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1 UVOD

Primérnd uroven plodnosti dojnic je nedostateCna a tato situace je ekonomicky
dlouhodobé neudrzitelnd. Ekonomika chovu skotu zavisi na co nejvyssi urovni zabiezavani
dojnic inseminovanych optimaln¢ geneticky nejcennéjSimi byky. Plodnost je ovliviiovana
faktory genetickymi, ale pfedev§im faktory vnéjSiho prostfedi. Schopnost spermii oplodnit
vajicko ma zasadni vyznam pro efektivni management chovu skotu, proto je plodnost byka
jednim z dil¢ich faktorG vyznamné se podilejicich na vysledku plodnosti dojnic. Plodnost
byk je dulezitym faktorem v reprodukci skotu a je reprezentovana vstupni kvalitou ¢erstvého
ejakulatu a vyslednou kvalitou insemina¢ni davky. Hlavni ekonomické ztraty chovatelu jsou
zpusobeny v dusledku zvyseni nakladl spojenych s ustdjenim nezabiezlych samic, stejné jako
samci, ktefi nemaji pozadovanou kvalitu ejakulatu.

Pro Gispéné zabteznuti jsou dulezité jak samici, tak i sam¢i gamety. Nejrozsifené;si
biotechnologickou metodou u skotu je uméld inseminace (Al), vyuzivand pro zlepSeni
parametri reprodukce a zajisténi genetického zisku. Analyza ejakulatu je v soucasné dob¢
nejvice pouzivanym postupem pro hodnoceni plodnosti samct. Hlavnim zajmem je produkce
vysoce kvalitnich insemina¢nich davek (ID) a snaha dosahnout podobného stupné
zabfezavani pii inseminaci rozmrazenym ejakuldtem jako po piirozené plemenitbé.

Na inseminacnich stanicich po celém svété je Siroce vyuZzivana kryokonzervace
ejakulatu bykii. Nicméné vyznamné procento spermii odumfie V prubéhu vyroby ID prave
v disledku ztraty oplozovaci schopnosti spermie vzniklé jejich poskozenim v disledku zmény
teplot, respektive chladovym Sokem, pifi procesu chlazeni a mrazeni ID. Najit optimalni
podminky pro zpracovani ejakulatu miize byt obtizné, vzhledem k interakcim mezi riaznymi
parametry, jako naptiklad slozeni fediciho média, nebo podminky ekvilibrace a mrazeni.

Udrzeni oplozovaci schopnosti ejakulatu v prubéhu dlouhého a naro¢ného procesu
jeho zpracovani, fedéni a mrazeni, pfi vyrob¢ inseminacni davky ¢i po jejim rozmrazeni mize
zajistit vysSi Groven zabfezavani dojnic, snizit spotfebu inseminacnich davek, zkratit délku

mezidobi a zlepsit celkovou ekonomickou efektivitu jejich chovu.



2 LITERARNI PREHLED

2.1 SOUCASNA SITUACE V REPRODUKCI SKOTU

V poslednich letech se pocet inseminovanych plemenic vyrazné nemeénil, celkové bylo
inseminovano na prvni inseminaci 495 tis. plemenic s celkovym poétem 459 tis. zabiezlych
plemenic po vSech inseminacich. Nejvétsi podil inseminovanych plemenic byl zaznamenan
u plemene holstyn (56,1%), dale pak Ceské strakaté plemeno (37,9%), na masné plemenice
ptipadlo 6% prvnich inseminaci.

Nejvyssiho podilu zabfezavani bylo dosazeno u jalovic (60,5%), u krav potom
(41,2%). Nejlépe zabtezavaly plemenice masnych plemen (67,6%), nejhiife naopak plemenice
mléénych plemen (holStynsky skot, 42,4%). Primérma délka inseminacniho intervalu
postupné klesala az na soucasnych 75,3 dni, SP na 118,8 dni a mezidobi na 407 dni.
Ekonomickou ztratu prodlouzeni SP nebo mezidobi nad optimalni délku o den, resp. o
pohlavni cyklus, 1ze odhadnout na 50 az 70 K¢, resp. na 1000 az 1400 K¢ (Kvapilik et al.,
2015).

2.2 PLODNOST SKOTU

Plodnost je zakladni biologicka a soucasné ekonomicky vyznamna uzitkova vlastnost
skotu. Rozhodujicim zplisobem ovliviiuje obé hlavni uzitkové vlastnosti skotu. Plodnosti
rozumime schopnost produkovat zivotaschopné potomstvo. Realizuje se produkci pohlavnich
buné¢k, oplozenim vajicka a porodem telete (Louda et al., 2008).

Plodnost je komplexni vlastnost ovliviiovana mnoha faktory, jako je genetika,
epigenetika, faktory Zivotniho prostfedi a epistaze, ve vysledku je to ale nizce dédiva vlastnost
(Collins et al., 1962; Blaschek et al., 2011; Parisi et al., 2014). Ackoli vétsinou genetické
faktory ovliviiuji plodnost, faktory prostiedi, jako je klima, vyZiva a management chovu maji
vyznamny vliv na fyziologii organismu a tim i na jeho plodnost. Mezi tyto faktory patii
naptiklad extrémni klimatické vykyvy, dlouhd doba ptepravy nebo nevybalancovand krmna
davka (Parisi et al., 2014). Klima (teplo, chlad, vitr, vlhkost) miize mit vliv na pocet spermii,
morfologii, fyziologii a dalsi. Vyznamné rozdily v plodnosti existuji i mezi byky produkujici
spermie s normalni pohyblivosti, morfologii a koncentraci. Optimalni teplota pro produkci
spermii je mezi 5 a 15°C (Fuerst-Waltl et al., 2006).

Nezbytng dllezitou soucasti optimdlni reprodukéni schopnosti je spravnd funkce
endokrinniho systému, respektive fizeni produkce spermii a jejich zrani (Parisi et al., 2014).

Napiiklad koncentrace FSH (folikuly stimulujiciho hormonu) a inhibinu v organismu jsou



nezbytné pro produkci a zivotaschopnost spermii (Gilbert et al., 2012). Taktéz vyvazena
krmna davka béhem odchovu byckiti ma vyznamny vliv na testikularni biosyntézu steroidnich
hormont majici podptrnou funkci pro Leydigovy buiiky (Parisi et al., 2014).

Vzhledem ktomu, ze se na plodnosti podileji komplikované, riznorodé a silné
pusobici faktory, pfetrvava nizka plodnost, popiipadé¢ neplodnost. Piestoze vysoké
ekonomické naklady v chovech jsou spojeny s nizkou plodnosti, molekularni, bunééné a
fyziologické mechanismy ovladajici plodnost byki dosud nejsou piesné znamy (Parisi et al.,

2014).

2.3 PARAMETRY EJAKULATU

Vyhodnoceni parametri ejakuldtu vypovidd o potencialni oplozovaci schopnosti
inseminaéni davky, tudiZ i o samotné plodnosti byka. Parametry ejakulatu vychazi z biologie

spermie a jejiho fungovani.

2.3.1 Biologie spermie

Spermie je vysoce diferenciovand a polarizovana buiika (Holt, 1984). Kazdy savci
druh je specificky svymi proteiny umisténymi na povrchu spermie, které¢ se podileji na
oplozeni oocytu, dale jsou znamy rozdilné velikosti a tvary spermii, umoziujici pohyb a
penetraci skrz extracelularni vrstvu chranici oocyt (Vieira et Miller, 2006). Spermie se déli na
3 ¢asti: hlavicka, spojovaci ¢ast a biCik. Taktéz plazmatickd membrana téchto soucasti je
rozdélena do tfi odpovidajicich (navazujicich) oblasti (Gadella et al., 1994). Délka hlavicky
spermie byka je piiblizné 10 um a Sitka 5 um (Hofirek et al., 2009).

K mnoha charakteristickym zménam dochazi v pribéhu spermatogenniho cyklu, kdy
je dokonceno druhé meiotické déleni spermatocytli a formuje se spermatida jako podlouhla
bunika tvaru spermie. Dale je formovan akrozom, ktery u zralé spermie piekryva apikalni cast
protahlého jadra spermie, obsahuje matrix pro enzymy nutné k dosazeni povrchu oocytu a
priniku skrz kumulérni vrstvu oocytu a zonu pelucidu (hyaluroniddzu a akroziny) (Hofirek et
al., 2009; Gadella, 2008). Bé¢hem této faze zabirda misto kondenzovany chromatin. Zakladem
hlavicky je kondenzovana nukleoplazma krytd jadernou membranou (Hofirek et al., 2009).
Kondenzované histony DNA jsou odstranény a nahrazeny protaminy, coz vede
k superkondenzaci DNA. Bazalni ¢ast hlavicky, kterd se téz oznacCuje jako postnuklearni
cepicka, ma vykrojeni, oznacované jako implantacni jamka. Do ni zapadad rozsifend Cast
biciku, krcek, oznacovany jako implantacni talif, tvofeny segmentovanymi chordami, tato ¢ast

vznikd z proximdlniho centriolu (Hofirek et al., 2009). Bicik se ve své stfedni ¢asti sklada



Zcca 100 mitochondrii, které jsou spiradlovit€¢ ovinuty kolem stiedni casti bi¢iku a jsou
zodpovédné za aerobni fungovani spermie (Tanaka et Baba, 2005). Hlavni funkci
mitochondrii je produkce ATP, vstupuji také do mnoha fyziologickych procesu jako je
homeostaza kalcia, metabolismus lipidi a aminokyselin, ale i apoptéza a dalsi (Green et
Watson, 2001). Mitochondrie maji vlastni genom zahrnujici 37 gend kodujicich 13 peptidu,
22 tRNA a 2 rRNA (Park et Larsson, 2011). Mitochondrie jsou povazovany za nejdulezitéjsi
organely pro hodnoceni kvality spermii, maji vyrazny vliv na funkce spermie, zmény
vV mitochondrialni struktufe spermii ovliviiuji motilitu spermie (Piomboni et al., 2012) a
mohou mit vliv na schopnost spermie oplodnit oocyt (Le Guillou et al., 2013). Obsahuji
vlastni DNA a membranovy potencial, ktery mize byt snadno zkouman in vitro pomoci
integrity DNA spermii a pomoci hodnoceni motility (Carra et al., 2004). V distalni Casti
bi¢iku spermie nejsou obsazeny zadné mitochondrie, ale je zde specifickd soustava husté
cytoskeletarni formace, kterd zajistuje pohyb wvpied. Distadlni koncova c¢ast biciku je
obklopena plazmatickou membréanou. Pfed tim, nez se spermie odpoutd od lumen Sertoliho
bun¢k, zbavuje se mnozstvi nepotiebnych organel jako Golgiho komplex, endoplazmatické
retikulum, lyzozomy, peroxizomy a ribozomy, které nejsou nezbytné nutné pro oplodnéni
oocytu (Gadella et al., 2008). Diky ztraté organel je z hlediska molekularni biologie povrch
spermie velmi inertni.

Kdyz volné spermie migruji ze semenotvornych kanalkid pies rete testis do vyvodu
nadvarlete v hlaveé nadvarlete, maji uz svtij typicky tvar s hlavickou obsahujici jadro s vysoce
kondenzovanym chromatinem, ktery obsahuje haploidni genom a specifické sekre¢ni
organely a vysoce specializovany bi¢ik. V disledku udalosti, které prob&hly na povrchu
spermie, doSlo ke zménam nékterych metabolickych procesii, coz mélo vliv na vlastnosti
pohybu spermii (v hlavé nadvarlete jsou spermie nepohyblivé). V ocasu nadvarlete na svij
povrch spermie pritahuji mnozstvi proteind, které se nasledné podileji na oplozeni. Jedna se o
integralni membranové proteiny (GPI — glycosyl prosphatidyl inositol) (Sullivan et Saez,
2013).

Cely povrch spermie pokryva dvouvrstevna cytoplazmatickd membrana, kterd se
sklada prevazné z lipida a proteinti (Hofirek et al., 2009). Distribuce lipidii v membrané je
nestala nehomogenni, neustale dochazi ke zménam v jejich umisténi (Parks et Lynch, 1992).
Lipidové sloZzeni membrany spermie dodava potiebnou flexibitu pro bunku, reguluje jeji
bunééné funkce jako spermatogeneze a kapacitace (Sanocka et Kurpisz, 2004). V membrané
se nachazi glycerol-fosfolipidy, jejichz zastoupeni je mezidruhové stalé (Parks et Lynch,

1992). Negativné nabité lipidy jsou piednostné umistény ve vnitini vrstvé membrany, zatimco



kladné nabité lipidy (sfingomyeliny, fosfatidylcholin) nebo neutralni lipidy jsou umistény ve
vné&jsi vrstvé membrany (Le Guillou et al., 2013). V plazmatické membrané byku jsou lipidy
rozdeleny asymetricky a obsahuji pfedev$im polynenasycené mastné kyseliny.

Vyssi zastoupeni téchto kyselin v membrané pozitivné ovliviiuje zastoupeni spermii
s intaktni plazmatickou membréanou, divodem je zvySovani fluidity membrany. Naopak nizsi
zastoupeni polynenasycenych mastnych kyselin zpiisobuje nepoddajnost membrany
(nepiizptsobivost). Uroveii zastoupeni urditych mastnych kyselin hraje vyznamnou roli
predevs§im z hlediska odolnosti spermii vac¢i kryokonzervaci v ramci mezidruhovych i
individualnich rozdila (Phelps et al., 1999; Watson, 2000).

Pievazujicimi lipidy jsou fosfolipidy a cholesterol (Hofirek et al., 2009). Pomér
cholesterolu a fosfolipidu v cytoplazmatické membrané spermie je dilezity determinant
fluidity a stability buné¢né membrany za ptisobeni nizkych teplot (Watson, 1981). Cholesterol
je hydrofobni molekula ve vodé nerozpustnd, mé vliv na bunéénou membranu spermie véetné
jeji stabilizace a sniZzeni propustnosti, piedstavuje 25 — 50 % lipid plazmatické membrany,
coz tvoii témét 90 % celkového obsahu cholesterolu v buinice (Crockett, 1998; Mocé¢ et al.,
2010). Cholesterol je dulezitym prvkem regulace membranové fluidity (Purdy et Graham,
2004).

Zatimco fosfolipidy pfedstavuji stavebni komponenty plazmatické membrany,
proteiny plni jeji specifické funkce. D¢€li se do dvou zékladnich skupin podle jejich ptipojeni
na membranu a to na transmembranové, které jsou zaclenény piimo do lipidové dvojvrstvy a
na periferni, které jsou navazany na fosfolipidy nepfimo na membrang. Slouzi jako iontové
kanaly a ptenaSeCe, ucastni se selektivniho pfenosu molekul skrz membranu a dale
regulacnich a signdlnich procest. Zatimco periferni proteiny slouzi zejména pii oplozeni

(Tapia et al., 2012).

2.3.2 Semennd plazma

Pii ejakulaci jsou promiseny spermie z ocasu nadvarlete stekutinou z pfidatnych
pohlavnich zlaz samce (Cowperovy, bulbouretralni zlazy a prostata) (Gibbons et al., 2005).
Jedna se o komplexni kapalinu, kterd zprostfedkovava chemické funkce ejakulatu. Jeji pH se
druhové 1i8i a u bykt je mirné kyselé (6,2 — 7,2) (Le Guillou et al., 2013). Obecné je semenna
plazma povazovana za médium, které umoziuje pfeziti spermii a usnadiiuje jejich transport
(Juyena et al., 2012). To nasv&€dCuje tomu, ze komponenty semenné plazmy se ucastni
klicovych udélosti spojenych s funkci spermii, oplodnénim a vyvojem embrya v sami¢im

pohlavnim traktu (Juyena et al., 2012).



Semenna plazma je tvoiena ionty (Na*, K*, Zn*, Ca™, MG™, CLz2), energetickymi
substraty (fruktéza, sorbitol, glycerylphosphocholin), organickymi slou¢eninami (kyselina
citronovd, aminokyseliny, peptidy, proteiny s nizkou a vysokou molekulovou hmotnosti,
lipidy, hormony — testosteron, estrogen a prostaglandiny, citokiny) a dusikatymi komponenty
(amoniak, mocovina, kyselina mocova, kreatinin a redukujici latky — kyselina askorbova a
hypotaurin). SloZzeni semenné plazmy je dano objemem, skladovanim a vystupem z raznych
¢asti samciho pohlavniho traktu (Mann, 1964). Chemické slozeni plazmy a funkce pridatnych
pohlavnich zldz se lisi jak vramci druhu, tak i mezi ejakulaty jednoho samce. Rozdily
v koncentracich nékterych komponent v semenné plazmé miizou byt zpiisobeny vyzivou,
managementem chovu, pisobenim enzymu pfitomnych v plazmé a metabolickou aktivitou
spermii rozptylenych v semenné plazmé. Piidani semenné plazmy do rozmrazeného ejakulatu
zvysuje spotiebu kysliku a motilitu spermii, poméha obnovit n¢které povrchové proteiny a
celkové zvySuje parametry kvality ejakulatu (Vieira et Miller, 2006).

Po smichani spermii s vymésky ptidatnych pohlavnich Zlaz jsou spermie vystaveny
novému prostiedi s komplexni smési novych proteinli. Obecné je zndmo, zZe semennd plazma
stabilizuje membranu spermie obklopenim jejiho povrchu. Semenna plazma prekryva
proteiny spojené s oplozovaci schopnosti z nadvarlete na povrchu spermie a tim se absorbuji
na povrchu spermie. Proteiny semenné plazmy tvofi ochrannou vrstvu spermie s
dekapacita¢nimi faktory, které inhibuji oplozovaci schopnost ejakulované spermie (Gibbons
et al., 2005), to umoziuje spermiim zachovat si oplozovaci schopnost v pribéhu priichodu
pochvou, déloznim c¢ipkem a délohou, respektive skrz prostfedi, které je pro spermie
nepratelské. Semennd plazma hraje imunoregulacni roli, kterd je prosp€Sna pro pieziti spermii
V sami¢im pohlavnim traktu (Juyena et al., 2012).

Pii ejakulaci je semennd plazma se spermiemi deponovana do pohlavniho traktu
samice. K aktivaci spermii dochazi ve vejcovodu samice. Tato aktivace se nazyva kapacitace.
Spermie, které se dostanou do vejcovodu, vyplavou ze semenné plazmy, tudiz obnazi své
dekapacitacni faktory (Talevi et Gualtieri, 2010) a zadina jejich reakce s fasinkami epitelu
vejcovodu. Pii ovulaci dochazi na téchto bunikach k masivni sekreci, kterd zpisobuje uvolnéni
spermii z povrchu fasinek. Uvolnéné spermie ziskavaji hyperaktivni pohyb. Pouze takto

aktivované spermie mohou byt piijaty komplexem oocytu (Chang et Suarez, 2012).



2.3.3 Zmény plazmatické membrany spermii v prithéhu poklesu teploty
Znalost termodynamického procesu, kterému podléha biologicky vzorek bé&hem

konzervace, ma velky vyznam pro optimalizaci chladicich a mrazicich procest. Jedna se
hlavné o méfeni teploty ve vzorku a jeji zménu v pribehu chlazeni a mrazeni, tyto informace
jsou vhodné zejména pro vypocet rychlosti chlazeni vzorku.

Béhem chlazeni dochdzi K urcitym zménam v cytoplazmatické membrané spermie.
Kdyz je membrana zchlazena na teplotu fazového piechodu, zméni se z kapalného
krystalického stavu do stavu gelu (Amann, 1989). Pii poklesu teploty na urCitou uroven
dochazi ke zménam v uspotadani lipidi v membrané, kazdy druh lipidu podl€éha této zméné
za pusobeni rozdilné teploty, tudiZ membrana, kterd je jako celek slozena z mnoha rtiznych
lipidt, podléhd této zmeéné v relativné Sirokém teplotnim rozmezi. Ve fazi krystalického gelu
se tetézce fosfolipidli narovnéavaji a prodluzuji, coz vede k jejich obaleni membranou a
k naslednému omezeni pohybu lipidd a proteint ve vnitinim uspofadani. Samostatné proteiny
jsou vylouceny z krystalického gelu, k mnoha reakcim lipid a proteinii proto nemuze
dochazet. Nahromadénim proteinli a zménou struktury lipidl se cytoplazmatickd membrana
stava nestabilni, jeji funkce jsou poSkozeny (Amann et Pickett, 1987) a mize dochazet ke
chladovému Soku (Amann, 1989). Rychlé zchlazeni spermii ve fazi piechodu vyvolava ztratu
lipidd (Watson, 1976) znového uspofddani proteinli a lipidi v membrang. Tato ztrita
nasledné vede k ohrozeni membrany, kterd se stdva propustnou pro vodu a ionty, vedouci
k abnormalni motilit¢ u spermii (Loomis et Graham, 2008).

Pii pouziti tekutého dusiku (LN2 — teplota varu kapaliny -196°C) k mrazeni je rozdil
teploty kapaliny a mrazeného vzorku, ktery mize mit pokojovou teplotu, natolik vysoky, ze
zpusobuje var kapaliny (Santos et al., 2013). K varu kapaliny dochazi, kdyz velké mnozstvi
tekutiny obklopuje povrch ponofeného vzorku a tekutina neproudi (Sansinena et al., 2012).
Jakmile je pejeta ponotfena do LN2, jeji vétsi teplota zplsobuje silné vypafovani LN2 okolo
povrchu pejety, vytvaii zde difuzni vrstvu, kterd obklopuje jeji povrch a slouzi jako tepelné
izola¢ni vrstva. V dasledku toho je prostup tepla (tepelny tok) mezi pejetou a LN2 omezeny a
pejeta se tudiz bude ochazovat pomaleji a je zabranéno rychlému chlazeni vzorku, coz je jev,
kterému je potieba se pii kryokonzervaci vyhnout. Tento bod se nazyva bod minimalniho
tepelného toku (Santos et al., 2013). Izola¢ni vrstva par dusiku nachazejici se kolem pejety je
prekonana, kdyz se tepelny tok postupné zvysuje a je nastolen piechod do rezimu varu obsahu
pejety (zmrazeni obsahu pejety). To je charakterizovano prudkym zvysSenim toku tepla do

bodu zvaného maximdlni tepelny tok (Santos et al., 2013).



Soucasné metody kryokonzervace spermii v pejetach zahrnuji jejich ekvilibraci pied
samotnym mrazenim (Sansinena et al., 2012). K#ivka varu, ktera odpovida kolisani tepelného
toku, zavisi na nckolika faktorech: pouziti kryogenni kapaliny a jeji tepelné vlastnosti,
materidlu obalu vzorku a relativni poloha vzorku v kryogenni kapaliné (vertikdlni,
horizontalni nebo v ur¢itém uhlu) a tvar nadoby, ve které je vzorek uloZen (koule, valce nebo

nepravidelné tvary).

2.3.4  Faktory ovliviiujici kvalitu ejakuldtu

Kvalita spermii je ovlivnéna faktory vnitinimi, mezi které patii plemenna ptislusnost,
vliv individuality byka a jeho vék (Stolc et al., 2009). V praci Beran et al. (2011) byl zkouman
vliv plemene, véku a télesné kondice bykl na kvalitativni a kvantitativni parametry ejakulatu.
Plemenna ptisluSnost méla vliv na motilitu spermii a procentudlni zastoupeni Zivych spermii v
ejakulatu (Beran et al., 2011). Vyssi pokles motility po 90 minutdch trvani testu ptezitelnosti
byl zaznamenan u byktl plemene holStyn oproti ¢eskému strakatému plemeni. Celkové bylo u
tohoto plemene dosazeno vyssi motility v pribéhu testu prezitelnosti spermii. Télesna kondice
byki ovliviiovala koncentraci spermii, motilitu a podil patologickych spermii. Vys§i motilita
ihned po odbéru byla zaznamenana u byka s vyssi télesnou kondici (> 2,75). Vék byku
ovliviioval objem a koncentraci spermii v ejakulatu. Podle Stolc et al. (2009) je patrny vliv
véku plemenika a procesu zpracovani ejakuldtu na pokles celkové motility spermii zejména
po 60 a 90 minutach testu. Objem ejakulatu, koncentrace a aktivita spermii v prubéhu celého
testu prezitelnosti spermii byly vyssi u byka nizsiho véku. Kvalita spermii je dale ovlivnéna
faktory vnéjsimi jako sloZeni krmné davky, obsah doplitkovych latek (Cefovsky et al., 2009),
podminky prostfedi, cetnost odbért ejakulatu (Wolf et Smital, 2009) a obdobi roku
(Hajirezaee et al., 2010).

2.3.5 Faktory pusobici na spermie v pritbéhu vyroby ID

Faktory prostiedi jako je napfiklad pH, osmolarita a teplota také mliZzou ovliviiovat
funkci spermii (Shum et al., 2011). Naptiklad studie (Gatti et al., 1993; De Pauw et al., 2003)
prokazaly vliv intracelularniho pH na motilitu spermii, tento mechanismus se podili na
ziskavani pohyblivosti spermii po skladovani a funk¢nim dozravani spermii v ocasu
nadvarlete a béhem ejakulace. Po dozrani spermie ztraci schopnost biosyntézy, reparace,
rastu, déleni a ma minimalni metabolické funkce (Hammerstedt, 1993), ¢imZ jsou plné zavislé
na podminkach prostiedi. Bavister et al. (1983) zjistil, Ze snizujici se extracelularni pH snizuje

motilitu spermii a zvySuje jejich zivotaschopnost. Vztah mezi intracelularnim pH a motilitou



byl potvrzen, souvislost mezi témito parametry mize byt prisuzovana fosforylaci proteint.
V praci Contri et al. (2013) nizsi hodnoty pH (5,5) zapfi€inily sniZzenou motilitu spermii a
snizenou integritu membrany, zatimco zvySeni pH (8,5) vedlo k vyznamnému snizeni
mitochondrialni aktivity spermii. Pfi piisobeni kyselého prostiedi (pH < 7) spermie znehybni
a motilita se opét obnovi, kdyz se hodnota pH vrati na optimum (pH 6,2 — 7,2) (Le Guillou et
al., 2013). Pii pusobeni alkalickych podminek prostfedi (pH > 7) je ale ztrata motility
ireverzibilni (Makler at al., 1981) i pfes navraceni pH na optimum. Divodem je nevratna
ztrata integrity membrany spermie. Z vysledkl prace (Contri et al., 2013) je ziejmé, ze
odlisné pH v riznych castech pohlavniho traktu samice moduluje pohyblivost spermii.
Hodnota pH semenné plazmy se muze li$it mezi jednotlivci, je tudiz mozné, Ze variabilita
mezi parametry spermii muize Castecné zaviset na extracelularni tekutiné, ve které jsou
spermie rozptyleny.

Béhem kryokonzervace je membrana vystavena ndhlym zméndm osmotického tlaku,
ktery plisobi na plazmatickou membranu a miize zpisobit trvalé poskozeni jeji celistvosti
(Hammerstedt et al., 1979). Spolu s ostatnimi parametry (koncentrace, pH, motilita)
osmoticky tlak hraje vyznamnou roli pfi kryokonzervaci spermii a ma vliv na kvalitu
zmrazené¢ho ejakuldtu. Vyhodnoceni normalnich hodnot osmotického tlaku a vliv rGzného
tlaku na integritu plazmatické membrany a zivotaschopnost spermii mulze piispét
K porozuméni zmén béhem mrazeni a rozmrazovani (Khan et Ijaz, 2008). Za normalni
osmoticky tlak je povazovan tlak 300 mOsm/] celého ejakulatu a 285 mOsm/] tlak semenné
plazmy. V praci Khan et I[jaz (2008) bylo porovnavano pasobeni rizného osmotického tlaku
(50, 100, 150, 190 a 250 mOsm/l) na buvoli spermie a bylo zjisténo, ze vyssi integrity
plazmatické membrany spermii v Cerstvém ejakulatu bylo dosazeno pii pisobeni osmotickém
tlaku 50 — 190 mOsm/I nez pii pusobeni osmotického tlaku 250 mOsm/l, ktery vyznamné
snizil integritu plazmatické membrany spermii. Stejného vysledku bylo v této praci dosazeno
pii hodnoceni vlivu osmotického tlaku na integritu membran spermii v rozmrazeném
ejakulatu. Ztrata zivotaschopnosti byla nejvyssi pii osmotickém tlaku 50 mOsm/l naopak
nejnizsi pii pasobeni tlaku 250 mOsm/l u Cerstvého i1 rozmrazeného ejakulatu. Vysledkem
prace bylo shrnuti, zZe vyssi osmoticky tlak pasobici na bunky nemd pfiznivé ucinky na
naslednou motilitu a integritu membran. Zmény v osmotickych podminkach zplisobuji tvorbu
letalnich extracelularnich krystalta (Holt, 2000).

Integrita DNA spermie je rozhodujici pro reprodukci (Bochenek et al., 2001). Zména
v konformaci chromatinu spermii mize zpusobit snizeni plodnosti. Spermatickda DNA je pod

neustalym tlakem oxidativniho stresu v dasledku nadmérné tvorby ROS (reaktivni formy



kysliku), které¢ oxiduji DNA a narusuji kapacitaci, hyperaktivaci spermii a fizi oocytu (Parisi
et al., 2014). Gamety vSeobecné jsou velmi citlivé pravé na zmény zptasobené ROS. V piipadé
spermii je tato citlivost zpisobena specifickym sloZzenim plazmatické membrany, omezenymi
schopnostmi antioxidativniho systému a neschopnosti opétovné syntézy poskozenych
komponent (Hammerstedt, 1993). ROS jsou produkovany uvnitf burky, stejné jako mimo
bunku atmosferickym kyslikem a ostatnimi environmentalnimi faktory vcetné znecisténi a
radiace (Agarwal et Prabakaran, 2005). Také polynenasycené mastné kyseliny obsazené
vV membrané spermii jsou nachylné k poskozeni oxidaci, jejich poSkozeni narusuje schopnost
spermie oplodnit oocyt. Taktéz ptilis vysoké hladiny lipidi zptsobuji vétsi nachylnost
k poskozeni ze strany reaktivnich forem kysliku (ROS) (Parisi et al., 2014).

Chladovy Sok je oznaCovan jako stresova reakce spermie na pokles teploty. Obecné
poskozeni chladovym Sokem se projevuje snizenim bunécného metabolismu, poskozenim
permeability bunééné membrany, ztrata intraceluldrnich komponent, nevratna ztrata motility
spermii a tudiz 1 vy$si podil mrtvych spermii v ejakulatu. Zejména proces chlazeni je hlavnim
stresovym faktorem, zpusobuje zménu konfigurace fosfolipida v plazmatické membrang, tim
se naru$i jejich funkce i1 fluidita membrany (Lessard et al., 2000). K nejvétsim zméndm
dochazi nejcCastéji za plsobeni teplot 15 — 5 °C (Drobnis et al., 1993), pod 0°C ustavaji
(Watson, 2000). Citlivost spermii riznych druhii na chladovy Sok je pravdépodobné
zpusobena lipidovych slozenim membrany (Loomis et Graham, 2008). Poskozeni buné¢k
vyplyvajici z procesu chlazeni nebo mrazeni ma vliv na strukturu i funkci bun¢k. Zptsobuje
pfed€asnou akrozomalni reakci, zmény v mitochondridlnich funkcich, zmény v chromatinoveé
dekondenzaci a vSechny tyto zmény negativné ovliviiuji zivotaschopnost spermii (Watson,
2000).

Kdyz se ejakulat zchladi pfili§ rychle, rychlost dehydratace neni dostacujici pro
piedchéazeni vyskytu intracelularniho ledu (Woelders, 1997). Intracelularni ledové krystaly
mohou negativné ovlivnit plazmatickou membranu spermie, integritu akrozomalni nebo
mitochondridlni membrany (Defoin et al., 2008) a zpiisobit ztratu intraceluldrnich komponent
(Graham et Mocé, 2008), ktera miiZze iniciovat bunéénou smrt (Padrik et al., 2012). Toto
poskozeni je odpovédné za ztratu motility, Zivotaschopnosti a oplozovaci schopnosti spermii
V nasledné rozmrazeném ejakuldtu (Holt, 2000). B&hem pomalého chlazeni dochazi k
dehydrataci spermie, miize byt dosazeno bodu osmotické rovnovahy mezi intracelularnim a
extracelularnim prostfedim, to znamend, ze bunécna dehydratace je maximalni (Woelders,
1997). Eliminace téchto negativnich vlivli je docileno vyuzivanim kryoprotektanti a

optimalnich mrazicich kiivek (Pena et al., 2011).
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2.3.6 Hodnoceni ejakuldtu
Hlavnim cilem hodnoceni ejakulatu je posoudit jeho kvalitu, resp. vyhodnotit

potencialni plodnost samce. Pro vyhodnoceni plodnosti samct je potfeba zacit s fyzickym
hodnocenim zvifete (Rodriguez-Martinez et Barth, 2007) jako je hodnoceni zdravi, vySetfeni
vnitinich a vnéjSich pohlavnich organii a hodnoceni kvality ejakulatu. Jedna se o jednoduchy
a nakladové efektivni zptisob hodnoceni plodnosti bykti (Hoflack et al., 2006). Velikost, tvar a
obvod Sourku je spojen s by¢i plodnosti. Obvod by¢ich varlat poskytuje pfedstavu o mnozstvi
tkang, produkujici spermie. Existuji korelace mezi obvodem Sourku, plodnosti a nastupem
puberty u dcer byka (Parisi et al., 2014). Analyza kvality ejakulatu pfedstavuje vykonny
nastroj pro vyhodnoceni potencialu plodnosti samct vice druhti (Rodriguez-Martinez et Barth,
2007). Pro vyhodnoceni kvality spermii je mozné vyuzit mikroskopie, analyzu spermii
pomoci pocitatové techniky a prutokovou cytometrii (Lorton, 2014). Mezi laboratorni metody
hodnotici kvalitu spermii patii posouzeni integrity riiznych struktur jako struktury genomové
DNA (gDNA), akrozomu, bunééné membrany a mitochondrii, tak se hodnoti i dynamické
parametry spermii jako je hyperaktivni motilita (Davis et al., 1992), stejn¢ jako interakce
spermie a vajicka (Rodriguez-Martinez, 2006). Integrita plazmatické membrany spermii je
dalezita pro optimalni funkci spermii. Pouze spermie s neporuSenou plazmatickou
membranou miize podstoupit komplex zmén v sami¢im reprodukénim traktu a méa schopnost
oplodnit vajicko (Yanagimachi, 1994), proto byla vétSina metod zaloZzena na posuzovani
zivotaschopnosti spermii (VE&znik et al., 2004). Korelace mezi motilitou a plodnosti se
pohybovaly mezi 0,15 a 0,83 (Bailey et al., 2000, Januskauskas et al., 2003), zatimco nejvyssi
korelace r>=0,83 byla naméfena mezi motilitou a parametry funkce spermii (pohyb spermii,
integrita DNA a zivotaschopnost spermii) (Januskauskas et al., 2001). Graham et al. (1980)
uvadi, ze korelace mezi plodnosti byka a rozborem motility, morfologii a Zivotaschopnosti
spermii se pohybuje v rozmezi 0,06 — 0,86. Piesnost téchto metod zavisi na presnosti analyz a
na poctu pozorovani (Rodriguez-Martinez, 2006).

Proces vyroby ID snizuje motilitu spermii, tudiz pocate¢ni kvalita ejakulatu je

rozhodujici pro vyslednou kvalitu ejakulatu po rozmrazeni (Beran et al., 2011).

2.4 TECHNOLOGIE VYROBY ID
Zmrazeny ejakulat je efektivné vyuzivan k inseminaci u mnoha druhti zvitat. Hlavnim

cilem je dosdhnout podobného stupné zabfezdvani zmrazenym ejakulatem jako Cerstvym

[ RA4

(Mocé et al., 2010). Samotné zpracovani ejakulatu zahrnuje adaptaci biologickych bunék na
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osmoticky tlak a stres souvisejici se zménami teplot, kterym prochéazi pti nafedéni, chlazeni,
procesu mrazeni a rozmrazovani (Watson et al., 1992). Pokles teplot, chladovy Sok a
intracelularni ledové krystaly mohou negativné ovlivnit plazmatickou membranu spermie,
integritu akrozomalni nebo mitochondridlni membrany (Defoin et al., 2008) a zptisobit ztratu
intracelularnich komponent (Graham et Mocé, 2008), ktera mize iniciovat bunéénou smrt
(Padrik et al., 2012). Toto poSkozeni je odpovédné za ztratu motility, Zivotaschopnosti a
oplozovaci schopnosti spermii v ndsledné¢ rozmrazeném ejakulatu (Holt, 2000). Kvalita
rozmrazeného ejakulatu je faktor, ktery vyznamné ovlivituje zabfezadvani (Saacke, 1984).
Z4&mem inseminaénich stanic je udrzovat nejvyssi kvalitu spermatu. Zalezi na
samotném odchovu a chovu plemenika, na technice krmeni a krmné davce, taktéz na odbéru a
zpracovani ejakulatu. Po makroskopickém a mikroskopickém zhodnoceni odebraného
ejakulatu nasleduje jeho dlouhodoba konzervace — fedéni a zmrazovani. Pravé tyto faze maji
rozhodujici vliv na oplozovaci schopnost a ptezitelnost spermii v ID (Beran et al., 2014).
Uspé&snost kryokonzervace spermatu zavisi na mnoha faktorech, véetné interakci mezi
kryoprotektivy, typu fedidla, rychlosti mrazeni, rychlosti rozmrazeni, baleni a individualité

darce (Cooter et al., 2005; Clulow et al., 2008).

2.4.1 Redéni ejakuldtu

Z pocatku bylo by¢i sperma pred pouzitim fedéno a konzervovano jen kratkodobé
(Verberckmoes et al., 2005). Sobjevenim slozky kryoprotektantt a vyhod spojenych
s pouzitim ftedidel a kryokonzervace bylo postupné omezovano pouziti Cerstvého nebo
chlazeného ejakulatu (Papa et al., 2015; Loomis et Graham, 2008). Ve srovnani s ¢erstvym
ejakulatem, se stejnym poctem spermii, kryokonzervované sperma piinasi nizsi plodnost.
Proces tedéni musi byt zahdjen do 150 minut po odbéru. Teplota pfidavaného fedidla i
fedéného ejakulatu musi byt stejna, aby se piedeslo chladovému Soku (Ball et Peters, 2004).

Redénim ejakulatu se vytvaii podminky pro pfezivani spermii mimo organismus.
Zivotnimi projevy jako je dychani spermii, vznikaji v ejakulatu produkty latkové vymény,
napiiklad kyselina mlécna. Ta postupné okyseluje prostiedi, zpomaluje pohyb spermii,
navozuje anabiozu a jejich odumieni (Mutalik et al., 2014).

Jako tedidla jsou dostupné specifické biochemické latky, které ovliviiuji schopnost
spermii a ptedchazi jejich poskozeni v pribéhu mraziciho procesu (Tatham, 2000), slouzi zde
jako ochrana pro spermie béhem mrazeni (snaha zabranit chladovému Soku) a zlepSeni
motility po nasledném rozmrazeni (Siddigue et al., 2006). Redidlo musi byt zdrojem energie

pro spermie, musi mit dobrou pufrovaci schopnost (Rasul et al., 2000), musi obsahovat malé
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mnozstvi elektrolytu, musi zajistit pozadovany osmoticky tlak, stalou hodnotu pH a nesmi byt
pro spermie toxické (Beran et al., 2014). Mnoho studii se zabyvalo nahrazenim pufru za
chemické latky jako naptiklad Matharoo et Singh (1980), Chinnaiya et Ganguli (1980), ktefi
vyuzivali fedidla na bazi citratu, Tris a kyseliny citronové.

Mezi zakladni stavebni kameny fedidla v souc¢asné¢ dobé patii Bi-destilovand voda
slouzici jako nosi¢ ostatnich komponent, kryoprotektiva, pufry, cukry, antibiotika,
aminokyseliny a mastné kyseliny (Beran et al., 2014).

Kryoprotektiva chrani buniky pted roztrhanim ledovymi krystaly, které vznikaji béhem
procesu mrazeni, taktéz chrani bunky pted chladovym Sokem a zvysuji jejich odolnost (Ball et
Peters, 2004). Jednd se o latky penetrujici do spermie skrz cytoplazmatickou membranu,
pusobici intracelularné i1 extracelularné. Tyto latky vSak také mohou mit toxicky vliv na
spermie a to destabilizaci membran a denaturaci proteini a enzymu (Swain et Smith, 2010).
Zvysuji tekutost membran pomoci uspofdddni membranovych lipidi a bilkovin, které se
projevuje veétsi dehydrataci pii nizSich teplotach a snizenou formaci ledu uvniti bunék (Holt,
2000). Druhou skupinou jsou nepenetrujici latky, které plisobi pouze extracelularné. Jde
zejména o bilkoviny, aminokyseliny a cukry, které se chovaji jako osmoprotektanty a které
mohou mirnit poskozeni zpusobena penetrujicimi kryoprotektanty (Swain et Smith, 2010).
Nicméné oba typy kryoprotektantli vyvoldvaji zmény objemu, ktery muze poskodit buiiky
(Loomis et Graham, 2008). Mezi nejpouzivanéjsi penetrujici kryoprotektanty pii konzervaci
spermii byki patii zejména glycerol a vaje¢ny zloutek (Ball et Peters, 2004).

Po dlouhou dobu se vyuzival glycerol jako efektivni kryoprotektant pro konzervaci
spermii (Polge et al., 1949), avSak m¢l za nasledek relativné nizkou piezitelnost spermii po
rozmrazeni (Mocé et al., 2010). Glycerol chrani spermie pifed mechanickym poskozenim
béhem mrazeni (De Leeuw et al., 1993) a snizuje bod mrznuti intracelularni a extracelularni
tekutiny na hodnoty pod bodem mrazu vody a omezuje tak vliv nizké teploty na koncentraci
roztokil a rozdily osmotickych tlaki (Amann et Picket, 1987). Vice specifické je fyziologické
pusobeni glycerolu na spermie béhem procesu mrazeni, zastavd funkci pii vyméné
intracelularni tekutiny nezbytné pro udrzeni bunééného objemu spolecné sionty a
makromolekulami, bod mrznuti vody a ztoho vyplyvajici pokles koncentrace elektrolyti
ve volné frakci, tudiz se objevuje méné ledovych krystali za kazdé teploty (Medeiros et al.,
2002). Optimalni koncentrace glycerolu je ovlivnéna ostatnimi komponenty fedidla
(Woelders et al., 1997). Ve vysokych koncentracich mize zplsobovat vazna osmoticka
poskozeni, protoze prekonava membrany spermii mnohem pomaleji, nez jiné kryoprotektanty

(Guthrie, 2002).
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Vajecny zloutek zlepsuje funkce spermii a udrzuje jejich oplozovaci schopnost (Barak
et al.,, 1992). Vaje¢ny zloutek je spoleény komponent fedidel ejakulati u mnoha druht
hospodatskych zvifat. Aktivnimi frakcemi vajecného Zloutku, které poskytuji spermiim
ochranu pfi chlazeni a mrazeni jsou fosfolipidy a LDL (low-density lipoprotein), které se
béhem chlazeni spermii dostavaji do jejich membran (Medeiros, 2002). Obecné se ma za to,
ze LDL, ktery je soucasti vaje¢ného Zloutku je z velké ¢asti zodpoveédny za ochranu spermii
Vv pribé¢hu mrazeni (Pace et Graham, 1974), chrani proti chladovému Soku (Moussa et al.,
2002). Predpoklada se, ze LDL pilisobi na spermatickou membranu jeji stabilizaci. Druha
hypotéza tvrdi, ze fosfolipidy obsazené v LDL chrani povrch spermie ochrannym filmem
anebo nahrazuji spermatickou membranu fosfolipidy, které jsou ztraceny nebo poskozeny
b&hem kryokonzervace (Graham et Foote, 1987). A tieti zpisob piredpokladané ochrany je, ze
LDL zachytava Skodlivé proteiny pfitomné v semenné plazmé, tedy zlepSuje schopnost
mrazeni spermii (Bergeron et Manjunath, 2006). Pfesny zpiisob ochrany spermii a vliv na
jejich motilitu pomoci LDL je zatim nejasny (Amirat et al. 2004; Bathgate et al., 2006).
Literatura uvadi, ze pro kryokonzervaci byc¢iho ejakulatu se doporucuje koncentrace
vajecného Zloutku 20% (Sansone et al., 2000), ve vétSich koncentracich se potom stava pro
spermie toxickym (Shannon, 1972). Cilem studie, kterou publikovali Amirat et al. (2004),
bylo zhodnotit vliv LDL na konzervaci byciho spermatu. Aktivita spermii, konzervovana
v LDL, byla srovnavana s ejakulatem konzervovanym v Optidylu®, komeréné vyrabéném
fedidle. Aktivita spermii po rozmrazeni byla dvakrat vy$si u LDL nez v Optidylu®: 54,4 %
oproti 30,2%. Muino et al. (2007) zjistovali vhodnost pouziti dvou bezZloutkovych
komerénich fedidel (AndroMed® a Biociphos-Plus®) ve srovnani se Zloutkovym fedidlem
(Biladyl®). Dale byl sledovan vliv fedidla, byka, opakovani a interakce mezi nimi na
Zivotaschopnost spermii a neporusenost akrozému. Semeno fedéné Biladylem® vykazovalo
lepsi prezitelnost spermii (47,9%) nez semeno mrazené AndroMedem® (38,5%) nebo
Biociphosem-Plus® (34,9 %). Singh et al. (1999) dokazal, Ze koncentrace vaje¢ného Zloutku
v fedidle 10% je lepsi pro spermie v procesu mrazeni. V posledni dobé bylo testovano fedidlo
z vajeéného Zloutku, ovsem osvédcilo se toto fedidlo s ptidavkem 6% LDL (Low Density
Lipoprotein) s 20 mmol glutaminu (Bencharif et al., 2012). Podle Moussa et al. (2002) se
jako optimalni koncentrace jevi 8% piidavek LDL do tedidla. Dal$i mozné fedéni je 4, 5, 6, 7
a 10% LDL (Moussa et al., 2002). Pfidavek LDL do fedidla ma vétsi vliv na kvalitu spermii
po rozmrazeni, na jejich oplozovaci schopnost a motilitu ve srovnani s komeréné
pouzivanymi fedidly na bazi vaje¢ného Zloutku jako napiiklad Optidyl® (Amirat et al., 2004),
¢i Triladyl® (Amirat et al., 2005). Obecné fedidla obsahujici LDL, ktery je extrahovany
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z vajecného zloutku, mohou byt vyuzita jako fedidla s lepSimi ucinky na spermie béhem
mrazeni nez fedidla komeréné vyuzivana (Moussa et al., 2002). Pfidavek LDL muize byt také
vyuzit pii mrazeni sexovanych davek (Vera-Munoz et al., 2009). Uspéch mrazeni spermii také
zavisi na stupni fedéni (Salomon et Maxwell, 2000) a v soucasné dob¢ mnoho studii zkouma
vyuzivani zmén a riznych koncentraci kryoprotektanti (Mocé et al., 2010). Protoze v
soucasné dob¢ neni znamy piesny vliv LDL na spermie a ani neni doporucend jeho
jednoznacéna koncentrace v fedidle, je vSe predmétem budouciho zkoumani.

Mezi nepenetrujici kryoprotektanty se fadi bovinni sérovy albumin (BSA), trehal6za a
sachardza (De Leeuw et al., 1993). Vyznacuji se nizs§i molekularni hmotnosti, hydrofilii a
nulovou toxicitou. Pomadhaji bunikdm stabilizovat koncentraci wvnitinich roztokd pfi
osmotickém stresu (Cleland et al., 2004). Diky své neschopnosti piekonat plazmatickou
membranu vytvareji osmoticky tlak, ktery sniZzuje bod mrazu média a tim i tvorbu
extracelularniho ledu, ¢imz poskytuji buiikdm ochranu (Aisen et al., 2002).

Ptidavek cukru do tedidla se ukazal jako vhodny, protoze cukr neni schopny se
rozptylit ptes plazmatickou membranu, proto naptiklad laktoza, sacharoza, rafinosa anebo
dextrany pifidavané do fedidel pisobi jako kryoprotektanty. V takovychto slouc¢eninach
vytvaii cukr osmoticky tlak, proto se zde intracelularni ledové krystaly vyskytuji méné. Cukr
také reaguje s fosfolipidy v plasmatické membrané, reorganizuje membranu a zpisobuje, ze
jsou spermie schopné pieziti béhem procesu kryokonzervace (Aisen et al., 2002).

K dispozici jsou rizna bezzloutkova fedidla neobsahujici Zivo¢isné proteiny. Jsou to
fedidla na bazi kombinace lecitinu a glycerolu. Redidla jako napfiklad citratové Fedidlo,
citratové fedidlo s pfidavkem cukru (laktoza, sacharoza, rafinoza). Dale jsou k dispozici
mlécna tedidla v kombinaci s fruktozou nebo citratem, fedidla na bazi laktozy, sacharozy,
Tris (hydroxymethyl) aminomethanu a dal$i (Salamon et Maxwell, 1995). Komeréné jsou
vyrabéna fedidla AndroMed® (Minitube, Tiefenbach, Némecko), Bioxcell® a OptiXcell®
(IMV technologies, L'Figle, Francie). Jejich pouzitim se sniZuje riziko pfenosu patogent a
vird pfi udrzeni stejné oplozovaci schopnosti spermii (Thun et al., 2002). Nehring et al.
(2005) zjistili, ze pravé fedidla Bioxcell® a AndroMed® mohou byt vhodnou nihradou za
béZna média na bazi vajecného Zloutku.

Druhou skupinou fedidel jsou fedidla na bazi vaje¢ného zloutku, kde je ovSem
nevyhodou pouziti zivociSného produktu a nekonzistentni slozeni a granula ztézujici
stanoveni aktivity spermii (Akhter et al., 2010). V soucasné dobé se jedna o komer¢né
dostupnd fedidla Triladyl®, Biladyl® (Minitube, Tiefenbach, Némecko), BullXcell® (IMV
technologies, L Eigle, Francie), BoviPRO® (Minitube of America). K dispozici jsou také
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komeréné vyrabéna fedidla s obsahem ionizovaného Zloutku Steridyl® (Minitube, Tiefenbach,

Némecko) a Optidyl® (Biovet, Fleurance, Francie)

1.1.1 Chlazeni, ekvilibrace

Ke zménam v motilité spermii a jejich struktufe dochazi v riiznych fazich chlazeni,
mrazeni nebo rozmrazovani (Ferero-Gonzalez et al., 2012). Chlazeni je faze adaptace spermii
na zpomaleni metabolismu (Watson, 2000). Metabolismus spermie se snizuje o polovinu
s kazdym poklesem o 10°C, tudiz pii zchlazeni z 39°C na 4-5°C se metabolismus spermie
snizi asi na 10% puvodni trovné (Amann, 1989). Bylo zjisténo, Ze rychlé chlazeni spermatu
vyvolava extrémni zatizeni bunék vedouci k jejich smrti. Rychlé zchlazeni redukuje rozklad
fruktozy, obsah kysliku a syntezu ATP, znamend to, ze spermie ztraci zasobeni energii a
nasledné¢ i motilitu (Blackshaw et Salisbury, 1957). Namaha bunék pfi chlazeni je ptimo
umeérna mrazici kiivce a teplotnimu gradientu. Tento proces se nazyva chladovy Sok a jeho
ucinky se lisi v zavislosti na druhu (Ferero-Gonzalez et al., 2012). Nafedény ejakulat je proto
chlazen pomalu, aby se ptedeslo chladovému Soku.

Soucasti technologického procesu vyroby inseminacnich davek je zpusob ekvilibrace.
Ekvilibrace je brana jako celkovy ¢as béhem kterého spermie ziistava v kontaktu s glycerolem
pfed zmrazenim. V tomto stadiu glycerol penetruje do spermatickych bun¢k a nastavuje
urc¢itou balanci mezi intracelularni a extraceluldrni koncentraci. Nemélo by byt piehlizeno, ze
ekvilibrace spociva v balanci koncentrace glycerolu, ale také osmoticky aktivnich komponent
fedidel (Salomon et Maxwell, 2000).

Po nafedéni jsou davky postupné zchlazovany z 34°C na 4°C, pred vlastnim
zmrazenim jsou uchovany 2 hodiny v teploté¢ 4°C (Moussa et al., 2002). Napiiklad Talevi et
al. (1994) zjistil, Ze nejvhodnéjsi doba ekvilibrace je 1 hodina. Dhami et al. (1996) zase
shledal, Ze nejvhodnéjsi je pomalé chlazeni pejet z 30°C na 5°C za 2 hodiny anebo rychlé
zchlazeni na 10°C s naslednou 2. hodinovou ekvilibraci. Ekvilibrace se jevi jako nezbytny
proces pro uspéSné mrazeni byciho spermatu, ma vliv na jeho oplozovaci schopnost a
prezitelnost. Ekvilibrace se oznacuje jako celkovy cas, po ktery spermie zistava v kontaktu
s kryoprotektantem pied samotnym mrazenim (Salomon et Maxwell, 2000). Délka ekvilibrace
je variabilni, trva od 30 minut do 24 hodin pfed samotnym mrazenim (Dhami et al., 1992).
Muifo et al. (2007) vyhodnotili jako optimalni délku ekvilibrace n¢kolik hodin (4 — 18) pfi
teploté 5°C. Nekteré studie oznacuji za nejvhodnéjsi délku ekvilibrace 18 hodin nebo dokonce
pfes noc pied samotnym mrazenim s cilem zvySovani kvality vyrobenych ID. Naopak,

z provozniho hlediska, je snaha délku ekvilibrace zkratit, ¢i ji uplné€ eliminovat a tim urychlit
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kryokonzervaci, aniz by byla ohrozena kvalita spermii po rozmrazeni (Dhami a Sahni, 1992).
Vysledky prace Arav et al. (2000) naznacuji, ze prodlouzeni doby ekvilibrace zvySuje
oplozovaci schopnost spermii. Dnes je malo znamo o interakci fedidla ejakulatu s délkou
ekvilibrace spermatu byku. Naptiklad Leite et al. (2010) zaznamenali ur€ité interakce mezi
délkou ekvilibrace a pouZitym fedidlem.

Soucasné je spolurozhodujici také teplotni gradient chlazeni, resp. nasledné mrazeni
insemina¢nich davek. Maximalizace pteziti bunck, které jsou podrobeny zmrazeni a
rozmrazeni vyzaduje peclivé kontroly procesu mrznuti (Arav et al., 2002). Dolezalova et a.
(2015) testovali razné délky ekvilibrace (30, 120 a 240 minut) a rizné mrazici kiivky na
zivotaschopnost spermii po rozmrazeni. Jako nejvhodnéjsi vzhledem k motilité po rozmrazeni
byla vyhodnocena délka ekvilibrace 120 minut a vice. Pfesto dosud nejsou uvedené interakce

dostateéné znamé.

2.4.3 Mrazeni

Kryokonzervace ovliviiuje bunky, které jsou zmrazeny. Kdyz vnéjsi voda zmrzne,
vysledkem je Cista voda s obsahem nezmrazenych vysoce koncentrovanych rozpusSténych
latek. Bunky zdstavaji v téchto nezmrazenych ¢astech, kde jsou vystaveny hyperosmotickym
podminkdm zplsobujici ztratu vody, ktera indikuje zmenSovani bun€k. Doba, po kterou jsou
buiiky chlazeny, urcuje rozsah i délku trvani bunééné dehydratace a hypertonicity, které jsou
buiiky vystaveny. Pokud je chlazeni pfili§ rychlé, intraceluldrni voda muiZe zmrznout
v podob¢ ledovych krystalii diive, nez voda stihne opustit buiikku a intracelularni led mize
buniku poskodit (Loomis et Graham, 2008). KdyZ se spermie zmrazi pii dostatecné nizkych
teplotach, jejich metabolismus se v podstaté zastavi (Amann, 1989).

Je v§eobecné znamo, ze proces kryokonzervace snizuje zivotaschopnost spermii o vice
nez 50% (Watson, 1976). Nizkéa oplozovaci schopnost po rozmrazeni je ddna poskozenim, ke
kterym doSlo v pribéhu mrazeni (Saragusty et al., 2007). Zna¢ny vyznam kryokonzervace
jako je chlazeni nebo mrazeni ma kriticka teplota -5°C az -50°C, ktera urcuje, zda spermie
zlistane v rovnovaze s extraceluldrnim prostfedim nebo se postupné prochladi a zvysi se
moznost tvorby intracelularnich ledovych krystalti (Kumar et al., 2003). Naproti tomu Rubei
et al. (2004) jako kritickou shledal teplotu -6°C az -15°C. Zména teploty ve vzorku je zavisla
na biologickém materialu, tepelné vodivosti a geometrickém tvaru nadoby (Diller, 1992).
Polge te al. (1957) navrhl vyuziti pomalého mrazeni rychlosti 1 az 2°C/min mezi 5 az -15°C,
dale pak rychlost mrazeni 4-5°C/min mezi -15 az -79°C. Chen et al. (1993) zase doporucil
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rychlost mrazeni 15°C/min od 5 do -100°C a nésledné pielozeni ptimo do tekutého dusiku.
Ferero-Gonzalez et al. (2012) shledali jako vhodné vyuziti kontrolovaného systému chlazeni.

Diive pouzivanad metoda konvencéniho mrazeni spocivala v mrazeni inseminacnich
davek nad parami tekutého dusiku po dobu 10 minut ve vysSce 2 cm nad hladinou tekutého
dusiku za piisobeni teploty -80°C, rychlost mrazeni byla -8°C/min, poté byly davky umistény
piimo do tekutého dusiku (Reid et al., 2009). Nevyhodou tohoto zplisobu mrazeni byla
nemoznost kontrolovat tvorbu ledovych krystali, které mohou roztrhat a zabit buiku
(Saragusty et al., 2007). Lepsi kvality zmrazené¢ho ejakulatu je dosazeno pti kontrolovatelném
(programovatelném) procesu mrazeni. Rozdilné stupné (faze) mrazeni podava;ji lepsi vysledky
zivotaschopnosti spermii po rozmrazeni.

V soucasné dobé zname né€kolik metod kryokonzervace gamet a to vitrifikaci, pomalé
zmrazovani a zmrazovani zavislé na teplotni kiivce a dalsi. Vitrifikace je proces, pii kterém se
kapalina pfeméni na pevnou latku bez tvorby ledovych krystald (Luyet et Hodapp, 1938).
Touto metodou se mrazi embrya a oocyty. Pfenos tepla v buiikach s vétSimi objemy (vice nez
0,1 ml) je ptilis pomaly pro pouziti metody vitrifikace z diivodu nebezpeci tvorby krystali
(Arav et al., 2002).

Ejakuldt je mozno mrazit, v dneSni dobé ve velké mife vyuzivanou, konvenc¢ni
metodou pomalého programovatelného mrazeni, kterd zahrnuje postupné sniZeni teploty
v komote. Tato metoda je Gsp€Sna v mrazeni inseminacnich ddvek u mnoha druht zvitat, je
zaloZena na fizeni teplotniho gradientu a ptesné kontrole tvorby ledovych krystalti. Davky se
rozlozi horizontaln¢ na hlinikovy rdm o velikosti naptiklad 10 x 10 cm a vkladaji se do
mraziciho boxu. Mrazici box ma rizné rozméry a je 30 minut pfed mrazenim ekvilibrovan
parami tekutého dusiku na pozadovanou teplotu (Si et al., 2010). Rampa s davkami by m¢la
byt 4 cm nad hladinou par tekutého dusiku (Bencharif et al., 2012), diky kterym je regulovana
teplota uvnitit boxu. Stradaioli et al. (2007) vyuzival ve své praci teplotni gradient v prvni fazi
z 5°C na -5°C rychlosti 3°C/min, v dalsi fazi z -5°C na -42°C rychlosti -40°C/min a z -42°C
na -140°C rychlosti -10°C/min, poté jsou davky pielozeny piimo do tekutého dusiku (-
196°C). S programovatelnym procesem mrazeni je dosazeno lepsi kvality zmrazeného
ejakulatu nez pti mrazeni konven¢nim (Rasul, 2000). Metoda Multi Thermal Gradient (MTG)
je systém mrazeni zalozeny na fizeni postupu tuhnuti, ktery umoznuje piesnou kontrolu
tvorby ledovych krystalli béhem procesu mrazeni. Vzorek je v podstaté vlozen do vhodné
nadoby, ktera je posouvana urcitou rychlosti skrz predem urceny teplotni gradient, ktery jde
ptes bod mrznuti do velmi nizkych teplot (CORE DYNAMICS, 2012). Po nafedéni jsou

davky postupné zchlazovany a nasledn¢ mrazeny v pardch tekutého dusiku a prochazi
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teplotnimi stupni v nékolika fazich. Rozhodujici je rozdil teplot v mrazici komoie a jeho
rozpéti se pohybuje od 10 - 60°C. Napft. pi1 vyrobé sexovanych inseminacnich davek je v
zahrani¢i pouzivdna metoda Harmony Freezing Method, kterd je vic¢i pohlavnim buiikdm
Setrnéj$i a u sexovanych spermii zajisti vyssi prezitelnost ve srovnani s konvencnim postupem
mrazeni. Tato metoda je zaloZena na MTG, kdy rozpéti teplot v mrazici komote je od 0 do -
50°C a ve sbéraci pejet poté teplota -40°C az -70°C, rychlost posouvani pejet je 0,5; 1,5 az
2,5 mm/s (Si et al., 2010). Poskozeni bun¢k je diky tomu minimalizovano (Arav et al., 2002).
Metody tizeného postupu mrazeni maji signifikantné lepsi vysledky nez metody konvenéni
(Saragusty et al., 2007).

Existuji komercni doporuceni pro technologie mrazeni gamet jednotlivych druhi
hospodarskych zvirat. Nicmén¢ 1ze predpokladat, ze pribéh mrazici kfivky riznym zptisobem
vyznamné¢ ovlivni néslednou motilitu spermii po rozmrazeni inseminacni davky jednotlivych

byki.

244 Rozmrazovani

Nasledny proces rozmrazovani je také dilezity pro ptezitelnost spermii stejné jako
proces mrazeni. Rychlost rozmrazovani inseminacni davky vyznamné ovliviiuje piezitelnost
spermii. Je ovlivnéna fadou faktorii jako je typ fedidla, koncentrace glycerolu, zptsob plnéni
pejet a rychlost zmrazovani (Rodriguez et al., 1975). Spermie, které jsou uloZeny v pejetach v
tekutém dusiku (-196°C) a maji byt rozmrazeny, musi projit dvéma kritickymi teplotami z -50
do -5°C (Marshall, 1984). Rozmrazovaci efekt zaleZi na tom, zda stupen chlazeni byl
dostatecné vysoky na vyvolani intracelularniho mzrnuti nebo pomaly pro nedostatecnou
dehydrataci bunky. Podle Mazur (1966) je pro optimalni piezitelnost spermii nutno sladit
rychlost zmrazovani inseminacnich davek s rychlosti nasledného rozmrazovani, avSak tuto
teorii pozdé€ji zavrhl Watson (1976), ktery nenalezl zadny vztah mezi rychlosti mrazeni a
rozmrazovani inseminacnich ddvek. Robbins et al. (1973) dosli k zavéru, ze rychlé mrazeni a
nasledné rychlé rozmrazeni vyznamné neovlivni motilitu ani integritu membran spermie.
Naopak pomalé mrazeni ma za nasledek nizkou piezitelnost spermii nezavisle na rychlosti
rozmrazovani (Rodriguez et al., 1975). Nur et al. (2003) tvrdi, Ze rychlej§i rozmrazovani
inseminac¢nich davek ma za nasledek vyS$si motilitu a akrozomalni integritu spermii. V piipade
rychlého rozmrazeni je potieba piredchazet rekrystalizaci intracelularniho ledu ve spermii, kdy
opétovné nastoleni rovnovahy mezi intracelularnim a extraceluldrnim prostiedim je rychle;jsi

nez u pomalého rozmrazovani (Salomon et Maxwell, 2000). Vhodna teplota a doba
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rozmrazovani a naslednd manipulace zalezi na pouzité technologii mrazeni (Moussa et al.,
2002).

Pfi rozmrazovani jsou pejety vlozeny do vodni 14zné o teploté 37°C po dobu 30 - 120
vtefin. Obecné pouzivand metoda rozmrazovani inseminacnich davek je ve vodni lazni s
teplotou 35°C po dobu 30 s (Marshall, 1984). Rao et al. (1986) testoval rozmrazovani davek
ve dvou fazich (ve vodni lazni s teplotou 37°C po dobu 30 s a nasledné 75°C po 9 sekund),
dalsi jako naptiklad Dhami et al (1992, 1996), Takahashi et al. (2012) studovali ruzné teploty
a stupné rozmrazovani. Nejvhodné&jsi se ale prozatim jevi teplota lazné 45 — 60°C po dobu 15
sekund (Medranol et al.,, 2002). Kvalita rozmrazeného ejakulatu je faktor, ktery také
ovliviiuje zabtezdvani (Saacke, 1984).

Aplikace optiméalni kombinace technologickych postupi chlazeni a zmrazovani
insemina¢nich ddvek mize vést ke zlepSeni kvalitativnich ukazateli inseminacnich davek a
jejich oplozovaci schopnosti s naslednym praktickym uplatnénim téchto inovovanych

technologii v praxi.
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3 HYPOTEZY A CILE PRACE
e hypotézy

¢ Predpokladame, Ze fedéni Cerstvého ejakulatu odlisSnymi typy fedidel, soucasné
s pridavkem LDL, riznym zplisobem ovlivni odolnost spermii vici

chladovému Soku.

s Lze predpokladat, ze odlisné délky ekvilibrace a rizné technologie mrazeni

inseminac¢nich davek byka ovlivni kvalitativni parametry inseminacni davky.

e (Cilem prace je vyhodnotit viiv:
% fedéni ejakulatu riznymi typy komercnich fedidel pii konvenénim postupu i
soucasném piidavku LDL do fedidel na kvalitativni ukazatele natedéného

ejakulatu vystaven¢ho chladovému Soku,
% prodlouzeni, respektive zkraceni délky ekvilibrace, soucasn¢ zmén Casu a

teploty konven¢ni technologie mrazeni na kvalitativni ukazatele inseminacni

davky po rozmrazeni.
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4 MATERIAL A METODIKA
V prubéhu 2012 — 2016 byl opakované odebiran ejakulat od skupiny plemennych byku

(n=27, byci holstynského a ¢eského strakatého plemene) na inseminacni stanici bykd Natural
s.r.0. se sidlem v Hradistku pod Mednikem, s dirazem na stejny vék, systém ustajeni, vyzivu
a oSetfovani, standardné vyuzivané pro komeréni ucely. Bykiim byla podavana stejna krmna
davka: seno (10 kg), slama (5 kg), s6jovy srot (0,5 kg), smés obilnych Srotd: 1/3 ovesného,
1/3 pSenicného a 1/3 je¢ného Srotu, v celkové davece 3 kg a smés mineralii Premin 22 Natural
od firmy VVS Vermétovice s. r. 0. Tento minerdlni dopln€k obsahuje: 25% Zitnych otrub, 25
% KH2PO4, 19% CaCQOs, 13% NaCl, 9% MgO, 4% tepné melasy a ostatni mineraly (obsah na
1 kilogram krmné smési): Ca (11,4%), P (6%), Na (5%), Mg (5,2%), Vitamin A (1250000
iu.), Vitamin D3 (250000 i.u.), Vitamin E (5000 mg), Vitamin Bl (61 mg), FeCO3
(8200 mg), CuSQ4 . 5H20 (600 mg), MnO (3000 mg), ZnO (5500 mg), Ca(l03)2 (45 mg),
Co(CH3COO): (45 mg), Na»SeOs (36,5 mg), Niacin (825 mg), Beta karoten (800 mg).

Ejakulat byl standardné¢ odebran pomoci umélé vaginy a neprodlené piedan
k hodnoceni do laboratofe inseminaéni stanice, kde byla vySkolenym personalem na zaklad¢
platné metodiky vyhodnocena jeho vstupni kvalita. Byl hodnocen objem ejakulatu (Q),
koncentrace (x 10® mm) a motilita spermii (progresivni pohyb spermii vpied za hlavickou,
%). K vyrobé& byl vyuzit ejakulat s minimalni koncentraci spermii 0,7 x 10® mm2a progresivni
motilitou minimalné 70 %.

Metodika pokusu byla rozdélena na dva okruhy, prvni se tykal vlivii piidavku frakce
vajecného Zloutku LDL cholesterolu do né€kolika typii fedidel na néslednou odolnost spermii
vici chladovému Soku. Druhy okruh se poté v€noval dalsi fazi procesu vyroby insemina¢nich
davek a to hledani nejvhodnéjsi délky ekvilibrace nafedénych davek a nasledné mrazeni dle
rozdilnych typl mrazicich kiivek, které se liSily teplotou a rychlosti poklesu teploty v komote

mraziciho boxu a jejich vlivu na naslednou Zivotaschopnost spermii po rozmrazeni.

41 METODICKY OKRUH I

Priprava redidel

V praci byly testovany dvé varianty fedidel a to kontrolni bez pridavku LDL a
pokusné obohacené o piidavek LDL o uréité koncentraci. Hodnocena byla 3 v praxi bézné
pouzivana komeréné vyrabéna fedidla: AndroMed® na bazi séjového lecitinu (Minitiibe,
GmbH, Tiefenbach, Germany), bezzloutkové fedidlo Bioxcell® (IMV, L’Aigle, France) a
fedidlo Triladyl® obsahujici 20 % ptidavek vajeéného Zloutku (Minitiibe, GmbH, Tiefenbach,
Germany). Pokusné varianty fedidel AndroMed® a Bioxcell® byly obohacené o piidavek LDL
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o koncentraci 4 — 8 %, fedidlo Triladyl® obsahovalo koncentraci LDL 6 — 10 %. Vyssi
koncentrace LDL v fedidle Triladyl® nahrazovala ptidavek vaje¢ného zloutku, ktery patii
mezi zakladni komponenty tohoto fedidla. Redidla byla pfipravena presné podle navodu

vyrobce a pfed samotnym pouzitim byla uchovana v chladicim boxu o teploté¢ 5 — 10 °C.
Redéni a zpracovani ejakuldtu

Ejakulat splnujici standardni vstupni podminky byl rovnomérné rozdélen pomoci
sterilni pipety na 6 - 12 ¢asti. Ejakulat byl po odbéru ulozen v chladicim boxu (4 °C) po dobu
cca 1 hodiny, kdy byl pievezen zinseminadni stanice na CZU. Ejakulat byl nasledné
rozpipetovan do piedem vychlazenych sterilnich sklenénych zkumavek (5 — 10 °C). Byly
vytvofeny kontrolni varianty fedéni ejakulatu fedidly AndroMed®, Bioxcell® a Triladyl® bez
ptidavku. Ddle byly pfipraveny varianty fedéni obohacené o ptidavek LDL cholesterolu a to
AndroMed® a Bioxcell® s 4 %, 6 % a 8% LDL, k fedidlu Triladyl® bylo pak piidano 6 %, 8 %
a 10 % LDL. Cerstvy ejakulat byl nafedén pomoci sterilni pipety na pozadovanou vyslednou

koncentraci spermii 30 x 10® mm=3.
Hodnocent odolnosti spermii viici chladovému Soku

Od kazdé varianty byly naplnény dvé sklenéné kapilary o objemu 0,1 ml o teploté +4 °
a vloZeny na 10 minut do chladiciho boxu (No Ice, Bibby Scientific, Ltd., Staffordshire, UK)
o teploté 0 °C. Po uplynuti stanovené doby byl objem kapilary na hodinovém sklicku o teploté
37 °C smichavan s 20 pl Eosinu po dobu 30 sa poté bylo pfidino 40 pl Nigrosinu.
Z vysledného roztoku bylo odebrdno 20 pl a pfeneseno na piedehiaté podlozni sklicko,
nasledné byl proveden roztér. Totozny vzorek byl z chladiciho boxu premistén do vodni 14zné
o teploté 37 °C, kde byl vzorek 2 hodiny inkubovan, a nasledné byl opét proveden roztér.
Pomoci barveni Eosinem a Nigrosinem byl hodnocen vliv chladového Soku na piezitelnost
spermii danou podilem zivych spermii v ejakuldtu na zacatku a po ukonceni tepelného testu
prezitelnosti. Roztéry byly hodnoceny pomoci mikroskopu s fazovym kontrastem (Eclipse,
E200, Nikon®, Tokyo, Japan) pii zvétseni 1000 x. Bylo napo¢itdno minimalng 100 spermii a
byl zjistovan podil zivych spermii, které nemély zabarvenou hlavicku a podil mrtvych

spermii, které¢ mély hlavicku obarvenou.

Metodicky okruh I. je podrobnéji definovan detailnimi metodikami uvedenymi

Vv nasledujicich publikacich (Kapitola €. 5):
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Stadnik, L., Rajmon, R., Beran, J., Simonik, O., Dolezalova, M., Sichtat, J., Stupka, R.,
Folkova, P. 2015. Influence of selected factors on bovine spermatozoa cold shock
resistence. Acta Vet. Brno 2015, 84: 125-131, doi: 10.2754/avb201584020125.

Beran, J., Simonik, O., Stadnik, L., Rajmon, R., Duchacek, J., Krejcarkova, A., Dolezalova,
M., Sichtat, J. 2013. Effect of bull, diluter and LDL-cholesterol concentration on
spermatozoa resistance against cold shock. Acta univ. agric. et silvic. Mendel. Brun..
LXI (6), 1575-1581.

Beran, J., Simonik, O., Rajmon, R., Stadnik, L., Dolezalova, M., Krejcarkova, A., Duchacek,
J., Sichtat, J. 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,
http://dx.doi.org/10.11118/actaun201664020395.

4.2 METODICKY OKRUH II

Redeni a zpracovani ejakulatu

Ejakulat, ktery spliioval vstupni podminky byl nafedén standardn€ vyuzivanym
fedidlem AndroMed® na bézi sojového lecitinu (Minitiibe, GmbH, Tiefenbach, Germany).
Nafedény ejakulat byl po promiseni naplnén do pejet (0,25 ml, IMV, L’Aigle, France),
zchlazen a ekvilibrovan v chladicim boxu (4 °C) po dobu 30, 120 a 240 minut. Ejakulat byl
nasledné mrazen v programovatelném mrazicim boxu (Digit Cool, IMV, L"Aigle, France) dle
4 typu mrazicich ktivek liSicich se teplotou a rychlosti poklesu teplot v komote. K mrazeni
byla vyuzita standardné vyuzivand a vyrobcem doporucovana 3 — fazova mrazici kiivka, kde
Vv prvni fazi teplota klesala z +4 °C na -10 °C rychlosti 5 °C/min, v dalsi fazi teplota klesala na
-100 °C rychlosti 35 °C/min a v zavérecné fazi klesala na -140 °C rychlosti 20 °C/min , dale 2
— fazova mrazici kiivka, kde v prvni fazi teplota klesala z +4 °C na -10 °C rychlosti 4 °C/min,
ve druhé fazi pak klesala na — 150 °C rychlosti 40 °C/min. Déle byla vybrana 3 — fazova
mrazici kiivka s pomalejsim poklesem teplot v komofte, v prvni fazi teplota klesala z +5 °C na
-5 °C rychlosti 3 °C/min, v dalsi fazi klesala na -42 °C rychlosti 40 °C/min a ve tieti fazi
klesala na -140 °C rychlosti 10 °C/min a 3 — fazova mrazici kiivka s rychlej$im poklesem
teplot v komofte, kde teplota klesala v prvni fazi z +4 °C na -10 °C rychlosti 10 °C/min, v dalsi

fazi klesala na -100 °C rychlosti 20 °C/min a v posledni fazi teplota klesala na -140 °C
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rychlosti 60 °C/min. Neprodlen¢ po mrazeni byly davky pfemistény do kontejneru s tekutym
dusikem -196 °C.

Hodnoceni spermii

Kvalita vyrobenych davek byla testovana pomoci motility spermii zjisténé na zakladé
CASA a podilu zivych spermii v prib¢hu tepelného testu piezitelnosti trvajicim po dobu 120
minut od rozmrazeni davky. V pribéhu tepelného testu byly vzorky inkubovany ve
vyhfevném bloku o teploté 37 °C. Pejety byly rozmrazovany ve vodni lazni o teploté 38 £ 1
°C po dobu 30 vtefin (Rubio-Guillén et al. 2007). Nasledné byl jejich obsah smichan
s vytemperovanym fyziologickym roztokem (500 pl; 37,5 °C) a byla zjistovana motilita
spermii (%) pomoci CASA (SCA® Production v. 5.3., MICROPTIC, Spain) s mikroskopem s
fazovym kontrastem (Eclipse E200, Nikon®, Tokyo, Japan) pii 200-300x zvétseni. Z kazdého
vzorku bylo hodnoceno 5 zornych poli (Tuncer et al. 2011). Soucasné byl hodnocen podil
zivych spermii, ihned po rozmrazeni a po 120 minutach trvani tepelného testu piezitelnosti.
Sterilni nahfatou pipetou bylo ze vzorku odebrano 20 pl a pfeneseno na hodinové sklicko o
teploté 37 °C. Nasledné byl vzorek michavan s 20 pul Eosinu po dobu 30 s a poté bylo pfidano
40 pl Nigrosinu. Z vysledného roztoku bylo odebrano 20 pl a pfeneseno na piedehiaté
podlozni sklicko, nasledn¢ byl proveden roztér. Roztéry byly hodnoceny pomoci mikroskopu
s fazovym kontrastem (Eclipse, E200, Nikon®, Tokyo, Japan) pifi zvétseni 1000 x. Bylo
napoc¢itdno minimalné 100 spermii a zjiStovan podil Zivych spermii, které nemély zabarvenou

hlavicku a podil mrtvych spermii, které mély hlavi¢ku obarvenou.

Metodicky okruh II. je podrobnéji definovan detailnimi metodikami uvedenymi

Vv nasledujicich publikacich (Kapitola €. 5):

Dolezalova, M., Stadnik, L., Biniova, Z., Duchacek, J., Stupka, R. 2016. Equilibration and
freezing interactions affecting bull sperm characteristics after thawing. Czech Journal
of Animal Science, 61(11): 00 -, doi:10.17221/23/2016-CJAS — accepted.

Dolezalova, M., Stadnik, L., Biniova, Z., Duchécek, J., Beran, J. 2015. Effect of freezing

curve type on bull spermatozoa motility after thawing. Acta Veterinaria Brno, 84 (4):
383-391, doi: 10.2754/avbh201584040383.

V ramci statistického hodnoceni byl ve vSech publikacich jako sekundarni faktor

hodnocen vliv individuality byka. Data byla hodnocena pomoci statistického softwaru SAS
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(SAS/STAT®, 2011) pouzitim procedury UNIVARIATE, CORR, MIXED a GLM.
Podrobnéjsi popis aplikovanych statistickych modeltt obsahuji jednotlivé nasledujici

publikace.
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Abstract

The objectives of this study were to determine the effects of sire, extender, and addition of Low
Density Lipoprotein (LDL) to extenders used on the percentage rate of spermatozoa survival after
cold shock. Two groups of extenders were compared: without LDL addition (control variants)
and LDL enriched (experimental variants). Three extenders were used: AndroMed®, Bioxcell®,
and Triladyl®. Experimental variants included 4-8% LDL addition into the AndroMed® and
Bioxcell® extenders, and 6-10% LDL addition into the Triladyl® extender. In total, 12 samples
of fresh semen were collected from 4 bulls during a period of 8 weeks. Bovine spermatozoa cold
shock resistance (1 £ 1 °C, 10 min) was evaluated by the percentage rate of live sperm using
eosin-nigrosine staining immediately and after heat incubation (37 + 1 °C, 120 min). The results
showed the effect of sire as important and individual differences between selected sires in their
sperm resistance against cold shock were confirmed. AndroMed® and Bioxcell® were found to
be providing better protection of bull semen to cold shock compared to Triladyl® due to lower
decline of live sperm proportion. Our results detected a positive effect of LDL addition on sperm
resistance against cold shock, especially on lower decrease of live sperm percentage rate after
120 min of the heat test (P < 0.05). Further studies are needed to assess the optimal concentration
of LDL in various kinds of extenders as well to state ideal time and temperature conditions for
ensuring LDL reaction with sperm.

Reproduction, bull sperm, extender, LDL cholesterol, sperm survival, cold shock, eosin-nigrosine
staining

Fertility of dairy cows has declined over the past five decades as milk production per cow
has increased (Walsh et al. 2011). Cattle fertility has been intensively studied in recent
years with regard to females (Hanus et al. 2010; Beran et al. 2013a). However, cows’
reproduction results are affected by the male component as well.

Sperm quality is influenced by many internal and external factors, e.g. breed, variation
between individuals, age of sire (Thara and Nair 2007; Beran et al. 2012; Héartlova et
al. 2013), environmental conditions (Bali¢ et al. 2012), and frequency of collecting the
ejaculate (Karoui et al. 2011). Collection of the ejaculate and its subsequent processing
present further potential risk factors for declined sperm quality. The steps of producing
insemination doses (diluting the sperm, filling the straws, cooling and freezing) have a
significant effect on sperm motility after thawing (Siddique et al. 2006). Especially, the
properties of extender used (Crespilho et al. 2012; Cao et al. 2013; Spalekova et al.
2014) and freezing methods are important (Watson 2000; Medeiros et al. 2002).

In general practice, different types of semen extenders are used. They can be divided
according to the type of cryoprotective substance into skimmed-milk extenders, extenders
based on plant phospholipids, and extenders containing egg yolk (Vishwanath and
Shannon 2000). Pace and Graham (1974) found that the important component of egg
yolk responsible for its cryoprotective properties is low density lipoprotein (LDL) and they
concluded that LDL can protect bull sperm as efficiently as fresh egg yolk. Furthermore,
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replacement of egg yolk only by its active LDL fraction can prevent microbial risks, as
the results of the study Bousseau et al. (1998) showed that commercially produced egg
yolk extenders could be bacterial contaminated. The mechanism of the LDL protective
action has not yet been completely explained. However, the positive effects of LDL
were reported by Bergeron and Manjunath (2006). They identified that the family of
phospholipid-binding proteins (BSP proteins) present in seminal plasma are detrimental
to sperm preservation since they interact with LDL. This interaction prevents lipid efflux
from sperm and positively influences sperm storage in liquid or frozen states, but the
optimal time and temperature conditions of the abovementioned interaction have not been
sufficiently explored yet. It is assumed that extenders containing LDL, which is extracted
from egg yolk, might have more positive effects on spermatozoa membranes during the
freezing than commercially used diluters (Moussa et al. 2002).

Biological tests of the ejaculate have been developed to assess the resistance
and fertilization ability of sperm using LDL addition into diluters, e.g. short-term heat test
of sperm survival (Maurya and Tuli 2003) or hypo-osmotic swelling tests (Pfinosilova
et al. 2014). However, resistance of sperm against cold shock has not been evaluated as
well in relation to the addition of LDL. Moreover, the results of a previous study (Beran et
al. 2013b) have shown different results in relation to the concentration of LDL.

Thus, the aim of this study was to determine the effects of sire, extender, and addition
of LDL to extenders used on the percentage rate of spermatozoa survival after cold shock.

Materials and Methods
LDL extraction

Low density lipoprotein (LDL) was prepared in accordance with the methodology of Moussa et al. (2002).
Hen eggs were obtained from Biopharm Inc. (Pohofi - Chotoun,, Czech Republic), and production of the LDL
fraction was ensured by the company Hena Inc. (Prague, Czech Republic). Firstly, egg yolk had to be separated
from albumen manually, by rolling on filter paper in order to remove the endosperm and chalaza. Then the vitellin
membrane was cut with a scalpel, and egg yolks were collected in a tube kept refrigerated by ice at 4 °C. In this
way egg yolk plasma obtained was diluted by 0.17 M NaCl solution and then stirred for 60 min. Afterwards,
centrifugation at 10,000 x g for 45 min at 10 °C was performed and after supernatant removal, the procedure was
repeated. The main purpose of this centrifugation was to achieve the separation of egg yolk granules from plasma.
The obtained egg yolk plasma was stored at 4 °C. Then, 20.5 g of ammonium sulphate was added to 100 ml of
plasma for removal of livetines, and this was stirred for 1 h at pH 8.7 and temperature 4 °C. Precipitated livetines
were subsequently separated by centrifugation at 10,000 x g for 45 min. The supernatant was then dialyzed
further 10 h for the purpose of ammonium sulphate elimination and selective coagulation of LDL. At the end of
this dialysis the mixture was centrifuged at 10,000 x g for 45 min, and the resulting sediment (pellets) represented
LDL with a purity of 97%, which had to be stored at 4 °C.

Extender preparation

Two groups of extenders were compared in this experiment: without LDL addition (control variants) and
LDL enriched (experimental variants). Three commercially available extenders were used: AndroMed® extender
containing plant phospholipids (MiniTiib GmbH, Tiefenbach, Germany), Bioxcell® non-egg yolk extender
(IMV, L Aigle, France), and Triladyl® containing 20% of egg yolk (MiniTiib GmbH, Tiefenbach, Germany).
Experimental variants included 4-8% LDL addition to the AndroMed® and Bioxcell® extenders, and 6-10%
LDL addition into the the Triladyl® extender. The higher proportion of LDL addition in Triladyl® replaced the
egg yolk which is normally its essential component. All the extenders were prepared on the day of sampling from
one batch number according to the instructions of the producers and stored in a cooling box (5-10 °C) before
ejaculate dilution.

Semen collecting, dilution and processing

Semen was collected from 4 bulls of same age, breed and frequency of collecting, bred in one sire insemination
center (Natural Ltd., HradiStko pod Mednikem, Czech Republic) approved for public use in a standard way.
Because climatic conditions during the observation period were similar, we did not include the effect of climatic
conditions in the statistical model.

In total of 12 sampling days, ejaculate samples were obtained using an artificial vagina. Volume of fresh semen
(VOL), density of sperm (DEN), and percentage rate of progressive motile spermatozoa above head (ACT) were
evaluated by only one trained technician of the sire insemination centre. The mean volume of collected semen
was 9.78 g. The mean sperm density was 1.28 x 10® mm=. Proportion of progressive motile spermatozoa above
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head detected immediately after collection was 87.50%. The mean percentage rate of live sperm was 74.12% in
the beginning and 54.37% after 120 min of heat incubation.

Samples of fresh semen were divided into 12 portions (1 control - Andromed®, Bioxcell® as well as Triladyl®;
3 experimental variants per extender - Andromed® and Bioxcell® with 4%, 6%, and 8% LDL as well as Triladyl®
with 6%, 8%, and 10% LDL), and pipetted using a sterile pipette to a sterile chilled (5-10 °C) tubes. Each portion
was immediately diluted to a concentration of approximately 30 x 10%ml. The required amount of extenders was
applied using sterile pipettes directly to the tubes with samples.

Evaluation of resistance against cold shock

Tube contents were then divided into two portions. The first portion was used for cold shock test: three glass
capillaries (0.1 ml) closed at one end with plasticine were successively filled from each tube with diluted sample
of semen at 7 + 1°C, and subsequently stored in a cool bath (No Ice, Bibby Scientific, Ltd., Staffordshire, UK) for
10 min (1 + 1 °C). After the end of cold incubation the content of capillaries was gently mixed on preheated hour
glass (37 = 1 °C) with 20 pl of eosin by circular motion for 30 s and then nigrosine was added at the amount of
40 pl. A volume of 20 pl of the resulting suspension was added onto a preheated glass slide and smear was done.

The second portion of diluted semen was stored in a water bath at 37 + 1 °C for 120 min. After that time the
cold shock test was repeated by the above mentioned methodology. A total of 576 smears were thus collected (12
collecting days, 4 bulls, 3 extenders used, and 4 samples per extender).

Dried smears were examined under a phase contrast microscope (Eclipse E200, Nikon®, Tokyo, Japan) at
x 1 000 magnification and with oil immersion by only one evaluator. A minimum of 100 spermatozoa were
classified as either dead (with red heads) or live (with white heads) and expressed as the percentage rate of live
sperm at the beginning of the test (LS0) and after 120 min of heat incubation (LS120).

Statistical analysis

The data were evaluated with the statistical software SAS® (Version 9.3; SAS Inst., Inc., Cary, NC, USA) using
MIXED procedure. The following equation was used:
Y, = p+ SIRE,+ EXT. + LDL, + b *(VOL) + b,*(DEN) + b,*(ACT) + ¢
where: ‘ !

Y= observed value of the dependent variable (percentage rate of live sperm at the beginning of the test and
after 120 min heat incubation, difference between these two measurements),

SIRE, = fixed effect of the i" sire (1= 1,n = 144; 2, n = 144; 3, n = 144; 4, n = 144);

EXT, = fixed effect of the j" extender (j = 1 - AndroMed®, n = 192; 2 - Bioxcell®, n = 192; 3 - Triladyl®,
n=192);

LDL, = fixed effect of the k™ presence of LDL (k = NO, n = 144; YES, n = 432);

b *(VOL) = regression on initial volume of fresh ejaculate;

b,*(DEN) = regression on initial density of sperm in fresh ejaculate;

b, *(ACT) = regression on initial activity of sperm in fresh ejaculate;

e, = residual effects.

e differences between the variables estimated were tested at the levels of significance P < 0.05, P < 0.01,

and P <0.001.

ijk1>

Results

Model repeatability ranged from r> = 0.406 to r* = 0.852 during the evaluation of observed
traits when the significance of the whole model was P < 0.001 in all evaluations as well
as the effect of volume, density and activity regression. The effect of sire was significant
(P < 0.01) in relation to all the evaluated traits. The effect of extender was significant
(P <0.001) in relation to the percentage rate of live sperm after 120 min of heat incubation
and difference between the percentage rate of live sperm at the beginning and 120 min of
the test. The effect of LDL presence in the tested samples was significant (P < 0.05) to the
percentage rate of live sperm at the beginning of the test and the difference between the
percentage rate of live sperm at the beginning and after 120 min of the test.

The results from MIXED procedure for the fixed effect of sire are given in Table 1.
Significant differences (P < 0.05) in sperm survivability after cold shock were detected
between sires regardless of the extender used or presence of LDL. The highest percentage
rate of live sperm at the beginning of the test (LS0) was achieved by sire no. 2 (78.39 +
1.086%), while the highest survivability after 120 min of the test (LS120) was achieved
by sire no. 1 (64.19 + 1.799%), including the lowest difference between LSO and LS120
(11.01 £ 1.742%). Significantly (P < 0.01) the lowest values of sperm survivability
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Table 1. Effect of sire on sperm survivability after cold shock.

Sire LSO LS120 LSO -LS120

1 74.96 + 1.195% 64.19 +1.7994 11.01 = 1.7424

2 78.39 + 1.086* 56.13 £ 1.619% 22.32 +1.568F
3 75.27 + 1.624* 61.99 +2.40748 13.05 +2.331°48
4 54.23 +£3.4378 14.76 + 5.149¢ 38.86 £ 4.986"BC

LS0 = percentage of live sperm at the beginning of the test; LS120 = percentage of live sperm after 120 min of
the test; LSO — LS120 = difference between percentage of live sperm at time 0 and 120 min of the test; different
superscripts mean a significant difference within a column —a, b=P <0.05; A, B,C=P <0.01

Table 2. Effect of extender on sperm survivability after cold shock.

Extender LSO LS120 LSO -LS120

AndroMed® 71.22 £1.027 54.44 +1.5154 16.78 + 1.468*
Bioxcell® 71.46 £1.027 50.17+ 1.516° 21.07+ 1.4698
Triladyl® 69.46 £ 1.027 43.19 + 1.529¢ 26.09 + 1.481¢

LSO = percentage of live sperm at the beginning of the test; LS120 = percentage of live sperm after 120 min of
the test; LSO — LS120 = difference between percentage of live sperm at time 0 and 120 min of the test; different
superscripts mean a significant difference within a column— A, B, C=P <0.01
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Fig. 1. Effect of LDL addition on sperm survivability after cold shock
LS0 = percentage of live sperm at the beginning of the test; LS120 = percentage of live sperm after 120 min of

the test; LSO — LS120 = difference between percentage of live sperm at time 0 and 120 min of the test; different
superscripts mean a significant difference between columns — A, B =P < 0.05
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during whole test was achieved by sire no. 4 (LO = 54.23 + 3.437, respectively LS120
= 14.76 + 5.149%). This sire had also significantly (P < 0.05-0.01) the highest sperm
survivability decline during the test (38.86 + 4.986%).

Focusing on the influence of the extender used regardless of the presence of LDL and sire
effect (Table 2), we can assume that AndroMed® and Bioxcell® showed non-significantly
(P > 0.05) the highest percentage rate of live sperm at the beginning of the test (LSO
= 71.22 + 1.027%, resp. 71.46 + 1.027%). On the other hand, significantly the lowest
percentage rates of live sperm were found in Triladyl® at the beginning (LSO = 69.46 +
1.027%; P> 0.05) and after 120 min of the test compared to Bioxcell® (-6.98%; P < 0.01)
and AndroMed® (-11.25%; P < 0.01). Triladyl® also achieved significantly (P < 0.01) the
highest decline of the percentage rate of live sperm during the entire test (26.09 = 1.481%)
differing by 5-16% from the other diluents.

Results of LDL addition influence on sperm survivability without specification of the
extender type are also presented in Fig. 1. Significantly (P < 0.05) higher percentage rate of
live sperm at the beginning of the test had samples without LDL (LSO =+1.69%) compared
to samples containing LDL. On the other hand, opposite results were detected after
120 min of the test, when higher percentage rate of live sperm (LS120 = +0.68%; P >
0.05) was achieved by the samples containing LDL. These samples also had significantly
(P < 0.05) lower difference between time 0 and 120 min of the test (20.10%). These
findings indicate that a protective effect of LDL occurred after 120 min incubation in water
bath (37 = 1 °C) only.

Discussion

Our results presented in Table 1 confirmed sires’ individuality as an important effect;
many significant individual differences were detected between sires. Our findings are in
accordance with Thara and Nair (2007), who found that semen from different sires had
different fertilization ability in vitro.

Cold shock test belongs to the main evaluation methods of sperm quality (Benson et
al. 1967). We focused on evaluation of ejaculate viability and fertility using this test as
well. Our results showed that better results of the cold shock test were achieved using
AndroMed® and Bioxcell®. This is in accordance with Stradaioli et al. (2007) who
state AndroMed® and Bioxcell® as the most suitable extenders for cryopreservation of
bull semen. However, the general course of reproduction results in cows points out the
necessity of continuous improving of extenders. For this reason, the addition of selected
cryoprotectant was evaluated and tested.

The positive effect of LDL found in our study has been shown also in several other studies,
e.g. by Hu et al. (2010), and Vera-Munoz et al. (2011). The authors concluded that LDL
binds to the cell membrane protecting it from a ‘cold shock’. This reaction requires time,
and therefore the protective effect of LDL was shown after 120 min, and not immediately
after dilution. This finding brings the need to test this reaction in shorter intervals or, on the
other hand, during a longer equilibration time, however, under lower temperature. Another
advantage of the LDL extender compared to standard egg yolk extender lies in clearly
defined and stable chemical composition (Amirat et al. 2004). Manjunath et al. (2002)
and Bergeron et al. (2004) stated that LDL has the ability to form very stable complexes
with major BSP proteins. This interaction increases the sperm robustness against cold
shock. Our results confirmed the mentioned statement.

Based on our monitoring we can assume that the effect of sire is important and individual
differences between selected sires in their sperm resistance against cold shock were
confirmed. AndroMed® and Bioxcell® have been found to be more suitable extenders for
cryopreservation of bull semen compared to Triladyl® due to the lower decline of live
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sperm proportion during the cold shock test. Our results found a positive effect of LDL
addition on sperm resistance against cold shock, especially a lower decline of the live
sperm percentage rate during 120 min of the test (P < 0.05). Further studies evaluating
the LDL effect during and/or after equilibration period are needed. More research is also
needed to assess the optimal concentration of LDL in various kinds of extenders and to
determine the ideal time and temperature conditions for ensuring LDL reaction with sperm.
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Abstract

BERAN JAN, SIMONIK ONDRE], STADNIK LUDEK, RAJIMON RADKO, DUCHACEK JAROMIR,
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LDL-cholesterol concentration on spermatozoa resistance against cold shock. Acta Universitatis Agriculturae
et Silviculturae Mendelianae Brunensis, 2013, LXT, 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 (Dolezalovi et al.,
2013; Roche et al., 2011; Hanus 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 dl.,
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; Hegedii3ova
et al., 2012), as well as method of thawing (Filip¢ik
and Hanuldkov4i, 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
effects 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
Tce, 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 (LO) 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,(ACT) +¢

ikl
where:

) — observed value of the

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

DIL. ... 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;

A —— 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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1: Basic statistical characteristics of observed data

Variable Unit Min Max Mean SD
VOL [g] 6.2 11.8 9.78 1.663
DEN [10°. mm~3] 0.9 1.8 1.28 0.269
ACT [%] 80 90 87.5 3.542
L0 [%] 23.27 93.2 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; LO - 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 P among evaluated traits

DEN ACT Lo L2 L0-L2
[10°. mm™] [%] [%] [g] [%]

VOL r 0.5886 0.7563 0.8524 0.6006 0.3445
[g] P <.0001 <.0001 <.0001 <.0001 <.0001
DEN r 0.4616 0.5607 0.3876 0.2377
[10°. mm™’] P <.0001 <.0001 <.0001 <.0001
ACT r 0.8063 0.6007 0.2914
[%] P <.0001 <.0001 <.0001
Lo r 0.7565 0.3256
[g] 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; LO — 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.

The sperm density ranged from 0.9 to 1.8 x 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° mm~ in 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 AT 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.

37

Indicators mentioned above belong to the
main characteristics of collected fresh semen
(Hanulakova et al., 2012) and determine the initial
quality of ejaculate subsequently used for AT doses
manufacturing (Vagenknechtova 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. IIT and IV. Coefficient of the
whole model repeatability ranged from r? = 0.408 to
r? = 0.852 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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TI1: Effects of individual factors in statistical model

MODEL BULL DIL LDLC VOL DEN ACT
TRAIT

1? P F-test P F-test P F-test P F-test P F-test P F-test P
LO 0.852 <0.001 34.03 <0.001 2.06 0.13 1.20 0311 9.13 0.003 9.02 0.003 13.38 <0.001
L2 0.697 <0.001 62.70 <0.001 26.61 <0.001 0.13 0.969 120 0.274 944 0.002 3.11 0.08

LO-L2 0.408 <0.001 2531 <0.001 1938 <0.001 123 0298 0.68 0410 27.8 <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
ejaculate; 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 + 1.7474
BULL 2 78.82 £ 1.083# 56.00 + 1.624° 22.86 +1.571®
3 75.70 £ 1.625% 61.84 +2.4084 8 13.67 +2.328>AB
4 54.66 £ 3.447" 14.60 £5.167¢ 39.54 +4.996" B¢
AndroMed”® 71.65+1.053 54.25 +1.5564 17.43 £1.5044
DIL Bioxcell® 71.88+1.053 50.02 £1.5548 21.67 +1.5028
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+1.238 49.46 + 1.840 21.51+1.779
LDLC 6 7126 £1.075 48.58 +1.587 22.76 +1.535
8 72.18 £1.075 48.84+1.597 23.20+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; LO - L2 = difference between percentage rate of live sperm at time 0 and 2 hours of the test. Different

superscript letters mean a significant difference within a 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 + 4.996%). 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 heatincubation
(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 isimportant 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 ONDRE], 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

Number 2, 2016

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, c.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
for and 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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et 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 +e¢,,
1 ! J 1

where

P — 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),

Teveeerrernreeenes average value of the dependent variable,

BULL........... fixed effect of the it bull (i=bull A,n=3;
bullB,n=3;bull C,n=1;bull D,n=1),
...fixed associated effect of the j*" sample of

diluter and LDL addition combination
(j= A6, = 48; B6, n = 48; T10, n = 48; CA,
n=48; CB,n =48; CT,n = 48),
I — 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. I. 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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1: 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 1.58 0.0813
ACT 2 0.56 <0.01 123.48 <0.01 4.18 <0.01
ACT 0-ACT 2 0.24 <0.01 21.97 <0.01 2.94 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.

1L Theeffect of bull on sperm survivability

BullA Bull B BullC BullD
LSM +SE LSM + SE LSM +SE LSM +SE
ACTO 81.62 £0.56<P 80.61 +0.56° 70.34 +0.9848P 36.44 £ 0.98A8¢
ACT 2 57.43 £1.05° 56.47 £1.05° 61.25 +1.82bP 20.31+1.82A8¢
ACT 0-ACT 2 24.18 + 1.06°P 24.14+1.06 9.09 + 1.84A8P 26.12 + 1.84A8C

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.

IIL: Theeffect of the diluter and LDL addition on sperm survivability against cold shock

Label ACTO ACT 2 ACT 0-ACT 2
Sample
LSM +SE LSM +SE LSM +SE

A6 A 67.86+1.36 47.12+£2.52 20.74 +2.56P
B6 B 69.17 +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+1.36 47.85+2.52F 16.90 + 2.56AF
CB E 65.61 +1.36" 46.16 + 2.52bP 19.46 +2.56"°
CT F 67.41+1.36 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 = Triladyl® with 10% LDL; CA = control samples of
AndroMed®; CB = control samples of Bioxcell®; CT = control samples of Triladyl®; upper script letters means significant
difference among samples - a, b, ¢, d, ¢,f=P <0.05; A, B,C, D, E, F=P < 0.01.

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. II 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. III. 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 (64.75%; 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
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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 yolk 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 et 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 yolk) 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 et 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
(-0.73% 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 yolk.
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 et 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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Equilibration and freezing interactions affecting bull
sperm characteristics after thawing

M. DOLEZALOVA, L. STADNIK, Z. BINIOVA, J. DUCHACEK, R. STUPKA

Czech University of Life Sciences Prague, Faculty of Agrobiology, Food and Natural Resources,
Department of Animal Husbandry, Prague, Czech Republic

ABSTRACT: The objective was to determine effects of equilibration length and freezing curve type as well
as their interactions on motility and live spermatozoa proportion in bull sperm after thawing. The ejaculates
of 6 sires were repeatedly collected. Fresh semen was diluted with one extender and divided into 3 groups
equilibrated for 30, 120, and 240 min. Subsequently, half straws of each group were frozen using standard
3-phase or 2-phase freezing curve differing in the rate of temperature decrease. The spermatozoa motility (M)
was evaluated immediately after thawing and at 30, 60, 90, and 120 min of thermodynamic test (TDT). Live
spermatozoa proportion was evaluated after thawing and at the end of TDT. Average of spermatozoa motility
(AM), decrease of spermatozoa motility (MD), average proportion of live spermatozoa (ALS), and decrease
of live spermatozoa proportion (DLS) through the TDT were calculated. The data set was analyzed using SAS
9.3. Significant inter-sire differences in AM (0.45-17.0%; P < 0.05-0.01), MD (0.76-12.57%; P < 0.05-0.01), and
ALS (0.99-23.8%; P < 0.01) were detected. The longest equilibration ensured the highest M during TDT and
AM (+2.72 and +4.58%; P < 0.05-0.01), however higher MD (+4.06%; P < 0.01) compared to standard length as
well. Straws freezed using 2-phase curve achieved higher M through TDT, AM (+7.3%; P < 0.01) as well as ALS
(+11.77%; P < 0.01). The 2-phase curve presented higher M compared to the 3-phase freezing curve within all
equilibration lengths. Significant differences in AM, MD, and ALS (0.45-6.78%, 0.62—5.35%, and 20.79-21.11%;
P < 0.05-0.01) between equilibration length vs freezing curve interactions were determined. Results document
the importance of equilibration length, freezing curve, and their interaction effect on live spermatozoa propor-
tion and sperm motility after thawing as well as necessity of individual conditions for processing bulls semen
and insemination doses production.

Keywords: sire; spermatozoa; cryopreservation; insemination dose; fertilization capability

INTRODUCTION processing including semen collection (Dzyuba et
al. 2015), dilution (Meamar et al. 2016), slow cool-
Growing interest in improving the quality of ingto4—6°C (Kristan et al. 2014), and equilibration
frozen bull semen for the needs of the market in  (Beran et al. 2013b) as well as cryopreservation
recent years has been determined by the declined maintaining spermatozoa fertilization capability
fertility of dairy cows (Beran et al. 2013a, Stadnik  (Andrabi 2007) evaluated objectively if possible
et al. 2015a) and world-wide practical usage of (Simonik et al. 2015).
artificial insemination (Shahverdi et al. 2014). Equilibration as the total period of spermatozoa
Therefore, it is necessary to ensure optimal genetic  contact with a cryoprotectant prior to freezing
sires selection (Zhang et al. 2015) as well as semen  helps keep spermatozoa membrane integrity as well

Supported by the Ministry of Education, Youth and Sports of the Czech Republic (“S” grant), and by the Ministry
of Agriculture of the Czech Republic (Project No. QJ1210109).
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as their survival (Leite et al. 2010). Extenders used
serve as protection during cooling and freezing
(Linhartova et al. 2014) and preserve spermatozoa
motility after subsequent thawing (Muchlisin et
al. 2015). Nevertheless, the most suitable inter-
actions of extender vs equilibration length still
are not determined sufficiently (Shahverdi et al.
2014). Leite et al. (2010) recorded only limited
interactions between the extender used and the
equilibration length. Dhami et al. (1992) recom-
mended 30 min to 24 h equilibration prior to freez-
ing, while Muino et al. (2007) determined optimal
length of equilibration from 4 to 18 h. Selected
studies indicate that 18 h or overnight equilibra-
tions prior to freezing are the most appropriate
equilibration lengths in order to increase quality
of the insemination doses produced (Shahverdi
et al. 2014). However, from the doses production
point of view, effort to shorten equilibration or to
eliminate it completely and thereby to accelerate
sperm processing and cryopreservation is definitely
desirable. On the other hand, efficiency of doses
production contradicts the fact that equilibration
is essential for the spermatozoa characteristics
after subsequent thawing (Gao et al. 1997).

The success of cryopreservation depends on
the course of cooling and freezing (Clulow et al.
2008). Interaction of temperature vs extender used
affects spermatozoa cold shock resistance (Stadnik
et al. 2015b). The extent of spermatozoa damage
caused by cold shock depends on temperature,
however on the rate of temperature decrease as
well. Generally, the higher the cooling rate, the
more serious the sperm damage (Lemma 2011) de-
termining the subsequent post-thaw spermatozoa
motility (Andrabi 2007). Thus the result of sperm
cryopreservation is also affected by the type and
course of freezing curve (Dolezalova et al. 2015).

Summarily, the length of equilibration as well as
the freezing curve type are responsible for many
important physicochemical changes leading to
different degrees of spermatozoa structure dam-
age (Forero-Gonzalez et al. 2012) deteriorating
spermatozoa characteristics after thawing (Spale-
kova et al. 2014). Despite this fact, interactions
mentioned have not been sufficiently known yet.
Therefore, the objective of study was to evaluate
the effect of different equilibration lengths and
freezing curve type interactions on motility and
proportion of live spermatozoa in bull sperm after
insemination doses thawing.

2
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MATERIAL AND METHODS

Bulls and semen collecting. The ejaculates of
pre-selected bulls (# = 6) ordinarily used for com-
mercial purposes were repeatedly collected dur-
ing April and September. Sires of the same age,
breed, and frequency of collecting were stabled in
a private Sire insemination centre under the same
breeding conditions as handling, stabling, feeding
system, and feeding ratio composition. Samples of
ejaculate were obtained using an artificial vagina
and immediately evaluated in the lab of the Sire
insemination centre according to methodology
applied. Volume of fresh semen (VOL, g), density
of spermatozoa (DEN, x 10°* mm™), and percent-
age rate of progressive motile spermatozoa above
head (MOT, %) were evaluated by only one trained
technician. Only ejaculates corresponding to the
initial parameters required (minimum DEN 0.7 x
10° mm~2and MOT 70%) were subsequently pro-
cessed. Average quality of fresh semen collected is
presented in Table 2. The average values of VOL,
DEN, and MOT achieved in all sires observed were
6.15g,0.93 x 10° mm™3, and 74.17%, respectively.

Semen dilution and processing. Fresh semen was
ordinarily diluted with phospholipid extender An-
dromed’ (Minitiibe GmbH, Tiefenbach, Germany)
to a spermatozoa concentration 10 x 10° per one
insemination dose immediately after lab evalua-
tion of fresh sperm quality. Diluted ejaculate was
mixed up at room temperature (25°C) for 10 min
and automatically loaded into 0.25 ml differently
coloured straws using a computer-controlled filler
(IMV Technologies, L'Aigle, France). After fill-
ing, straws were divided into 3 groups (n = 20
insemination doses per sire at least), immediately
placed into a cooling box, cooled at an average
speed of 0.2°C per min to 4-5°C, and equilibrated
(Camara et al. 2011). According to pre-defined
methodologies, equilibration lengths of 30 min
(Leite et al. 2010), 120 min (Shahverdi et al. 2014),
and 240 min (Januskauskas et al. 1999) were ap-
plied and tested. Subsequently, equilibrated straws
were divided into 2 groups (n = 10 insemination
doses per sire per equilibration length at least)
and freezed using 2 freezing curves providing
the highest spermatozoa motility after thawing
(Dolezalova et al. 2015). Freezing was performed
using the controlled freezing methodology Direct
Freezing in a freezer box Digitcool® (IMV Cryo
Bio System, L'Aigle, France). Figure 1 documents
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the course of the freezing curves. The standard,
commercially recommended 3-phase curve (ac-
cording to Muino et al. 2007) and the 2-phase
freezing curve described by Januskauskas et al.
(1999) and Gil et al. (2000) were applied.

Evaluation of semen characteristics. The straws
cryopreserved were subsequently thawed in a water
bath at 38 + 1°C for 30 s according to methodology
recommended by Rubio-Guillen et al. (2007). The per-
centage rate of progressive motile spermatozoa above
head (MOT) was evaluated and recorded using SCA®
Production CASA systemv. 5.3. (MICROPTICS.L.,
Barcelona, Spain) with a phase contrast microscope
Eclipse E200 (Nikon, Tokyo, Japan) at 200—300x
magnification when five fields of view per each straw
were evaluated at least (Tuncer et al. 2011). MOT
was determined immediately after thawing (MO)
as well as during the subsequent thermodynamic
test (TDT) of spermatozoa survivability after 30,
60, 90, and 120 min (M30, M60, M90, and M120)
of the test duration in a dry heater Thermoblock
(Falc Instruments, Treviglio, Italy) at a temperature
of 38 + 1°C.

The proportion of live sperm was also evalu-
ated immediately after straw thawing (L0O) and at
the end of TDT (L120). Sample volume of 20 pl
was gently mixed on preheated hour glass (37 +
1°C) with 20 pl of eosin by circular motion for
30 s and then 40 pl of nigrosine were added. A
volume of 20 pl of the resulting suspension was
pipetted on preheated glass slide and smear was
done. The rest of the thawed semen was stored in
a water bath at 38 + 1°C for 120 min. Subsequently,
the second smear was prepared according to the
above mentioned procedure. A phase contrast
microscope with oil immersion (Eclipse E200,
Nikon) at 1000x magnification was used by only
one evaluator to examine all smears acquired.
Minimally 100 spermatozoa were classified as
either dead (with red heads) or live (with white
heads), and expressed as a percentage rate of live
sperm (Beran et al. 2012).

Data handling and statistical analysis. The
data were analyzed by SAS software (Statistical
Analysis System, Version 9.3.,2011) using the UNI-
VARIATE and GLM procedures. The procedures
MEANS and UNIVARIATE were used to calculate
basic statistics. The REG procedure (STEPWISE
option) was used to develop a final model. Aver-
age of spermatozoa motility (AM) and decrease
of spermatozoa motility (DM) through the entire
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TDT were calculated according to MOT values
during individual phases of TDT. Average propor-
tion of live spermatozoa (ALS) and decrease of live
spermatozoa (LSD) through the entire TDT was
determined corresponding to L0 and L120 values
as well. Based on Akaike information criterion,
the values of M0, M30, M60, M90, and M120,
DM as well as ALS and LSD were evaluated us-
ing a model corrected for the fixed effects of bull,
length of equilibration, type of freezing curve, and
interaction of the equilibration length vs the type
of freezing curve. For evaluation of average sperm
motility the fixed effects of thermodynamic test
duration as correction of MOT values in individual
phases of TDT were added into the model. Detail
comparison was performed by Tukey-Kramer test.
The model equation for spermatozoa motility,
proportion of live spermatozoa, and both decrease
during TDT were as follows:

Yijkl =pu+ BULL, + EQI/, + CUR, + EQICURik + €

where:

Y = dependent variable (spermatozoa motility at
the beginning and after 30, 60, 90, and 120
min of the TDT; average spermatozoa motil-
ity, average proportion of live spermatozoa,
and both decrease through the entire TDT)

i = mean value of dependent variable

BULL, = fixed effect of i bull individuality (i = 1, n =
36;i=2,n=36;i=3,n=36;i=4,n=36;i=
5,n=36;i=06,n=36)

EQL = fixed effect of /™ length of equilibration
( =30 min, n = 72; j = 120 min, n = 72; j =
240 min, n = 72)

CUR, = fixed effect of k™ type of freezing curve (k =
1,n=108; k=2, n=108)

EQICUR; = interaction between length of equilibration
and freezing curve (jk = always 6 groups)

€ = random error

Within the evaluation of average spermatozoa
motility through the entire TDT, the model applied
was supplemented with fixed effect:

DUR, = fixed effect of /" thermodynamic test duration
(I =0 min, n = 216; [ = 30 min, n = 216; [ = 60 min, n =
216; [ = 90 min, n = 216; [ = 120 min, # = 216)

Significance levels P < 0.05, P < 0.01, and P <
0.001 were used to evaluate the differences be-
tween groups.



Original Paper

Czech |. Anim. Sci., 61, 2016 (11): 00—

Table 1. Reliability of the model
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Model FC Sire E Time FC*E
Index r? P F-test P F-test P F-test P F-test P F-test P
ALS 0.37 <0.001 14.07 < 0.001 7.5 < 0.001 2.84 0.06 63.69 < 0.001 3.35 0.048
AM 0.65 <0.001 10.16 0.002 84.95 < 0.001 17.67 < 0.001 65.96 <0.001 4.18 0.016

FC = freezing curve, E = length of equilibration, ALS = average proportion of live spermatozoa through the entire thermo-

dynamic test, AM = average spermatozoa motility

RESULTS

In Table 1 the model repeatability ranged from
r* = 0.37 to 0.65 during the evaluation of observed
traits when statistical significance of all models
used was P < 0.001 in all evaluations. Effect of sire
was significant (P < 0.01 to 0.001) in relation to
all evaluated traits. Significance of the freezing
curve effect differed (P < 0.05 to 0.001) according
to individual dependent characteristics. The effect
of equilibration length represented significance
level P < 0.05 at average spermatozoa motility.
The effect of equilibration length vs freezing curve
interaction represented significance level P < 0.05.

Table 2 documents the initial parameters of
fresh semen. The volume ranged from 3.0to 9.4 g,
density ranged from 0.8 to 1.5 x 10° mm~3, and
initial motility of processed semen was 70—80%.

Figure 2 documents different course of sper-
matozoa motility in individual TDT phases cor-
responding to sires observed. The highest value
of spermatozoa motility for all bulls was evaluated
immediately after thawing (33.89-55.83%). During
the entire TDT motility declined gradually and
finally reached values of 21.94-40.83%. However,
sire individuality describing higher motility after

Table 2. Average values of fresh ejaculate parameters

per sire

Sire VOL (g DEN (x 10°mm™3) MOT (%)
I 6.9 0.8 80

I 9.4 1.1 80

III 6.4 1.5 70

v 6.3 0.8 70

\Y% 3.0 0.7 75

VI 4.9 0.7 70
Average 6.15 0.93 74.17

VOL = volume of fresh semen, DEN = density of spermatozoa,
MOT = percentage rate of progressive motile spermatozoa
above head

4
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thawing does not determine the higher motility
during the entire TDT.

Table 3 shows the highest average spermatozoa
motility through the entire TDT in sire V (46.33%)
significantly (P < 0.05-0.01) differing in comparison
with all other sires (-=3.33% to —17.00%). On the
contrary, sire IT achieved the lowest value (29.33%)
significantly (P < 0.01) differing from levels de-
tected in sires I, V, and VI (+12.5% to +17.00%).
Spermatozoa motility decrease through the TDT
differed significantly (P < 0.05-0.01) among sires
as well. The highest value of average proportion
of live spermatozoa through the TDT (37.18%; P <
0.01) was determined in sire V, sire with the highest
average spermatozoa motility. On the other hand,
the lowest proportion (13.38%) was detected in sire
III. Table 3 documents other significant inter-sire
differences as well. Although different decreases
of live spermatozoa proportion were determined,
no differences were statistically significant.

Evaluating the effect of equilibration length
demonstrated in Figure 3, the longest equilibra-
tion (240 min) ensured the highest values of sper-
matozoa motility in all TDT phases. This fact
corresponds to the highest average spermatozoa
motility through the entire TDT (39.83%) sig-

3-phase

— Z-phase

Minute

Figure 1. The course of 3-phase and 2-phase freezing
curves applied
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60 A Figure 2. Effect of sire individuality
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nificantly (P < 0.05-0.01) differing compared to
equilibration of 30 min (-4.58%) and 120 min
(-=2.72%). The highest decline of spermatozoa
motility during the entire TDT was recorded at
30 min equilibration (10.45%), while the smallest
decline of motility was reached at 120 min equili-
bration (5.52%). Differences were significant (P <
0.01), and are presented in Table 3.

Figure 3 showed that the highest values of sper-
matozoa motility during TDT (0, 30, 60, 90, and

120 min) were reached at 240 min equilibration
(47.5, 43.89, 40, 35.69, and 32.8%) in comparison
to 120 min equilibration (-5.97, -3.33, —-2.36,
-1.38, —0.55%) and 30 min equilibration (-3.89,
-4.17, -4.58, —-4.02, —6.25%). On the other hand,
30 min equilibration presented higher spermatozoa
motility after thawing TDT compared to 120 min
equilibration. However, this motility significantly
decreased after 30, 60, 90, and 120 min of TDT.
Therefore, using 30 min equilibration, the highest

Table 3. Effect of bull, equilibration length, freezing curve, and equilibration length vs freezing curve interaction on the
decrease and average of sperm motility (%) and proportion of live spermatozoa (%) through the thermodynamic test

Motility Live spermatozoa
MD AM DLS ALS
LSM + SE
I 17.50 + 0.938* 41.83 + 0.776* 33.02 + 7.332 33.46 + 3.838%
11 5.69 + 0.938* 29.33 £ 0.7768 11.37 + 7.332 14.37 + 3.838AB
) 11 9.31 + 0.93842 31.72 + 3.839A¢ 19.39 + 7.332 13.38 + 3.8384¢
Sire v 4.93 + 0.93842 32.17 + 0.776AP 27.97 + 7332 34.84 + 3.8385¢
\Y 7.36 + 0.938* 46.33 + 0.776AB.CDa 22.68 + 7.332 37.18 + 3.8385¢
VI 6.32 + 0.938* 43.00 + 0.7765CD2 35.68 + .7332 25.14 + 3.838
o 30 10.45 + 0.663* 35.25 + 0.5484 22.44 + 5.184 22.90 + 2.715
i?l‘iﬁl)lbrat‘on 120 552 +0.66348  37.11 + 0.548° 29.68 + 5.184 31.58 + 2.715
240 9.58 + 0.6635 39.83 + 0.54848 22.93 + 5.184 24.71 £ 2.715
) 3-phase 8.80 + 0.542 36.39 + 0.448% 21.37 + 4.233 20.51 + 22177
Freezing curve
2-phase 8.24 + 0.542 38.41 + 0.448% 28.67 + 4.233 32.28 +2.2174
30vs 3 11.18 + 1.133"% 33.28 + 1.018% 20.62 + 7.306 19.18 + 4.389*
120 vs 3 5.21 + 1.1334 35.83 + 1.018? 19.31 + 7.306 22.87 + 4.389
Equilibration 240vs3 1000+ 1.133"  40.06 + 1.018** 24.17 + 7.306 19.50 + 4.389"
length vs freezing
curve interaction 30 vs 2 9.72 + 1.133 37.22 + 1.018 24.27 + 7.306 26.62 + 4.389
120 vs 2 5.83 + 1.133% 38.39 + 1.018% 40.04 + 7.306 40.29 + 4.389*P
240 vs 2 9.17 + 1.133 39.61 + 1.018% 21.69 + 7.306 29.91 + 4.389

MD = spermatozoa motility decrease, AM = average spermatozoa motility, DLS = decrease of live spermatozoa proportion,

ALS = average proportion of live spermatozoa through the entire thermodynamic test, the same superscript letters confirm
statistical significance of differences A#~°(P < 0.01), **(P < 0.05
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45 o MO m M30 m M6 quilibrat.ion as the least appropriate from this

M90 m MI120 point of view.

4 The direct effect of freezing curve type is dem-
§ 39 onstrated in Figure 4. The 2-phase freezing curve
= was less threatening to sperm as documented by
£ 2 spermatozoa motility level in all individual phases

Spermatozo

120
Length of equilibration (min)

240

Figure 3. Effect of equilibration length on the percentage
rate of progressive motile spermatozoa above head in
individual phases of thermodynamic test

MO, M30, M60, M90, M120 = percentage rate of progres-
sive motile spermatozoa above head evaluated immediately
after thawing, at 30, 60, 90, and 120 min of thermodynamic

test, respectively

decrease of spermatozoa motility significantly (P <
0.01) differing compared to 120 min equilibra-
tion was determined. On the other hand, Table 3
documented that the highest average proportion
of live sperm was detected in straws equilibrated
for 120 min (31.58%), although differences (from
—6.87 to —8.68%) from other equilibrations were
insignificant, probably due to the non-significantly
highest decrease of live spermatozoa (29.68%)
during the TDT. Our results describe the 30 min

441

m MO
=42 m M30
5407 = M60
E 381 M90
& 361 M120
S
S 341
I}

E

(=9

wv 30
281

3-phase 2-phase

Freezing curve

Figure 4. Effect of freezing curve on the percentage rate of
progressive motile spermatozoa above head in individual
phases of thermodynamic test

MO, M30, M60, M90, M120 = percentage rate of progres-
sive motile spermatozoa above head evaluated immediately
after thawing, at 30, 60, 90, and 120 min of thermodynamic
test, respectively
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of TDT after thawing (45, 41.76, 38.33, 35.56,
31.39%) in comparison to 3-phase freezing curve
(-1.57, -0.76, —1.29, —3.34, —3.15%). This fact is
confirmed by higher average spermatozoa motility
(+2.02%; P < 0.01) as well as higher average propor-
tion of live sperm (+11.77; P < 0.01) through the
entire test as shown in Table 3. However, differ-
ences in the decrease of spermatozoa motility and
live spermatozoa proportion were insignificant.

Based on the evaluation of individual effects
and interactions described in Table 3, the most
appropriate is 240 min equilibration combined
with 2-phase freezing curve. Compared to 120
and 240 min equilibration, 30 min equilibration
using both 3-phase (-2.55% and -6.78%) and
2-phase (-1.17% and -2.39%) curves presented
the lowest values of motility. In evaluating the
average proportion of live spermatozoa, 30 min
equilibration using both 3-phase (-3.69% and
—-0.32%) and 2-phase (-13.67% and —3.29%) curves
presented the lowest values compared to 120 and
240 min equilibration. The highest proportion of
live spermatozoa in comparison to the other vari-
ants was reached using 120 min equilibration and
2-phase freezing curve (+21.11, +17.42, +20.79,
+13.67, +10.38%). Significant differences (P < 0.05)
between this variant and variants using 3-phase
freezing curve and equilibration length 30 and
240 min were found as well. The highest decrease
of live spermatozoa proportion during TDT using
120 min equilibration and 2-phase freezing curve
was found (40.04%), conversely, the lowest decline
(19.31%) was reached using 120 min equilibration
and 3-phase freezing.

Figure 5 shows the course of motility in individual
phases of TDT in relation to freezing curve and
equilibration length interactions. The 2-phase
curve presented higher motility values compared
to 3-phase curve within all lengths of equilibration,
except motility immediately after thawing at 240
min equilibration (-1.12%). The longer the equili-
bration, the higher the motility levels determined.
However, 30 min equilibration vs 2-phase curve in-
teraction achieved higher motility levels compared
to standard interaction of 120 min equilibration
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22
30 min vs 30minvs  120minvs 120minvs 240 minvs 240 min vs
3-phase 2-phase 3-phase 2-phase 3-phase 2-phase
Interaction equilibration length vs freezing curve
vs 3-phase curve. These facts are supported by Sperm quality is influenced by many factors, e.g.

average spermatozoa motlhty presented in Table 3. the internal factors like breed, variation between
Apply]ng the 2-phase curve ensured hlgher motil- individuals, and age of sire (Beran et al. 2011)
ity irrespective of equilibration length, compared =~ The values of spermatozoa motility during TDT
to standard combination of 120 min equilibration ~ declined; this finding is in accordance with the
and 3-phase curve. However, the highest average results of previous studies (Defoin et al. 2008;
spermatozoa motility (40.06%) was determined Beranet al. 2011). The results reported byStadnik
within the interaction of 240 min equilibrationvs et al. (2002) and Beran et al. (2013a) indicated
3-phase curve compared to 30 min (-6.78%) and individual differences in resistance of sperm to
120 min (-4.23%) equilibration. Similar motility freezing as well as to environmental conditions
results were detected within the 2-phase curve. No  after thawing, theoretically including the condi-
trend was described in decrease of spermatozoa  tionsin cow vagina and uterus after insemination.
motility during the TDT. On the other hand, aver- From this point of view, results of TDT should be
age proportion of live spermatozoa through the very interesting and important. Also according to
entire TDT was significantly (P < 0.05) the highest Dolezalova et al. (2015), sperm frost resistance
under 120 min equﬂibration Vs 2_phase curve, es- largely differs among bulls. Differences in aver-
pecially compared to the lowest values of 30 min ~ age proportion of live spermatozoa as well as in
Vs 3_phase and 240 min vs 3_phase interactions. A  its decrease during the TDT confirm the effect
similar trend in the decrease of live spermatozoa of sire 1nd1v1dua11ty on final fertilization capabil—

proportion was not statistically significant. ity of sperm and correspond to Thurston et al.
(2002) finding spermatozoa resistance towards
DISCUSSION cryopreservation can correlate also with genetic

factors explaining inter-species, breed, as well as

The present study showed significant interac- individual differences. The results of Beran et al.
tions between equilibration times and freezing (2011) documented these relationships according
curves affecting sperm motility and live sper- to significant decline of spermatozoa motility
matozoa proportions. Simultaneously inter-sire  after thawing. Evaluating interbreed differences,
individuality was confirmed. Evaluation of semen  spermatozoa motility after collection and dilution
quality is based on several parameters related to ~ was higher in Holstein bulls but spermatozoa mo-
concentration, morphology, and motility (Defoin tility after freezing/thawing was higher in Czech

et al. 2008). Fleckvieh bulls.
Initial parameters of observed fresh semen agreed Our findings are in agreement with Shahverdi
with those of Ball and Peters (2004). et al. (2014) who stated the length of contact be-

tween sperm and cryoprotectant is essential for
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maintaining motility and integrity of sperm mem-
branes and directly affects its post-thawed char-
acteristics. With respect to average spermatozoa
motility, Leite et al. (2010) determined 240 min
as the most appropriate length of equilibration
period in comparison to non-equilibration and
120 min equilibration, in accord with our study.
The non-equilibration gave the lowest values of
total and progressive sperm motility, and higher
percentage proportion of sperm with intact plasma
and acrosomal membranes, with no significant
differences between different extenders used. In a
similar study focusing on the cryopreservation of
bull semen, Dhami et al. (1992) reported that 2 h of
equilibration at 5°C compared with 0 h improved
the post-thaw recovery, incubation survival, and
fertility rates of buffalo frozen semen. Herold et al.
(2006) found that 120-540 min equilibration was
suitable for spermatozoa freezing, however that
specific length did not affect straw characteristics
after thawing. We can agree with this statement in
accordance with spermatozoa motility at the end
of TDT in straws equilibrated for 120 and 240 min.
Equilibration length exceeding 2 h resulted in the
greatest preservation of total and progressive moti-
lity, as well as the integrity of plasma and acrosomal
membranes during cryopreservation. The use of
4 h equilibration period can be safe with soybean
lecithin extender for cryopreservation of buffalo
spermatozoa (Shahverdi et al. 2014). Shahverdi
et al. (2014) tested equilibration period of 2, 4, 8,
and 16 h and two extenders (tris or Bioxcell) on
cryopreservation of buffalo semen. The post-thaw
sperm motility and the percentage of progressive
motile spermatozoa after 2 h equilibration in both
extenders were lower than for the other equilibra-
tion times. On the other hand, post-thaw sperm
motility for equilibration times of 4, 8, and 16 h did
not show significant differences (P < 0.05) in either
extender (Shahverdi et al. 2014). Contrary to these
results, in the cryopreservation of bull semen some
studies have detected higher conception rates for
semen frozen following 12—-18 h of equilibration
compared with 4—6 h (Foote and Kaprotht 2002).
Although equilibration time significantly affected
total and progressive motility in the present study,
there was no significant effect on move detailed
characteristics of sperm movement (Shahverdi et
al. 2014). According to Leite et al. (2010), optimum
equilibration time for semen storage in straws ran-
ged from 2 to 10 h and was dependent on cooling

8

54

doi: 10.17221/23/2016-CJAS

time, and slowly cooled semen seemed to require
less equilibration for optimal final motility. Equili-
bration for 4 h resulted in the greatest preservation
of total and progressive motility, as well as the
integrity of plasma and acrosomal membranes
during cryopreservation.

Freezing of Al doses, storage for long period,
and thawing is a demanding process for sperm
membranes and sperm viability (Frydrychova et
al. 2010). The freezing and thawing process can
adversely affect the nucleus, plasma, acrosome and
mitochondrial membranes of spermatozoa and
is associated with production of reactive oxygen
species which can generally lead to increased per-
meability of membranes, release of soluble inter-
-membrane mitochondrial regulator proteins and
apoptotic factors that might activate apoptogenic
metabolic pathways (Mohan et al. 2014). Recent
studies suggest that the sensitivity of sperm to
cryopreservation might be partly related to genetic
factors, which could explain variations between
species, breeds and individuals (Thurston et al.
2002). Indeed, one obvious characteristic of cryo-
preserved spermatozoa is the decline in motility
(Watson 2000). Alterations in sperm motility and
structure occur simultaneously in different stages
of freezing and thawing. It has been reported that
fast cooling induces lethal stress in some cells in the
semen, and this stress is proportional to freezing
curve and rate of temperature decline (Forero-
Gonzalez et al. 2012). Our finding corresponds to
that of Leite et al. (2010) who stated longer equi-
libration is absolutely necessary for maintaining
spermatozoa motility during freezing. According
to Watson (2000), the medium freezing rate pre-
sented in our observation by the 2-phase curve,
supports optimal spermatozoa dehydration by the
selected cryoprotective substance and minimizes
negative effect on spermatozoa freezed, especially
on ice crystal formation. Also Dolezalova et al.
(2015) in previous study confirmed these results.
However, Chen et al. (1993) obtained a successful
protocol for freezing bull semen commercially
cooling sperm by the rate of 15°C/min from +5 to
—100°C, followed by transfer to liquid nitrogen.
In general, semen cryopreservation protocols use
freezing curves ranging from 10 to 100°C/min,
resulting in good survival rates after thawing.
Moreover, the freezing rate depends on the me-
thod of processing as well as of storage (Lemma
2011). The rate of temperature drop was found
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to be most critical over the specific temperature
range of 0-5°C when motility was evaluated la-
ter. In general, the faster the rate of cooling, the
more severe the damage. There is further evidence
which suggests that the rate of temperature drop
also determines the subsequent active life of the
spermatozoa (Andrabi 2007). The type of exten-
der used and the speed of temperature drop are
known to affect susceptibility of spermatozoa to
cold shock and the success rate of freezing semen
(Shahverdi et al. 2014). Interaction of equilibration
length and freezing curve documented positive
effect of prolonged equilibration combined with
less demanding slower temperature decline of
the 2-phase curve. Mentioned results have to be
taken into account within the adjustment of Al
doses manufacturing.

CONCLUSION

Effects of the equilibration length and freezing
curve type on motility and live spermatozoa pro-
portion in bull sperm after thawing were observed
and evaluated. Significant inter-sire differences in
observed spermatozoa characteristics were con-
firmed. The longer the equilibration, the higher
was the spermatozoa motility during the entire
thermodynamic test. The 2-phase freezing curve
ensured higher spermatozoa motility and higher
proportion of live spermatozoa compared to the
standard 3-phase curve. Within interactions of
equilibration length vs freezing curve analyzed,
similar trends were detected. The significant effect of
the selected interactions documents the importance
of appropriate length of equilibration and freezing
curve for the proportion of live spermatozoa and
its motility after thawing. Results emphasize the
necessity to detect and subsequently apply the
optimum combination of equilibration length and
freezing curve for each individual sire in order to
optimize efficiency of its ejaculate processing as
well as insemination doses manufacturing.
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Abstract

The objective of this work was to determine the effect of selected freezing curves on spermatozoa
survivability after thawing, defined by its motility. The ejaculates of nine selected sires of the
same age, breed, and frequency of collecting, bred under the same breeding conditions including
handling, stabling, feeding system and feeding ratio composition, were repeatedly collected
and evaluated. Sperm samples of each sire were diluted using only one extender and divided
into four parts. Selected four freezing curves — the standard, commercially recommended three-
phase curve; a two-phase curve; a slow three-phase curve; and a fast three-phase curve, differing
in the course of temperature vs time, were applied. The percentage rate of progressive motile
spermatozoa above head was determined immediately after thawing, and after 30, 60, 90, and
120 min of the thermodynamic test (TDT). Moreover, average spermatozoa motility (AMOT) and
spermatozoa motility decrease (MODE) throughout the entire TDT were evaluated. Insemination
doses frozen using the simpler two-phase curve demonstrated the highest motility values (+2.97%
to +10.37%; P < 0.05-0.01) immediately after thawing and during the entire TDT. Concurrently,
the highest AMOT (+4.37% to +8.82%; P < 0.01) was determined. The highest spermatozoa
motility values were detected after thawing doses frozen by the two-phase freezing curve in eight
out of nine sires. Simultaneously, a significant effect of sire individuality was clearly confirmed.
Inter-sire differences of spermatozoa motility during TDT as well as AMOT and MODE were
significant (P < 0.01). The findings describing both factors of interaction indicate the necessity of
individual cryopreservation of the ejaculate to increase its fertilization capability after thawing.

Reproduction, sire, ejaculate, cryopreservation, sperm survival, frost resistance

Evaluation of bull sperm quality during the entire course of processing as well as
its subsequent fertilization ability are based on basic indicators such as spermatozoa
concentration, morphology, and motility (Rodriguez-Martinez 2003), integrity of
plasma membrane, acrosome, DNA, and traits of spermatozoa metabolism (Foote 2002).
Spermatozoa are significantly affected by interactions of extracellular and intracellular
fluid, sugars, proteins, salts of individual microelements and other substances whose
concentration increases simultaneously with the osmotic pressure following ice crystal
formation (Watson 2000). Cryopreservation is also associated with oxidative stress
and increased formation of reactive oxidants reducing the fertilization ability of frozen
spermatozoa (Wang etal. 1997; Piantadosi 2008). Cold shock caused by the action of low
temperatures on the spermatozoa during the freezing process may damage mitochondria
(Pena et al. 2009), plasma as well as the acrosomal membrane of spermatozoa (Meyers
2005), inducing changes in the lipid composition or in the integrity and permeability of
plasma and membranes (Januskauskas et al. 2003). Furthermore, cold shock induces
spermatozoa capacitation or acrosome reaction (Januskauskas et al. 2005) and influences
the stability of spermatozoa chromatin structure (Gravance et al. 1998). These effects
decrease fertilization capability up to 50% of spermatozoa during cryopreservation
(Celeghini et al. 2008) and reduce subsequent spermatozoa viability and the ability
to fertilize an egg (Defoin et al. 2008). The success of spermatozoa cryopreservation
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depends on many factors, including individuality (Hartlova et al. 2013), the interaction
between cryoprotectants and the extender type (Spalekova et al. 2014; Stadnik et al.
2015), the length of cooling and equilibration period (Andrabi 2007), and the speed of
freezing or thawing (Clulow et al. 2008).

The freezing process causes the release of latent heat from the semen changing the
course of temperature, leading to ice crystal formation and therefore, prolonging its
duration (Bwanga et al. 1991). Kumar (2003) stated the range from -5 °C to -50 °C as the
critical temperatures determining whether spermatozoa will remain in equilibrium with the
extracellular plasma or will be gradually cooled, followed by a higher risk of intracellular
ice crystal formation consequently threatening the survival of cells (Saragusty et al.
2007). Reducing the temperature is associated with a lower proportion of unfrozen fractions
as well as an increase of osmotic pressure. This fact indicates that the freezing speed
should be maximized as much as possible. However, fast freezing causes intracellular ice
crystal formation. Therefore, freezing has to be slow enough for sufficient spermatozoa
dehydration (Watson 2000).

Semen can be frozen by conventional methods without checking the ice crystal formation
(Saragusty et al. 2007). On the other hand, freezing with a direct and precise control of
temperature in the freezer box and with a precise control of the ice crystal formation can
provide higher quality of frozen-thawed sperm (Stradaioli et al. 2007).

Based on the above mentioned statements, we can presume a dissimilar course of the
freezing curve will significantly and differently affect the sperm characteristics after the
thawing of insemination doses. Therefore, the objective of this work was to determine the
effect of selected freezing curves on spermatozoa survivability after thawing defined by its
motility.

Material and Methods
Semen collection

The ejaculates of nine selected sires bred in a private sire insemination centre and ordinarily used for
commercial purposes were repeatedly collected during the period from April 2013 to February 2014. Bulls
were of the same age, breed (Czech Fleckvieh),

Table 1. Mean values of fresh ejaculate variables per sire. ~ and frequency of collecting, bred under the same
breeding conditions including handling, stabling,
feeding system, and feeding ratio composition.

Sire VOL DEN MOT Samples of ejaculates were obtained using an
1 16.1 0.9 70 artificial vagina and immediately evaluated in the
P 10.9 13 70 centre lab according to the methodology applied.

' ' The volume of fresh semen (VOL, g), density of
3 1.9 1.0 80 spermatozoa (DEN, x 10° mm~), and the percentage
4 4.7 1.2 70 rate of progressive motile spermatozoa above head
5 16.3 1.1 70 (MOT, %) were evaluated by only one trained
6 36 0.8 70 technician. Only ejaculates corresponding to the

: : initial required values (minimum DEN 0.7 x 10°
7 18.2 0.8 70 mm and MOT 70%) were subsequently processed.
8 23 0.9 80 The observed average quality of fresh semen per
9 15.7 1.0 70 sire is stated in Table 1. The average volume of

fresh semen collected represented 9.97 g. The mean

VOL - volume of fresh semen in ¢: DEN - density of spermatozoa density of fresh ejaculate was 1.00 x
& ¥ 10° mm~. The mean percentage rate of progressive

6 3. _
spermatozoa x 1.0 mm?; MOT - percentage rate of motile spermatozoa above head in fresh ejaculate
progressive motile spermatozoa above head achieved 72.22%

Semen dilution and processing

Samples of fresh semen were ordinarily immediately diluted with the phospholipid extender Andromed®
(Minitibe GmbH, Tiefenbach, Germany) to a spermatozoa concentration of 10 x 10° per one insemination
dose. The required amount of extender was applied using sterile pipettes directly to the tubes with samples.
Subsequently, the diluted semen was filled to 0.25 ml straws (IMV, L’Aigle, France) and equilibrated at 4 °C for
2 h. Diluted semen of each sire was divided into four parts frozen differently according to one of the 4 selected
freezing curves. Freezing was performed using computer controlled freezing methodology Direct Freezing in
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Fig. 1. Course of the freezing curves applied

the freezer box DigitCool (Digitcool®; IMV CryoBio-System, L’Aigle, France). In total, 15 insemination doses
were analysed per sire and curve. Figure 1 describes the course of four selected freezing curves. As the first, the
standard commercially recommended three-phase curve designed for the freezing of bull semen (Muifio et al.
2007) was applied. The second was the two-phase freezing curve according to the methodology described by
Januskauskas et al. (1999) and Gil et al. (2000). Furthermore, s slower (Stradioli et al. 2007) as well as s
faster freezing curve (Saragusty et al. 2007) based on the three-phase freezing curve were selected and used for
freezing of doses. Thereafter, doses were handled into a liquid nitrogen container and stored at -196 °C.

Evaluation of spermatozoa motility

The straws were thawed in a water bath at 38 + 1 °C for 30 s (Rubio-Guillén et al. 2007). The percentage
rate of progressive motile spermatozoa above head was determined immediately after thawing (TO0), while the
ejaculate was heated at 38 + 1 °C all the time. Spermatozoa motility was evaluated subjectively using phase
contrast microscopy (LP 3000, Arsenal®, Prague, Czech Republic) at 200-300 x magnification when at least three
fields of view per each straw were evaluated (Tuncer et al. 2011). Subsequently, thermodynamic test (TDT) of
spermatozoa survivability was performed (Beran et al. 2012b). Thus, spermatozoa motility values (T30, T60,
T90, and T120) using the same above mentioned methodology, were determined 30, 60, 90, and 120 min of the
test duration in a dry heater (Thermo-block, FALC®, Treviglio, Italy) at a temperature of 38+1 °C.

Statistical analysis

Statistical evaluation was performed using SAS® 9.3 (SAS/STAT 2011) UNIVARIATE, and GLM procedures.
Based on Akaike information criterion the values of average spermatozoa motility (AMOT — average of TO0, T30,
T60, T90, and T120 motility values) throughout the entire thermodynamic test (TDT) were corrected for the effect
of the following fixed factors: sire, freezing curve, time of thermodynamic test, and interaction between sire and
freezing curve. Simultaneously, spermatozoa motility decrease (MODE — T120 minus T0 motility values) as well
as spermatozoa motility at individual phases of TDT (TO, T30, T60, T90, and T120) was evaluated by the same
model without the effect of TDT duration. Comparison of details was performed by Tukey-Kramer test. The
model equation for average spermatozoa motility was as follows:
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Y, =n+A +B+C, +(AB), +e,

ijkl ijk

where
Y = = dependent variable (spermatozoa motility at the beginning and after 30, 60, 90, and 120 min of the TDT;
average spermatozoa motility and decrease of spermatozoa motility through the entire thermodynamic test);
p = mean value of dependent variable;
A, = fixed effect of i* freezing curve (j=1,n=135;j=2,n=135;j=3,n=135;j=4,n= 135)
B, = fixed effect of j® sire (=1, n = 60; 172 n=60;i=3,n=60;i=4,n=60;i=5,n=
7 n=60;i=8,n=60;i=9,n=60);
C, = fixed effect of k™ time of thermodynamic test (k = 0 min, n = 108; k = 30 min, n = 108; k = 60 min, n = 108;
K= 90 min, n = 108; k = 120 min, n = 108) in case of average spermatozoa motility evaluation;
AB, = interaction between fixed effect of sire and freezing curve (ij = always 36 groups, n = always 15);
i Z random error.
Significance levels P < 0.05, P <0.01, and P < 0.001 were used to evaluate the differences among groups.

Results

The model repeatability ranged from r? = 0.555 to 0.740 during the evaluation of observed
traits when the significance of all models used was P < 0.001 in all evaluations. The effect
of freezing curve was significant (P < 0.05-0.001) with respect to spermatozoa motility in
individual phases of TDT, significant (P < 0.001) in relation to the average spermatozoa
motility throughout the entire TDT, and non-significant (P > 0.05) within evaluation of the
spermatozoa motility decrease. The effect of sire was significant (P < 0.001) in relation

47

42 ! | B
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Fig. 2. Effect of the freezing curve on spermatozoa motility in individual phases of the thermodynamic test TO,
T30, T60, T90, T120 — percentage spermatozoa motility evaluated immediately after thawing, and after 30, 60,
90, and 120 min of the thermodynamic test; the same upper-script letters confirm the significance of difference A,
B,C,D,E (P<0.01); a,b,c(P<0.05)
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Table 2. Effect of the freezing curve on average spermatozoa to all the evaluated traits. The effect
motility and its decrease throughout the entire thermodynamic test. of the thermodynamic test time

as well as sire and freezing curve

Freezing curve AMOT MODE interaction was significant (P <
LSM = SE LSM + SE 0.001) in all evaluations.

1** (3-phase) 30.93 £ 0.643* 15.97 +0.757 Figure 2 shows TDT prolonging

2" (2-phase) 35.30 £ 0.64348 14.21 £0.757 declined spermatozoa  motility

3w (slow 3-phase) 26.48 + 0.6434BC 1528 £0.757 in individual phases of the test

4% (fast 3-phase) 30.30 + 0.643B¢ 13.52 +0.757 regardless of the curve type.

However, the highest values of
AMFI)_;F —daverage slzflrmatozoa motility;_ h:l?l?tE - sperfrinatoztﬁa spermatozoa motility in all phases
motilr ecrease; € Same€ upper-scri etters connrm € ;
signiﬁg;nce of difference A, B, szP < 0.(]))1); SE-? of TDT were .deteCted using the

two-phase freezing curve. The most

frequent and significant differences
(P < 0.05) were determined compared to the third, i.e. slower three-phase freezing curve
representing the lowest spermatozoa motility during all phases of TDT. Comparing the
first and fourth freezing curves, a similar trend was detected, although without significant
differences.

Table 2 documents the second, i.e. two-phase freezing curve as the most appropriate
when average spermatozoa motility throughout the entire TDT (AMOT) achieved 35.30%,
and the differences in comparison with other curves were significant (P < 0.05). The
motility decline detected throughout the entire TDT (MODE) was similar (13.52—-15.97%)
with non-significant differences among all 4 curves analysed.

Although the fresh ejaculate of all observed sires achieved spermatozoa motility higher
than 70%, the courses of the TDT after thawing differed, as documented in Fig. 3. Sires

80
70
60
Z
§ 50 Wfresh
E 4
8 % @70
840 é
g 7 B730
4
230~ ? @760
* ;
#
/4
20 ? @790
A
#
#
10 - Z BT7120
%
%
%

Sire

Fig. 3. Effect of sire individuality on spermatozoa motility in individual phases of the thermodynamic test

fresh, TO, T30, T60, T90, T120 — percentage spermatozoa motility evaluated immediately after collecting and
thawing respectively, and after 30, 60, 90, and 120 min of the thermodynamic test; the same upper-script letters
confirm the significance of difference a, b, ¢, d (P < 0.05)
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Table 3. Effect of sire individuality on average spermatozoa motility
and its decrease throughout the entire thermodynamic test.

with higher spermatozoa motility of
fresh semen did not achieve higher
motility during phases of TDT

Sire AMOT MODE concurrently.
LSM = SE LSM+ SE Table 3 shows that the highest
1 42.83 £ 0.9654 16.77 £1.136% AMOT (4283%, fresh semen
i 19.17 +0.965*° 19.79 £1.136%¢ motility 70%) was found in Sire 1,
11 39.75 £ 0.9655¢2 16.98 +£1.136¢ whereas the lowest one in Sire 2
v 35.00 + 0.9654BPab 15.10 £1.136¢ (19.17%, fresh semen motility 70%).
A 20.00 £ 0.9654CPE 12.50 £1.1368¢ This difference as well as other
VI 30.58 £ 0.9654BCDERbe 9.69 +1.136*Bc0ae  differences between the evaluated
VII 35.83 + 0.9654BFEFG 938 +1.136ABCEce  sires were in most cases significant
VIII 27.75 + 0.9654BCDEG 17.92 +1.136PE4 (P < 0.05). Simultaneously, Sire 2

presented significantly (P < 0.05—
0.01) the highest value of MODE.
On the other hand, the lowest
MODE was detected in Sire 7 (P <
0.05-0.01).

Figure 4 documents that the
highest spermatozoa motility values were detected after thawing doses frozen by the second,
i.e. two-phase freezing curve in eight out of nine sires evaluated. Inter-sire differences of
spermatozoa motility were significant (P < 0.01). However, Sire 6 presented the highest
spermatozoa motility values of doses frozen by the first, standard freezing curve regularly
applied in the sire insemination centre. Overall, the two-phase freezing curve was the most
suitable for most sires.

IX 25.83 £ 0.9654BCDEGe 14.58 £1.136%¢

Key: AMOT - average spermatozoa motility; MODE -
spermatozoa motility decrease; the same upper-script letters
confirm the significance of difference A, B, C (P <0.01); SE—-?
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Fig. 4. Effect of sire individuality vs freezing curve interaction on average spermatozoa motility throughout the
entire thermodynamic test.

The vast majority of differences was significant at P < 0.05-0.01

Discussion

Based on the overall findings (Table 2, Figs 2 and 4) the second, i.e. two-phase curve
was the most appropriate using the extender AndroMed® in relation to subsequent
spermatozoa motility after thawing. Figure 1 documents the two-phase curve’s
intermediate course of temperature vs time compared to different types of three-
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phase curves. According to Watson (2000), a medium freezing rate supports optimal
spermatozoa dehydration by the selected cryoprotective substance and minimizes the
negative effect on frozen spermatozoa, especially on ice crystal formation. Our results
also generally correspond (Figs 2 and 3) with the conclusion by Januskauskas et al.
(2005) that freezing affects all spermatozoa motility indices and negatively influences
the percent proportion of motile spermatozoa in total as well as progressive motile
spermatozoa above head.

According to Defoin et al. (2008) it is possible to predict spermatozoa frost resistance
already before freezing based on motility indices of fresh ejaculate directly during its
processing. This fact was confirmed as Fig. 2 describes evaluating different freezing curves
in individual phases of TDT. The highest spermatozoa motility at the beginning of TDT
represented the highest spermatozoa motility during the entire TDT. Simultaneously, the
spermatozoa motility level at the beginning comparatively determines the motility level
in individual phases of TDT. The mentioned option allows to process only ejaculates with
the required progressive motile spermatozoa above head after thawing and to dispose the
substandard ones. This fact significantly improves the efficiency of insemination dose
processing and production.

With regard to Table 3 and the report by Amann and Katz (2004), spermatozoa frost
resistance differs significantly between sires and even between individual ejaculates of
one sire. Also Defoin et al. (2008) determined different effects of freezing on subsequent
spermatozoa motility after thawing in relation to individual ejaculates. Our results confirm
the mentioned findings and validate the necessity of individual processing technology
proposed for each specific sire.

Figure 3 documents that individual motility in TDT phases significantly differed despite
the same values of spermatozoa motility in the fresh ejaculate. This fact confirms individual
variability and is in agreement with results of Beran et al. (2012a). However, these findings
partially contradict the results of the above mentioned Defoin et al. (2008) who stated
significant correlations between spermatozoa motility before and after freezing, when
ejaculates with high motility maintained high values after thawing as well. The authors
stated that these correlations can be used to determine sperm quality after freezing and
thawing. Our results emphasize more individual variables of the ejaculate after collecting
and during processing. Furthermore, Thurston et al. (2002) indicated that spermatozoa
resistance towards cryopreservation can also correlate with genetic factors explaining
inter-species, breed as well as individual differences.

According to Muifio et al. (2008) sire individuality and cryopreservation procedure
significantly contribute to the final spermatozoa motility as well. Evaluation of spermatozoa
motility immediately after thawing (Fig. 2) as well as average spermatozoa motility
throughout the entire TDT (Fig. 4) with the highest values detected in doses frozen using the
two-phase curve corresponds with the mentioned statement. Our findings confirm previous
results and innovatively demonstrate a significant effect of the interaction between sire
individuality and the course of the freezing curve.

The effect of the freezing curve type on sire spermatozoa motility after thawing and
during the thermodynamic test was observed and evaluated. The two-phase freezing curve,
different from the standard, commercially recommended one, was detected as the most
appropriate in relation to spermatozoa motility after thawing. Insemination doses frozen
using the two-phase curve demonstrated the highest motility values immediately after
thawing and during the entire thermodynamic test as well. Concurrently, a significant effect
of sire individuality was conclusively confirmed. The findings describing both factors of
interaction indicate the necessity of individual cryopreservation of each ejaculate with the
potential to increase its fertilization capability after thawing and thus the efficiency of
insemination dose production.
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6 ZAVER A DOPORUCENI PRO PRAXI

Cilem vyroby inseminac¢nich davek (konzervace) je zajistit co nejvyssi oplozovaci
schopnost spermii, ktera v pribéhu narocného procesu manipulace a samotné vyroby klesa az
0 50 %. Proto je snaha optimalizovat proces vyroby davek pomoci pouziti vhodného fedidla,
poptipadé vhodné koncentrace piidavku rtiznych komponent (zejména LDL cholesterolu) do
komer¢né vyrabénych fedidel, nasledné se jedné o optimalizaci procesu chlazeni a ekvilibrace
nafedéného ejakulatu a samotnou technologii mrazeni v podobé aplikace mrazicich kiivek,
které musi byt co nejSetrnéjsi ke spermiim. V celém procesu je snaha se vyvarovat toxicité
pouzitych tedidel a jejich ptridavkl, dale pak zajistit spermiim dostateCnou odolnost vici
chladovému Soku, ke kterému dochazi v pribéhu poklesu teplot a zajistit harmonicky pokles
teplot v mrazicim boxu.

Byla zjiStovéna odolnost spermii vici chladovému Soku v pribéhu kratkodobého
chladového testu (0 °C) trvajiciho po dobu 10 minut po vyrob¢ vzorka z Cerstvého ejakulatu.
Podil zivych spermii byl nasledné zaznamenan po zahtati vzorku a po 120 minutach trvani
tepelného testu prezitelnosti. Vzorky byly vyrobeny fedénim riiznymi komeréné vyrabénymi
fedidly (AndroMed®, Bioxcell®, Triladyl®), zaroven byly vyrobeny varianty fedéné témito
fedidly a ke kazdému znich byla pfidana frakce vaje¢ného zloutku LDL cholesterol o
ruznych koncentracich 4 — 10 %. Nejvyssi podil Zivych spermii byl zaznamenan na zacatku
testu u fedidel Andromed® (71,22 %) a Bioxcell® (71,46 %), nejnizsi podil Zivych spermii byl
zaznamenan u fedidla Triladyl® (69,46 %). Nejvyssich hodnot podilu Zivych spermii po 2
hodinové inkubaci bylo dosazeno u fedidla Andromed®, u kterého byl také soucasnd
zaznamenan nejnizsi pokles podilu zivych spermii v prubéhu inkubace (-4,29 % a -9,31 %;
P<0,01). Pozitivni vliv LDL na odolnost spermii vici chladovému Soku se projevil
v celkovém primérmém poklesu podilu zivych spermii v pribéhu tepelného testu
ptezitelnosti, kdy byl pokles hodnot niZsi pii ptidavku LDL do fedidel o 2,42 %, rozdily mezi
hodnotami zjisténymi bez a s pifidavkem LDL byly statisticky prikazné (P<0,05). Uvedené
vysledky byly podrobnéji publikovany v praci Stadnik et al. (2015).

Na zékladé ptedchozi studie, kdy byl vyhodnocen pozitivni vliv pfidavku LDL na
spermie a jejich zvySeni odolnosti vii¢i chladovému Soku, bylo nutné vSak zjistit jaka
koncentrace pfidavku LDL je nejvhodnéjsi. Byla vyuZita komeréné vyrabéna ftedidla
Andromed® a Bioxcell® bez a spridavkem LDL 4%, 6% a 8%, tedidlo Triladyl® bylo
pripraveno bez a s pridavkem LDL 6%, 8% a 10 %. Shodné nejvyssich praimérnych hodnot

podilu zivych spermii na zacatku tepelného testu prezitelnosti bylo dosazeno pii fedéni
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fedidly Andromed® a Bioxcell® (71,65 %; 71,88), rozdily mezi fedidly nebyly statisticky
prikazné (P<0,05). Po uplynuti 120 minutové inkubace byl nejvyssi pramérny podil Zivych
spermii zaznamendn pii fedéni fedidlem AndroMed® (54,25 %), soucasné také pokles
Vv pribéhu celého trvani testu byl nejnizsi (-4,24 % a -9,19 %), rozdily oproti ostatnim
fedidlim byly statisticky prikazné (P<0,01). Nejvyssi podil zivych spermii na zacatku testu
byl vyhodnocen u 8% ptidavku LDL do fedidla (72,18 %), u tohoto ptidavku byl zaznamenan
1 nejvyssi pokles v pribéhu testu (+3,08 % az +0,44 %), avSak nebyly nalezeny statisticky
vyznamné rozdily mezi uvedenymi variantami pfidavku LDL. Nejniz§ich hodnot podilu
zivych spermii na zaCatku testu bylo dosazeno ve variantdch bez ptidavku LDL (69,87 %),
Na zéakladg zjisténych vysledki lze doporucit fedidla AndroMed® a Bioxcell® a piidavek LDL
pro jejich pozitivni vliv na rezistenci spermii vici chladovému Soku. Uvedené vysledky byly
podrobnéji publikovany v praci Beran et al. (2013).

Opétovné byl testovan vliv ptidavku LDL do rtznych typu fedidel na odolnost spermii
vii¢i chladovému $oku. Byla pouzita fedidla Andromed® a Bioxcell® bez a s 6% pridavkem
LDL, déle pak Triladyl® bez a s 10 % piidavkem LDL. Nejnizsiho poklesu podilu Zivych
spermii v pritbéhu kratkodobého chladového testu bylo dosazeno pii pouziti fedidla Triladyl®
bez ptidavku LDL (16,01 %, -5,36 % az -0,22 %), naopak nejvyssiho poklesu podilu zivych
spermii v prub¢hu tepelného testu piezitelnosti spermii trvajiciho 120 minut bylo dosazeno u
totozného fedidla s 10 % pridavkem LDL (21,44 %). Nejvyssiho primérného podilu zivych
spermii bylo na za¢atku testu dosazeno pii fedéni fedidlem Bioxcell® s 6 % ptidavkem LDL a
t0 69,17 % (+1,31 % az +4,42 %) a po 120 minutové inkubaci 52,94 % (+1,54% az +8,41 %),
rozdily oproti varianté fedéni fedidle Bioxcell® bez piidavku LDL byly statisticky prikazné
(P<0,05). Uvedené vysledky byly podrobnéji publikovany v praci Beran et al. (2016).

Byl hodnocen vliv délky ekvilibrace na naslednou motilitu a podil zivych spermii.
Byly testovany délky ekvilibrace 30, 120 a 240 minut pfed samotnym mrazenim. NejvysSich
primérnych hodnot motility v pribéhu tepelného testu piezitelnosti bylo dosazeno pii nejdelsi
ekvilibrace trvajici 30 minut (-2,72 % a -4,58 %), zaznamenané rozdily mezi testovanymi
délkami ekvilibrace byly statisticky prikazné (P<0,05). Nejvyssi podil Zivych spermii
v prubéhu tepelného testu piezitelnosti byl zaznamenan pii pouziti délky ekvilibrace 120
minut (+6,87 % a +8,68 %), coz je standard pii vyrobé¢, avSak rozdily oproti ostatnim
testovanym délkam ekvilibrace nebyly statisticky vyznamné. Uvedené vysledky byly
podrobnéji publikovany v praci Dolezalova et al. (2016).
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Nejvyssich primérnych hodnot motility v pribéhu tepelného testu prezitelnosti
trvajicitho 120 minut po rozmrazeni insemina¢ni davky bylo dosaZeno pii mrazeni na zékladé
2 — fazové mrazici kiivky a to 35,3 %, rozdily oproti ostatnim typtim mrazicich kiivek (+4,37
% az 8,82 %) byly statisticky prikazné (P<0,01). Tato 2 - fazova mrazici kiivka zahrnovala
pozvolny pokles teploty z +4 °C na -10 °C v prvni fazi a v dal$i fazi pokles na -150 °C
rychlosti 40°C/minutu. NejnizSich vysledki primérmé motility bylo dosazeno u 3 — fazové
mrazici kfivky s pomalym poklesem teplot v mrazicim boxu (26,48 %). Dale byla potvrzena
rozdilnd reakce ejakuldtu raznych bykli na mrazeni, soucCasn¢ také citlivost k mrazeni u
jednoho byka v ramci nékolika odbérti. Uvedené vysledky byly podrobnégji publikovany v
praci Dolezalova et al. (2015).

Pro dal$i vyzkum na zéklad¢ predchozich vysledkii byla vybréna 2 — fdzova mrazici
kiivka a 3 — fdzova mrazici kiivka, standardné vyuzivana pfi mrazeni ejakulatu bykt. Vyssich
primérnych hodnot motility a podilu zivych spermii ve vzorku bylo souhlasné dosazeno pii
mrazeni dle 2 — fazové mrazici kiivky (38,41 %), rozdil mezi uvedenymi kiivkami ¢inil 2,02
% a byl statisticky prikazny (P<0,05). Soucasné byly testovany interakce mezi délkou
ekvilibrace (30, 120 a 240 minut) a dvéma typy mrazicich kiivek (2 — fazova a 3 — fazova
standardni), kde byla potvrzena nejvys$si primérna motilita spermii v prib¢hu tepelného testu
prezitelnosti vzdy pii vyuziti délky ekvilibrace 240 minut (40,06 % a 39,61 %), nejnizSich
prumérnych hodnot motility pak bylo souhlasné dosazeno u obou mrazicich kiivek pti vyuziti
délky ekvilibrace 30 minut (33,28 % a 37,22 %) (P<0,05), zatimco vliv mrazici kiivky nebyl
potvrzen. Lze tudiz tvrdit, Ze vysledna oplozovaci schopnost insemina¢ni davky je ovlivnéna
jak individualitou byka, tak pfedevsim manipulaci a technologii vyroby davek pfed samotnym
mrazenim. Uvedené vysledky byly podrobnéji publikovany v praci Dolezalova et al. (2016).

Pridavek LDL obecné zvySoval odolnost spermii vii¢i chladovému Soku, po kterém
byl zaznamenan nizsi pokles podilu zivych spermii V pribéhu tepelného testu piezitelnosti
spermii nez pii fedéni ejakulatu fedidly bez piidavku LDL. Redidla Andromed® a Bioxcell®
koncentrace LDL v fedidle Bioxcell. Po procesu fedéni nasledoval proces chlazeni a
ekvilibrace, kde délka ekvilibrace 120 minut a déle znamenala vy$§i hodnoty motility spermii
a podil zivych spermii po rozmrazeni. Na zaklad€ porovnani riiznych typt mrazicich kiivek a
jejich vlivu na oplozovaci schopnost spermii po rozmrazeni byl zjistén pozitivni vliv na
naslednou motilitu spermii pfi mrazeni dle 2 — fazové mrazici kiivky s pozvolnym, pfitom
dostatecné rychlym, poklesem teplot v mrazicim boxu. Vysledna motilita po rozmrazeni byla

ovlivnéna zejména technologii zpracovani ejakulatu pfed samotnym zmrazenim. Pfesto, Ze
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byla sledovana jako druhotny faktor, tak ve vSech zminénych studiich byla také souhlasn¢
potvrzena individualita mezi byky, coz poukazuje na potiebu volit individualné pro kazdého

byka jinou technologii zpracovani ejakulatu a vyroby insemina¢nich davek.
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9 SEZNAM POUZITYCH ZKRATEK

ID — inseminac¢ni davka

Al —umélé inseminace

ATP — adenosintrifosfat

ROS — reaktivni formy kysliku

LDL — low density lipoprotein cholesterol, frakce vaje¢ného zloutku
LN2z — liquid nitrogen, tekuty dusik

CASA — computer assisted semen analysis, po¢itatova metoda hodnoceni spermii
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