extenders considerably ameliorated the
functional parameters of spermatozoa after thawing. Thus, our study unveiled another

possibility for improving the results of bull sperm cryopreservation.

Keywords: bull; cryopreservation; low density lipoprotein; spermatozoa; sperm quality;

reproduction
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1. Introduction

Artificial insemination (Al) in dairy cattle is primarily done with cryopreserved
semen. Currently, it is generally accepted that cryopreservation of bull semen is adequately
successful. However standard protocols provide just a 50% recovery rate post-thawed (Layek
et al. 2016). Efforts to increase the effectiveness of sperm cryopreservation are highly
desirable. One of the main methods to reduce the negative impact of cryopreservation and
increase quality of insemination doses (ID) is the modification of semen extender composition
(Yeste 2016).

The plasma membrane (PM), acrosomal membranes and mitochondria are those
primarily threatened areas during cryopreservation, along with reduction of sperm motility
(Tapia et al. 2012; Layek et al. 2016). One of the primary changes during cryopreservation is
cholesterol losses from PM (Srivastava et al. 2013) which induces changes in its liquid state
(Layek et al. 2016). Thus cholesterol obviously plays a substantial role in the physiological
functions of PM and other closely related structures (Horokhovatskyi et al. 2016).

Low Density Lipoprotein (LDL) as the major content of egg yolk (EY) plasma
interacts with spermatozoa and is responsible for its cryoprotective properties (Hu et al.
2011). EY extenders are frequently used in the bull AI industry (Stradaioli et al. 2007).
However, EY presents certain obstacles and thus there has been considerable interest in using
alternative extenders (Amirat et al. 2005). Soybean lecithin (SL) in bull semen extenders is
the leading option in current practice (Layek et al. 2016). Nevertheless, there is no clear
consensus concerning its cryoprotective efficiency when compared to EY (Aires et al. 2003;
Crespilho et al. 2012; Murphy et al. 2017). LDL as cryoprotective compound can be isolated
in standardized quality and conserved (Moussa et al. 2002; Simonik et al. 2016). Moreover,
due to the suggested similar mechanism of action (Vidal et al. 2013; Bergeron et al. 2004) and

our preliminary studies (Simonik et al. 2016; Beran et al. 2016), their synergistic effectiveness
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is much expected. Furthermore LDL is used as bionanomolecule for transfer therapeutic
compounds (Harisa and Alanazi 2014). Thereby, LDL may serve as a tool for increasing the
cryoprotective efficiency of SL extenders.

The objective of this study was to prove the use of LDL extracted from hen EY- as an

enhancing factor for SL extenders used for bull spermatozoa.

2. Material and methods
The study was carried out according to to directive 2010/63/EU and guidelines of the Czech

legislation (directive 208/2004 Sb.).

2.1. LDL extraction

Low-density lipoprotein was prepared with 97% purity according to the methodology
of Moussa et al. (2002) with modification in term of LDL prolonged shelf life. Hen eggs were
obtained from the controlled breeding program of BIOPHARM Inc. (Jilové u Prahy, Czech
Republic). Compared to the established methodology, slight modifications arose from our
previous study (Simonik et al. 2016). Sodium azide (0.1%) was used to preserve the LDL
produced and eliminate sanitary risks. Before using the LDL, sodium azide was removed by

extensive dialysis against PBS.

2.2. Preparation of the extenders

SL extenders, AndroMed™ (Minitibe, Tiefenbach Germany) and Bioxcell® (IMV
Technologies, L'Aigle, France), were used. Freshly dialysed LDL was then added in selected
concentration 6% (v/v) based on our preliminary results (Simonik et al. 2016) to each of the

aforementioned extenders. Extenders without LDL were used as a control.
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2.3. Collection and processing of semen

Seven bulls (3 Holstein-Friesian and 4 Czech Fleckvieh) were used. Ejaculates from
each bull were collected five times. All animals were stationed and ordinarily used for ID
production at the AI centre Natural Ltd., Hradi$tko pod Mednikem, Czech Republic (49.87
°N, 14.42 °E). All sires were of the same age, frequency of collection and bred under the
same management system as relates to handling, stabling and feeding system. Each of 35
ejaculates was submitted to the basic assessment done by trained laboratory technicians from
the AI centre. Collected semen was divided into samples in relation to the number of
experimental variants and cryopreserved by standard methods. Straws were analysed at least
one week after the cryopreservation. Before each evaluation, straws were thawed in a water
bath for 30 s at 37° C. All analyses were performed after 10 min of sample pre-incubation

after thawing at a temperature of 37 °C.

2.4. Evaluation of sperm motility

Sperm motility was assessed with the Computer Assisted Sperm Analysis (CASA)
module in the NIS Elements Ar 4.50. (Laboratory Imaging Ltd. Prague, Czech Republic),
using a DMK 23UMO021 camera (Imaging Source, Germany) with a frame rate of 60 images
per second and a stereo microscope (Nikon Eclipse E600, Tokyo, Japan) with a heated plate,
magnification x 100. After thawing, semen doses were diluted with Sp-TALP composed
according to Parrish et al. (1988).

The final concentration of spermatozoa in samples was adjusted to 20 x 10°
spermatozoa/ml. Then, 5 pl of the sample was evaluated in a Makler® counting chamber
(Sefi Medical Instruments, Haifa, Israel) with a 10 pum depth in six different fields per sample.
On average, 200 trajectories per field were analysed. Selected kinematic parameters were

analysed as follows: curvilinear velocity (VCL, pm/s), velocity of average path (VAP, um/s),
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straight line velocity (VSL, um/s), straightness (STR., %), and amplitude of lateral head
displacement (ALH, um). Percentages of progressively motile sperm (PMOT) were measured

by thresholds VAP > 30 um/s and STR > 70 %.

2.5. Flow cytometric assessment

Measurements were made using BD LSR II instrument (Becton Dickinson, San Jose,
USA). The SYBR 14 dye was excited by Argon ion 488 nm laser and the MitoTracker by
HeNe 633 nm laser. Before each specific sperm parameter evaluation, positive and negative
control samples were prepared to proper setting of flow cytometry analysis. Positive controls
for SYBR-14 or MitoTracker staining were prepared by standard procedure of Percoll
gradient (45/90). Negative controls were prepared according to the methodology of

Petrunkina et al. (2010).

2.5.1. Sperm viability assessment

For sperm viability analysis, Live/Dead Sperm Viability kit (Life Technologies,
Carlsbad, CA) was used. After thawing, sperm were diluted with HEPES buffer saline to a
concentration 1 x 10° spermatozoa/ml and 5 pl of each fluorochrome were added, resulting in
a final concentration of 100 nM of SYBR-14 and 12 pM of PI. The suspension was then
incubated in the dark for 10 min at 37° C. Live cells were detected as SYBR14 positive and

their green signal is detected on FL 1 (530/28 nm).

2.5.2. Assessment of mitochondrial integrity
For the evaluation of mitochondrial function, MitoTracker Red CMXRos (Invitrogen,
California, USA) was used. To distinguish sperm from debris and other particles in extenders,

carboxyfluorescein diacetate (CFDA) (Sigma Aldrich, St. Luis, USA) was used. Spermatozoa
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were diluted with Sp-TALP to a concentration 1 x 10° spermatozoa/ml. Following that, 5 pl of
MitoTracker working solution and 1 pl of CFDA were added; final concentration 10 nM and
1 nM, respectively. Functional mitochondria were MitoTracker positive, emitted red

fluorescence and were detected on FL 3 (670 LP).

2.6. Assessment of acrosomal integrity

For evaluation of acrosomal integrity, Pissum Sativum agglutinin conjugated with
FITC (PSA-FITC) (Sigma Aldrich, St. Louis, USA) was used according to methodology of
Hu et al. (2010). Air-dried smears were washed three times with PBS, fixed in methanol (-
20° C) for 10 min and again washed three times with PBS. Areas for staining were marked
with hydrophobic PAP pen (Sigma Aldrich St. Louis, USA) and slides were incubated with
PSA-FITC (200 mg/ml PBS) in a wet chamber for 30 min at 37° C. Finally,
Vectashield/DAPI (Vector Laboratories Ltd., Peterborough, UK) was added and the sample
was mounted under a coverslip. Evaluation was performed using a (Nikon Eclipse E600,
Tokyo, Japan) epifluorescent microscope at magnification 600x. Sperm with intact acrosome
were characterized with bright homogenous fluorescence in whole acrosome. For each

sample, two replicates were evaluated, amounting to 400 spermatozoa counted per sample.

2.7. Statistical analysis

For the evaluation of sperm kinematic parameters from CASA, k-means cluster
analysis was used to classify motile spermatozoa into subpopulations. Euclidean distances
algorithm processed variables STR, VAP, VCL, VSL, with 20 iterations were used to define
three clusters (sub-populations) of sperm. According to computed means of selected variables,
individual spermatozoon was afterwards assigned to one of three specific sperm

subpopulations: fast, medium-fast and slow (Table 2). To determine differences in the
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distribution of these subpopulations, the 32 test was used. Percentages of progressively motile
sperm and data from flow cytometric assessment were expressed as the mean = standard error
of the mean (SEM). The analysis of variance model (ANOVA) was used, considering the
specific treatment LDL addition, as the main variable. Tukey’s test was used for comparison
of significant effect. Differences in all cases were considered as statistically significant at P <
0.05. Statistical analysis was performed in STATISTICA 12 software (StatSoft, Czech

Republic).

Results
3.1. Effect of LDL addition to SL extenders on progressive motility and distribution of sperm
subpopulations

Sperm motility evaluated as a percentage of progressively motile sperm (PMOT) was
not affected by LDL addition in both extenders (P > 0.05) (Table 1). Cluster analysis of sperm
kinematic parameters (total number of 53,871 spermatozoa) revealed the effect of LDL
addition. The addition of 6% to AndroMed” and Bioxcell® extenders, increased the
percentage of fast spermatozoa subpopulation (AndroMed” control: 31.24%, AndroMed” +
6% LDL 34.64%, Figure 1, P < 0.05; Bioxcell® control: 46.55, Bioxcell” + 6% LDL: 49.75,
Figure 2, P < 0.05). A significantly reduced percentage of slow sperm was observed only in
the case of LDL addition to AndroMed”™ (AndroMed” control: 28.48%, AndroMed” + 6%
LDL: 22.75, Figure 1, P < 0.05). Medium-fast sperm subpopulation was affected by LDL
addition in both extenders (AndroMed” control 40.28%, AndroMed” + 6% LDL 42.62;

Bioxcell® control 33.93%, Bioxcell” 31.54% Figure. 1, P < 0.05).

3.2. Effects of LDL addition to SL extenders on sperm viability, acrosomal and mitochondrial

integrity
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All following results are presented in Table 1. The effect of LDL addition to the
extender AndroMed” nor Bioxcell” on the incidence of spermatozoa with intact PM was not
demonstrated (P > 0.05). The percentage of sperm with intact acrosome was improved when
LDL was added to Bioxcell™ extender (P < 0.05) while in the case of AndroMed® with 6%
LDL differences were insignificant. The addition of six percent LDL to AndroMed" extender
improved mitochondrial intactness after thawing (P < 0.05), while in Bioxcell” extender, the

differences were insignificant.

4. Discussion

A long period elapsed from the first real experimental evidence that bull sperm could
be cryopreserved. Despite the efforts of many research groups to improve cryopreservation
protocols for bovine semen, considerable percentages of spermatozoa were irreversible
damaged (Srivastava et al. 2013). In light of the facts that i) there are inconsistent data on the
cryoprotective efficacy of soybean lecithin (SL) based extenders as the most accepted
alternative for egg yolk (EY) (Stradaioli et al. 2007) ii) LDL is cryoprotective compound of
egg yolk (Moussa et al. 2002) iii) main method to improve results of sperm cryopreservation
is modification of semen extender composition (Holt 2000), our study is aimed to assess the
effect of LDL on SL cryoprotective properties.

Attempts to examine the effect of LDL addition to animal protein-free SL extenders
when there is commercially available liposome based Optixcell” have been strongly
supported by a very current study done by Murphy et al. (2017). The authors compared the
protective properties of Optixcell® with different types of semen extenders. The study found
that Optixcell” was not as sufficient as SL and EY extenders in protection of sperm during
short term storage when progressive motility was evaluated. Moreover, this predominantly

field study revealed that the calving rate was highest when EY extender was used for semen
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preservation. This supports doubts concerning SL and EY extenders effectiveness (Aires et al.
2003; Crespilho et al. 2012; Murphy et al. 2017) and clearly, shows compound of animal
origin provides better cryoprotectivity. The fact that artificial liposome-based extender did not
exhibit such protection during semen chilling showed that other methods to improve the
cryoprotective properties of bull semen extenders could be found.

Our preliminary results indicated the effect of LDL on the sperm functional
parameters before and after cryopreservation (Beran et al. 2016; Simonik et al. 2016). The
present study, based on a larger variety of functional parameters, was assessed in a higher
number of replicates providing more precisely the impact of LDL on cryoprotective efficiency
of SL extenders. Our results showed that in either case of AndroMed” or Bioxcell” extender,
LDL addition had a significantly beneficial effect on the percentage of sperm in
subpopulations fast, medium-fast and slow (Figure 1 and 2). LDL was shown to be more
suitable for preserving sperm motility post-thawed in Bioxcell” since, after its addition the
samples exhibited the highest percentage of spermatozoa in fast subpopulation. Moreover, as
has been confirmed by Ferraz et al. (2014) the percentage of spermatozoa in this
subpopulation correlates with fertilizing ability of sample. Concerning the insignificant effect
of LDL on PMOT (Table 1), it was proven that cluster analysis as a method reflecting the
heterogeneity of sperm population in samples (Martinez-Pastor et al. 2011) pointed out more
precisely the response of cells to modified conditions during cryopreservation (Sichtar et al.
2017).

During cryopreservation, cholesterol and phospholipids are released from LDL
particles and consequently interact with PM and form a protective layer (Amirat et al. 2005).
Moreover, cholesterol may interact deeper in the PM structure and finely tune it to make PM
more resistant to harsh conditions during cryopreservation (Bergeron et al. 2004), and thus it

keeps its physiological state for further important moments; e.g. capacitation (Travis and
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Kopf 2002) or the sperm-egg interaction (Jankovicova et al. 2016). Interestingly our results
showed no significant positive effect of LDL on sperm PM in either extender (Table 1). This
is contrary to the LDL effect before cryopreservation on PM assessed by our previous study
(Beran et al. 2016) and other studies e. g. (Hu et al. 2011). Above all, our results are in
compliance with the study Amirat et al. (2005) in which the authors provided the closest
insight into the LDL function in PM stability using scanning electron microscopy. Moreover,
its positive effect on sperm motility supports evidence that LDL may protect function of
proteins in PM correlated with sperm motility as e. g. A-kinase anchored protein 4 (AKAP4)
(Luconi et al. 2011). When this effect could not be detected by selected method of sperm PM
integrity assessment. Nevertheless, manifestations of the LDL effect could be specifically
hidden in other sperm compartments among others in the acrosome as tightly related to the
PM (Perumal et al. 2016). Our results show the significant positive effect of 6% LDL addition
to Bioxcell” on intactness of this compartment (Table 1) that is crucial for the successful
binding and fertilization of oocytes (Layek et al. 2016). This is supported by evidence that
LDL had a positive indirect influence on maintaining the functional status of PM due to its
high binding affinity to BSP proteins (Lusignan et al. 2011), thereby preventing
destabilization (Srivastava et al. 2013). Our results differ according to the extender used,
which could indicate their distinct composition. Moreover, previous studies (Simonik et al.
2016; Murphy et al. 2017) revealed the distinct effectiveness of LDL across different SL
extenders and protection by themselves alone, respectively. The high content of
polyunsaturated fatty acids in the PM of sperm increased their predisposition to damage
caused by Reactive Oxygen Species (ROS) (Tapia et al. 2012). Moreover, as sperm have a
limited capacity of antioxidative system (Gharagozloo and Aitken 2011) the content
antioxidants in LDL (Alvarez-Rodriguez et al. 2013) and effect on antioxidant activity (Hu et

al. 2011) is highly important. Sperm mitochondria are organelles, which are the most
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susceptible to the higher levels of ROS usually achieved during cryopreservation (Ferrusola et
al. 2009). Currently up to a half of the motile sperm population is irreversibly damaged and
lost during cryopreservation (Layek et al. 2016). However, these losses may be higher, since
there is a proportion of sperm affected by sub-lethal damage localized on mitochondria
(Ferrusola et al. 2009). The results of our study revealed a significant positive effect of LDL
on mitochondria integrity. This fact clearly shows that LDL containing antioxidants o-
tocopherol and ubiquinol (Alvarez-Rodriguez et al. 2013) represents important enhancing
agent for antioxidant activity of SL extenders. This is in accordance with studies in which
LDL was used as a substitution of EY (Perumal et al. 2016). It conserved a better
mitochondrial function of sperm after thawing, thereby providing better conditions for sperm
and leading to a higher probability of fertilization. However, this significant effect on
mitochondrial activity was only shown in the case of LDL additions to AndroMed” extender;
see Table I. Inconsistencies in the effect of LDL addition through extenders might be
attributed to the supposed different composition of extenders. Unfortunately, information
concerning either the precise content of SL or other components in extenders is unavailable.
Even more, as Futino et al. (2010) stated, excessive concentrations of SL are not beneficial for
sperm. Due to the fact that molecules of LDL also include phosphatidylcholine (Hevonoja et
al. 2000) total concentrations of this compound could reach levels inhibiting the positive
effects of LDL.

To sum up, LDL maintains functional parameters such as motility, acrosomal and
mitochondrial integrity of bull spermatozoa at a higher level after thawing, and thus
represents a relevant ameliorative agent for increasing the cryoprotective efficiency of SL
extender. Moreover, our results show that its positive effects depend on the type of SL
extender used. Future research should be directed to validation of the LDL effect in SL

extender on the fertilizing ability of spermatozoa under in vivo conditions.
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Figure legends

Figure 1. Effect of LDL addition to the AndroMed” extender on sperm distribution in
clusters after thawing.

Different superscripts in same cluster represent significant differences (P < 0.05).

Figure 2. Effect of LDL in Bioxcell” extender on sperm distribution in clusters after thawing.

Different superscripts in same cluster represent significant differences (P < 0.05).
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Table 1. Effect of LDL addition to soybean lecithin-based extenders on sperm qualitative

parameters after thawing.

Experimental group PMOT (%)  Viability (%)  Acrosome integrity Mitochondrial integrity
(%) (%)
Andromed - control 47.69 32.08+1.29 57.39+£ 2,00 28.97 +0.81°
Andromed + 6% LDL 48.11 31.53+1.34 59.19 + 1,85 3209+ 1.17°
Bioxcell - control 49.06 2731 £ 1.46 56.86+1.79° 30.46 + 1.25
Bioxcell + 6% LDL 50.15 28.53+£1.43 63.29+1.61°" 31.56 + 1.40

PMOT - progressively motile; Numbers with different superscripts within a column significantly

differ (P < 0.05).
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Table 2: Characterization of different sperm subpopulations determined by cluster analysis of kinematic

parameters of motile spermatozoa. Data are expressed as mean + SEM.

VSL (pm/s) VAP (um/s) STR (%) ALH (pm)

Cluster N (%) VCL (um/s)
slow spermatozoa 12066 119.60+0.19
(22.40%)

medium fast spermatozoa 19988 208.94+0.21
(37.11%)
fast spermatozoa 21807 255.40+0.19

(40.49%)

65.60+0.21 72.76+0.19 88.95+0.14 4.55+0.02

95.99+0.16  104.86+0.12 9095+ 0.08 6.32+0.01

129.24+0.15  136.2740.13  94.52+0.05 7.36+0.1

VCL - curvilinear velocity (um/s), VSL - straight-line velocity (um/s), VAP - average velocity path

(um/s), STR - straightness ( %), ALH - lateral head displacement (um)
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5 Sumarni diskuze

V soucasnosti je um¢ld inseminace kryokonzervovanym semenem nejpouzivanéjsi
biotechnologickou metodou v chovu mlééného skotu. Nicméné navzdory dlouhé dobé, ktera
uplynula od prvnich objevii moznosti kryokonzervace spermii byka (Polge et Rowson, 1952), je
V soucasnosti uvadéno, ze je az padesat procent spermii béhem tohoto procesu nenavratné
poskozeno (Layek et al., 2016). V souvislosti se soucasnym poklesem reprodukéni vykonnosti
plemenic (Anggraeni et al., 2016) je tedy zcela zfejmé, ze snahy o zvyseni efektivity
kryokonzervace, a tim vysledné kvality inseminacnich davek jsou velice zadouci. Jednou
Z hlavnich cest, jak omezit plsobeni negativnich vlivii kryokonzervace a zvysit tak jeji
uspésnost, je modifikace slozeni fedidel semene (Holt, 2000a). Prakticky nejpouzivanéjsi
alternativou Siroce vyuzivanych fedidel s obsahem vajecného zloutku (Murphy et al., 2018) jsou
fedidla na bazi s6jového lecitinu (Muino et al., 2008; Layek et al., 2016). Ta sice eliminuji urcité
problémy, které piedstavuje pfitomnost vajeéného zloutku (Bousseau et al., 1998; Amirat et al.,
2005; Ansari et al., 2010), ovsem studie zabyvajici se problematikou porovnatelnosti protektivni
ucdinnosti téchto dvou typl fedidel se ve vysledcich rozchazeji napt. (Crespilho et al., 2012;
Murphy et al., 2017).

Vysledky studie autord Pace et Graham (1974) jako prvni ukazaly, ze funkéni slozkou
vajecného Zloutku odpovédnou za jeho kryoprotektivni vlastnosti je LDL. Po publikaci metodiky
substituce vaje¢ného Zloutku pomoci LDL v fedidlech semene bykl prokazaly jeho pozitivni
pisobeni na spermie bykll po rozmrazeni napi. (Hu et al., 2010; Hu et al., 2011). Nami
pouzivané LDL bylo produkovano na zaklad¢é navrzené metodiky vyzkumnym tymem Moussa et
al. (2002), ktera byla ovsem cCaste¢né¢ modifikovana ptidanim azidu sodného, z divodii moznosti
jeho dlouhodobéjsiho skladovani. Soucasti nasi prace bylo ovéteni standardnich vlastnosti nami
produkovaného LDL. Dle naSich vysledkl se jako nejoptimalnéjsi, z hlediska motility spermii,
pro substituci vajecného zloutku jevila 8% koncentrace LDL, coz se shoduje i s pracemi
ostatnich tymt (Amirat et al., 2004; Hu et al., 2011). Nami  pfipravované LDL  tak
vykazovalo standardni vlastnosti i po jeho konzervaci, coZ zvySuje jeho potencialni praktickou

vyuzitelnost.

Nase studie byly primarn¢ zamétfeny na posouzeni vlivu adice LDL do fedidel s obsahem
sojového lecitinu. Pravdépodobné mechanismy plsobeni LDL a sdjového lecitinu jsou obdobné

(Bergeron et Manjunath, 2006; Zhang et al., 2009). OvSem séjovy lecitin postrada ve své
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struktufe cholesterol, coz je zasadni slozka z hlediska rezistence spermii vici kryokonzervaci
(Moce et al., 2010a). Castice LDL kromé& vysokého obsahu cholesterolu s sebou nesou také
antioxidanty (Anton et al., 2003; Alvarez-Rodriguez et al., 2013). LDL je tak substanci

s vysokym potencialem zvySovat kryoprotektivni vlastnosti fedidel s obsahem s6jového lecitinu.

Negativnim faktorim jsou spermie vystaveny jiz pied samotnou kryokonzervaci
Vv prub¢hu postupného zchlazovani a ekvilibrace nafedéného semene, nebot’ uz v této fazi ptisobi
faktory chladového $oku narusujici fyziologickou funkci PM (Morris et al., 2012). Vzhledem
k tomuto faktu se nase prvotni studie zabyvaly vlivem LDL na spermie jiz v téchto fazich
kryokonzervace. Hodnoceni odolnosti probihalo na zéklad¢ procentudlniho zastoupeni spermii s
intaktni PM, coZ je primarné poS§kozovana struktura v pribéhu procesu kryokonzervace (Moce et
al., 2010b; Tapia et al., 2012; Khalil et al., 2018). Vysledky prokazaly pozitivni vliv LDL ve
spojeni s vybranymi fedidly na bazi sdjového lecitinu Andromed a Bioxcell na rezistenci spermii
viéi chladovému Soku. Zjisténi pozitivniho efektu LDL jiz v prvotnich fazich procesu
kryokonzervace nam poskytlo relevantni podklad pro nasledné testovani vlivu LDL ve

specifickych typech fedidel po vlastni kryokonzervaci.

V pribéhu samotné kryokonzervace jsou buniky naddle vystavovany znacné zatézi.
Snizujici se teplota dale vede k pfechodu fluidniho stavu membrany v krystalickou formu (Sieme
et al., 2015) a soucasné jsou spermie vystavovany fluktuacim osmotického tlaku zapftic¢inéného
tvorbou extracelularnich krystalti (Holt, 2000a; Morris et Acton, 2013). Vysledky ptedchozich
studii ostatnich autorti, které byly vSechny zaméfeny na moznost nahrady vajecného zloutku
v fedidlech ejakulatu bykdi pomoci LDL, prokazaly jeho pozitivni vliv na fadu funkc¢nich
parametrit spermii bykl po rozmrazeni (Hu et al., 2011; Perumal et al., 2016). Nase prvotni
vysledky ukazaly, Ze adice 6% LDL pozitivné ovlivilovala primémé hodnoty kinematickych
parametrii motility spermii, predev§im ve spojeni s fedidlem Bioxcell. Co se tyce vlivu LDL na
viabilitu spermii, nebyla prokazana statisticka vyznamnost.

V navazujici studii bylo semeno odebrdno podstatné vétSimu poctu byka
pfi n€kolikandsobném opakovani a soucasné¢ byl efekt adice LDL na kvalitu spermii
po rozmrazeni hodnocen na zdklad¢ §irSi Skaly funkcénich parametri. Tim byla podpoiena vdha
vysledkt z hlediska potencialni fertiliza¢ni schopnosti spermii (Sellem et al., 2015). Navic byla
analyza vybranych parametrli spermii objektivizovana jak pouZitim pritokové cytometrie
(Hossain et al., 2011), tak vyuzitim clusterové analyzy pro vyhodnoceni dat z CASA. Tato

multiparametrickd statistickd metoda umoznuje hodnoceni vzorku na zéklad¢ ptitomnosti
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riznych subpopulaci spermii (Holt et al., 2007), pficemz jeji pouziti bylo iniciovano na zaklad¢
zpracovaného review (Simonik et al., 2015) a praktickych zkuSenosti ze zahrani¢nich stazi.
Clusterova analyza je v soucasnosti védeckou spolecnosti piijimana jako nejvhodnéjsi statisticky
postup pro hodnoceni kinematickych parametrti motility spermii. Zohlediiuje heterogenitu
populace spermii ve vzorku, coz udava jeji vysokou vypovidajici biologickou hodnotu (Holt et
Van Look, 2004), a lze tak sjeji pomoci piesnéji odhalit vliv modifikace podminek pii
kryokonzervaci (Muino et al., 2008; Sichtar et al., 2017).

Ziskan¢ vysledky ukézaly signifikantni efekt adice LDL na zastoupeni spermii
Vv subpopulacich zahrnujici rychlé a pomalé u obou vybranych fedidel. Navic se LDL jevi jako
optimalnéjsi po pfidani do fedidla Bioxcell, protoze v tomto piipadé¢ byl nartist procenta
v subpopulaci zahrnujici spermie s rychlym pohybem nejvyraznéjsi. Vyznamnost procentualniho
zastoupeni spermii v této subpopulaci dokladaji vysledky studie (Ferraz et al., 2014), pozitivné
korelujici s vysledky in vitro oplozeni. Co se ty¢e vysledkii procenta progresivné motilnich
spermii (PMOT), nebyl G¢inek LDL prokazan. To zfetelné ukazuje na velmi obecnou
vypovidajici schopnost tohoto nejcastéji v praxi hodnocené¢ho parametru spermii.

LDL pii nizkych teplotdich dosahovanych v pritbé¢hu kryokonzervace hraje klicovou roli
pti tzv. gelaci vajecného zloutku (Wakamatu et al., 1982; Primacella et al., 2018). Pti tomto
procesu dochazi k rozvolnovani struktury LDL a naslednému uvolnéni obsazenych fosfolipidi a
cholesterolu LDL do média obklopujici spermie, ¢imZ je umoznéna jejich interakce sPM a
tvorba ochranného filmu (Martinet et al., 2003). Byla prokazana vysoka afinita LDL k vazb¢ do
vng&jsiho listu PM (Le Guillou et al., 2016), ¢imz je pozménovan pomér zastoupeni cholesterolu
k fosfolipidim a tim je docileno potencialné vyssi rezistence této struktury vuci kryokonzervaci
(Bergeron et al., 2004). Tento princip hraje klicovou roli v kryoprotektivnim ptsobeni vaje¢ného
Zloutku v fedidlech semene (Oldenhof et al., 2015). Vyssi koncentrace cholesterolu v PM jsou
schopny pozitivné ovliviiovat rovnéz stabilitu proteinovych struktur (Sultan, 2010) a udrzovat
tak jejich biologickou aktivitu souvisejici s procesy nezbytnymi pro tuspé$nou fertilizaci, jako je
napf. kapacitace (Travis et Kopf, 2002) nebo vazba spermie na oocyt (Jankovicova et al., 2016).
Nase vysledky ovSem neukazaly v zddném z vybranych fedidel signifikantné pozitivni vliv adice
LDL na integritu PM. To neni sice zcela ve shod¢ s vysledky ptedeslych studii hodnoticich LDL
jako substituent vajecného zloutku, ovSem na druhou stranu jsou tyto vysledky obdobné jako
Vv piipadé studie autord (Amirat et al., 2005). Ta diky vyuziti elektronové mikroskopie poskytla
vibec nejdetailnéj$i nahled na fungovani LDL v rdmci PM, vysledky neukéazaly vyznamnou
podporu jeji ultrastrukturalni integrity. Navic pasobeni LDL na funkéni stav plazmatické

membrany mize byt za moznostmi detekovatelnosti pouzité metody pro hodnoceni. Jeho vliv
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v

muze byt pozorovatelny na mnohem jemnéjsi trovni, naptiklad ve spojeni s udrzenim integrity
proteinovych struktur v PM. Ve spojeni s nasimi vysledky ukazujicimi pozitivni vliv LDL
na motilitu se jako pravdépodobny jevi pozitivni vliv LDL na A-kinase anchored protein
(AKAP4) tizce souvisejici s motilitou spermii (Luconi et al., 2011).

Vliv LDL se miize projevit v ramci dalSich bunéénych struktur Gzce souvisejicich s PM
(Perumal et al., 2016). Proto bylo do studie zafazeno i hodnoceni efektu LDL na miru poSkozeni
akrozomu spermii po rozmrazeni. Vysledky ukazaly pozitivni vliv 6% koncentrace LDL v
fedidle Bioxcell® na miru intaktnosti této struktury dileZité pro Usp&$né navazani spermie a
oplozeni oocytu. Tato koncentrace byla prokazana jako optimalni z hlediska rezistence spermii
vaci chladovému Soku jiz pied kryokonzervaci (Beran et al., 2016). Tento pozitivni efekt by
mohl byt spojen se schopnosti LDL nepfimo plsobit na udrZeni stability a funk¢ni integrity PM.
LDL je charakteristické vysokou afinitou k proteiniim rodiny BSP (Bovine Sperm Binder), kdy
prodlouzena expozice spermii t€émto proteinim vede k destabilizaci PM (Lusignan et al., 2011a).

Dalsi vyznamnou vlastnosti LDL jsou antioxida¢ni ucinky, které uddva obsah
antioxidacnich slozek a-tokoferolu a ubiquinolu (Alvarez-Rodriguez et al., 2013). Vysoky podil
polynenasycenych mastnych kyselin v PM spermii zvySuje vyznamné jejich predispozice
k poskozeni volnymi kyslikovymi radikaly (Tapia et al., 2012). Spermie maji navic velice
omezenou kapacitu antioxidativniho systému (Gharagozloo et Aitken, 2011). Bylo prokazano, ze
pfitomnost LDL pozitivné ovliviiuje aktivitu enzymi katalazy, superoxid dismutdzy a glutathion
peroxidazy (Gharagozloo et Aitken, 2011). Celkova antioxidativni aktivita LDL byla prokazana
na vys$i Grovni i V porovnani s fedidly na bazi sdjového lecitinu (Alvarez-Rodriguez et al.,
2013). Nase vysledky ukazaly vyznamny vliv vybrané 6% koncentrace LDL na zachovani
integrity mitochondrii. Byla tak dale prokazédna vysokd relevantnost adice LDL nesouciho
s sebou antioxidanty do fedidel na bazi sdjového lecitinu. Pfitomnost LDL v téchto fedidlech tak
ovlivituje pozitivné funkéni stav mitochondrii spermii po rozmrazeni a potencialné tim zvysuje
jejich fertilizaéni schopnost. Mitochondrie spermii jsou nejvice nachylnymi organelami spermii
na zvySené hladiny reaktivnich forem kysliku, kterych je b&hem procesu kryokonzervace
dosahovano (Yeste, 2015). Je vSeobecné uvadéno, ze co se tyce motility, 50 % spermii po
rozmrazeni ji ztraci. OvSem toto procento miize byt vyssi pravé diky nepatrnym zméndm prave
na mitochondriich, jez béhem posuzovani motility neni moZzné zhodnotit. Tento fakt je velice
dobie zietelny i z vysledkd nasi posledni studie. Tyto sub-letalni alterace vedou jak k navySeni
procenta spermii se snizenou oplozovaci schopnosti (Layek et al., 2016), tak k negativnimu

ovlivnéni zbyvajici populace spermii kvuli nastartovani procest apoptozy (Roca et al., 2016).
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Vysledky piisobeni adice LDL na zachovani integrity akrozému a mitochondrii se
v kontextu s vybranymi fedidly lisi. To poukazuje pravdépodobné na jejich rozdilné sloZeni.
Tuto hypotézu podporuji 1 vysledky neddvno provedené rozsahlé studie autortc Murphy et al.
(2017), kde samotna SL fedidla vykazovala odlisné protektivni u¢inky. Lze to vysvétlit moznou
interferenci zvySené koncentrace so6jového lecitinu pritomného v fedidlech a pfiddvané¢ho LDL.
Piekroceni limitniho mnozstvi fosfatidylcholinu inhibuje jeho pozitivni u¢inky (Futino et al.,
2010). Informace o pfesném obsahu sojového lecitinu ve vybranych komeréné vyrabénych

fedidlech jsou nicméné nedostupné.

Kryobiologie spermii je progresivnim védnim oborem a problematika modifikace slozeni

fedidel semene je velice aktudlnim tématem. Nedavno bylo na trh uvedeno fedidlo Optixcell
(IMV, Francie) s obsahem uméle pfipravovanych lipozomu s navazanym cholesterolem. OvSem
tato alternativa se na zaklad¢ vysledku studie Murphy et al. (2017) nejevi zcela jako optimalni.
Redidlo neposkytovalo dostate¢nou ochranu pii uchovavani jiz ve zchlazeném stavu, V
porovnani jak s fedidly Zloutkovymi, tak na bazi s6jového lecitinu. Navic vysledky prokéazaly
stejny trend i pfi testovani in vivo, kdy se jako nejoptimalnéjsi ukazalo tedidlo s obsahem
vajeCn¢ho Zloutku. Tyto vysledky potvrzuje biofyzikalni studie, jejiz vystupy ukézaly na
signifikantné nizsi afinitu lipozémi k PM spermii v porovnani s LDL.
Pokud jde o dalsi alternativu, jak obohatit PM spermii o cholesterol, je to vyuZiti cyklodextrind,
na které miZe byt navdzan a transportovan. OvSem prozatim se tato moZnost nachazi stale
v experimentalni fazi. Bylo vSak prokéazéano, Ze tato alternativa miize mit za nasledek prodlouzeni
doby potiebné ke kapacitaci spermii, coz piedstavuje vyznamny problém z hlediska na¢asovani
Al, a tim praktické vyuzitelnosti této alternativy. Ukézaly se tak limitujici vlastnosti uméle
pfipravovanych substanci a ve studii Murphy et al. (2017) byly rovnéZz potvrzeny rozporuplné
vysledky porovnatelnosti protektivnich U¢inka fedidel na bazi sdjového lecitinu a vajecného
Zloutku.

Je tedy zifeyjmé, Ze naSe studie, jez se zabyvaly testovanim naprosto nové varianty
modifikace fedidel s obsahem so¢jového lecitinu, predstavuji vyznamny krok k moznosti zvysit

jejich kryoprotektivni vlastnosti.
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6 Zavér

Uginnost kryoprotektantti obsazenych v fedidlech semene je jednim ze zasadnich faktort
rozhodujicich o GspéSnosti kryokonzervace spermii. LDL, majoritni slozka plazmy vajec¢ného
zloutku, je charakteristicky jak svymi vyjime¢nymi protektivnimi vlastnostmi, tak i specifickou

strukturou piedurcujici ho k jeho pouziti jako bio-nanomolekuly.

Vysledky nasich studii ukazaly, ze LDL v interakci s vybranymi fedidly na bazi sdjového
lecitinu Andromed a Bioxcell puasobi pozitivné jiz pred vlastni kryokonzervaci, v prabéhu
zchlazovani spermii. Po kryokonzervaci se pozitivni vliv adice LDL projevil rovnéz, a to
ve shodné koncentraci 6 %. Efekt LDL po rozmrazeni se projevil v distribuci subpopulaci
motilnich spermii, zvySenim procenta spermii s intaktnim akrozomem a neporuSenou

mitochondrialni funkei.

Vysledky substituce vajeéného zloutku ve zloutkovych fedidlech samotnym LDL byly
obdobné, jako v pfipad¢ praci ostatnich autorii. Byla tak ovéfena standardni kvalita ndmi
produkovaného LDL a zaroven se timto potvrdila moznost uchovavani LDL v azidu sodném.
Bylo tedy umoznéno dlouhodobéjsi skladovani vétsiho mnozstvi LDL ziskaného z konkrétni
Sarze vajec, coz je dulezité z hlediska udrzeni standardniho slozeni fedidel.

Tento fakt znamena vyznamné podpoieni potencialni translace vysledkii naseho vyzkumu
do praxe.

Vyzkum byl veden zcela novym smérem zvySovani kryoprotektivni ucinnosti fedidel
semene bykl s obsahem sojového lecitinu. Lze konstatovat, Ze LDL ptedstavuje substanci
S vyznamnym potencidlem pro zvySovani kryoprotektivnich vlastnosti tohoto typu fedidel. NaSe
prace oteviela novou cestu ke zvySeni efektivity kryokonzervace spermii bykl a zaroven byl
védni obor kryobiologie spermii obohacen o nové poznatky tykajici se synergie

kryoprotektivniho pisobeni LDL a bezzloutkovych receptur fedidel na bazi sdjového lecitinu.

V budoucnu by bylo vhodné ovérit efekt LDL v navazujici in vivo studii, pfipadné
hloubé&ji zkoumat jeho plisobeni na proteinové struktury v plazmatické membrané, klicové

Z hlediska fertiliza¢ni sc

hopnosti spermii.
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Introduction

Sperm Motility module is a set of functionality
built on the top of the modular JOBS
architecture.

Its goal is to perform the sperm maotility
analysis from the acquisition to the final
exports.

The tools are specifically designed for:

e acquiring different kind of time-lapse
experiments,

« associating metadata with different
specimen conditions,

« running custom automated or supervised
decision guided acquisition schemes,

* managing and inspecting acquired data,

« analyzing acquired data for individual
sperm motility features,

« showing motility statistics and graphs,

« classifying based on any measured
feature,

« showing the results in graph or

« exporting for further analysis

NIS-Elements check
NOTE: Do this before each experimental day!
1. USB Dongle inserted.

2. Enough free space on the acquisition disk:
at least 20GB before experiment

3. Correct camera switched ON and running.
Confirm with status bar:

For example: |24 DMK 23UM021

4. Correct Optical Configuration set.
Confirm with status bar:

15-10x SPERMIE (0.3745 um/px @ 1280 x 960)

5. Check the Calibration.

In case of failure in one or more of the above
check see the troubleshooting section.

Plan Carefully

« all relevant sample marking
(they can be changed later but there is a
big potential for an error)

« the location of the Database
(this cannot be changed without having to
move the whole database elsewhere)
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Preparing a new Database

NOTE: This preparation step can skipped if the
acquisition will be done into already created
database.

All data are acquired into a Database. It has
following structure.

-
v

The database must be created and configured
first. Here is a sample image of already
populated JOBS Explorer window:

[ 708s Exshorer x
| Database: N:C2U TSz 1S smamcky.det ~ |

T e o prepesties | Readss

dremt | % g o

Jobs: = Toolbar: ..
=) : Date =
Ao JoB =

m; €140 PM (245 moges, 2 mnutes)

37 P4 (246 wmeger, 2mnutes 18
236 PM (246 images, L minute)
Tue 7/15/2014 0:24 P (290 mages, 6 mnotes 38 stonds)
Tue 7/15/2034 £:22PM (246 images, 2 minutes 4 sedirds)
Tue 7/13/20 P (230 wages, 2 mnutes 4 sechrds)
Tug 774572014 6238 PM (246 imaes, L minute 55 sofbndi)

Tue 7/15/203 xlsm(ﬁms.}mm‘x*l RUNs

Tue 7/15/2034 4:57 P (246 wrages, L minute 14 0eg

Tue 7/45/2024 4:54 PM (246 images, 2 minutes)

Tue 71372014 %46 PM (290 wmages, 7 mnutes 24 edfonds)

Tue 7/15/2044 4:43 PM (246 imoges, 2 minutes 59 sabonds)

Tue 7/15/2034 %41 7M (246 wmeges, Lmnute 46 sbnds)

Tum 774572034 434 PM (246 amages, 7 minutea 28 sefeads)

Tue 7/15/2014 4132 PM (245 mages, Lmnute 2L sefnds)

Tue 7/1572034 4:26 PM (246 mmages, S mnutes J )
varais

T 7782014 656 PM (246 mages, 58 recorda)

Tue 7/8/2014 & 52 P (246 images, 2 minutes)

Tue 7/8/2014 620 PY (230 mages, 1miute 55 secords)

Tus 7/8/2014 £:47 M (296 images, 2 mirutas 3% sccords)

Tue 7/8/2014 596 PM {29 mages, 56 seconds)

Tue 708/2014 & 35 PH {245 mages, 4 mrutes 3 secords)

v 1570014 <

bonds]

JOB

A. New database

The database is residing in its (database) root
folder. It will contain all the image data and the
metadata (labels, measurements, tracks etc.)
stored into the database (the DAT file)
throughout whole experiment.

The inner structure of the folders and files
inside the database root folder must be kept
unaltered as it may lead to data loss.

Choose the names and folders carefully!

In NIS-Elements select from menu “JOBS" the
second item “Explorer..." It will stay open
during whole session.

NOTE: You do most of interactions from within
this window.
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Window  Applications  JOBS  Help

IS-10x Ph [S-10x Plan IS-20x Plan Fluor IS-40x Plan Fluor
wcosJos BH Z: @

The new database is created by selecting
“Create New..." from the popup menu.

JOBS Explorer x|
Database: |D:\test\test.dat ~
Proj Create New... o

NOTE: The same functionality can be found in
the JOBS popup in main menu.

B. Creating a New project

Project is a logical category into which users
may group their data if it is helpful for their
organizational needs.

Database cane divided into projects which
make different experiment days, for instance.

It is a second highest ranking division under
the database.

&M | order to create a new project, use
the “New" button. Fill its new name and some
additional information about the type and place
of the experiment.

NOTE: Data from different projects cannot be
mixed during visualization. They are treated as
separate units.

C. Configuring Metadata

Metadata are pieces of information stored
together with image data. Depending on what
is relevant for the experiment it can be:
species, identification markers, incubation
time, used chemical etc.

To add new Metadata, use JOBS menu item
“Manage Custom Metadata..."

In the dialog choose “New" to make a new
Custom Metadata set from scratch or “Import"
to load an already premade.
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Wi ge Cumon Metaits o

« 13 et =55 taat v | X Remon

Type affects properties

2x click to rename

Already made Custom

Metadata Sets (here “bull") can be exported
into XML files for later use in another
database.

Save the Custom metadata

H 1

D. Creating a New job

Job is a program that is run in order to acquire
data. It produces individual runs.

Job is an organization category too. Each Job
can be an experimental day or experimental
group. Thus it is created on each such an
event.

In order to import a premade job use the
“Import" button in the JOBS Explorer.

oot
Another possibility is to create the new job
from the scratch.

198 New

Example: Simple Job for Sperm Motility
A n CustomMetadeta =
v i{. | Repeat : & tres l

+ Uwe widow : Lae
L3 Question

[ Acquire FastTimdegse
The Job (program) consists of five tasks in a
special (nested) order:

1. Fillin Custom Metadata

2. Repeat 6 times the following:

(in Runtime)

+ Show live image

* Ask the user to move to different
location and wait for ENTER key

+ Run a fast 2second time-lapse
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Pfeﬁ"ing the Metadata Running iobs

b esmegen o After previous step there is at least one job

P— : 1 experiment definition ready to be run in the

iieiin | “JOBS Explorer™

Durtors Vetadate: i, r e - m

o = | - Dotobeses 472115 e aYis oy e -

R o Projoct: | Froject ;‘Jueu ,j-miguk

Wakar: Jobe New oot (GReits | X A ud Toolbar .|
While creating the Job, prefill the metadata .‘»“‘;:':_z_:_“_b =)
task carefully. This formulary will be presented 7 ::::-_
to the operartor once more during acquisition,
but it is better to solve most of the issuse now: D ea

Rename Jb Oefriton
« Fill Jobrun name and description as you 5:‘:::’“'”
like, Copy Jab o arothes Project..,

e check Custom Metadata box, Exzert 1o Defriton
« choose correct group (here “bull"), e

« select all fields (and they will cosequently 1. Activate a Job by clicking on it.
enabled below) and L‘
« fill all mandatory fields (then all Run the job using the green amow

exclamation marks will disappear). 3. Fill the metadata until there are no missing

Be sure to set it show in runtime (the yellow values indicated by red exclamation marks

widow in the top left corner) using the context = o - i
menu.
Custars Vietadets
e -] e —
Vet 1 6 e | o= rEmeT
5 | e wedon 1 e § Jm ey Jobun Cescrosant
5 v i
- e
(9 Acmars FmtTimelapar e Custons Vetadatai (7]
| o tt il et Narse; Vartar (1) -
Copy == —
Irasetor: Oh
Marse: |reoiis
Varar. =

After creating or modificating the job, do not : set g ;
forget to export the Job definition for later use 4. Click the button “Run” to continue the job

in another database. Use “Save to file..." under

the button “Export™. ; :
5. Move with the manual stage to different

[T_ﬁ Export v location on the sample while checking it on
z live image.
Il 2 Save the Job definition @ Move to another location!

Save your modifications (if needed) and Close E

the Job definition editor window.

6. This sequence is repeated until all six
image fields are acquired.

After every experimental day a backup of
acquired should be performed (see backing
up).
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Running analysis

Invocation

The Sperm Motility analysis is run after the
acquisition from the results table (depicted by
the arrow).

v 1572014 !

[w:{,{}.gzm ??N?ﬁnuou,?nmu:} . X
Ideally the Recipe can be trained for the whole
project (all images in a project). If sample
variations between experiments are too big,
use jobs or job runs.

w)Elements

Run analyses on frmes )
* atrew v [Tuw [Rocat Xoswr Yoseen
| ansyse rare Runon |
Zparm Matety “permiicity (wrwacty rm) V..
2 SpermMosity o SpeorModity AIDOfames v | Redete..  od
+ sty [~
Acharced > >
1 3ndlysis dsfinad and sekicsd | e G|

NOTE: Same analysis name as overwrites the
existing analysis. Yellow exclamation icon is
displayed.

T

A

Or on a selection of Jobs or Jobruns from the
context menu.

- :, B Load

88 snemn + [1P s = V% fowe L o LY

ithConcentartionCheckAndExport
3/23/2016 1:12 PM (6D images, 23 seconds)
3/25/2016 9:16 Ay T
Aszay (So=rmMot] View Job Results. .,
<ro Run Analyss.. .
SCoaccniartio RLn JavaScript y
Copy/Mous Seiectsd Jobruns...

Dslete Job Runs

Run analyses window

The analysis window may contain a list of
already run analyses (“already run”). They can
be inspected. exported or duplicated.

% AddNew v
From the popup list select
“Sperm Motility" and click the “Define..." or
“Redefine..." button.

Or choose a recipe previously
saved into the database.

+ | Load JORS dacien

SpermMotility analysis

Open an image file by doubleclicking inside the
table and start setting the recipe or load some
premade one either from filesystem or from the
database.

= [ TPy p—

While doing the next steps observe the
changes in overlay binary mask.

NOTE: You can change its color by pressing
[Ins] key and trasparency by presing [Ctrl] +
[Up] or [Ctrl] + [Dn] keys.

1. Rename the analysis to some meaningful
name.
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2. Manipulate by the left threshold handle in
order to find at which intensity the sperms
begin to have a droplet shape.

Do not include too much tail.

Play with Separate (2x or 3x)

Set Size, Circularity and Elongation
restrictions to proper bounds for given
sample.

5. Set the "Maximum Object speed” above
maximum frame to frame displacement
(usually more than 4x higher than average
speed).

6. Use “StDev multiplication factor” to let
more sperm to connect from frame to
frame.

7. Use “Join tracks up to" to connect tracks
that have gaps.

8. Set the "Remove track shorter than" to one
plus half of the time-lapse frame count.
This way no two tracks will be counted
twice.

After having set the parameters scroll inside
the time-lapse into different locations to see
the quality of detections. It is wise to check like
this more than one time-lapse.

bl SaveRecpe | g6 the Recipe into the
database.

% Export
Ll Export the Tracking recipe into

a "SpermMotility" recipe file for later use.

Il 3. Save the Tracking Recipe

Close the Recipe definition window and Run it.

When the Analysis is done a new Table Track
view becomes available. Be sure to check the
features under the analysis name.
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Working with results

Visualization

Results are linked with image data. Any entity
(Image, Object or Track) can be inspected by
double-clicking a row in the Grid View. The
relevant document file is opened on the frame
and the object or track is highlighted.

Grouping is made by dragging a column into
the dark grey area above the columns. Table
can be grouped based on more than one
column. To exit from grouping use context
menu on the dark gray area again.

Statisticts of a Feature of interest can be

The tracking control is synchronized too. displayed for each group.
r?-:-:-m g “ T:-:-.u < .. %;.: - ,...,.,.:..‘,‘ TR - Filtering
: = Y
=0 -~ Filtering reduces the amount of records
n — (rows) in the table. Several rules can be added
f -g' Al _— to restrict the rows by column. Individual rules
e e Y T SO W R St R are joined by logical “AND" or “OR" and can be
Individual trajectories may be removed from individually switched off.
here. There are different options for comparisons
Statistics and values based on the type of the column

(e.g. date has a different picker than a real
=] value or an enumeration value).
The button adds statistics for each
column at the bottom of the table. Ordinal
values contain Count and Count of Distinct (or
Unique) values. Whereas cardinal values
contain also Min, Max, Mean and StDev.

The statistics reflects row selection (when Gr thlng
bigger than one row). To signal this mode it
turns into selection color.

¥
I

X X X

L—L-l N Through the graph button 5 graphs

Sorting are available: Histogram, Scatterplor,
By clicking on the column header, the table will Timechart, Barchart and XY Line Plot.
sort based on that column. Second click will For sperm motility the histogram, scatterplot
sort it in opposite order. The sort is stable, so and barchart are most useful.

more columns can be sorted meaningfully.
Grouping

Grouping allows putting together rows with the
same value in a given column. Here is an
example of grouping according to register.
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In the next image there is histogram of two
populations with different incubation.

Histogram of VAP

B O g O R N R R
¥ o 2 1 s 150 "
Surnkn Ot sl s 0 [y )

=
L3

The next is a histogram of four motility classes

(progressive, fast, slow, steady) vs. two
different incubations (Oh, 2h).

Incbation v rastity

——

Each graph type has a slightly different general

definition page where it's X and Y axis are
defined.

"

[

S
Lnddend

ety

[ Dot redem Wi 22 B82e
[ resmoe & B
G [ v
N0 A0 A <, IS 10 TS IO

| Bt o

Remaining pages are same for all graphs.

Filter page has the smae function as the filter
in the results (see above).

Line series and tiling represent other graph
axes. Whereas Line series are diferentiated by
colors, tiling is by placing the graphs alongside.

i i car e <] — —
e ] 2 sow
e
Frvery o
e g
[Sr= ey imto [ % lemieit ]

Different options are available for ordinal and
cardinal values. While the first can be only
selected the others are organized into bins.

Classification

Histogram and Scatterplot allow manual
classification (scatterplot also gating).
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In this example objects are classified based on
the VAP and STR features into four groups
(progressive, fast, slow, steady).
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Using JavaScript

JavaScrip is a way add functionality to NIS
Elements. It involves programming.

From JavaScript it is possible to access the
experiment data from the underlying database.
Moreover, it is possible to add new data
records.

Exapmples

« Classification and statistics displaying the
percentage of Motile and Progressive in
the sample.

« Customized export for easier statistics.
Invocation
JavaScript can be run or edited from the

+ Main JOBS menu, Database menu and
Context menu.

f Javascript

i P

f £, B
Run ’

e It can be also run from the JOB Task
"Execute Macro After Run”.

| /50 | Exemoste Macrs Ater um

Joba_Ixeccrelavaioriped s

NOTE: Uise “JO00_RUN Y variable $o rederence tha jobs bay.
Editor

JavaScript can be edited in a simple editor.

‘}Elememts

)i

edJdobs{);

* Query jobrun name, date and metadata.

obrun = db.jo
jobrun.containin b () .name;

"

* Query existing analyses and features
having been measured.

« Create table snapshots, iterate over the
rows and columns

{row in table)
if (15.0 < tablefreow][l])

< tablerew] [2])
ntPMOT++;

R CAIISCH RIS R 15 {3

Comemtin [wen Domn fisse Hows Own  hen

Features

* Query selected project, job or jobrun.

e Add new columns into the database

"Value");

For more details see the JS Documentatuion.

The script can be saved and reused for similar
classifications.

IH 3. Save the classification Script
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Backing up data

Full database (by default with all its files) is
backed up by command “Backup..." from the
main JOBS menu and from the Database
menu in JOBS Explorer.

Database: P:\mst\test cat

Projedd  Create hiewi.. Sl
5* Open Bxetng... “uts
Rename...

Cuck Open »
Refresh

Cearup

i

o

Backup...
Restore...

Uploed. .
Dawrload. ..

T Propertizs...

This form of backup does not allow incremental
or partial backups. It is a one-to-one copy.

The inverse operation is a Restore. |t copies
the contents of some foreign database into the
current one.

NOTE: It is not safe to simple copy the Folder
with the database!

Uploading database

Instead of doing complete backup, it is more
convenient to do incremental (only what have
changed is uploaded) backups using Upload.

In the dialog it is possible select what to upload
(the software is showing incomplete jobs on in

the remote location) and what rules to apply to
possible conflict:

+ “Keep Remote” (default) does not delete
anything — keeps adding to remote.

e "Delete from remote" deletes records to
synchronize with the local state.

* “Overwrite using local" uses the local state
to update remote in case of conflict.

‘}Elememts

5 upioRs > M =

0 @

Local domatnse  [N:YC2 - 15 Zan S Sk, dar . ]

Romotn databage |N:Uasreky Badup\naerentsl. dat ——

Progect | Coment
v m mems
157203 1 {16 uns - 3035 magad)
272014 1 (20nns - BT mages)
|
Uploading Rules
{ o= [ Reere [ miom
v Prasent ! Avent Lpinad to Remets
! bt ' Preent [heeo Revore [~
|| 7 preomt 7 precent Yos Ravols ]

10efnitons, 16 runs g 2936 mages e sdected Lnages e O NE of dok pece.
I [ b | | con |

The inverse operation is Download, whereby
similarly only a portion of some remote
database is downloaded on the local computer.
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ImErOVing JOB 0] B e e e kv i e |

e woer R Crer—r——

Adding concentration check J——. e —
¥ (-2 =
Job definition can be easily set to check some p—
sample parameters and give the operator & e
; —
some hints. = T — : .
In this example case the sperm concentration S e
went out of limits and the operator is instructed et :
to redo the dilution. =AY,
freny Sroere :

Sparm conzantration € ot of Imts: 523,519 miliorsfl. =

Alonable imit is between 30 and 60 milions/ml.

Redo the diution and run acain the experiment. e -

m & Wt bt

Here is the Job definition which does it (the
part in the rectangle):

R GE i Costamiietataty =
T2 Copturabetiitios : cophure detestios 7. Setthe
O Captire Captare wary Captireetesios Sotmmen (a1 seiva) e Type to “Frame”,
5 satrun o coptive 3vape + Name to “Concentration”
v W (e < - s < ecacc) ) Them e Unit to Number/ml|
o e * Save to "No"
[ 5 At 2ot 8. In the Define set the formula using the tree
——— of available features (Count and
A MeasuredArea) and click Ok.
» Lree windew @ Lvw
K8 | Queston Calakymrs LR ®
70 Acuuie FastTimelapse Ty idove  (Ust |Ersesn [Sove Ve
[¢] Fraes v]Congan... mlh.. Oebe. (Mo v et et
) <Seets -
It captures one image and counts sperms in — "
the whole frame. It then uses the formula periabie
Pararates
(500 10°0bjectC ount) s | oprama:
Concentration = -Count —_—
MeasuredArea Messsedices
2 !
to calculate the concentration of sperms as ; ;
number/ml. This value is then checked in the
“If* Task ‘
Iv w0000 ¢ by 2% Do Arches, < &tc0ceces) } iy
...and the job can then be aborted if it fails in e
the check and has to be prepared again. T :
Here is how to setup the General Analysis: | Lo L aex | j
1. Add one Channel Tab (default name is [Bezen wpre Lacen Losgonian
taken from the single component).
2. Set the threshold and add post-processing .
and restrictions (as described in Running NOTE: As this check should not add data to
Analysis section) in order to get desired the resulting dataset it is important to:

segmentation.

not to save the image inside the capture
3. Uncheck "Save binary". * 9 P

4. Add two measurement features: Count and B :
bty Save Image to Database: |Never or Later 2
5. Set “No” in the Save column as these are « not to save the threshold binary
only temporary. (ad 3.) and
6. Add Calculations tab « not to save the measurement results

(ad5.and ad 7.)
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Running the SpermMotility analysis
automatically after acquisition

Any user defined action can be done after JOB
finishes the run.

In the following example:

| Execsts Macre Alter Rum

R —————

1. an analysis recipe "SpermMotility” (last
argument) is run to create “SpermMotility”
(second argument) analysis using a macro
function “Jobs_RunAnalysis(...)" (see the
help for details).

2. aJavaScript is executed on analyzed data
to show the motility in the acquired
sample.

Mobility =]

MOT: 23.2%
PMOT: 14.3%

on‘
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Workflow

A. Create a new DB
From saved files

1. Import Custom Metadata (menu):
JOBS — Manage Custom Metadata...

2. Create New Project (JOBS Explorer)
4 New
3. Import Job definition (JOBS Explorer)

Qe

4. Import Tracking recipes (menu)
JOBS — Manage Recipes...

;_Q Import...

From existing database

1. Select “Create New Based on Current..."
from the Database popup menu or the
main menu.

Create New Based on Current. .
Opan Exising...

2. Check the intems to copy into the new
database.

Create New Emoty. .. ope

Create New Database [7=7]

Datsbace file; | C:\JOEDE'C2UYew. dat Erawse...

Checked asseits wil b= transferred into the new datsbes= l
[¥] Labals (2
¥ [¥] Custom Metadatz (1)
[ eul
Analysis Aedipes (1)
b Job Defntions (4)
v [ Bl

B. Create new JOB
(experiment day)

Duplicating a JOB is the best way to ensure
consistency (same definition) across
experiments.

1. Choose a JOB you want to copy and
select “Duplicate Job Definition".

JElements

" JOBS Explorer x
Database: C:\JOBDBI\CZU\SpermMoiilityTemplate.dat L]
Project:  |Bul (7] G New gpr

Jobs: %% New ZEdt [G Resubs | X A%

Run: HCA Ficad | HCA Live
[Borcerby: cate
>

BT el mele A AT et

>

Run Job... L)
Edit Job... B

YT View Job Results...

Run Analysis...

Run JavaScript >
z Rename Job Defintion

Duplicate Job Definiton

Deet= Job Definition

2. Fill the JOB name.

Save As Job Definition |F
P o g
Name: BasiclfithConcentartorCe |

o« | [ caca |

NOTE: It is good idea to keep some JOBs
empty just as a template for duplicating. The
may be a separate project (e.g. Templates).

3. Run the experiments

C. Uploading/Downloading

There is often limited disk space on the
acquisition computer and many users running
their experiments. In such an environment the
best practice is that every user manages his
experiment data.

It can be done with portable disk in such a way
that tha used space on the experiment
machine is limited o few experiments.

First Time (setup)

1. Creates a new database on the
experiment machine in (your) working
folder as described above.

2. Create a project for JOB Templates

Propect =

Terpleter

Thesi5 & Froject for tevpiates.
Co ot acoure date harel

o Carced

3. Import, Create or Duplicate Job Definitions
into the Templates prooject.



Databases CiVOECH\ZUlnewdar ¥

Project: [ Terploten (v |5 Mo (2 Properber [ Resite

Jobss o vew s can [Gnes | X Y @

Rume 1A med}nu\u-:i

[ W orcerby: pate

BasicWithConcentartsonCheck

4. Upload the Database onto you portable
disk. Set the remote Database to point to
your portable disk.

umoap

7] BascehConcantartionChads (0 runz -0 reagns)
¥ Bag W ConcenatindhedudndExgort (0 runs -0 images)

Uploading Rules
{ Lol Famor Acsatoperfo
7 B t ! Absent LUpiosd o Rercin
1 o v Present Kee) Rermote X
v Presem v Present Yawp Rersots by
2ckfrisors, e o ozl o e e s i e RO S
| lpbed | caresl

5. After uload a message with success is
diplayed.

After every experiment day (in the office)

1. Connect the portable disk and backup the
database (with images) to another
computer. If there is no NIS Elements
installed just copy the files.

2. Review or ananalyze the data.
Before every experiment day

1. Attach the portable disk to the experiment
machine. There may still be the database
from the last experiment day (or setup) in
(your) working folder.

2. Incase it was deleted create a new one
from the menu “Create New Empty..." in
(your) working folder.

‘Y)EIemeHIS

3. If empty database was created or you
modified the templates or metadata
Download the database from the portable

disk, selecting the portable disk as
Remote.

DOWRLOAD

o &

Remote datsbess |- Bt Gommioni Targlate dat
Loca detabiase i

BB e dat

i Progect | Contart

{

3 v [Z] Terphtes
[ peocwthConcentartonChesk (0 rurs -0 moges)
(7] BaseWINCencentar SenChadAndEspart (0 s - 0 ages)

There may be more items:

Projects and Jobs

Dovimloading Rules
| 1 Absent v Prasnt Cowniead to Locl
|  presem 1 rosent o0 Local ir]
|  prasam v Pragent

Ovenrsizng et | ¥ |

a selected

4. ltis important to download only the
Templates project and not the data. Select
“Overwrite using Remote" to updated
metadata.

5. Create New Project if necessary (there is
only one project — “Templates”) in order
not to acquire into Templates.

6. Create a new JOB by Duplicating a
template. Set the date as name of the
JOB. Don't forget to change the project.

7. Acquire several Jobruns.

\Canen dat v |
prjece [poeiverts (2| Mew i Propertes [ Reats
Jobs: Y New Ledn [Greain X M @0

Rum: HCA Foced | HOA Live |

il |:

| B orcerby: Do
W |v 2016-03-23
| Wad 3/23/2018 3:34 FM (€0 Images, 44 seconds)
Wed 3/23/2016 3:33 PM (60 mages, 17 seconds)

8. Upload acquired JOB and jobruns to the
portable disk.
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UPLOAD

Q—®

locel dstabas= | COMTOYCAS

Rervote clatabass | D fleerstn \purmidctinby | ercinte et (=

Preqect Cortant
v [ Terplates
"] Bamcvn thConcetartontheck 0 rure -Oimages)
7] BsscathConcertarmenheckAndBport 10 rune - O inages)
v ¥ Bpermants
vl 010323 {2 rure - 120 moges)
Uploading Rules
Lac [ Acton to parfom
v Progert ! abaart Upinad to Renots
LT v Presst Fasp Rencte >
v Prosert v Prosert Ymng Ramate 2

1defritions, 2runs ard 120 iages are seiecied, Inoges take 142 V8 of dok spoce.

usbed || concd
The Database on the portable disk will grow.

REMEMBER to backup the database on the
portable dist to another disk (in the ofice at
home).

Cleanup on the experiment machine

The users working folders should be cleaned
up from time to time to reclaim disk space. The
period should be long enough to leave some
time for users to backup their data and short

anough to have enough space disk space for
safe acquisition.

110



‘ ‘)Clememts

Troubleshooting

« Insufficient disk space:

Backup (using the appropriate menu
function) the experiments to the external or
other disk.

» Cannot run NIS-Elements:

HASP protection emor

el

AQ Ermor 50: HASP hey was not found of incampetble HASP 4 & connectad,

[ 1]

Reinsert the HASP (USB) dongle.

+ Problems with camera connection:

i N/A

Reinsert the USB camera cable.
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