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Porovnani komercnich a modifikovanych redidel pro
konzervaci ejakulatu u vybranych genovych zdrojti
hospodarskych zvirat

Souhrn

Ceska slepice zlata kropenata patii mezi geneticky ohroZené druhy a byla zafazena do
genovych zdrojl. Pro uchovdni inseminacnich davek kohoutl uvedeného plemene byla
porovndna komeréni fedidla ejakulatu dribeze s pridavkem kryoprotektantu.

Do fedidel Poultry media®, Raptac® a NeXcell® byl pridan penetrujici kryoprotektant n-
methylacetamid v koncentraci 9 %. Inseminacni davky balené v pejetach o objemu 0,25 ml
byly vyrabény ze smésného vzorku ejakulatu od 4 kohoutl stejného véku drZenych ve
stejnych podminkdch prostiedi a vyZivy v Pokusné a demonstraéni staji CZU v Praze. Kohouti
byli krmeni krmnou smési s deklarovanym slozenim vyrobenou pro CZU v Praze.

Odbér ejakuldtu probihal v lednu a Unoru 2022. Pomoci CASA iSperm® (Aidmics
Biotechnology Co., Ltd, Taipei, Thaiwan) byly hodnoceny parametry celkové motility spermii
v doporu¢eném poméru fedéni pred mrazenim a po rozmrazeni inseminacnich davek.
PoSkozeni plazmatické membrany (PMD), pfitomnost DNA, poskozeni akrozomu (ACRD)
a dvoji poskozeni (PAD) bylo hodnoceno pomoci pritokového cytometru (Novocyte 3000,
Acea Biosciences, Aglient, Santa Clara, California, USA).

Celkovd motilita byla na hladiné vyznamnosti p <0,0001 nejvyssi u tfedidla Poultry
media®, nejhorsich vysledkl dosahovala u fedidla NeXcell® (p <0,05).

K nejvysSimu poskozeni plazmatické membrany doslo na hladiné vyznamnosti p
<0,0001 u redidla NeXcell®, k poskozeni akrozomu u fedidla Poultry media® (p <0,0001) a ke
dvojimu poskozeni na hladiné vyzmnamnosti p <0,0001 u fedidla NeXcell®.

Jako nejvhodnéjsi pro kryokonzervaci spermatu se ukazala fedidla Poultry media®
a Raptac® s pfidavkem 9% NMA. Jako nejméné vhodné bylo oznaceno fedidlo NeXcell®. Je
tfeba brat v Uvahu individualitu v kvalité ejakulatu jak mezi jednotlivci, tak mezi odbérovymi
dny. Pro stanoveni optimalniho fedidla s optimalni koncentraci kryprotektantu pro vyrobu
inseminacnich davek drlibeze je tfeba provadét dalsi analyzy.

Klicova slova: Kryokonzervace, N-methylacetamid, kohout, ejakulat



Summary

The Czech golden spotted hen is a genetically endangered species and has been
included in the genetic resources. Commercial diluents of poultry ejeculate with the addition
of cryoprotectant were compared for the preservation of insemination doses of roosters of
that breed. A penetrating cryoprotectant was added to Poultry media®, Raptac®, and
NexCell® extenders n-methylacetamide at a concentration of 9 %. Insemination doses
packed in 0.25 ml straws were produced from a mixed sample of ejaculate from 4 roosters of
the same age kept under the same environmental and nutritional conditions in the
Experimental and Demonstration Barn of the Czech University of Life Sciences in Prague. The
roosters were fed with the feed mixture with the declared composition produced for the
CULS in Prague.

Ejaculate collection was carried out in January and February 2022. Using CASA iSperm®
(Aidmics Biotechnology Co., Ltd, Taipei, Thaiwan), the parameters of progressive sperm
motility were evaluated at the recommended dilution ratio before freezing and after
thawing of insemination doses. Plasma membrane damage (PMD), presence of DNA,
acrosome damage (ACRD) and double damage (PAD) were assessed using a flow cytometer
(Novocyte 3000%, Acea Biosciences, Aglient, Santa Clara, CA, USA).

Total motility was highest for diluent Poultry media® at the significance level p
<0.0001, and worst results were observed for diluent NeXcell® (p <0.05).

Plasma membrane damage was highest at the significance level p <0.0001 for diluent
NexCell, acrosome damage for diluent Poultry media® (p <0.0001), and double damage at
the significance level p <0.0001 for diluent NeXcell®.

The diluent Poultry media® with the addition of 9% NMA was found to be the most
suitable for sperm cryopreservation. The least suitable diluent was NeXcell®. Individuality in
ejaculate quality both between individuals and between sampling days should be taken into
account. Further analyses are needed to determine the optimal diluent with the optimal
concentration of cryoprotectant for the production of poultry insemination batches.

Keywords: Cryopreservation, N-methylacetamide, rooster, ejaculate
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1 Uvod

Zachovani genetickych zdroji pGvodnich plemen na uUzemi CR je hlavnim cilem
Narodniho programu genetickych rezerv. Jako geneticky zdroj se oznacuje ,Zivy material
obsahujici geny s bezprostfedni nebo potencialni hodnotou pro lidstvo“. Diky reprodukénim
biotechnologiim, jako je uméla inseminace a kryokonzervace pohlavnich bunék, mGzeme
zachranit nebo udrzet plemena pro nds vyznamna. Zajimavosti je, Ze doposud nebyl zjistén
presné dany postup pro proces kryokonzervace kohoutiho spermatu. Pro zachovani plemene
Ceské zlaté kropenaté a ostatnich plemen dribeZe je dileZité objasnit problematiku
kryokonzervace. Téma kryokonzervace u drlbeZe je dllezité z ekonomického hlediska.
Pokud by doslo k uspésné kryokonzervaci u drlibeze, tak by bylo moiné ve velkochovech
snizit pocet kohoutl, ktefi jsou chovani pouze na odbér genetického materidlu pro
inseminaci.

Ceska zlatd kropenata je plemeno, které se chovd na Uzemi Ceské republiky jiz po
staleti. Vlivem importu novych plemen hrozi Ceské zlaté kropenaté pomaly, ale jisty zanik.
Pocatkem 20. stoleti ziskalo plemeno soucasnou podobu a bylo zapsdno r. 1922 do
genetickych zdrojti CR. V roce 2020 bylo evidovano pouze 259 kus(l na tzemi CR.



2 Veédecka hypotéza a cile prace
Cil prace

Cilem prace bylo porovnat vliv pfidavku 9% NMA do rlznych komercnich fedidel
ejakulatu na kvalitu inseminacni davky.

Hypotéza

Lze predpokladat, Ze 9% koncentrace NMA aplikovana do rGznych komercnich fedidel
ejakulatu pozitivné ovlivni motilitu spermii po rozmrazeni.



3 Literarni reserse

3.1 Pohlavni ustroji ptakd

Na rozdil od samcC savcd je pohlavni Ustroji ptakd uloZeno v duting bfidni. Cést
rozmnozovaci soustavy je ukryta v kloace, coZ je rozSifena Cast konecniku. Jednd se o
zakonceni travici trubice, kterda ma spolecné vyusténi jak pro vyvodné, tak i pro pohlavni
cesty. Kloaka jako celek je duty organ, ktery vznikl spojenim corpodea, coz je kone¢na ¢ast
traviciho kanalu, ktera ddle navazuje na urodeum, vyvodné misto mocovych a pohlavnich
cest. Toto zakonéeni se oznaduje jako proctodeum (viz Obrazek 1) (Cerveny 2000).

Varlata samc( jsou parovy organ fazolovitého nebo vejéitého tvaru, ktery je zavésen
pod patefi a uloZen ventrdlné smérem k cefalické strané ledvin. Pomoci vaziva mesochria
jsou uchycena ktélni dutiné. Vazivem prochdzi krveni a inervace varlat. Prokrveni je u
ptacich druhl méné slozité, nez je tomu u savcl, protoZe ptaci nemaji plexus pampini, ktery
u savcl plni funkci udrzeni nizsi teploty varlat, nez je teplota téla. Zajisténi nizsi teploty je
nezbytné pro kvalitu pohlavnich bunék a proces spermatogeneze. Ochlazeni varlat zajistuje
cirkulace vzduchu ve vzdusnych vacich, diky tomu jsou béhem noci varlata ochlazovana.
V klidovém stavu jsou varlata mala, ale béhem reprodukcni sezény se jejich velikost mize
zvétsit 300 a7 500krat. U dospélych samci byva levé varle vétsi nez pravé (Cerveny 2000).

Varlata se skladaji z fady svinutych semenotvornych tubuld a pojivové tkané, ktera je
znacné prostoupend krevni kapildrou a Leydigovymi (nebo intersticidlnimi) bunkami.
Semenotvorné tubuly se skladaji ze Sertoliho bunék a zarodeénych epiteldrnich bunék
(kmenové spermatogonie). Leydigovy bunky jsou zodpovédné za steroidogenezi a sekreci
androgenu (Scanes et al. 2020)

Zralé spermie ze semennych tubull prochazeji do tubularni sité, pak do vysoce svinuté
vasa efferentia. Spermie jsou uloZzeny v ductus deferens. Predpoklada se, Zze strukturdlni
diferenciace spermii je dokoncena predtim, nez opusti tubularni sité. Motilita ve varlatech je
minimalni (Johnson et al. 1968).

Predpoklada se, ze fertilizacni kapacita spermii driibeze se zvysSuje pfi prichodu ductus
deferens. Existuji diikazy, Ze Sertoliho buriky i epiteliarni buriky nadvarlete mohou resorbovat
spermie (Scanes et al. 2020).

Krev proudi do kazdého varlete z abdominalni aorty. Pomocné pohlavni reprodukéni
organy samce kohouta zahrnuji vasa efferentia, epididymis, ductus, deferens, ejakulacni ryhu
a penis. Penis kohouta se oznacuje jako phallus, je nevysunutelny a nalezneme ho na
spodiné kloaky. Phallus je tvoren hrbolky, které jsou v malé mife schopné erekce. K erekci
penisu dochazi vnitinim slozenim kloaky s erektilni lymfou. Na povrchu kloaky jsou fasy,
které se stoci a tvofi specidlni semenny kanalek, kterym po ejakulaci sperma pasivné stéka
(Cerveny 2000).

Ptaci nemaji zadné pridatné organy jako je prostata, bulbouretralni Zlaza nebo
semenny vacek. Semenna plazma pochazi zvasy efferentia a semenotvornych tubuld.
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Pomocné kopulacni organy, jako jsou parakloakalni cévni téliska, pomahaji po erekci se
zatazenim phallu (Scanes et al. 2020).

I

Testes

4— Mesorchium

Iliac vein

Obrdzek 1: Pohlavni ustroji ptak( (Johnson 1986)

3.1.1 Morfologie spermii

.....

rozdilna stavba reprodukcnich organt a rozdilnost spermatogeneze. Pohlavni burika samce
ptaka je podlouhla, cylindrickd a jeji zvlastnosti je zUzeni na obou koncich (viz Obrazek 4),
v porovnani se savci je mensi. Jednim z hlavnich znak( ejakuldtu kohouta je velmi nizky
obsah semenné plazmy zdlvodnény absenci pfidatnych pohlavnich Zlaz. To ma za nasledek,
Ze semeno je husté a koncentrace spermii dosahuje od 2 do 10 - 10° (Blesbois & Hermier
2003). Koncentrace spermii se také odviji od genotypu, stari kohouta a frekvence odbérd.
Koncentrace spermii se rapidné snizuje ¢astym nebo dlouhodobym odbérem.

Akrozom obsahujici proteolytické enzymy k rozstépeni glykoproteinového obalu
vajicka je zapouzdieny bunéénou membranou. Jadro je ulozeno v hlaviéce spermie (Etches
2000; Scanes et al. 2020).
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Obrdzek 2: Spermie kohouta (vlastni zdroj)

Obrdzek 3: Spermie berana (vlastni zdroj)
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Obrazek 4: Popis dribeZi spermie (Johnson et al. 1968)
3.2 Rozdily mezi dribezi a savCi spermii

Drabezi spermie jsou morfologicky odlisné od savcich spermii nitkovitym tvarem
hlavicky spermie (viz Obrazek 4). V dlsledku nizSiho obsahu cytoplazmy tak maji nizsi
schopnost pohybu v kryoprotektantech. Drlbezi spermie maji relativné dlouhy ocas
v porovnani napfiklad s ocasem spermie byka. Délka ocasu spermie u dribeZe dosahuje
délky mezi 90 a 100 um. Nevyhodou dlouhoocasé spermie je snadné poskozeni v pribéhu
procesu zmrazovani a rozmrazovani. Elektronovd mikroskopie ukazala, Zze az 60 % organel
spermii dribeze trpi po kryokonzervaci nevratnym poskozenim (Ciftci & Aygin 2018).

Plazmatickd membrana spermii se sklada z lipid(i, cholesterolu a bilkovin. Mezi hlavni
vlivy cholesterolu na dribeZi spermie patti regulace stability membrany, acylové poradi
fetézcd fosfolipidd, nasledna regulace a vlastnosti funkce membrany. UdrZuje pfiznivé
mikroprostredi pro membranové proteiny (Ciftci & Aygilin 2018).

Vliv cholesterolu na fluiditu membran zavisi na teploté. Pfi teplotach nad fazovym
prechodem je hodnota cholesterolu v plazmatické membrané vysoka. To mda za nasledek
snizeni fluidity membrany, coZ Cini spermie nachylnéjsi k chladovému Soku a dochazi ke
snizeni schopnosti spermii prezit proces zmrazeni a rozmrazeni (Blesbois et al. 2005; Buffone
et al. 2009; Partyka et al. 2016).
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Pfi teplotach pod fazovym prechodem cholesterol zvySuje fluiditu membrany. Tento
ucinek cholesterolu je vyznamnéjsi v membranach bohatych na nasycené fosfolipidy, ve
srovnani s témi, které obsahuji nenasycené kyseliny (Partyka et al. 2016; Ciftci & Aygin
2018).

Fluiditu plazmatické membrany lze urcit méfenim za poutZiti fluorescenéniho barviva.
Hodnoty odpovidaji tuhosti membrany a jsou nepfimo Umérné fluidité membrany (Blesbois
et al. 2005; Ciftci & Ayglin 2018).

3.2.1 Polynasycené mastné kyseliny v membranach

Dribezi sperma je ndachylngjsi vici chladovému 3Soku diky vysokému poméru
polynenasycenych mastnych kyselin v plazmatické membrané.

Polynenasycené mastné kyseliny ve spermatu dribeZe snadno podléhaji peroxidaci
lipidl, které zpUsobuji poskozeni spermii (Aitken et al. 2012; Long 2006). ZvySend produkce
ROS snizuje fosforylaci axonemovych protein(, coz ma za nasledek snizeni fluidity membrany
a dochazi k nehybnosti spermii.

Plazmatické membrdny kohoutich spermii obsahuji vysoky podil n-6 a nizky podil n-3
polynenasycenych mastnych kyselin (PUFA). Podilové zastoupeni PUFA se odliSuje mezi
jednotlivymi druhy ptakl. N-6 PUFA zahrnuje hlavné cis-7,10,13,16-dokosatetraenovou
kyselinu (22:4n-6) a ma u dribeZe majoritni zastoupeni ve spermatu oproti savclim, kde je
minoritni (Blesbois & Hermier 2003). U savch je vysSi zastoupeni polynenasycenych
mastnych kyselin n-3, zejména kyseliny dokosahexaenové (22:6n-3) (Kelso et al. 1997).

Blesbois & Hermier (2003) zkoumali vliv krmné davky obohacené o PUFA na odolnost
plazmatické membrany u kohoutich a kratich spermii v prvni poloviné reprodukéniho
obdobi. Dospéli kohouti byli rozdéleni do dvou skupin. Prvni skupina byla krmena standardni
krmnou davkou a druha skupina byla krmena standardni krmnou davkou obohacenou o n-3
PUFA (pochazejici z rybiho oleje). Obohacend krmna ddvka o n-3 PUFA vedla
k jednoznaénému celkovému zvySeni podilu n-3 PUFA (22:5n-3 a 22:6n-3) ve spermiich u
kohoutd. N-3 PUFA mély také pozitivni ucinek na plodnost u cerstvého spermatu kohout(.
Bylo potvrzeno, Zze obohaceni krmné davky o n-3 zvysuji i reprodukéni vykonnost u kohoutt
(Blesbois & Hermier 2003).
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3.3 Neurohumoralni fizeni u ptaku

Hladiny hormon v téle ptakd jsou regulovany rocnim obdobim s cilem lihnuti v obdobi
hojnosti. Pomoci smyslovych organu jsou pfijimany podnéty z vnéjsiho prostiedi a nasledné
zpracovany v kudre mozkové a hypotalamu. Gonadotropni hormony realising factors
produkované hypotalamem ovliviiuji proces hormonalni regulace stimulaci adenohypofyzy.
Gonadotropiny pfimo ovliviiuji sekreci hormon v hierarchicky nizsich orgdnech (Froman et
al. 2000).

Mezi hormony adenohypofyzy jsou fazeny:
e Adrenokortikotropni hormon (ACTH)
e Tyreotropni hormon (TSH)
e Folikulostimulaéni hormon (FSH)
e Luteiniza¢ni hormon (LH)
e Somatotropin (STH)
e Prolaktin (PRL)

VySe zminény folikulostimulaéni hormon ovliviiuje spermatogenezi, jelikoZz iniciuje
tvorbu samcich pohlavnich bunék, rist folikulG u samic a produkci estrogenu. Luteinizacni
hormon plsobi na Leydigovy burky, diky tomu pak dochdzi ke stimulaci testosteronu.
Spolec¢né plsobeni folikulostimulaéniho a luteinizaéniho hormonu ma za ndsledek preménu
testosteronu, ktery je ve sténé vajeéniku, na estrogen, coZ je podnét pro tvorbu
progesteronu a naslednou ovulaci (Scanes et al. 2020). Prolaktin mGze inhibovat Cinnost
vajecnikd a tim ovlivnit snasku (Hu & Zadworny 2017).

3.4 Kratkodoba konzervace spermatu v inseminaci drtibeze

Nejcastéji pouzivanou technikou reprodukce v drlibezaiském prlimyslu je uméla
inseminace. Uméla inseminace umoznuje vyuziti genetického potencionalu nejkvalitnéjsich
plemenikll. Ve srovnani s pfirozenou reprodukci umozniuje uméld inseminace oplodnéni
vétSiho mnozstvi samic a sniZzeni nakladd na mnozZstvi drzenych samcl. Zakladem uspésné
inseminace je oplozenischopné sperma o dostate¢ném objemu. Odbéry probihaji v blizkosti
slepic (Mohan et al. 2018).

Prvni historické zminky o umélé inseminaci dribeze jsou z roku 1899. Rusky védec
Ivanow studoval umélou inseminaci u domacich hospodarskych zvirat véetné dribeze. Odbér
spermatu probihal fyzickym pafenim kohouta se slepici. Po pareni byly slepice zabity a
sperma bylo chirurgicky odebrano z vejcovodu. Jak z popisu vyse plyne, metoda umélé
inseminace byla v téchto dobdach velmi drasticka a stala se podnétem vyvoje soucasnych
modernich technik inseminace.

15



V roce 1935 Burrows a Quinn vynalezli techniku abdominalni masaze bficha kohoutt
pro ziskani ejakuldtu. Tato technika se vyuzivd v chovech dodnes. Jednd se o tzv. ,bfisni
masazni metodu” (Mohan et al. 2018).

3.4.1 Skladovani chlazeného spermatu

Pro skladovani chlazeného spermatu je zdsadni teplota a vhodné fedidlo. Standardni
teplota pro uchovani chlazeného ejakulatu je 5 °C. Pfi této teploté dochdzi ke snizeni
metabolismus spermii. Brillard (2009) uvedl, Ze pro dlouhodobéjsi skladovani spermatu je
tfeba se vyvarovat teplotam okolo 0 °C.

Pro 24hodinové skladovani dribeziho spermatu je vhodné pouziti fedidel Lake a
Beltsville (BPSE). Navzdory jejich UspéSnému pouZiti v dribezarském primyslu existuje stale
vysoka variabilita oplozeni (Siudzirska & tukaszewicz 2008).

Dale bylo prokazano, ze ziredéné drlbeZi sperma muze byt skladovano az po dobu 24
hodin, aniz by doslo ke zhorSeni viability (Siudzinska & tukaszewicz 2008). Nejbézné;si
postup pro kratkodobé skladovani spermatu dribeZe v chladni¢ce vyZaduje skladovani
spermatu v redidle, tak aby se zachovala jejich Zivotaschopnost in vitro. Diky poufZiti fedidel
je tedy mozné prepravovat sperma na vzdalenéjsi dribezarny k inseminaci velkych skupin
slepic a zvysit tak vyuZiti kvalitniho spermatu (Parker & McDaniel 2006).

Volba tedidla, které je vhodné pro kratkodobé uskladnéni zavisi na znalosti
biologickych, fyziologickych a metabolickych pozadavkd dribeziho spermatu. Drlbezi
spermie jsou metabolicky kompetentni v aerobnich a anaerobnich podminkach prostredi in
vitro. Aerobni metabolismus vyZaduje provzduSfiovani spermatu. To se béiné provadi
umisténim zfedéného spermatu do bariky, aby se maximalizoval pomér povrchu a objemu.
Rychlost fedéni a typ fedidla maji vyznamny vliv na motilitu spermii, iontovou rovnovahu,
vyménu plynQ a vyuziti ATP. Pro in vitro prostiedi se za optimalni skladovani dribeziho
spermatu povazuje trojndsobné redéni neboli stfedni fedéni (Parker & McDaniel 2006).
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3.5 Redidla ejakulatu driibeze

V soucasné dobé existuje fada komercnich rfedidel pouzivanych pro fedéni spermatu
drlibeze s rlznymi modifikacemi (Siudzinska & tukaszewicz 2008).

Redidla jsou pufrované solné roztoky pouZivané k prodlouzeni Zivotaschopnosti
kvalitniho spermatu. Pro zabranéni vzniku aglutinace z dlvodu vysoké koncentrace
spermatickych bunék je nezbytné pouziti vhodného fedidla a poméru fedéni. Vyvoj fedidel
zaCal jednoduchym pouzitim roztok chloridu sodného a aZz pozdéji dosSlo k rozvoji
komplexnich tedidel obsahujicich osmotické regulatory, energetické substraty a pufry
(Mohan et al. 2018). Pufrovaci €inidla jsou sloZzena ze smési kyselin a jejich konjugovanych
bazi pfidavanych k omezeni zmén hodnot pH. Obvykle obsahuji smés fosfatl, citratd a
organickych zwitteriontovych molekul, jako je N-bis 2-hydroxyethyl-2-aminoethansulfonova
kyselina, oznacovana jako BES a N-Tris hydroxymethyl methyl-2-kyselina
aminoethansulfonova oznacovana jako TES. V fedidlech u drlibeziho spermatu jsou dllezité
zwitteriontové molekuly, protoZe pfi delSim skladovani spermatu dochdzi k hromadéni
kyseliny mlé¢né. Pro udrZzeni homeostazy spermii a preziti spermii pomaha izotonicky roztok
glutamétu sodného. Redidla driibeziho spermatu respektuji biochemické slozeni driibeZiho
semene. Standardni slozkou redidel se stala kyselina glutamova.

Tématem porovnavani slozeni rliznych zndmych a dostupnych fedidel se zabyvala fada
studii. Zdlvodu znacné variability v designu experimentu (frekvence odbéru a pocet
inseminaci) nelze doporudit obecné pouZivané fedidlo pro drlbeZi sperma (Siudzinska &
tukaszewicz 2008). Podobny scéndr plati i v pfipadé snahy hodnoceni plodnosti na zakladé
vyhod rlznych fredidel. Ddvodem je, Ze vSechna ftedidla maji spolecné zakladni
charakteristiky, pfesnéji zakladnim ukolem fedidel je udrZeni konstantniho pH a osmolality.
Jako zdroj energie jsou vyuZivany monosacharidy ve formé glukézy a fruktdézy nebo
disacharidy ve formé trehalésy. Dalsi dlleZitou sloZzkou jsou antibiotika, protoze mohou snizit
pfipadnou pfitomnost patogenu, ale ne vSechna fedidla je obsahuji. Hodnota pH mize byt
ovlivnéna rychlosti metabolismu a motilitou spermii v pribéhu mrazeni a po rozmrazeni
(Pearlin et al. 2020). Pomoci pH fedidel Ize ménit motilitu a rychlost metabolismu spermii.
Nizké pH snizuje motilitu. Lake & Ravie (1979) ve své studii uvadi, Zze pH o hodnoté 6,8 a 7,1
zlepsilo viabilitu spermii oproti fedidlim s vyrazné nizsim (5,8) nebo vyssim (7,4) pH.

DribeZi spermie zfedéné v fedidlech o osmolalité v rozmezi od 250 do 460 mOsm/kg si
zachovavaiji svou schopnost pohybu. V pripadech, kdy se spermie daji do redidla, kde je nizka
osmolalita, dochazi k priniku vody do spermii, coz zplUsobuje jejich bobtnani a jedna se
o nezadany efekt. Vlivem hyperosmotickych tlakl, ktery je na spermie vyvijen, dojde ke
zvysSeni vyskytu deformovanych a znehodnocenych spermii bezprostfedné po zfedéni, coz
negativné koreluje s plodnosti (Siudzinska & tukaszewicz 2008).
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3.5.1 Typy redidel

3.5.1.1 Japonské redidlo

Dané fedidlo obsahuje nasledujici:
e 1,2 g glutamatu sodného
e 0,3 g octanu draselného
e 3,8 gtrehaldzy
e 0,2 gglukozy
e 0,5 g N-Bis(2-hydroxyethyl) 2- aminoethansulfonové kyseliny (BES)
e 0,5 g Bis(2-hydroxyethyl) iminotris(hydroxymethyl) methanu (Bis-tris)
e Gentamicin sulfat 0,001 g na 100 ml destilované vody (360 mOsm/kg,
pH 6,8)

3.5.1.2 Lake redidlo

Dané tfedidlo obsahuje nasledujici:
e 1,92 g monohydrat L-glutamatu sodného
e 0,5 goctanu draselného
e 0,08 g tetrahydrat octanu draselného
e 0,8 g glukdzy
e 0,3 g polyvinylpyrrolidonu a 100 ml vody (343 mOsm/kg, pH 7,08)

Di lorio et al. (2020) ve své studii tvrdi, Ze Lake fedidlo ma skvélé vysledky, pokud se
inseminace provadi pouze chlazenym ejakulatem. Pfi splnéni této podminky byly
zaznamenany vyrazné vyssi hodnoty plodnosti a lihnivosti. Dale se zkoumanim ziskanych
vysledkll in vitro ukazalo, Ze Lake redidlo zachovalo progresivni motilitu spermii i po
rozmrazeni. Tyto vysledky lze pfFicist k jeho sloZeni. Lake fedidlo je doporuéeno k dalSimu
sledovani, protoze mélo zajimavé vysledky u kryokonzervace (Herrera et al. 2017).

3.5.1.3 Poultry media fedidlo

Dané fedidlo obsahuje nasleduijici:
e fosforecnan draselny
e glutamat sodny
o fruktézu
e octan sodny, citrat draselny, chlorid hofeénaty
e N-tris hydroxymethylovou kyselinu
e methyl-2-aminoethansulfonovou kyselinu
e fosfatidylcholin a zinek
e pripadné kyselinu sialovou
e carnitin, serinethanolamin, fosfodiesterazu nebo jejich smési
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Poultry media fedidlo, jak uz z ndzvu vyplyva, bylo pfizplsobeno specialné pro driibez.
Jedna se o unikatni sloZeni, které by mélo zajistit preZiti spermii v fedidle az po dobu 24
hodin pfi teploté 5 °C. Redidlo ma rizné varianty, a to jak s antibiotiky, tak i bez antibiotik.
Toto fedidlo bylo pouZito v naSem experimentu (viz Pfiloha I).

3.5.1.4 NeXcell fedidlo

NeXcell fedidlo bylo vyvinuto pro kratkodobé skladovani spermatu dribeze bez pouziti
antibiotik. Toto médium bylo obohaceno o antioxidanty (viz Pfiloha II).

3.5.1.5 Cariredidlo

Cari tedidlo driibeziho spermatu bylo vyvinuto v ICAR-CARI, Ustiednim vyzkumném
Ustavu pro ptaky se sidlem v Izatnagaru, Indii (Mohan 2018). Toto fedidlo bylo porovnano
s dalSimi fedidly (Tselutin et al. 1995). Po analyze spermatu u rlznych druh( dribezZe bylo
zjisténo, Zze CARI redidlo vykazovalo vynikajici motilitu pfi skladovani spermatu a dokonce
i vys$si fertilitu nez ostatni. Pro toto tvrzeni jsou nutné dalsi pokusy, aby doslo k potvrzeni
téchto vysledkd (Mohan et al. 2017).

3.5.1.6 Raptac redidlo

Raptac redidlo je UspésSné pouzZivano v reprodukci jestfabl. Jednda se o redidlo
specialné vyvinuté pro uchovani spermatu dravcl. Je zbarveno cervené a neobsahuje
antibiotika. Jeho intenzivni barva podporuje homogenni promichani spermatu a fedidla (viz
Priloha 111).

3.5.1.7 Beltsville redidlo (BPSE)

Dané fedidlo obsahuje nasleduijici:
e monohydrat citratu draselného
e L-glutamat sodny
e chlorid hofeénaty
o fruktézu
e trihydrat hydrogenfosforec¢nanu draselného
e jednosytny fosforecnan draselny
e TES n-tris (hydroxymethyl) methyl 1,2 kyselina aminoethansulfonova
e trihydrat octanu sodného

3.5.1.8 BPSE obohacené o Quercetin

Quercetin (Q) je v pfirodé vyskytujici se latka, ktera se nachazi v mnohé zeleniné, ovoci,
v listech, semenech atd. M4 schopnost inhibovat oxidace jinych biologickych molekul.
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Existence polyfenolické substruktury v Q pusobi jako vychytavac volnych radikald, které jsou
zodpovédné za retézové reakce a oxidace (Boots et al. 2008).

Recentni studie se zabyvaly a hodnotily ucinky rliznych koncentraci Q v BPSE na kvalitu
kohoutiho spermatu. Hodnotily se rdzné parametry: motilita, funkénost membrany,
abnormalni morfologie, peroxidace lipidl, mitochondridlni aktivita a Zivotaschopnost. Dale
byl hodnocen stav apoptdzy a fertilita po rozmrazeni (Siari et al. 2021).

Studie Silva et al. (2012) potvrdila, Ze pfidavek Q mél pozitivni Gcinky na kvalitu
spermatu po rozmrazeni u beran(, hiebcl (Seifi-Jamadi et al. 2016), bykl (Tvrda et al. 2016)
i kanct (Silva et al. 2016).

Také Ahmed et al. (2019) uvedli, Ze ptidavek Q mél pozitivni vliv na kvalitu spermii
u buvoll. Toto tvrzeni potvrdili ve své studii i Rakha et al. (2020) u plemene Gallus gallus
murghi. Kdy po pfidani 15 mM Q byly po rozmrazZeni vSechny vySe zminéné parametry
pozitivné ovlivnény a mimo jiné se snizila hodnota malondialdehydu (MDA, produkt
peroxidace polynenasycenych mastnych kyselin). Appiah et al. (2020) ve svych studiich
uvedli, Ze ptidani Q do fedidla na bazi kaseinu zlepsilo kvalitu kohoutiho spermatu.

Vyse zminéné studie ukazuji, Ze obohaceni fedidla o 10-15 mM Q ma pozitivni vliv na
parametry motility spermii. Naopak pridani vysoké koncentrace 20 mM Q potlacila jeho
pfiznivé ucinky na motilitu.

Nejvyssi procento spermii s aktivnimi mitochondriemi bylo pozorovano pfi pouziti
10 mM Q (Siari et al. 2021). Také doslo ke zlepSeni funkénosti membrany, mitochondrialni
aktivity a Zivotaschopnosti. Navic pouziti 10 mM Q mélo za nasledek apoptické zmény
a peroxidaci lipid( u bunék kohoutich spermii po rozmrazeni (Siari et al. 2021). Zavérem lze
fici, Ze doplnéni BPSE o 10 mM Q by mohlo byt vhodnou metodou ke zlepseni kvality
kohoutiho ejakulatu po rozmrazeni (Siari et al. 2021).

3.5.1.9 BPSE obohacené o L-Carnitin

Beltsville fedidlo obohacené o (LC) je dalsi zajimavou modifikaci, s cilem celkové zlepsit
parametry rozmrazeného kohoutiho spermatu.

L-Carnitin (LC) je ve vodé rozpustnd aminokyselina, kterd hraje klicovou roli pfi tvorbé
metabolické energie spermii (Hinton et al. 1979).

Vyssi pohyblivost a funkénost membrany spermii Ize pficist roli LC v metabolismu. LC
usnadnuje transport aktivovanych mastnych kyselin pres membranu mitochondrii (B-oxidaci
a produkci ATP), ¢imzZ je rychleji dodavana energie pro pohyb spermii. LC také zvysuje
aktivitu a hladinu antioxidac¢nich enzym(, jako je superoxiddismutdaza a glutathion.
Hromadéni ROS ve spermiich navic vede k destrukci membrany a také k vyéerpdni zadsob ATP,
coz muze negativné ovlivnit kvalitu spermii.

Vyse zminéné pozitivni vlastnosti LC by mohly byt zodpovédné za zlepseni pohyblivosti
a funkénosti membrany kohoutich spermii béhem kryokonzervace (Fattah et al. 2017).

Pridavky rGiznych koncentraci LC nemélo vliv na morfologii a mitochondridlni aktivitu.
Vysledky ukdazaly, Ze doplnéni BPSE o0 1 az 2 mM LC vyznamné zlepSilo kvalitu kohoutiho
spermatu po rozmrazeni (Fattah et al. 2017). Rovnéz bylo zjiSténo, Ze pyruvatovy systém je
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efektivnéjsi, kdyz je LC pro spermie pristupny (Stradaioli et al. 2000). Nicméné je dllezité,
aby bylo plsobeni L-Carnitinu nadale sledovano v dalSich experimentech pro své slibné
stdvajici vysledky.

3.6 Kryokonzervace

Kryokonzervace je metoda, kterd se vyuziva pro dlouhodobé uchovani genetického
materialu. Diky kryokonzervaci jsme schopni uchovat rlzny biologicky material, jako jsou
spermie, vajicka ale i embrya. Pro uUspésnou kryokonzervaci je velmi dulezity spravny
metodicky postup a vybér idedlnich kryoprotektantl. Pridani kryoprotektantd je nezbytnou
soucasti kryokonzervace, protoze chrani bunky pfi procesu zmrazovani tekutym dusikem. Ke
zmrazeni dochazi postupnym ochlazovanim v parach dusiku. Ddle jsou vzorky pfeneseny do
finalnich -196 °C. Struktura bunék je zachovana diky postupnému ochlazovani a velmi nizkym
teplotam v pribéhu uskladnéni.

PfestoZe se jedna o vyznamnou metodu, nese si i sva negativa, jako je kryoposkozeni.
Kryoposkozeni ovliviiuje funkci a kvalitu spermii, jako je pohyblivost spermii, stav membrany,
stav akrozomu, mitochondridlni potencidl, také peroxidaci lipidd a poskozeni DNA
(Svoradova et al. 2021).

Mezi hlavni faktory, které mohou ovlivnit kvalitu spermatu pfi procesu zmrazeni, je
koncentrace kryoprotektantl, pouZiti vhodného redidla, systém pInéni do pejet a nasledna
rychlost chlazeni. Kryokonzervace zvysuje intraceluldrni koncentraci iontd béhem mrazeni,
coz zpusobuje chemické poskozeni bunék. Kryoprotektanty byly vyvinuty, aby snizily rozsah
chemického poskozeni, ke kterému dochazi béhem zmrazovani. Bez pouziti kryokonzervantt
dochazi ke zvyseni intracelularni koncentraci iontli coz ma za nasledek chemické poskozeni
buriky (Rubinsky et al. 2005).

Postupy pro mrazeni jsou odliSné, odviji se od jiz aplikovanych protokoll. Rychlost
mrazZeni je zavisla na vysce racku. Nicméné vyska racku neni fixné stanovena a je variabilni,
coz potvrzuji i provedené studie. Aboulezz et al. (2017) ve svém pokusu provedli mrazZeni za
pouziti kryoprotektantu glycerolu v dusikovych parach ve vysSce racku 7 cm nad hladinou
dusiku. Tseulin et al. (1995) provedli mrazeni za pomoci kryoprotektantu DMA ve vysce racku
11 cm. Oproti tomu Chuaychu et al. (2017) pouzili odliSnou metodu za pouziti
kryoprotektantu DMF. Racky umistili do vySky 11 cm nad hladinu kapalného dusiku po dobu
12 minut, poté rack premistili 3 cm od hladiny kapalného dusiku po dobu 5 minut. Pejety
byly nasledné ponoreny do kapalného dusiku pfi -196 °C.

Kryokonzervace spermatu patfi mezi nejucinnéjsi metody uchovani genetickych zdroju
u ohrozenych zvirat. Tato metoda je neinvazivni, jak pro darce, tak i pro pfijemce a poskytuje
moznost uchovani velkého poctu inseminacnich ddvek (Blesbois et al. 2007). Skutecnosti
ovsem je, Ze Uspésnost oplozeni vajicka zmrazenym spermatem je dramaticky nizsi ve
srovnani s plodnosti u ¢erstvého spermatu. Zatim neni zcela pochopeno a objasnéno, proc
proces zmrazeni a rozmrazeni snizuje kvalitu inseminacnich davek.
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Snizena prezitelnost spermii po rozmrazeni muze byt také ovlivnéna jedinecnymi
morfologickymi a fyziologickymi rysy bunék dribeziho spermatu (Rubinsky et al. 2005;
Zaniboni et al. 2014; Thélie et al. 2019).

Jak bylo popsdno vyse, hlavni vyhodou kryokonzervace je ochrana genetickych zdroja.
Existuje nékolik narodnich programd (napf. ve Francii, Spojenych statd americkych
a Nizozemsku), které se v soucasnosti zabyvaji kryokonzervaci drlibeziho spermatu, se
snahou vytvofit genové banky z dlvodu snahy o zachovani nejen vzacnych plemen (Blesbois
2007).

Drabezi pramysl je stale zdavisly na inseminaci cerstvym spermatem. lkdyz
z ekonomickych dlvodu je kryokonzervace vyhodnéjsi (Ciftci & Aygiin 2018).

Za poslednich 15 let bylo provedeno mnoho studii, jak zlepSit metody postupu pfi
procesu zmrazeni a rozmrazeni drlObeziho spermatu. Navzdory cetnym pokrokdim
v kryobiologii spermatu se stdle hledaji nové metody, ve snaze zlepsit oplozenischopnost
spermii po rozmrazeni (Thélie et al. 2019).

Dulezité ale je zdlraznit, Ze zatim pro zminény proces kryokonzervace neexistuje
presny a ovéreny metodicky postup. Dalsi vyzkumy by vSak mohly byt zaméfeny na
hodnoceni vhodnych kryoprotektanti pro kryokonzervaci kohoutiho spermatu (Lin et al.
2022).

3.7 Kryoprotektanty

Pridani kryoprotektantl pfi kryokonzervaci je dulezité z divodu ochrany bunék pred
negativnimi vlivy pfi mraZeni. Béhem kryokonzervace dochazi vlivem sniZzovanim teploty
ke krystalizaci vody a tvorbé ledovych krystal(. Z tohoto ddvodu je nutné bunky ochranit
pfed poni¢enim a zanikem. Zminéné ledové krystaly mechanicky poskozuji membranu buriky
propichnutim (Buss 1993).

Kryoprotektanty rozdélujeme na dvé skupiny dle zplsobu ochrany bunky na
intracelularni a extracelularni. Mezi intraceluldrni kryoprotektanty patfi glycerol (GLY),
dimethylsulfoxid  (DMSO), dimethylacetamid (DMA), N-methylacetamid (NMA),
methylacetamid (MA), ethylenglykol (EG) a dimethyformamid (DMF). Tato skupina
kryoprotektantd difunduje pfes bunécnou membranu a minimalizuje poskozeni bunék
ledovymi krystaly (Donoghue a Wishart 2000). Mezi extracelularni kryoprotektanty patfi
polyvinylpyrolidon (PVP), polyetylenglykol (PEG), sacharéza, trehaldza (disacharid) a rafindza
(trisacharid). Tento typ kryoproktektantu chrani buriky obalenim membrany pred
mechanickym poskozenim (Motta et al. 2014; Thananurak et al. 2019).

Prvnim dalezitym krokem k Uspésné kryokonzervaci spermatu dribeZze je vybér
vhodného kryoprotektiva a jeho aplikace béhem procesu kryokonzervace. Jak jiz bylo
zminéno, dlouhoocasé spermie kohoutll snadno podlehnou poskozeni béhem mrazeni
a rozmrazovani (Purdy et al. 2009). Pouziti kryoprotektantl ma tedy zasadni roli v procesu
mraZzeni a rozmrazovani dribeziho spermatu.
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3.7.1 Béiné pouZivané kryoprotektanty

V soucasné dobé je jednoznacné nejpouzivanéjSim kryoprotektantem pro
kryokonzervaci dribeZiho spermatu glycerol (GLY) a to i pfes své zndmé negativni Ucinky
(Blesbois a Brillard 2007; Blesbois et al. 2007; Thélie et al. 2019). Je dokazano, Ze glycerol ma
nezadouci antikoncepéni Ucinek. Jednim z moZznych divodl muze byt sniZzeni akrozomové
reakce spermii, ackoliv dosud nebyl objasnén zakladni mechanismus. V pfipadé pouZiti GLY
jako kryoprotektantu je nutné jej pred aplikaci inseminaéni davky vymyt, tak aby doslo ke
snizeni koncentrace GLY a neplsobil tak toxicky na dridbezi sperma. Vhodnym zplsobem
odstranéni GLY je centrifugace. Jedna se o béZny postup pro sniZeni koncentrace GLY. Avsak
v pfipadé dribezich spermii je tento postup skodlivy vlivem plsobiciho osmotického tlaku na
spermie, ktery zpUsobuje negativni mechanické poskozeni spermie a sniZeni plodnosti
inseminacni davky. Antikoncepcni negativni ucinky GLY byly pozorovany i v pfipadé dalsi
provedené studie, kdy byly zavedeny spermie zifedéné s GLY do pochvy slepice o ridzné
koncentraci GLY. Studie zjistila, Ze v pfipadech, kdy kone¢na koncentrace GLY pfesahuje 2 %,
dochazi ke snizeni fertility, v pfipadé 4 % a vyssi koncentrace GLY nebylo prokdzdno oplozené
vejce (Blesbois et al. 2011). Je tedy nezbytné vidy pred inseminaci GLY vymyt (Abouelezz et
al. 2015).

Dalsi nevyhodou v pripadé poufZiti GLY jako kryoprotektantu u dribezZiho spermatu je
posSkozeni akrozomu vyraznéjsiho rozsahu nei v pfipadé pouziti kryoprotektantu
dimethylacetamidu (DMA). Pokles akrozomové reakce byl také vyraznéjsi nez snizeni motility
a integrity membrdany spermii (Abouelezz et al. 2015). V pfipadé pouziti GLY v kombinaci s
pomalym zmrazovanim mél kryoprotektant Skodlivéjsi uUcinky na motilitu spermii nez
samotny proces kryokonzervace (Mocé et al. 2010).

Mezi dalSi béiné pouZivané kryoprotektany patfi dimethylacetamid (DMA),
dimethylsulfoxid (DMSO). Vyhodou DMA oproti GLY je jeho neantikoncepéni Ucinek a neni
tak dlvod jej odstrafiovat pred inseminaci (Blesbois et al. 2007). Vyhodou pouziti
dimethylsulfoxid (DMSO) a dimethyformamid (DMF) je, Ze nemusi byt odstranény pred
inseminaci. Nicméné poskytuji driibezim spermiim mensi ochranu proti kryodestrukcim (Lin
et al. 2022).

Mezi novéjsi objevy v oblasti kryoprotektantl pro kryokonzervaci driibeziho spermatu
patfi vyuziti N-methylacetamidu (NMA). V pripadé NMA byla prokdzana vyssi mira
uspésnosti prezitelnosti spermatu, ve srovnani s DMA (Santiago 2011). Nicméné negativni
ucinky NMA jsou zavislé na mite jeji koncentrace a projevuji se na fertilité v ptipadé in vivo.
Odlisné koncentrace kryoprotektanti DMA a NMA maji pfimy vliv na kvalitu a plodnost
drlibeziho spermatu po rozmrazeni (Mosca et al. 2019).

Mosca et al. (2019) ve své studii popisuje, Ze pfi zvySeni koncentrace DMA a NMA z 6 %
na 9 %, je ¢astecné zabranéno poskozeni spermatické membrany, v ndvaznosti se snizenou
motilitou spermii. AvSak podil rozmrazenych Zivotaschopnych spermii byl zvysen, i kdyz byly
kinetické parametry spermii snizeny (prfimocary pohyb, amplituda lateralniho posunu
hlavicky, pfimost).
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3.8 Antioxidanty

Antioxidanty jsou latky, které chrani burniku pred oxidativnim stresem a vychytavaji
volné radikaly nebo potlacuji tvorbu ROS (reaktivni formy kysliku) (Sikka et al. 2001). ROS
jsou reaktivni slouceniny kysliku neboli volné kyslikové radikaly. V pfipadé, Ze tvorba ROS
prevysi antioxidacni kapacitu organismu produkovat antioxidanty, dojde k vytvoreni
oxidativniho stresu v organismu. Vznikne nerovnovdaha mezi prooxidanty a antioxidanty.
Mezi nezadouci Ucinky oxidativniho stresu patfi snizeni poétu gamet, snizeni pohyblivosti
spermii a zvySeni procentudlniho zastoupeni mrtvych bunék (Sikka et al. 2001). Lze tedy
tvrdit, Ze nadmérnd produkce ROS je jednou ze zakladnich pfi¢in neplodnosti (Sharma &
Agarwal, 1996).

Antioxidanty délime do dvou skupin na enzymatické a neenzymatické. Mezi
enzymatické antioxidanty radime superoxiddismutdza (SOD) a glutathion peroxiddza (GSH
Px) (Froman & Thurston 1981; Lin et al. 2005; Eid et al. 2006). Mezi neenzymatické oxidanty
fadime vitamin C, vitamin E, karotenoidy a thiolové antioxidanty.

Zavérem Khan et al. (2011) ve své studii uvadi, Ze nizka plodnost nebo neplodnost u
drlibeze ma souvislost s ROS, i kdyZ se nejedna o jedinou pficinu. Jelikoz antioxidanty mohou
ovliviiovat vyskyt ROS v organismu, mohou tak ovlivnit miru plodnost u dribeze. Je tedy
dllezité vliv antioxidantl u driibeze nadale sledovat.

3.9 Prutokova cytometrie

Pratokova cytometrie (FC) je sofistikovand technologie, ktera pracuje na principu
rozptylu svétla a laserové technologie. Historicky prvni vyvinutd FC byla jednoparametrovy
pristroj detekujici pouze velikost bunék. V soucasné dobé ma FC schopnost detekovat az 14
parametrd soucasné (Wilkerson 2012).

Vyhodou FC je schopnost méfit optické a fluorescenéni charakteristiky jedné buriky
nebo jakékoliv jiné Castice, jako jsou napfiklad jadra a chromozomové preparaty v proudu
tekutiny. Rozptyl svétla pfimo souvisi se strukturnimi a morfologickymi vlastnostmi bunék.
Hlavnim principem FC je tfidéni bunék do jednotlivych populaci, které se pouZivaji pro
nasledné analyzy dle druhu experimentu. FC analyzuje mnoZstvi dat, vcetné
multiparametrické analyzy bunéénych populaci na Urovni jedné buriky. Kromé toho také
umoznuje fyzické tfidéni bunék na zakladé vybranych parametr za velmi kratky ¢as. Diky
této technologii jsme schopni analyzovat reprezentativni vzorky spermatu s ohledem na
celkovy ejakulat (Wilkerson 2012; Adan et al. 2017).

Pratokovy cytometr obsahuje fluidiku, optiku, elektroniku (detektory) a interpretaci
(zpracovani dat pomoci softwaru). Detektory, které jsou soucdsti pritokové cytometrie jsou
schopny méfit primy rozptyl (forward scatter, FSC) — pfimo umérny velikosti buriky (zZivé x
mrtvé burniky) a bocni rozptyl (side scatter, SSC) — pfimo Umérny granularité bunky
(McKinnon 2018). Ziskana data z méreni poskytuji cenné informace o biochemickych,
biofyzikalnich a molekularnich ¢asticich. Analyzuji specifické rysy spermii, jako jsou:
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Zivotaschopnost, akrozomalni stav, membranovy mitochondridlni potencidl, produkce ROS,
popf. zmény v DNA (Svoradova et al. 2021). Pratokovou cytometrii Ize vyuzit i k detekci
nespermatickych ¢dstic ejakulatu. K vyhodnocovani zminénych parametr(i jsou vyuzivana
fluorescencni barviva. Mezi fluorescencni barviva patfi Hoechst 33342, Propidium lodine,
PNA lecitin, Mitotracker Deep Red, CellRox Deep Red", Yo-Pro1 atd. Yo-Pro 1 se pouZiva pro
identifikaci poskozenych a neposSkozenych spermii. Membrana poskozenych bunék je
prostupnd pro toto fluorescencni barvivo naopak membrana neposkozenych bunék zlstava
nepropustnd. Na podobném principu pracuje i SYBR-14, ktery je Siroce pouzivany k urceni
podilu Zivych/mrtvych bunék. DalSim parametrem kvality spermii je mitochondrialni
potencial (Svoradova et al. 2021).

Hlavni vyhodou fluorescencéniho barviva Hoechst 33342 je schopnost obarveni DNA (viz
Obrazek 5), diky obsazenému fluoru, ktery obarvuje nukleovou kyselinu. Obarvenim
nukleové kyseliny je provadéna sexace spermii na subpopulace Z (samci) a W (samice).

BF ACR DNA BF MITO DNA

BF ACR DNA BF MITO DNA

Obrazek 5: Spermie obarveny pomoci PNA-lektinu/FITC (akrozom, ACR), Hoechst-33342
(DNA) nebo Mitotracker Deep Red (mitochondrie, MITO), A-rozmrazené byci spermie, B —
zmraZené/rozmrazené spermie kohouta. BF—neobarvené spermie (Janosikova et al. 2022)

Dalsi uvedené fluorescencni barvivo je Propidium lodine, které ma schopnost
obarvovat bunky s poskozenou plazmatickou membrénou.

PNA lecitin detekuje bunky s poskozenym akrozomem, Mitotracker Deep Red detekuje
mitochondridlni aktivitu (Nikolova et al. 2013; Lanconi et al. 2017).

Mitochondrialni funkce mize byt hodnocena rGznymi fluorescenénimi barvivy, jako je
Rhodamin 123 nebo JC-1. Nevyhodou Rhoadminu 123 je jeho schopnost identifikovat
zaroven viabilni a poskozené bunky (Svoradova et al. 2021).

Novinkou v oboru andrologie je CellRox Deep Red® (viz Pfiloha IV) testovan na ovcich
spermiich (Langoni et al. 2017). Fluoresen¢niho barvivo CellRox hodnoti hladinu oxidativniho
stresu v burnikach. Je schopen detekovat hydroxylovy radikal a superoxidovy anion.
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V pfipadech, kdy neni vburice detekovan nebo je detekovan jen minimalné, jsou
fluorescencni signdly velmi nizké.

3.10 Pocitacem asistovana analyza spermii CASA

Pocitatem asistovand analyza spermii (CASA) zajiStuje presné a rychlé vyhodnoceni
parametr( spermatu (viz Obrazek 6). Jsou hodnoceny: celkova a progresivni motilita, vzorce
pohybu spermii, linearita, pricna frekvence, amplituda boéniho posunuti hlavicky a nékolik
rychlostnich parametr( (Svoradova et al. 2021).

A\

Obrdzek 6: Predni a bocni projekce CASA (dostupné z www.isperm.co)

Znacna vyhoda CASA je jeji relativni presnost a okamZité vyhodnoceni parametri
vzorku (Elsayed et al. 2015). CASA vyuziva pouze jeden mikroskop, ktery lze manualné
zaostfit. Pomoci mikroskopu, ktery je opatfen specidlnim Sirokopasmovym osvétlenim
viditelného spektra, je digitalizovan a vizualizovan snimek ejakuldtu. Pomoci tzv. centroidu je
sledovana trajektorie spermii a diky specidlnimu algoritmu je mozné odlisit spermie, u
kterych pti méreni dochazi ke kfizeni a srazeni (Elsayed et al. 2015).
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4 Metodika

4.1 Zvirata zarazena do experimentu

Do experimentu byli zafazeni kohouti plemene Ceskd zlatd kropenatd (n=4). Toto
plemeno je zafazeno do genovych zdroji. Kohouti byli po celou dobu pokusu chovani
v oddélenych klecich ve stdji o teploté 20 °C. V prlibéhu experimentu byli krmeni KKS
(Sehnoutek a synové s.r.o.) vyrobenou pro CZU (sloZenf viz Pfiloha V), vodu byla dostupna ad
libitné. Priimérny vék kohoutt byl 68 mésica.

4.2 Odbér a zpracovani ejakulatu

V provadéném pokusu byly vzorky ejakuldatu kohoutll odebirany dle harmonogramu
odbéru spermatu s celkovym poctem deviti odbérd (viz Tabulka 1). Kohouti ejakulat byl
odebiran dvakrat tydné, metodou dorzo-abdomindlni masaze. Odebrany ejakuladt byl
uskladnén pfi teploté 5 °C az do zpracovani. Odbér provadéla vidy stejnd osoba za stejnych
podminek stajového prostredi vidy v 8 hodin réno.

Tabulka 1: Harmonogram odbéru

Harmonogram odbéru spermatu
Odbeér ¢. Datum
10.1. 2022
2 14.1. 2022
3 17.1.2022
4 20.1. 2022
5 24.1. 2022
6 27.1. 2022
7 31.1. 2022
8 10.2. 2022
9 22.2.2022

Analyza probihala v reprodukénich laboratofich Katedry chovu hospodafskych zvirat
FAPPZ B. Pro analyzu byly pouzity pouze ejakulaty bez pfimési trusu. Byl vytvoren smésny
vzorek a stanoveny objem. Celkovy objem byl narfedén v poméru 1:15 na findlni koncentraci
+ 100 x 10° spermii na 1 ml komerénimi fedidly Raptac, NeXcell a Poultry media a
ekvilibrovdan po dobu 30 minut pfi teploté 5 °C. Pfed pfidanim kryoprotektantu bylo od
kazdého typu fredidla odebrdano 10 pl nafedéného ejakulatu a provedena analyza
koncentrace a motility pomoci CASA (iSperm, Aidmics Biotechnology Co., Ltd., Taipei,
Thaiwan). Nasledné byla ke vsem uvedenym redidlim pridana stejna kryoprotektantni slozka
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NMA v koncentraci 9 %. VeSkeré komponenty pouzivané pro pfipravu byly vychlazeny na 5
°C.

4.3 Priprava inseminacnich davek, mrazeni

Takto pripraveny naredény ejakulat byl pInén do pejet o objemu 0,25 ml. Pejety byly
uzavieny pomoci tésniciho prasku. Uzaviené pejety (viz Obrazek 7) byly umistény na
plovouci rack a chlazeny v parach tekutého dusiku (5 cm) po dobu 10 minut. Zchlazené
pejety byly nasledné ponofeny do tekutého dusiku o teploté -196 °C po dobu 10 minut.
Zamrazené pejety byly aZ do analyzy uloZeny v kryotanku (CD cryo diffusion, France).

Obrdzek 7: Pejety s inseminacni ddvkou umisténé na racku (foto autor)

4.4 Hodnoceni inseminacnich davek pomoci prutokové cytometrie

Bezprostfedné pred hodnocenim byly pejety rozmraZzeny ve vodni lazni o teploté 5 °C
po dobu 100 s. Po rozmrazZeni pejet byla pomoci CASA analyzy sledovdna koncentrace a
motilita. Paklize rozmrazend ID splfiovala pozadované parametry na ID, byla podrobena dalsi
analyze pomoci pritokové cytometrie (viz Obrazek 8) (Novocyte 3000, Acea Biosciences,
Aglient, Santa Clara, Californie, USA).

Pro hodnoceni v FC byly pfipraveny platy. Byly hodnoceny 3 jamky pro kazdou z variant
(fedidlo + kryoprotektant) (viz Obrazek 9).

Pro pripravu kazdé z jamek bylo pouzito 100 pl PBS (fosfatovy pufr), 10 pl master mixu
(mix nami zvolenych fluorescencnich barviv) a 10 pl rozmrazené ID. Master mix byl sloZzen
z fluorescencnich barviv Hoechst 33342 pro identifikaci pritomnosti DNA, Propidium lodine

28



pro detekci poskozeni plazmatické membrany, PNA lecitin pro identifikaci stavu akrozomu,
CellRox Deep Red” pro detekci oxidativniho stresu a PBS. Oxidativni stres nebyl statisticky
hodnocen. Po pfidani fluorescencnich barviv, byl plate ekvilibrovan pfi teploté 38,5 °C po
dobu 15 minut.

Takto pfipraveny plate, byl umistén do FC. Sledovany byly vysledky podilu viabilnich
bunék (PMI), bunék s poskozenou plazmatickou membranou (PMD), bunék s poskozenym
akrozomem (ACRD) a bunék s dvojitym poskozenim (PAD) z celkového poctu spermatickych
bunék pomoci softwaru Novocyte.

NovoCyte

Obrdzek 8: Pritokovy cytometr NovoCyte (foto autor)

Obrdzek 9: 96 jamkovy plate na FC (dostupné z https://eu.sysmex-
flowcytometry.com/consumables/sample-tubes-and-accessories/2948/96-well-plates)
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5 Statisticka analyza dat

Veskera statistickd vyhodnoceni probihala ve statistickém programu SAS (SAS/STAT,
2013). Naslednd analyza variance byla provedena za poufZiti generalized linear model
procedury. Jako zavisle proménné byly vyhodnocovany jednotlivé parametry pritokové
cytometrie (celkova viabilita bunék, podil bunék s poskozenou cytoplazmatickou
membranou, podil bunék s poskozenim akrozomu, a dale podil bunék s poskozenim
akrozomu i cytoplazmatické membrany).

Statistické modely pro vyhodnoceni parametri pritokové cytometrie po ekvilibraci
hodnocené v definovaném ¢asovém intervalu uvedeny nize:

1) VIAeqiju = 1 + DEN; + EX; + TEMP, + EX * TEMPj + ejq

2) PMeqjj = 1 + DEN; + EXj + TEMPy + EX * TEMPj, + ejjiq

3) ACRegjju = U + DEN; + EX;+ TEMPy + EX * TEMPij + ejjq

4) PMACReqjj = 1 + DEN; + EX; + TEMP| + EX * TEMPij; + ejjq

kde VIAeqjk = celkova viabilita bunék po eqvilibraci, PMeqgjx = podil bunék
s poSkozenou cyplazmatickou membranou po ekvilibraci, ACReqjk = podil bunék s
poskozenim akrozomu po ekvilibraci, PMACReq;x = podil bunék s poskozenim akrozomu i
cytoplazmatické membrany; DEN; = fixni efekt i-tého odbérového dne (i = 1. odbérovy den,
n=9; i = 2. odbérovy den, n=17; i = 3. odbérovy den, n = 12; i = 4. odbérovy den, n = 18; i = 5.
odbérovy den, n = 18; i = 6. odbérovy den, n=9; i= 7. odbérovy den, n= 18; i = 8. odbérovy
den, n=18; i = 9. odbérovy den, n = 5); EX; = fixni efekt pfidavku j-tého redidla (j = pfidavek
fedidla Poultry media, n = 38; j = pfidavek redidla Raptac, n = 44; j = pfidavek fedidla NeXcell,
n = 42); TEMP, = fixni efekt k-té teploty ekvilibrace po rozmrazeni (k= varianta ekvilibrace pfi
teploté 5°C, n = 58; k= varianta ekvilibrace pfi teploté 40°C, n= 68). EX * TEMPj = interakce
variant pfidavku Fedidel a teploty ekvilibrace po rozmrazeni; ejl = residualni chyba.

Statistické rozdily mezi odhadnutymi prliiméry byly detekovany na hladiné vyznamnosti
P <0,05.
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6 Vysledky

6.1 Vysledky CASA

V tabulce 2 jsou uvedeny zakladni statistické charakteristiky pro celkovou motilitu. Byly
hodnoceny vzorky odebrané v 9 riznych odbérovych dnech. Hodnoty celkové motility byly
méfeny prfed mraZzenim a 30 minut po rozmraZeni. Z vysledkl je ziejmé, Ze dosSlo k
vyraznému poklesu celkové motility a to na hodnotu 15,87 % + 17,07 béhem procesu
kryokonzervace.

Tabulka 2: Zdkladni statistické charakteristiky — CASA (MOTBFR-motilita spermii pred
mrazenim, MOTTHW-motilita po rozmraZeni, SEM-smérodatnd odchylka)

. o Min Max
%)+ SE
Ukazatel Cetnost Pramér (%)t SEM (%) (%)
MOTBFR 124 52,06 + 15,27 17,00 | 84,00
MOTTHW 124 15,87 + 17,07 0,00 | 68,00

V tabulce 3 je uveden vliv pouzitého tedidla na celkovou motilitu. Redidla Poultry
Media a Raptac se statisticky neliSila. Oproti Poultry Media a Raptacu se NeXcell statisticky

lisil hodnotou 2,79 % +1,41.

Tabulka 3: Vliv pouZitého redidla na celkovou motilitu po rozmrazeni (PMITHW-
Zivotaschopnost spermii po rozmraZeni, LSM-metoda nejmensich ctverct, SEM-smérodatnd
odchylka, odlisnd pismena ve sloupcich potvrzuji statisticky signifikantni rozdily (P<0,05))

Typ Redidla | PMITHW LSM % + SEM

Poultry a
23,071
Media 3,0 >0
Raptac 21,34 +1,34°
NeXcell 2,79 +1,41°
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6.2 Vysledky pratokové cytometrie

6.2.1 Zakladni charakteristiky — prtitokova cytometrie

Tabulka 4 znazoriiuje procentudlni  zastoupeni Zivotaschopnych  spermii
(oplozenischopnych) vramci hodnocenych parametrld: Zivotaschopnost, poskozeni
plazmatické membrdany, poskozeni akrozomu. Vzorky byly hodnoceny u 12 vzorkd po
ekvilibraci a u 124 vzork(li 30 minut po rozmraZeni. Primérnd hodnota Zivotaschopnych
spermii v inseminacni davce po ekvilibraci byla 72,72 % + 7,25. Primérna hodnota poskozeni
cytoplazmatické membrany po ekvilibraci dosahovala hodnot 16,67 % + 7,41. Akrozomalni
poskozeni po ekvilibraci dosahla hodnoty 8,94 % + 8,47. U poskozeni akrozomu a
zaznamenan znacny pokles poctu Zivotaschopnych spermii na hodnotu 35,55 % + 22,40.
V pfipadé miry cytoplazmatické membrany po rozmrazZeni doslo k vyraznému navyseni
hodnot poskozeni, a to témér ¢tyfndsobné na 60,80 % + 22,40, zndzornéno (viz Graf 1).

U poskozeni akrozomu po rozmraZeni doslo k poklesu na 2,12 % + 3,32. U poskozeni
akrozomu a cytoplazmatické membrany po rozmraieni nedoslo kvyraznym zménam,
dosahovaly podobnych hodnot 1,51 % + 2,44,

Tabulka 4: Zdkladni statistické charakteristiky FC (PMIBFR—Zivotaschopnost spermii pred
mrazenim; PMDBFR—poskozeni cytoplazmatické membrany pfed mrazenim; ACRDBFR—
poskozeni akrozomu pred mrazenim; PADBFR—poskozeni akrozomu a cytoplazmatické

membrany pred mrazenim; PMITHW-Zivotaschopnost spermii po rozmrazeni; PMDTHW-
poskozeni plazmatické membrany po rozmrazeni; ACRDTHW-poSkozeni akrozomu po

rozmrazeni; PADTHW-poskozeni akrozomu a cytoplazmatické membrany po rozmrazeni,
SEM-smérodatna odchylka)

Ukazatel Cetnost Primér (%)+ SEM Min (%) Max (%)
PMIBFR 12 72,72 £+ 7,25 64,37 83,50
PMDBFR 12 16,67 £ 7,41 6,76 28,02
ACRDBFR 12 8,94 + 8,47 1,97 24,96
PADBFR 12 1,67 £1,83 0,44 5,55
PMITHW 124 35,55+ 22,40 0,63 59,03
PMDTHW 124 60,80 + 22,50 27,50 98,06
ACRDTHW 124 2,12 £ 3,32 0,00 13,01
PADTHW 124 1,53+2,44 0,09 12,03
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Graf 1: Prumérné hodnoty pozorovanych parametri spermii—FC (PMI-Zivotaschopnost
spermii; PMD—-poskozeni cytoplazmatické membrdny; ACRD—poskozeni akrozomu; PAD—
poskozeni akrozomu a plazmatické membrdny, BFR-pred mraZzenim, THW-po rozmraZeni)
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6.2.2 Procentudlni zastoupeni viabilnich spermii po rozmrazeni
6.2.2.1 Popis modelu

Promeénlivost ukazatele byla prokazana z 97,88 % (P < 0,0001). V modelové rovnici byl
statisticky prikazny vliv sledovanych faktor(: vliv odbérového dne (P < 0,0001) a vliv
pridavku zvoleného fedidla (P < 0,0001). Statisticky prdkazny vliv nebyl prokazan u
sledovanych parametr(: teplota ekvilibrace po rozmrazeni, interakce variant pridavku
zvoleného fedidla a teploty ekvilibrace. NiZe jsou uvedeny fixni vlivy odbérového dne a

pouzité metody mrazeni.
6.2.2.2 Vliv odbérového dne na viabilitu spermii po rozmrazeni

V ramci jednotlivych odbérovych dni byly zjistény statisticky signifikantni rozdily u
vzorkd hodnocenych po 30 minutdch po rozmrazeni (viz Graf 2). Nejvyssi viabilita byla
zaznamendna u vzorku z 1. odbérového dne, ktery dosahoval hodnot 43, 17 % + 1,21.
Vysledky nebyly statisticky prokazatelné lepsi ve srovnani s2. a 8. odbérovym dnem.
Nejhorsich hodnot nabyval 4. odbérovy den, kdy hodnota dosahovala 29,99 % + 0,84 (viz
Tabulka 5) ale nebyl statisticky signifikantné horsi nez 3., 6., 7. a 9 odbérovy den.
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Zivotaschopnost spermii po rozmrazeni, LSM-metoda nejmensich ¢tverci, SEM-smérodatnd

Graf 2: Vliv odbérového dne na viabilitu spermii po rozmrazeni (PMITHW- Zivotaschopnost

Tabulka 5: Vliv odbérového dne na viabilitu spermii po rozmrazeni (PMITHW-

odchylka)

Odbérovy den | PMITHW LSM (%)+ SEM P<0,05
1. 43,17 £1,22 1:3-7,9
2. 39,25+ 0,87 2:3-4,6-7,9
3. 34,20+ 1,10 3:1-2,8
4. 29,99+0,84 4:1-2,5,8
5. 37,69+0,83 5:1,4,7,9
6. 33,06+ 1,38 6:1-2,8
7. 31,95+0,83 7:1-2,5,8
8. 40,64 £ 0,82 8:3-4,6,7,9
9. 30,66+ 1,77 9:1-2,58

spermii po rozmraZeni; LSM-metoda nejmenSich ¢tvercii)
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6.2.2.3 Vliv pouzitého fedidla na viabilitu spermii po rozmrazeni

Tabulka 6 udavd hodnoty viability bunék po rozmrazeni u rlznych fedidel. Nejlepsi
hodnoty byly zjiStény pfi pouZiti fedidla Poultry media. Vysledky nebyly statisticky
prokazatelné lepsi ve srovnani s fedidlem Raptac. Oproti tomu statisticky vyznamny rozdil
byl prokdzan pti pouziti fedidla NeXcell s hodnotou 5,04 % + 0,57.

Tabulka 6: Vliv zvoleného Fedidla (PMITHW-Zivotaschopnost spermii po rozmraZeni; LSM-
metoda nejmensich Ctvercu, SEM-smérodatnd odchylka, odlisSnd pismena ve sloupcich
potvrzuji statisticky signifikantni rozdily (P<0,05))

Typ PMITHW LSM % +
Redidla SEM
Poultry ]
51,02 + 0,60
Media ! !
Raptac 50,80 + 0,547
NeXcell 5,04 +0,57°

6.2.2.4 Vliv teploty ekvilibrace po rozmrazeni

Tabulka 7 znazoriuje vliv rozdilné teploty (5 °C a 40 °C) ekvilibrace po rozmraZeni na
funkéni parametry spermii. K poSkozeni cytoplazmatické membrany dochazelo pfi obou
zvolenych teplotach ekvilibrace. PFi teploté 5 °C a 40 °C byly pozorovany hodnoty, které se

od sebe vzajemné statisticky vyznamné neliSily, a to u vSech sledovanych funkcnich
parametrech spermii.

Tabulka 7: Vliv teploty ekvilibrace po rozmraZeni (PMITHW-Zivotaschopnost spermii po
rozmrazeni; PMDTHW-poskozeni plazmatické membrany po rozmrazeni; ACRDTHW-
poskozeni akrozomu po rozmrazeni; PADTHW-poskozeni akrozomu a plazmatické membrany
po rozmrazeni; LSM-metoda nejmensich Ctvercl, SEM-smérodatnd odchylka, a-nebyly
statisticky vyznamné rozdily (P<0,05))

reolota | PMITHW LSM (%) | PMDTHW LSM | ACRDTHW LSM | PADTHW LSM (%)
P + SEM (%) £ SEM (%) £ SEM + SEM
5°C 35,76+0,54° | 60,42a+0,58° 1,96 + 0,11° 1,86+0,14°
40 °C 35,49+0,46° | 60,58a ¢+ 0,49° 2,13 0,09 1,81+0,12°
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6.2.3 Procentualni zastoupeni spermii s posSkozenou cytoplazmatickou membranou,
poskozenym akrozomem a poskozeni akrozomu a cytoplazmatické membrany

6.2.3.1 Popis modelu

Pouzity model vysvétloval proménlivost ukazatele poskozeni cyplazmatické membrany
z 97,59 % a byl prlkazny (P<0,0001). V modelové rovnici byl statisticky prikazny vliv
nasledujicich sledovanych faktor(: vliv odbérového dne (P<0,0001) a vliv pfidavku zvoleného
fedidla (P < 0,0001). Teplota ekvilibrace po rozmraZeni, interakce variant pfidavku zvoleného
fedidla a teploty ekvilibrace nemély statisticky prikazny vliv. NiZze jsou uvedeny fixni vlivy
odbérového dne a pouzité metody mrazeni. Proménlivost ukazatele poskozeni akrozomu
byla vysvétlena z 96,06 % a byl statisticky prikazny (P<0,0001). V modelové rovnici byl
statisticky prakazny vliv odbérového dne (P <0,0001). Pouzity model dale vysvétloval
proménlivost ukazatele poskozeni cytoplazmatické membrany a akrozomu z 88,10 % a byl
prikazny (P<,0001). Vliv odbérového dne, byl statisticky prikazny v modelové rovnici
(P<0,0001).

6.2.3.2 Vliv odbérového dne na poskozeni cytoplazmatické membrany

V tabulce 8 nalezneme vliv odbérového dne na poskozeni cytoplazmatické membrany.
Nejvyssi procentudlni zastoupeni bunék s poskozenou membranou bylo naméfeno 7.
odbérovy den (66,23 % + 0,89). Tento vysledek se statisticky vyznamné nelisil od 3., 6., 9.,
odbérového dne. Naopak nejmensi poskozeni cytoplazmatické membrany bylo zjisténo 1.
odbérovy den (44,72 % + 1,31), ktery se statisticky vyznamné lisil od ostatnich odbérovych
dng.

Tabulka 8: Vliv odbérového dne na poskozeni cytoplazmatické membrdny po rozmraZeni
(PMDTHW-poskozeni cytoplazmatické membrdny, LSM-metoda nejmensich Ctvercu)

Odbérovy PMDTHW
den LSM (%)

1 (n=9) 44,72 £1,31 1:2-9

2 (n=17) 58,32+0,93 | 2:1,3,6,7,9
3 (n=12) 6556+1,18 | 3:1,2,4,8
4 (n=18) 59,01+0,90 | 4:1,3,6,7

P < 0,05

5 (n=18) 61,73 £ 0,89 5:2

6 (n=9) 65,8 + 1,48 6:1,2,4,8
7 (n=18) 66,23+0,89 | 7:1,2,4,5,8
8 (n=18) 57,8+0,88 | 8:1,3,6,7,9
9 (n=5) 65,33 1,90 9:1,2,8

Nejvyssi  procentualni zastoupeni bunék sakrozomalnim poskozenim bylo
zaznamenano 4. odbérovy den (viz Tabulka 9), ktery se vyznamné liSil od ostatnich
odbérovych dna. Vyrazné nejmensi poskozeni akrozomu bylo zjisténo 3. odbérovy den (0,02

36



% + 0,22). Vysledek nebyl statisticky prokazatelné lepsi ve srovnani se ziskanymi hodnotami
v5,, 6., a7. odbérovém dni.

Tabulka 9: Vliv teploty na akrozomdlni poSkozeni spermii po rozmrazeni (ACRDTHW-
poskozeni akrozomu po rozmraZeni, LSM-metoda nejmensich Ctvercii)

Odbérovy | ACRDTHW
den LSM (%)

1 (n=9) 2,77 0,25 1:2-8

2 (n=17) | 1,08+0,18 [2:1,3,4,5,7,9
3(n=12) |0,02+0,22 | 3:1,2,4,8,9
4(n=18) [9,79+0,17| 4:1-3,5-9
5(n=18) |0,27+0,17 | 5:1,2,4,9
6 (n=9) 0,63+0,28 | 6:1,4,9
7(n=18) |0,27+0,17 | 7:1,2,4,9
8(n=18) |0,88+0,17| 8:1,3,4,9
9 (n=5) 2,73+0,36| 9:2-8

P< 0,05

Tabulka 10 zndzorfiuje nejvysSi procentudlni zastoupeni spermatickych bunék
s poskozenou cytoplazmatickou membrdnou i akrozomem, které bylo naméreno v 1.
odbérovém dni (9,34 % * 0,32). Hodnoty namérené v ostatnich odbérovych dnech se
statisticky vyznamné lisily. Naopak nejmensi poskozeni bylo naméreno ve 3. odbérovém dni
(0,26 % + 0,28). Ve srovnani s vysledky ostatnich odbérovych dni, se hodnoty statisticky
vyznamné nelisily u 4., 5., 6., 8., a 9. odbérového dne.

Tabulka 10: Vliv teploty na poskozeni plazmatické membrdny i akrozomu spermii po
rozmraZeni (PADTHW-poskozeni akrozomu a cytoplazmatické membradny)

Odbérovy | PADTHW
den LSM (%)

1 (n=9) 934+0,32| 1:2-9
2(n=17) |1,36%0,22| 2:1,5
3(n=12) |0,26+0,28| 3:1,7
4(n=18) |1,21+0,22 4:1
5(n=18) |0,32+0,21| 5:1,2,7
6 (n=9) 0,5+ 0,36 6: 1
7(n=18) |1,54+021| 7:1,3,5
8(n=18) |0,67+0,21 8: 1
9 (n=5) 1,29 + 0,46 9:1

P < 0,05
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6.2.3.3 Vliv zvoleného fedidla na poSkozeni cytoplazmatické membrany

Tabulka 11 udava procentudlni zastoupeni bunék s poskozenim cytoplazmatické

membrany vlivem zvoleného fedidla a teploty. Nejvyssi

cytoplazmatickych membrdn po rozmrazeni byly zjistény u redidla NeXcell, a to jak pfi
teploté ekvilibrace 5 °C, tak i 40 °C. Jedna se o signifikantné statisticky prokazatelny rozdil ve
srovnani s ostatnimi fedidly. Dosahovaly enormnich hodnot poskozeni (5 °C 90,49 %; 40 °C
91,22 %. Nebyl prokazan statisticky vyznamny rozdil mezi teplotami ekvilibrace.

hodnoty poskozeni

Tabulka 11: Vliv zvoleného redidla na poskozeni cytoplazmatické membrdny spermii po
rozmraZeni (odlisSnd pismena ve sloupcich potvrzuji statisticky signifikantni nebo statistické
rozdily (P<0,05) pri teplotdch ekvilibrace 5 °C a 40 °C

Typ Redidla Teplota 5 °C (%) | Teplota 40 °C (%)
Poultry Media 44,18° 45,97°
Raptac 46,59° 44,55°
NeXcell 90,49" 91,22°

Tabulka 12 udava procentualni zastoupeni bunék s akrozomalnim poskozenim vlivem
zvoleného fedidla a teploty. Nejvyssi hodnoty poskozeni byly zjiStény pfi poutziti fedidla
Poultry media (viz Graf 3), které se statisticky prokazatelné neliSilo ve srovnani se ostatnimi
pouzitymi fedidly. U zvolenych teplot ekvilibrace po rozmrazeni byl prokdzan nizky vliv na
poskozeni akrozomu. Zaroven nebyl prokazan statisticky vyznamny rozdil mezi jednotlivymi
teplotami ekvilibrace.

Tabulka 12: Vliv zvoleného redidla a teploty ekvilibrace na akrozomdlnim posSkozeni spermii
na rozmraZeni pri teplotdch ekvilibrace 5 °C a 40 °C (a-nebyly statisticky vyznamné rozdily

(P<0,05))
Typ Redidla Teplota 5 °C Teplota 40 °C
Poultry Media 2,55%° 2,07°
Raptac 1,64%° 2,30°
NeXcell 1,69%"° 2,02°
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Graf 3: Vliv zvoleného redidla na akrozomdlni poskozeni spermii po rozmrazeni pfi teplotdch
ekvilibrace 5 °C a 40 °C (ACRD-Akrozomdlni poskozeni)
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Tabulka 13 udavd procentudini zastoupeni bunék s posSkozenim akrozomu a
cytoplazmatické membrany vlivem zvoleného fedidla a teploty. Nejvyssi hodnoty poskozeni
byly zjiStény pfi pouZiti fedidla NexCell, které se statisticky prokazatelné nelisilo ve srovnani s
ostatnimi pouzitymi fedidly. U obou zvolenych teplot ekvilibrace po rozmrazeni byl prokdzan
nizky vliv na poskozeni akrozomu a cytoplazmatické membrany. Nebyl prokdzan statisticky
vyznamny rozdil mezi teplotami ekvilibrace. Graf 4 zndzorfuje shrnuti a vizualizaci
sledovanych parametra.

Tabulka 13: Vliv zvoleného fedidla na poskozeni akrozomu a cytoplazmatické membrdny
spermii po rozmrazeni (a-nebyly statisticky vyznamné rozdily (P<0,05))

Typ Redidla | Teplota 5 °C (%) | Teplota 40 °C (%)
Poultry Media 1,48 ° 1,70°
Raptac 1,96 ° 1,34 °
NeXcell 2,14 ° 2,37°
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Graf 4: Vliv zvoleného redidla na poskozeni akrozomu a cytoplazmatické membrdny

3% 2,37%
2,14%
1,96%
2%
1,70%
1,48%

= 2% 1,34%
3\’
[a)
<
o 1%

1%

0%

Poultry Media Raptac NeXcell
Teplota 5 °C (%) Teplota 40 °C (%)

Tabulka 14 ukazuje vliv teploty na poskozeni spermii po rozmrazeni. Byly porovnavany
jednotlivé funkéni parametry u rozdilnych teplot ekvilibrace. Mezi jednotlivymi funkénimi
parametry nebyly pozorovdny statisticky vyznamné rozdily a to Zadného z pozorovanych
parametrq.

Tabulka 14: Vliv teploty ekvilibrace na funkéni parametry spermii po rozmraZzeni (PMDTHW-
poskozeni cytoplazmatické membrdny po rozmrazeni, ACRDTHW-poskozeni akrozomu po
rozmraZeni, PADTHW-poskozeni akrozomu a cytoplazmatické membrdny po rozmraZeni,

LSM-metoda nejmensich ¢tvercl, SEM-smérodatnd odchylka, a-nebyly statisticky vyznamné

rozdily (P<0,05))
reolota | PMDTHW LSM (%) £ | ACRDTHW LSM (%) £ | PADTHW LSM (%) &
P SEM SEM SEM
5 °C 60,42 +0,58 ° 1,96 + 0,11° 1,86 +0,14°
40 °C 60,58 + 0,49 ? 2,13 + 0,097 1,80 +0,12°
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7 Diskuse

Ceska slepice zlata kropenata je plemeno, které se chova na tzemi Ceské republiky jiz
po staleti. Pocatkem 20. stoleti ziskalo plemeno soucasnou podobu, a roku 1922 bylo
zapsano na Seznam genovych zdroj CR. V soucasné dobé je Ceska slepice zlatad kropenatd
zarazena mezi genové ohroZzené druhy, a to z nékolika divodU. Jedna se napftiklad o import
novych plemen do CR a s tim souvisejici snaha o zachovani genetického zdroje nebo o vyskyt
pandemie ptaci chfipky. V roce 2020 bylo evidovdno pouze 259 kusd tohoto plamene na
uzemi CR (VUZV 2022).

MrazZeni spermatu predstavuje hlavni ndastroj pro zachovani genetickych zdroja.
Kryokonzervace ptaciho spermatu je velmi problematickd, a proto je nezbytné tento proces
optimalizovat. Jednim z aspektll, ktery ztéZuje proces kryokonzervace ptacich spermii je
odlisnd morfologie pohlavnich bunék oproti savéim spermiim. DalSim hlediskem je rozdilné
uskupeni rozmnozZovaci soustavy, véetné chybéjicich pridatnych pohlavnich Zlaz u dribeze.
Problematika kryokonzervace dribeZe spocivd mimo jiné také v odliSnosti postupl mezi
jednotlivymi plemeny a liniemi (Long et al. 2010).

Uspésnost kryokonzervace je zavisld na vybéru vhodného tedidla. Mezi nejéastéji
pouzivana redidla patti zejména modifikované BPSE a LAKE redidlo. AvSak zminéna redidla
jsou problematicka z hlediska dostupnosti, ¢asové naroc¢nosti na pfipravu a vysoké pofrizovaci
ceny. Dalsi nevyhodu modifikovanych fedidel pfedstavuje také chybovost lidského faktoru,
protoZe pfi pfipravé téchto redidel je nezbytné dbat na spravny pomér naredéni.

Hlavni vyhodou zvolenych komerénich fedidel Poultry media®, Raptac® a NeXcell® je
jejich dostupnost, nizsi potizovaci cena a snadna uzivatelska manipulace v laboratofi. DalSim
pfinosem téchto redidel je jejich zabarveni. Jelikoz ma drlibezi sperma vyssi viskozitu,
mulzZeme jednoduse zjistit, zda je pfipravovany vzorek dostatecné homogenizovany.

Cilem experimentu bylo zjistit, zda lze komeréni fedidla pouzit i v procesu mrazeni.
Pfredpokladem naseho pokusu bylo, Ze nejlepsich vysledkd by mély dosahnout ty inseminacni
davky, které byly pfipravovany pomoci fedidla NeXcell®. Toto redidlo je obohaceno o
antioxidanty a mélo by tudiz vykazovat vyssi hodnoty preZitelnosti spermii po rozmrazeni.
Mira viability po rozmraZeni vSak dosahovala pouze hodnot 5,04 % + 0,57. Ocekdvanych
vysledk( tak nebylo dosazeno. Naopak mira poskozeni spermatické plazmatické membrany
byla statisticky nejvyznamnéjsi pravé u zminéného redidla. V pfipadé pouziti fedidel Poultry
media® a Raptac® bylo dosazeno nejlepsich vysledk(l. Mezi témito fedidly nebyl statisticky
vyznamny rozdil.

Dle dostupnych informaci (viz Pfiloha I) fedidlo Poultry media® disponuje podobnym
slozenim jako BPSE. Poultry media® je navic vylepSeno o zinek, ktery pini dlohu antioxidantu
a o fosfatidylcholin, ktery podporuje integritu bunéénych membran.

V nasem experimentu byl také porovndvan vliv raznych teplot na funkéni parametry
spermii po rozmrazeni. Byly hodnoceny vysledky, které byly naméreny pti rozdilnych
teplotach - 5 °C a 40 °C. V obou pfipadech byly rozmrazené inseminacni davky vystaveny
zminénym teplotdm po dobu 30 minut. Teplota 40 °C méla c¢astecné simulovat teplotu
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slepice, ve které se spermie pohybuji ihned po inseminaci. Teplota 5 °C byla stanovena jako
kontrolni. Pfedpokladem naseho pokusu bylo, Ze inseminacni davky ekvilibrované pfi teploté
5 °C budou dosahovat lepSich vysledk(i oproti teploté 40 °C. Mezi obéma teplotami
ekvilibrace vSak nebyl prokazan statisticky vyznamny rozdil.

Diskutovanym tématem u kryokonzervace je stanoveni optimdlniho poméru fedéni
ejakulatu a vybér vhodného kryoprotektantu. Z dlivodu malych objemu spermatu u kohoutd,
je snaha vytvofit co nejvétsi pocet inseminacénich davek od jednoho plemenika. Siudzifnska &
tukaszewicz (2008) ve své studii redili ejakulat v poméru 1:4, stejné tak Parker & McDaniel
(2006). V nasem pokusu byl zvolen odliSny pomér fedéni ejakuldtu 1:15, protoZe neexistuji
empiricky prlikaznd data ze stdvajicich studii. Thélie et al. (2019) doporucuji pouZivat
inseminacni davky o koncentraci 200 mil. spermii. V naSem pokusu byla uréena koncentrace
pro pfipravu inseminacnich davek na 150 mil. spermii. Nékteré studie (Nabi et al. 2016)
dosahly dobrych vysledkt i pfi nizSich koncentracich, konkrétné Nabi et al. (2016) ve svém
pokusu pracovali se vzorky o koncentraci 100 mil. spermii.

Mezi nej¢astéji pouzivané kryoprotektanty patfi NMA (Sasaki et al. 2010), DMA (Blanco
et al. 2012; Mosca et al. 2016; Abouelezz et al. 2017), DMSO (Rakha et al. 2018; Di lorio et al.
2020) nebo GLY (Rakha et al. 2020; Wu et al. 2020). Pfi pfipravé inseminacnich davek je
treba zohlednit i koncentraci daného kryoprotektantu. Dle poslednich studii se idealni
koncentrace kryoprotektantich latek pohybuje v rozmezi od 6 % do 9 % (Partyka et al. 2022).
V nasem pokusu byl aplikovan kryoprotektant NMA o koncentraci 9 %. Nase studie vychazela
z experimentu Mosca et al. (2016) a Sasaki et al. (2010), kde oba autofi dosahli velmi
dobrych vysledk(i pravé diky aplikaci tohoto kryoprotektantu o stejné koncentraci. Ve
studii Mosca et al. (2016) byla navic zjiSténa vyssi mira viability kohoutiho spermatu ve
srovnani s kryoprotektantem DMA. Sasaki et al. (2010) rovnéz doporucuji koncentraci NMA 9
% pro dosazeni nejlepSich vysledk( viability kohoutich spermii. PFi této koncentraci je
zaroven c¢astecné zabranéno kryoposkozeni cytoplazmatické membrany. Oproti tomu Pérez-
Marin et al. (2019) ve své studii pozorovali, Ze pouZitim 9% NMA byla negativné ovlivnéna in
vitro fertilizace spermii.

K optimalizaci postupl kryokonzervace spermatu se rovnéz vyziva pridavku rliznych
nepenetrujicich kryoprotektivnich latek (Mosca et al. 2016), antioxidant( (Sikka et al. 2001;
Surai 2020). V nasem pokusu byla zvolena takova varianta pfipravy davek, ktera by do
budoucna mohla byt snadno aplikovatelna i v praxi.

Dalsi diskutovana problematika v oblasti kryokonzervace kohoutiho spermatu je vyska
a doba mrazeni inseminacnich dédvek nad hladinou tekutého dusiku. Madeddu et al. (2016)
zkoumali vliv odlisné vySky mrazeni pejet nad hladinou tekutého dusiku. Na zakladé vysledku
provedeného pokusu, doporucuji umistit rack s pejetami do vysky od 1 az 5 cm nad hladinu
tekutého dusiku béhem procesu mrazeni. NejlepsSich vysledk( viability a motility béhem
mrazeni bylo dosazeno umisténim racku do vysky 3 cm nad hladinu, coZ se v nasem pokusu
nepotvrdilo. Z tohoto diivodu byl zvolen podobny postup jaky byl pouZit i ve studii Svoradova
et al. (2019). Pejety byly mrazeny ve vysce racku 5 cm nad hladinou tekutého dusiku. Doba
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mrazeni byla kratsi v porovnani se studii Svoradova et al. (2019), a to 10 min. Po uplynuti
této doby byly pejety ponofeny pfimo do tekutého dusiku.

Kvalita drdbezich inseminacnich davek po rozmraZeni je také ovlivnéna postupem
rozmrazovani (Di lorio et al. 2016). Funkéni parametry spermii dosahovaly nizsich hodnot u
procesu rozmrazovani pfi teploté 37 °C po dobu 30 s (Santiago-Moreno et al. 2011;
Madeddu et al. 2016) ve srovnani s rozmrazovanim pfi teploté 5 °C po dobu 2 min (Hanzawa
et al. 2010; Sasaki et al. 2010; Mphaphathi et al. 2016). Mosca et al. (2020) se zabyvali méné
béZznym postupem rozmrazovani kohoutich inseminacnich davek, a to pfi teploté 5 °C po
dobu 100 s. V nasem pokusu byl aplikovan stejny postup rozmrazovani.

Zakladni hypotézou této prace bylo potvrdit predpoklad, Ze 9% koncentrace NMA
aplikovana spolec¢né s rliznymi komercnimi fedidly ejakuldtu pozitivné ovlivni motilitu
spermii po rozmrazeni. Vyslednd motilita po rozmrazeni byla 15,87 % + 17,07. Tuto hypotézu
nelze s urcitosti potvrdit nebo vyvratit, nebot do vysledkll vyznamné vstupuje vliv fedidel na
prezitelnost spermii po rozmrazeni. NejlepSich vysledkd viability spermii bylo dosazeno
v pfipadé pouZiti fedidel Poultry media® a Raptac® s hodnotami 51,02 % + 0,60 a 50,80 % +
0,54. Oproti tomu fedidlo NeXcell® vykazovalo negativni vliv na funkéni parametry spermii
po rozmrazeni.
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8 Zaveér

Ceskd slepice zlatd kropenatd je v soucasné dobé jedinym pavodnim ¢&eskym
plemenem drlibezZe, které je zafazeno mezi genetické zdroje. Toto plemeno je zaclenéno v
narodnim zachranném programu, ve kterém bylo v roce 2020 evidovano méné nez 260 CZH
jedinc(. Proto je naprosto nezbytné vytvofit dostate¢ny genovy rezervoar a rovnéz definovat
postup kryokonzervace spermatu tohoto plemene.

V soucasnosti neexistuje standardizovany postup pro kryokonzervaci kohoutiho
spermatu. V dostupnych studiich zabyvajicich se timto tématem je vysoka mira diverzifikace,
a to jak z pohledu aplikovanych postup( pro proces mrazZeni a rozmrazovani, tak z pohledu
aplikace rozdilnych kryoprotektant(. Autofi se stdle snazi objevit vhodny a efektivni zplsob
s prukaznymi ucinky v praxi. Bohuzel stale je potfeba investovat do dalSich studii a hledani
vhodného kryoprotektantu. Dosavadni studie zabyvajici se kryokonzervaci drlbeziho
spermatu stale nedosahuji takovych vysledk( jako je tomu u ostatnich hospodarskych zvirat.

Cilem prace bylo optimalizovat postup mrazeni inseminacnich dadvek formou pfidavku
kryoprotektantu o dané koncentraci (NMA 9 %) k riznym komerénim Fedidlim, kterd se
béZné pouzivaji pro redéni cerstvého spermatu dribeze.

V ramci experimentu byly zkoumany tfi druhy komercénich tfedidel (Poultry media®,
Raptac® a NeXcell®). Dale byl sledovan vliv riznych teplot ekvilibrace, kterym byly
inseminacni davky vystaveny po rozmrazeni po dobu 30 minut.

U testovanych vzork( byla hodnocena celkova motilita, viabilita bunék, poskozeni
cytoplazmatické membrany, poskozeni akrozomu a dvojité poskozeni (cytoplazmatické
membrany i akrozomu).

Nejlepsich vysledk( celkové motility a viability bunék dosahovaly inseminacni davky
s pridavky fedidel Poultry media® a Raptac®, mezi kterymi nebyl vyznamny statisticky rozdil.
Naproti tomu u fedidla NeXcell® byly zjistény nejvyssi hodnoty poskozeni plazmatické
membrany a nejvyssi vyskyt dvojitého poskozeni bunék.

Do budoucna by bylo vhodné i nadale optimalizovat proces kryokonzervace dribezich
inseminacnich davek. Napriklad pomoci novych kryoprotektantll nebo aditiv (napf.
trehal6za), které by prispély ke zefektivnéni celého procesu.
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10 Seznam pouzitych zkratek a symbolu

ACTH
ATP
BPSE
CASA
CZH
DMA
DNA
ID

FC
FSC
FSH
KKS
LC

LH
mM
NACI
NMA
NX
PM
PRL
PUFA
Q

R
ROS
SSC
STH
THW
TSH
Yo-Prol
SEM

Adrenokortikodni hormon
Adenosintrifosfat

Beltsvillie Poultry Semen Extender
Pocitacem asistovana analyza spermii
Ceska slepice zlata kropenata
Dimethylsulfoxid

Nukleova kyselina

Inseminacni davka

Flow cytometry

PFimy rozptyl

Folikulostimula¢ni hormon
Kompletni krmna smés

L- Carnitin

Luteiniza¢ni hormon

Milimol

Chlorid draselny
N-methylacetamid

NexCell

Poultry fedidlo

Prolaktin

Polynenasycenych mastnych kyselin
Quecentrin

Raptac

Reaktivni formy kysliku

Bocéni rozptyl

Somatotropin

RozmrazZeny

Tyreotropni hormon

Barvivo

Smérodatna odchylka
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7 ABSTRACT

A medium for preserving and extending the viable useful life
of poultry (e.g., turkey) semen, in vitro, is provided. Semen is
preserved without loss of fertility for up to about 24 hours in
the medium. The medium contains di-potassium phosphate,
sodium glutamate, fructose, sodium acetate, mono-potassium
phosphate. potassium citrate, magnesium chloride, N-tris
hydroxymethyl methyl-2-aminoethane sulfonic acid, phos-
phatidylcholine, and zinc, and optionally sialic acid, car-
nitine, serine ethanolamine phosphodiesterase, or mixtures
thereof. A method for extending the fertility of poultry (e.g..
turkey) semen for up to about 24 hours when held in vitro at
about 5° to about 10° C., involving mixing poultry (e.g.,
turkey) semen containing live spermatozoa with an aqueous
medium containing di-potassium  phosphate, sodium
glutamate, fructose, sodium acetate. mono-potassium phos-
phate, pc i citrate, magnesium chloride, N-tris
hydroxymethyl methyl-2-aminoethane sulfonic acid, phos-
phatidylcholine, and zinc, and optionally at least one of sialic
acid, carnitine, serine ethanolamine phosphodiesterase, or
mixtures thereof.
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POULTRY SEMEN EXTENDER

REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/900,473, filed 9 Feb. 2007, which
is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a medium for dilut-
ing and preserving poultry (e.g., turkey) semen without criti-
cal loss in sperm viability and more particularly to a medium
for extending the useful life of poultry semen. The medium
contains di-potassium phosphate, sodium glutamate, fruc-
tose, sodium acetate, mono-potassium phosphate, potassium
citrate, magnesium chloride, N-tris hydroxymethyl methyl-
2-aminoethane sulfonic acid, phosphatidylcholine, and zinc,
and optionally at least one of sialic acid, carnitine, serine
ethanolamine phosphodiesterase, or mixtures thereof. The
present invention also relates to a method for extending the
fertility of turkey semen for up to 24 hours when held in vitro
at about 5° to about 10° C. (e.g., 5° to 10° C.), involving
mixing poultry (e.g., turkey) semen containing live sperma-
tozoa with an aqueous medium containing di-potassium
phosphate, sodium glutamate, fructose, sodium acetate,
mono-potassium phosphate, potassium citrate, magnesium
chloride, N-tris hydroxymethyl methyl-2-aminoethane sul-
fonic acid, phosphatidylcholine, zinc, and optionally at least
one of sialic acid, carnitine, serine ethanolamine phosphodi-
esterase, or mixtures thereof.

[0003] Poultry semen is viscous and highly concentrated,
containing sperm concentrations of 6 billion (chicken) to 12
billion (turkey) sperm per ml of ejaculate. After collection,
poultry semen must be extended with buffered salt solutions,
or diluents, to maintain the viability of sperm in vitro. Dilu-
tion also is advantageous in that more hens can be insemi-
nated from a single semen sample. There are many variations
in diluent compositions; however, the basic goals are to main-
tain pH and osmolarity, as well as provide an energy source
for metabolism.

[0004] Diluents currently being used are modifications of
formulas developed at least 15 years ago. and are intended for
extending fresh semen rather than storing semen for longer
than 6 h. Alterations in pH and provision of an aerobic envi-
ronment have enabled several diluents to maintain viable
turkey sperm during liquid storage at 5°-10° C. Under these
conditions, commercially acceptable fertility rates are
obtained from turkey sperm stored up to 6 h. Because current
liquid storage protocols (6 h) do not support adequate fertility
levels for the duration of the 24-26 wk long egg production
season, there is a need to develop alternative diluents and/or
methods specifically for liquid semen storage. Ideally, this
diluent would be used at ambient temperature and maintain
sperm fertilizing capacity for 24 h or longer.

SUMMARY OF THE INVENTION

[0005] In accordance with the present invention there is
provided a medium for diluting and preserving poultry (e.g.,
turkey) semen without critical loss in sperm viability and
more particularly to a medium for extending the useful life of
poultry semen. The medium contains di-potassium phos-
phate, sodium glutamate, fructose, sodium acetate, mono-
potassium phosphate, potassium citrate, magnesium chlo-
ride, N-tris hydroxymethyl methyl-2-aminoethane sulfonic
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acid, phosphatidylcholine, and zinc, and optionally at least
one of sialic acid, carnitine, serine ethanolamine phosphodi-
esterase, or mixtures thereof.

[0006] Also in accordance with the present invention there
is provided a method for extending the fertility of poultry
(e.g., turkey) semen for up to 24 hours when held in vitro at
about 5° to about 10° C. (e.g., 5° to 10° C.), involving mixing
poultry (e.g., turkey) semen containing live spermatozoa with
an aqueous medium containing di-potassium phosphate,
sodium glutamate, fructose, sodium acetate, mono-potassium
phosphate, potassium citrate, magnesium chloride, N-tris
hydroxymethyl methyl-2-aminoethane sulfonic acid, phos-
phatidylcholine, and zinc, and optionally at least one of sialic
acid, carnitine, serine ethanolamine phosphodiesterase, or
mixtures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows percentages of (1) non-viable, labeled
sperm and (2) viable, labeled sperm during 24 h in vitro
storage of turkey semen (n=4 replicates).

[0008] FIG. 2 shows mean fluorescence intensity of turkey
sperm incubated with three concentrations of NBD (fluoro-
chrome)-phosphatidycholine (0.5, 2.5, 10.0 mg/ml) at spe-
cific time-points during 24 h in vitro storage (n=4 replicates).
Phosphatidylcholine uptake was dose-dependent (p<0.05).
[0009] FIG. 3 shows true fertility of 24 h-stored turkey
semen supplemented with 0.0, 0.5, 2.5 or 10.0 mg/ml phos-
phatidycholine (n=4 replicates). For wks 1-7, fertility of each
treatment was higher (p<0.05) than control semen.

[0010] FIG. 4 shows: (A) percentage of hens laying all
(100%) fertile eggs after Al with control or PC-treated stored
semen. For wks 2-7, more (p<0.05) hens from the 2.5 mg/ml
PC were in this fertility category than any other sperm treat-
ment group. (B) Percentage of hens laying all unfertilized
eggs after AI with control or PC-treated stored semen. For
wks 4 and 10, more (p<0.05) hens from the 10.0 mg/ml PC
treatment were in this fertility category than any other sperm
treatment group.

[0011] FIG. 5 shows true fertility of 24 h-stored turkey
semen supplemented with 0.0, 0.5, 5.0 or 50.0 mM ZnCI2.
For wks 1-7, fertility of the 5.0 mM treatment was higher
(p<0.05) than other ZnCI2 treatments or control semen.

DETAILED DESCRIPTION OF THE INVENTION

[0012] T have found that phosphatidylcholine counteracts
the damaging effects of lipid peroxidation during in vitro
storage for 24 h at 4° C. by providing exogenous phospholip-
ids for incorporation into poultry sperm plasma membrane.
Preferably zinc is also utilized.

[0013] Most turkeys throughout the world are bred by arti-
ficial insemination, not because of the genetic merit to be
gained through artificial insemination but primarily because
the size of the turkey male attained through genetic selection
makes them unable to perform natural mating. Much effort is
made to use a suitable diluent for extending semen in order to
reduce production costs. Methods to store semen for at least
about 24 hours (e.g.. at least 24 hours) would help to attain
this objective. Consequently, intensive investigations have
been made to determine what components and conditions are
required for extending and preserving both chicken and tur-
key semen.

[0014] A number of synthetic solutions that extend as well
as aid in semen preservation have been formulated and tested.
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It has been determined that components selected for semen
extenders should provide exogenous energy sources, proper
osmotic balance, sufficient buffering capacity. control of bac-
terial growth, and some chelating action to protect against
toxic ions.

[0015]  Although it is not known which components in
semen extenders are critical for the support of sperm viability
during storage in vitro, it has been concluded by researchers
in the field that chicken and turkey spermatozoa retain their
full fertilizing ability in media having wide ranges in both
osmolarity (A, 0.455° to 0.736° C.) and pH level (pH 6.0 to
8.0). The optimal temperature for storing undiluted turkey
semen appears to be 15° C.; even at this temperature, how-
ever, preservation without serious loss of fertilizing capacity
has usually been limited to a few hours. Undiluted turkey
semen is extraordinarily sensitive to temperatures above and
below 15° C. Turkey spermatozoa usually perishes within a
few minutes outside of the body even in its own seminal fluid.
In fact, prior to U.S. Pat. No. 4,329,337, diluted turkey semen
lost considerable fertilizing capacity when stored in various
diluents for six hours regardless of the temperature at which it
was held. This is in contrast with the fertilizing capacity of
diluted chicken semen which can be maintained for 24 to 48
hours without serious loss of that capacity when stored at 2°
t0:5°C:

[0016] In the practice of this invention semen containing
live spermatozoa is collected from birds either directly into
the medium of this invention or into a tube and added to the
medium and the mixture of semen and medium is stored at
from about 5° to about 10° C. (e.g., 5° to 10° C.) in vitro until
it is used to inseminate a plurality of female birds. The
medium of this invention has the following formulation (be-
fore addition of about 0.5-2.5 mg/ml Phosphatidylcholine
(PC) it is referred to as Beltsville Poultry Semen Extender
(BPSE)):

Potassium diphosphate*3H,0O 12.7 g/L
Sodium glutamate 8.67 g/l
Fructose (anhydrous) 5 gL

Sodium acetate*3H,0 43 gL
TES (N-tris Hyd! yl methyl-2 h 195 g/L
sulfonic acid)

Potassium citrate 0.64 g/L
Potassium monophosphate 0.65 g/L
Magnesium chloride*6H,0 0.34 g/L

[0017] In preparing the medium (without PC), sterilized
glassware or other type of container is used and filtering is
done in aclosed system. The prepared medium is dispensed in
airtight containers. The weighed amount of each constituent
is put into a large beaker or other container and the aggregate
of constituents is mixed for about 30 to 60 minutes with 900
ml of distilled water. The pH of the medium is adjusted to
6.50+0.1 by addition of 12 N HCI and the osmolarity is
adjusted to 350+10 m.osmols by addition of distilled water
(the addition will bring the total amount of water to about 1
liter). The mixture is then filtered through a microfilter having
a pore size of 0.22 millimicrons. Before packaging the
medium in sterile vials or other suitable containers, it is tested
by the brain-heart infusion medium technique to make certain
that it does not contain any microbial contamination. The pH
and osmolarity are also checked at this time. A stock solution
(25 mg/ml) of lyophilized PC is prepared using the above
medium as the diluent. The stock solution is passed through a
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mini-extruder 21 times fitted with 0.1 pm membranes to
achieve unilamellar vesicles. Hydrated lipid solutions ini-
tially will form large, multi-lamellar vesicles which impact
the final desired lipid concentration. After the initial pass
through a membrane, the particle size distribution will tend
towards a bimodal distribution. After sufficient passes
through the membrane, a unimodal, normal distribution is
obtained. Serial dilutions will be used to make 2x working
solutions of 20 mg/ml, 5 mg/ml and 1 mg/ml that yielded the
final desired PC concentrations upon 1:1 dilution of fresh
semen.

[0018] In the practice of this invention the extender
medium is prepared as described above. Semen is collected
from a plurality of male birds either directly into the medium
orinto a tube and the semen then mixed with the medium. The
semen and medium are mixed at a 1:1 ratio on a volume basis.
The mixture of semen containing live spermatozoa and
medium can be stored in vitro for up to about 24 hours (e.g.,
up to 24 hours) at about 5° to about 10° C. (e.g.. 5°t0 10° C.)
without loss of fertilizing capacity. The mixture of semen and
extender medium is used to inseminate a plurality of female
birds.

[0019] One of the important benefits provided by this
invention is the reduction in manpower required to artificially
inseminate a large number of female birds. Collected semen
does not have to be used immediately: it can be collected and
kept for up to 24 hours without loss of fertilizing capacity
before being used.

[0020] The extender medium preferably also contains at
least one source of zinc at a concentration of generally about
0.1 mM to about 3 mM (e.g., 0.1-3 mM) or about 0.01 to 0.41
2/L (e.g., 0.01-0.41 g/L), preferably about 0.3 to about 1 mM
(e.g., 0.3-1 mM) or about 0.04 to 0.14 g/L (e.g., 0.04-0.14
¢/L), more preferably about 0.4 to about 0.7 mM (e.g., 0.4-0.7
mM) or about 0.05 to 0.1 g/L (e.g.. 0.05-0.1 g/L). and most
preferably about 0.5 mM (e.g., 0.5 mM) or about 0.07 g/L.
(e.g., 0.07 g/L). By “a source of zinc” is generally meant
herein a compound in the form of Zn®* ions. Suitable
examples may for instance include bioavailable zinc salts,
including but not limited to salts with inorganic anions such
as chloride, carbonate and sulphate, but also zinc salts with
organic anions such as lactate, gluconate, fructosephos-
phates, orotate, citrate, malate, pyruvate, etc. and complexes
of zinc with an organic molecule such as an aminoacid, or bi-
or tridentate compound; or any suitable combination thereof.
The extender medium may also contain sialic acid, carnitine
(L-carnitine hydrochloride), or serine ethanolamine phos-
phodiesterase, or any mixture thereof.

[0021] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention belongs. Although any methods and materials simi-
lar or equivalent to those described herein can be used in the
practice or testing of the present invention, the preferred
methods and materials are now described.

[0022] The following examples are intended only to further
illustrate the invention and are not intended to limit the scope
of the invention as defined by the claims.

EXAMPLES

[0023] Materials and Methods. Animals: LargeWhite
breeder poults were purchased from a primary breeder and
maintained under standard management conditions during
the brooding and growing periods. At 28 wk of age, toms were
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photostimulated by increasing light exposure from a 12:12 to
a 14:10 light:dark cycle to initiate semen production. Using
the abdominal massage semen collection method (Burrows,
W. H., and J. P. Quinn, Poult. Sci., 14: 251-254 (1935)). toms
were pre-milked at 30 wk of age and then screened for semen
quality at 31 and 32 wk of age prior to being designated to
sperm storage treatment groups. At 32 wk of age, hens were
photostimulated by increasing the daily light exposure from
6:18 to 14:10 h (light:dark) to initiate ovarian development
and egg production. Hens were inseminated on Days 10 and
12 after photostimulation and then once per week for the next
12 wk of egg production. A total of 10 toms and 76 hens were
used for each experimental replicate.

[0024] Semen Collection, Evaluation and Storage: Semen
was collected weekly from toms and evaluated for volume,
sperm concentration, sperm viability, and sperm mobility.
Fresh semen was aliquoted for the control and 3 sperm treat-
ments. Control semen was extended 1:1 with Beltsville Poul-
try Semen Extender (BPSE), while treated semen was
extended 1:1 with BPSE supplemented with 0.5, 2.5 or 10.0
mg/ml phosphatidylcholine (PC). Extended semen was trans-
ferred to 48-well culture plates. Multiwell plates were placed
in a room temperature water bath on an orbital shaker (125
rpm) and slowly cooled to 4° C. with lids loosely fitted to
ensure air availability during agitation. Semen was main-
tained under these conditions for 24 h.

[0025] Media Preparation: A stock solution (25 mg/ml) of
lyophilized PC was prepared using BPSE as the diluent. The
stock solution was passed through a mini-extruder 21 times
fitted with 0.1 pm membranes to achieve unilamellar vesicles.
Hydrated lipid solutions initially formed large, multi-lamel-
lar vesicles which impacted the final desired lipid concentra-
tion. After the initial pass through a membrane, the particle
size distribution tended towards a bimodal distribution. After
21 passes through the membrane, a unimodal, normal distri-
bution was obtained. Serial dilutions were used to make 2x
working solutions of 20 mg/ml, 5 mg/ml and 1 mg/ml that
yielded the final desired PC concentrations upon 1:1 dilution
of fresh semen. An additional set of media was prepared as
described above except that the media contained ZnCl, at
either 0.5 mM, 5.0 mM, or 50 mM. New stock and working
solutions of PC were prepared each week. Phosphatidylcho-
line Uptake: Stock and working PC solutions were prepared
as previously described except PC was labeled with the fluo-
rochrome NBD. Fresh semen was extended 1:1 to contain 0,
0.5, 2.5 or 10 mg NBD-PC and stored at 4° C. for 24 h as
described above. Semen aliquots were removed at 30 min
intervals during the first 4 h of storage and at 1 hintervals from
8-24 h of storage for evaluation by flow cytometry. Aliquots
were diluted in PC-free BPSE to 1x107 sperm/ml and coun-
terstained with the viability probe propidium iodide (12 uM;
PI). A Beckman-Coulter Epics XL-MCL Analyzer equipped
with a single 488 nm excitation source was used for all flow
cytometric analyses. Forward and side scatter gating were
used to select single sperm from clumps and debris. The
fluorescence from NBD-stained and PI-stained spermatozoa
was collected in FL.1 (525 nm BP) and FL3 (620 nm BP)
fluorescence detectors, respectively. The percentages of
NBD-stained cells and the mean NBD fluorescence intensity/
cell (MnF1) of the viable sperm population was recorded from
the FL1 detector output to determine the magnitude of PC
incorporation into the plasma membrane. The PC uptake
experiments were replicated four times using different male
flocks.
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[0026] Fertility Evaluation: A total of 304 hens (76/repli-
cate) were artificially inseminated weekly with semen stored
with 0.5 mg PC/ml (n=19), 2.5 mg PC/ml (n=19), 10 mg
PC/ml (n=19) or without PC (control, n=19). An additional
set of hens were inseminated weekly with stored semen con-
taining 2.5 mg/ml PC and either 0.5 mM, 5.0 mM, or 50 mM
ZnCl,; prior to insemination, semen stored in the presence of
ZnCl, was treated with EDTA to chelate Zn ions and restore
sperm motility. The inseminant dose for all treatments was
150%10 sperm. This sperm number is less than that typically
inseminated for commercial production; however, I desired a
system sufficiently sensitive to detect even small changes in
fertility due to sperm treatment. Eggs were candled after 7 d
of incubation to determine true fertility and allowed to hatch
to determine hatchability. Fertility trials were replicated 4
times using different flocks.

[0027] Statistical Analysis: Prior to analysis. data were
checked to determine if a transformation was necessary. As
expected, variables scored as percents (e.g., fertility) required
transformation. I used the standard variance stabilizing arc-
sine transformation, y=arcsine (|/(x)), where X represents the
data, recorded as a proportion, and y is the scale used in the
analysis. This transformation stabilized the variances suffi-
ciently to proceed with an analysis in a mixed models frame-
work. Software for conducting mixed models analyses in
non-Gaussian frameworks, e.g., logistic regression, is not yet
readily available. The mixed models I developed, estimated
using Proc Mixed (SAS Institute, 1999), considered sperm
treatment and week of study as fixed factors, with hen as a
random factor. In addition, since data were taken from the
same individuals repeatedly, thus inducing correlation, I
allowed for within-individual time series correlation using an
autoregressive structure. To ensure that my sample size and
design had sufficient power to accurately determine the
effects of the sperm treatments, I did a small simulation study
prior to finalizing the design. Power was reassessed once the
study was complete, and I report those results below. I used
the default REML estimation method in Proc Mixed. For
modeling fertility, I assumed the variance on the transformed
scale due to sampling eggs was 0.25/n, where n is the number
of eggs/hen/week (Steele, R. G. D., and J. H. Torrie, Prin-
ciples and Procedures of Statistics with Special Reference to
the Biological Sciences, 1960, McGraw-Hill Book Co., New
York, N.Y.).

[0028] Results: Regarding phosphatidylcholine uptake,
turkey sperm cells incorporated NBD-labeled PC in a dose-
dependent manner during the first 12 h of storage. Most
spermatozoa showed some level of PC uptake within the first
15 min of storage; however, dose-dependent differences
(P<0.05) were evident in the percentage of unlabeled sperm
(4.3%=0.2, 0.5 mg; 2.1%=0.3, 2.5 mg: 0.1%=0.02, 10 mg).
For all other time-points, at least 98% of spermatozoa con-
tained labeled PC, including non-viable sperm (FIG. 1).
Because the magnitude of fluorescence intensity was higher
for non-viable than viable sperm cells, the MnFI from the
non-viable (PI-positive) sperm was excluded from further
analysis. The MnFI increased sequentially at each time-point
in a dose-dependent manner (FIG. 2), with a substantial
increase in MnFI surprisingly evident at 24 h compared to all
other time-points (P<0.05). For each PC treatment, a 2-fold
increase in MnF1 surprisingly occurred at 3 h of storage with
5mg PC, and at 2.5 h of storage with 2.5 and 10 mg PC. At 4
h and 8 h of storage in 2.5 mg PC, surprisingly there were 3
and 4-fold increases in MnFI, whereas these same fold
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increases occurred at 6 hand 12 h, respectively, forthe 0.5 and
10 mg PC treatments. At 24 h of storage. surprisingly the
MnFlincreased 7.8-fold for the 0.5 mg PC treatment, 9.2-fold
for the 2.5 mg PC treatment, and 6.7-fold for the 10 mg PC
treatment.

[0029] Fertility Evaluation: The mean fertility rate of eggs
during the 12-wk insemination trial from control hens insemi-
nated with fresh, non-stored semen was 91.4% 13.4. In con-
trast, the mean fertility rate of eggs from hens inseminated
with 24 h-stored control (0 mg/ml PC) semen was 33.5%%4.5.
Weekly fertility rates from this group remained stable (p>0.
05) for the first 8 wks of egg production, and then declined
sharply from 9-12 wks of egg production (FIG. 3). Supple-
mentation of the extender with 0.5, 2.5 or 10.0 mg/ml PC
surprisingly improved (p<0.05) the fertility rates of stored
semen during the first 7 wks of egg production; however, the
fertility rates obtained from the 10 mg/m1 PC treatment varied
widely during egg production (FIG. 3). Lower fertility rates
(p<0.05) occurred in the 10 mg/ml PC treatment than the 0.5
or 2.5 mg/ml PC treatments at 1, 2 8, 10, 11, and 12 wks.
Fertility rates from the 0.5 and 2.5 mg/ml PC treatments were
similar (p>0.05) throughout egg production except for wks 7
and 12, where the fertility of the 2.5 mg/ml PC treatment was
higher (p<0.05). Surprisingly more hens inseminated with the
2.5 mg/ml PC treatment produced 100% fertile eggs during
the first 7 wks of egg production (p<0.05) than any other
stored semen treatment (FIG. 4A). Interestingly, 55-62% of
hens inseminated with control stored semen produced 100%
fertile eggs during the first 2 wks of egg production; however,
by the third wk of production, less than 20% of hens were
yielding all fertile eggs. Conversely. by the seventh wk of
production, 76% of hens inseminated with control stored
semen were not producing any fertile eggs (FIG. 4B). Higher
(p<0.05) fertility rates were surprisingly obtained with semen
stored in the presence of 0.5 mM ZnCl, than 5.0 or 50 mM
ZnCl (FIG.5).

[0030] Discussion: It has been long recognized that the
ability to store turkey semen for 24 h in vitro without a
significant loss in fertility upon insemination would benefit
the commercial turkey industry. Using a systematic approach
of identifying why and how turkey sperm lose functional
competence during semen storage at 4° C., I have shown that
lipid peroxidation is a major contributor to the lower fertility
rates associated with stored semen. Moreover, it also has been
demonstrated that the use of antioxidants in extenders does
not limit the degree of lipid peroxidation during in vitro
storage. Here, I present a novel supplement for turkey semen
extender, phosphatidylcholine, which appears to counteract
the damaging effects of lipid peroxidation.

[0031] My results demonstrated that turkey sperm mem-
branes will incorporate exogenous phosphatidylcholine from
the semen extender. During the first 12 h of in vitro storage,
turkey sperm cells incorporated phosphatidylcholine in a
dose-dependent manner. Most interesting was the dramatic
increase in phosphatidylcholine uptake that occurred
between 12 and 24 h of storage, with the 2.5 mg dose provid-
ing the largest fold increase.

[0032] Despite the initial dose-response relationship
between concentration and membrane incorporation of phos-
phatidylcholine, this trend was not evident in the fertilizing
ability of stored semen. Although superior to unsupple-
mented stored semen, use of 10 mg/ml phosphatidylcholine
provided less predictable fertility than the other concentra-
tions evaluated. My data suggests that either 0.5 or 2.5 mg/ml
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of phosphatidylcholine surprisingly improved the fertility of
stored turkey semen during the first 12 wks of egg production.
Further, without being bound by theory, the use of zinc to
suppress sperm metabolism and motility appeared to mimic
the internal environment of the hen’s sperm storage tubules,
and surprisingly provided another strategy to improve the
fertility of turkey semen held for 24 h in vitro.

[0033]  All of the references cited herein are incorporated
by reference in their entirety. Also incorporated by reference
in their entirety are the following references: Calif. Agric.,
Aug. 15,1970; Poultry Sci., 56: 1054-1056 (1977); J. Reprod.
Fert., 13: 571-575 (1967); J. Reprod. Fert., 57: 149-155
(1979); Poultry Sci., 56: 1443-1446 (1977); Beltsville Sym-
posium in Agricultural Research No. 3, Animal Reproduc-
tion, 1979, Chapter 12, pg. 161; Bakst, M. R., Reprod. Fertil.
Dev., 5: 595-599 (1993): Bakst, M. R., J. Appl. Poult. Res., 2:
373-377 (1993); Blesbois, E., et al., Theriogenology, 52:
325-334 (1999): Breque, C., et al., Mol. Reprod. Dev., 66:
314-23 (2003): Burrows, W. H., and J. P. Quinn, Poult. Sci.,
14:251-254 (1937): Cecil, H. C.,and M. R. Bakst, Poult. Sci.,
72: 1370-1378 (1993); Cerolini, S., et al., Poult. Avian Biol.
Rev., 8:141-148 (1997): Donoghue, A. M., and G. J. Wishart,
Anim. Reprod. Sci., 62: 213-232 (2000): Douard, V., et al.,
Biology of Reproduction, 63: 1450-1466 (2000); Douard, V.,
et al., Theriogenology. 9: 753-64 (2003); Douard V., et al.,
Theriogenology.. 61:1-13 (2004); Evans, R. W., and B. P.
Setchell, J. Reprod. Fertil., 53: 357-62 (1978): Fujihara, N.,
and B. Howarth, Jr., Poult. Sci., 57: 1766-1768 (1978): Gie-
sen, A. F., and T. J. Sexton, Poult. Sci., 62: 379-381 (1982);
Jones, R., and T. Mann, Proc. R. Soc. Lond. (Biol), 193: 317
(1976); Lake, P., Cryobiology. 15: 365-366 (1978); Lake, P.
E., and O. Ravie, J. Reprod. Fertil., 57: 149-155 (1979):
Long, J. A., and M. Kramer, Poult Sci., 82:1802-7 (2003);
Parks, J. E., and D. V. Lynch, Cryobiology, 29: 255-266
(1992); Scott, T. W., I. Reprod. Fertil. Suppl., 18:65-76
(1973); Sexton, T. J., Comp. Biochem. Physiol., 48B: 59-65
(1974); Surai, P, et al., Poult. Avian Biol. Rev., 9: 11-23
(1998); Surai, P. F., et al., Comp. Biochem. Physiol. B. Bio-
chem. Mol. Biol., 120: 527-33 (1998); Wishart, G. J., Br.
Poult. Sci., 22: 445-450 (1981); Wishart, G., J. Reprod. Fer-
til., 66: 457-462 (1982); Wishart, G. I., J. Reprod. Fertil.,
71:113-118 (1984); Wishart, G., and L. Carver, Comp. Bio-
chem. Physiol., 79: 453-455 (1984). Also incorporated by
reference in its entirety is U.S. Pat. No. 4,329.337.

[0034] Thus, in view of the above, the present invention
concerns (in part) the following:

[0035] A medium (for extending the fertility of poultry
(e.g., turkey) semen or for preserving poultry semen) for up to
about 24 hours when held in vitro at about 5° to about 10° C.)
comprising (or consisting essentially of or consisting of) di-
potassium phosphate, sodium glutamate, fructose, sodium
acetate, mono-potassium phosphate, potassium citrate, mag-
nesium chloride, N-tris hydroxymethyl methyl-2-aminoet-
hane sulfonic acid, phosphatidylcholine, and zinc, and
optionally at least one member selected from the group con-
sisting of sialic acid, carnitine, serine ethanolamine phos-
phodiesterase, and mixtures thereof.

[0036] The above medium in a mixture with turkey semen
containing live spermatozoa.

[0037] The above medium further comprising water. The
above medium, said medium containing about 12.7 g/LL of
potassium diphosphate 3H,O, about 8.67 g/L. of sodium
glutamate, about 5 g/ of anhydrous fructose, about 4.3 g/ of
sodium acetate 3H,0, about 1.95 /L. of N-tris hydroxym-
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ethyl methyl-2-aminoethane sulfonic acid, about 0.64 g/L. of
potassium citrate, about 0.65 g/I. potassium monophosphate,
about 0.34 g/L. of magnesium chloride 6H,0, about 0.5-2.5
mg/ml phosphatidylcholine, and about 0.01 to 0.41 g/L.
source of zinc.

[0038] The above medium, said medium containing less
than about 10 mg/ml phosphatidylcholine but more than 0
mg/ml phosphatidylcholine (e.g., about 0.5 to less than about
10 mg/ml phosphatidylcholine or about 0.5 to less than 10
mg/ml phosphatidylcholine).

[0039] The above medium, said medium containing about
0.5 to about 2.5 mg/ml (e.g., 0.5 to 2.5 mg/ml) of phosphati-
dylcholine.

[0040] The above medium, wherein said medium does not
contain phosphatidylethanolamine. The above medium,
wherein said medium does not contain sphingomyelin. The
above medium, wherein said medium does not contain phos-
phatidylserine. The above medium, wherein said medium
does not contain phosphatidylinositol. The above medium,
wherein said medium does not contain folic acid. The above
medium, wherein said medium does not contain vitamin B12.
The above medium, wherein said medium does not contain
lecithin. The above medium, wherein said medium does not
contain surfactants.

[0041] A method for extending the fertility of poultry (e.g.,
turkey) semen (or amethod for preserving poultry semen) for
up to about 24 hours when held in vitro at about 5° to about
10° C., said method comprising (or consisting essentially of
or consisting of) mixing poultry (e.g., turkey) semen contain-
ing live spermatozoa with an aqueous medium comprising (or
consisting essentially of or consisting of) di-potassium phos-
phate, sodium glutamate, fructose, sodium acetate, mono-
potassium phosphate, potassium citrate, magnesium chlo-
ride, N-tris hydroxymethyl methyl-2-aminoethane sulfonic
acid, phosphatidylcholine, and zinc, and optionally at least
one member selected from the group consisting of sialic acid,
carnitine, serine ethanolamine phosphodiesterase, and mix-
tures thereof.

[0042] The above method, wherein said semen is collected
from a plurality of male birds directly into said aqueous
medium in a container and the mixture of semen and medium
after storage in said container is used to inseminate a plurality
of female birds.

[0043]  Other embodiments of the invention will be appar-
ent to those skilled in the art from a consideration of this
specification or practice of the invention disclosed herein. Itis
intended that the specification and examples be considered as
exemplary only, with the true scope and spirit of the invention
being indicated by the following claims.

1 claim:

1. A medium comprising di-potassium phosphate, sodium
glutamate, fructose, sodium acetate, mono-potassium phos-
phate, potassium citrate, magnesium chloride, N-tris
hydroxymethyl methyl-2-aminoethane sulfonic acid, phos-
phatidylcholine, and zinc, and optionally at least one member
selected from the group consisting of sialic acid, carnitine,
serine ethanolamine phosphodiesterase, and mixtures
thereof.
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2. The medium according to claim 1 in admixture with
water and poultry semen containing live spermatozoa.

3. The medium according to claim 1 in admixture with
water and turkey semen containing live spermatozoa.

4. The medium according to claim 1, further comprising
water.

5. The medium according to claim 4, said medium contain-
ing about 12.7 g/LL of potassium diphosphate 3H,O, about
8.67 g/L. of sodium glutamate, about 5 g/L. of anhydrous
fructose, about 4.3 ¢/ of sodium acetate 3H,0, about 1.95
/L of N-tris hydroxymethyl methyl-2-aminoethane sulfonic
acid, about 0.64 g/L. of potassium citrate, about 0.65 g/L
potassium monophosphate, about 0.34 g/LL of magnesium
chloride 6H,0, about 0.5-2.5 mg/ml phosphatidylcholine,
and about 0.01 to 0.41 g/L zinc.

6. The medium according to claim 4, said medium contain-
ing 12.7 g/LL of potassium diphosphate 3H,0, 8.67 g/L. of
sodium glutamate, 5 /L. of anhydrous fructose, 4.3 g/LL of
sodium acetate 3H,0, 1.95 g/ of N-tris hydroxymethyl
methyl-2-aminoethane sulfonic acid, 0.64 g/L. of potassium
citrate, 0.65 g/I. potassium monophosphate, 0.34 g/I. of mag-
nesium chloride 6H,0, 0.5-2.5 mg/ml phosphatidylcholine,
and 0.01 to 0.41 g/L zinc.

7. The medium according to claim 4, said medium contain-
ing less than about 10 mg/ml phosphatidylcholine.

8. The medium according to claim 4, said medium contain-
ing about 0.5 to about 2.5 mg/ml of phosphatidylcholine.

9. The medium according to claim 4, said medium contain-
ing about 0.04 to 0.14 g/I. zinc.

10. The medium according to claim 4, said medium con-
taining about 0.05 to 0.1 g/ zinc.

11. The medium according to claim 4, said medium con-
taining about 0.07 g/L zinc.

12. A method for extending the fertility of poultry semen
forup to about 24 hours when held in vitro at about 5° to about
10° C., said method comprising mixing poultry semen con-
taining live spermatozoa with an aqueous medium compris-
ing di-potassium phosphate, sodium glutamate, fructose,
sodium acetate, mono-potassium phosphate, potassium cit-
rate, magnesium chloride, N-tris hydroxymethyl methyl-2-
aminoethane sulfonic acid, phosphatidylcholine, and zinc,
and optionally at least one member selected from the group
consisting of sialic acid, carnitine, serine ethanolamine phos-
phodiesterase, and mixtures thereof.

13. The method of claim 12, wherein said semen is col-
lected from a plurality of male birds directly into said aqueous
medium in a container and the mixture of semen and medium
after storage in said container is used to inseminate a plurality
of female birds.

14. The method of claim 12, wherein said poultry semen is
from turkeys.

15. The method of claim 12, wherein the mixture of said
semen and said aqueous medium is stored at about 5° to about
10° C.
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NeXcell

POULTRY SEMEN HIGH PROTECTION MEDIUM
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NeXcell:

IMV Technologies has developed a new poultry semen storage medium formulation
which is antibiotic-free. This medium contains different molecules such as antioxidants

and membrane protection to maintain the viability and functional state of the

spermatozoa.

This medium therefore provides the best spermatozoa

protection for fresh or stored semen for inseminations.

Well-protected spermatozoa ..

A well-protected
membrane

Integrity of the membrane measured
by cytometry during incubation
of 48h at 4°C

100%

80% ‘_\.§
60%

40%

20%
0%

HO H24 H48
Time

Viability well maintained thanks
to membrane protection after 2
days at 4°C with NeXcell.

Optimal protection against
oxidation

Level of oxidation of spermatozoa
measures by cytometry
after 24h at 4°C

30%
20%
10%
0% ._/———"
Initial oxidized Induced oxidized
viable sperma- viable spermatozoa
10203 after induction by
H20

NeXcell was created to
protect spermatozoa against
peroxidation, thanks to the
presence of antioxydants.

Well-preserved
mobility

Integrity of the membrane measured
by cytometry during incubation
of 48h at 4°C

100%
80%
60%

HO He4 H48
Time

The combined effects of all the
elements comprising NeXcell
conserve a good level of motility
of the spermatozoa over time.

== NeXcell == BPSE*

*BPSE: Beltsville Poultry Semen Extender

..for optimal fertility results from fresh or stored semen.

Example of stored semen - % hatching / fertility

Level of performance maintained after éh at 4°C.
Inseminations made with a 3-person rather than a
4-person team.

— |MV 30mins Ambient temperature
60, —— NeXcell 6h 4°C
55 n=2700 Nicholas females, 250,000 incubat-
50 ed eggs, Italy
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19

weeks of the reproductive season

__TECHNOLOGIES
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EFFILIENCY = FLEXIBILITY ~SERENITY

Requires 1 less person per stored semen insemination workstation

Before NeXcell With NeXcell

» Flexibility in everyday

organization.
persons persons
» Comfort of the operators
[ ] —_— (less stress during
. —_— collection, cleaner
1 collector 2 turners 2 collectors / turners collections).

» Improvement of the
e £ male/female ratio
" ¢ (greater dilution).

» More options for
ro] management of the
. L : A farms (e.g. separation of
1 inseminator 1 inseminator

male and female farms).

After having tried out NeXcell, they use it for fresh and stored semen!

VT Testimony of Robert Wehrlen,
GRIMAUD FRERES Palmiped Breeding Technical Director

¢ The Nexcell secures the performance level by smoothing
results regardless of the events that may arise during a
production cycle.

The NeXcell is easy to use and has allowed "
us to simplify our semen conditioning and t~
preparation procedures.

4

Right from the first stored semen test we witnessed h

improved fertility of the eggs, mainly a reduction in Fertility

the percentage of unfertilized eggs. g
For stored semen use of the NeXcell medium has

09
reduced the reduction in fertility seen on days D+3 - I
and D+4 after Al. It probably improves storage -
and the release of spermatozoa in the utero- - '
vaginal glands. We now use the NeXcell for all our

production i.e. for stored semenbut also for fresh
semen. 99 -

082

NeXcell GF*

*GF : Grimaud Fréres

/,
(__ TECHNOLOGIES
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IMV Technologies France

ZI n°1 Est - 61300 L'Aigle

+33 (0) 23334 64 64
www.imv-technologies.com
contact@imv-technologies.com

IMV Technologies U.S.A.

11725 95th Avenue North
Maple Grove, MN 55369

+1 763 488 1881
www.imv-technologies.com
contact@imvusa.com

IMV Technologies China

Room 402-23, Building 1,

No. 800 Naxian Road,
Zhangjiang, Pudong District,
200122 - Shanghai,China
+86 21 50586918 or 50586948
www.imvchina.com
contact@imvchina.com

TECHNOLOGIES

IMV Technologies do Brasil
Rua Vitoriano dos Anjos 1081
13041-317 Vila Joao Jorge
Campinas

+55 19 2513 3444
www.imv-technologies.com
contato@imvbrasil.com.br

IMV Technologies India

Plot No 750 Phase V, Udyog Vihar
Gurgaon 122016 (Haryana)

+91 124 400 44 30
www.imv-technologies.com
contact@imvindia.com

IMV Technologies Netherlands

Pallasweg 22

8938 AS Leeuwarden
+31 58 2123279
www.nifa.nl
info@nifa.nl

www.imv-technologies.com
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Priloha Ill: Raptac patent

am Bird Semen Extender: Raptac

G

Raptac makes artificial insemination of birds successful.

Product Details

For artificial insemination in animal breeding the semen is
treated with a suitable nutrient solution to keep
spermatozoa functional and if necessary clear it of
impurities. We've analyzed the metabolism of sperm to
develop nutrient solutions for specific breeds.

Raptac has been used successfully in hawkbreeding for
several years now. A solution specially developed for the
preservation of raptor semen. Also used successfully with
other birds of prey, pigeons and small birds (e.g. quail). One
box contains 10 ampoules, each filled with 2ml Raptac. The
solution is sterile and contains no antibiotics.

The semen extender is colored red. The intensive color
promotes homogeneous mixing of semen and extender.
Specifications and purity of our products is reviewed
carefully. Raptac can be stored for at least 2 years at 4° to
25° C without losing its effectiveness. Diluted semen should
not be stored for more than 8 hours.

LM

L
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Priloha IV: PouZiti CellRox

5. Optional: You can stain the cells with NucBlue™ Live Cell Stain, a nuclear counterstain, or
another counterstain at this time.

6. Optional: If you are using the CellROX* Green Reagent, you can permeabilize the cells with
0.5% Triton® X-100 for 10 minutes, if cell permeabilization is required for multiplexing with
another reagent.

Alternatively, you can use the Image-iT" Fixation/Permeabilization Kit (Cat. no. R37602) to
fix and permealize the cells.

References

1. Trends Biochem Sci 35, 505 (2010); 2. Oxid Med Cell Longev 2, 259 (2010); 3. Free Rad Res 10, 1239 (2010).

Product List current prices may be obtained at www.invitrogen.com or from our Customer Service Department.

Catalogno. Product Name Unit Size
C10422 CellROX*® Deep Red Reagent *for oxidative stress detection™. .......ccuviiiiiiiiiiiiuiiniiiiiiiiiniiiieiisiissnseeerssssnnesnenns 5x50puL
C10443 CellROX* Orange Reagent *for oxidative stress detection* 5x50puL
C10444 CellROX* Green Reagent *for oxidative stress detection® 5x50puL
C10448 CellROX® Reagent Variety Pack *for oxidative stress detection™. ..........uuuiiiiiiireiieiurueuirrresoseesesrssesssssosssnenensss 1 kit
Related Products
A14291D),  Live Gall INNaGING SOIEON . snsrmmsenmemnss sxponnesmanss swnsany sxsnomymnns s ennsn s ommnmyppEseys sy e snys sossssanevssnny xs 500 mL
C10423 CellEvent® Caspase-3/7 Green Detection Reagent *2 mM solution in DMSO™ ..........ooviiiiiiiiiiiiiiieiieiiniammnnnnioniiaeenns 100 pL
6827 CM-H,DCFDA (5-(and-6)-chloromethyl- 2;7'-dichlorodihydrofluorescein diacetate, acetyl ester) *mixed isomers*

*special packaging*
D399 H,DCFDA (2,7"-dichlorodihydrofluorescein diacetate (2,7"-dichlorofluorescin diacetate)
D11347 dihydroethidium (hydroethidine) *special packaging* 10x 1 mg
D23844 DAF-FM diacetate (4-amino-5-methylamino- 2;7"-difluorofluorescein diacetate) *special packaging ..10x50mg
110291 Image-iT* DEAD Green™ viability stain 25uL
136007 Image-iT* LIVE Green Reactive Oxygen Species Detection Kit . . o 1 kit
M36008 MitoSOX® Red mitochondrial superoxide indicator *for live-cell imaging* . . 5x50ug
T10096 ThiolTracker™ Violet (Glutathione Detection Reagent) *for 5 microplates* . each
R37602 Image-iT* Fixation/Permeabilization Kit 1 kit
R37603 BackDrop™ Background Suppressor *for live cells* 1 kit
R37605 NucBlue™ Live Cell Stain *Hoechst 33342 special formulation*. 1 kit
R37606 NucBlue™ Fixed Cell Stain *DAPI special formulation® ....:ccciiicivismaiimmsiminimiieii v ssssvaiisinsssasssssvssavess 1 kit

Related Platforms

e

Attune® Acoustic Focusing Cytometer Tali* Image-based Cytometer FLoid™ Cell Imaging Station
(Cat. no. 4469120) (Cat.no.T10796) (Cat. no.4471136)

CellROX® Oxidative Stress Reagents | 5
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Before Starting

Materials required but
not provided

Caution

Experimental Protocols

+ Cells and culture medium

+ Phosphate buffered saline (PBS, pH 7.2-7.6)

+ Optional: Fixative (i.e., 3.7% formaldehyde in PBS)

+ Optional: Permeabilization solution (i.e., 0.5% Triton® X-100)

DMSO is known to facilitate the entry of organic molecules into tissues. Handle reagents
containing DMSO using equipment and practices appropriate for the hazards posed by such
materials. Dispose of the reagents in compliance with all pertaining local regulations. In case
of contact with eyes, rinse immediately with plenty of water and seek medical advice. Always
wear suitable laboratory protective clothing and gloves when handling this reagent.

CellROX® Reagent Staining and
Detection

The following protocol was developed with BPAE, HepG2, U-2 OS, and RAW microphage
cells with an optimized CellROX" Reagent concentration of 5 pM, but the assay can be
adapted for any cell type. Growth medium, cell density, cell type variations, and other factors
may influence labeling. In initial experiments, we recommend testing a concentration range
of the reagent to determine the optimal experimental conditions and the concentration for
your cell type.

The CellROX" Reagents are sensitive to exposure to light and air; care should be taken not
to keep the vials open for long periods of time. Discard any unused material once the vial is
opened.

Following protocol for staining cells can be adapted for CellROX® Deep Red, CellROX*
Orange, and CellROX® Green Reagents, but specific conditions should be determined
separately for each reagent.

. Treat the cells with the test compound or drug and incubate for the recommended time.

Note: You do not need to remove the medium after test compound or drug treatment.

. Add the CellROX" Reagent at a final concentration of 5 pM to the cells and incubate for

30 minutes at 37°C.

. Remove medium and wash cells three times with PBS.

. Optional: If you are using the CellROX" Deep Red or the CellROX® Green Reagent, you

can preserve the cells with a formaldehyde-based fixative at this stage. Fixation with 3.7%
formaldehyde for 15 minutes is recommended. Analyze the signal within 24 hours for the
CellROX" Green Reagent and within 2 hours for the CellROX® Deep Red Reagent.

Note: You can use the Live Cell Imaging Solution (Cat. no A14291D]J) to keep the cells
healthier during analysis with longer duration.

CellROX® Oxidative Stress Reagents | 4
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Figure 3 Quantitation and statistical analysis of oxidative stress based on staining with CellROX® Oxidative Stress Reagents (***a =The values are significantly
different from controls with P < 0.0001 ; ***b = values were significantly different from drug treated cells with P < 0.0001).

(A) CellROX® Deep Red Reagent. Bovine pulmonary artery endothelial (BPAE) cells were plated in a 96-well plate. The cells were treated with or without 100 uM of
menadione for 1 hour at 37°C. 100 uM of superoxide scavenger, MnTBAP, was added to some of the control and menadione-treated wells for the last 30 minutes
of incubation. The cells were then stained with 5 uM of CellROX® Deep Red Reagent and Hoechst 33324 by adding the probe to the complete medium and
incubating the cells at 37°C for 30 minutes. The cells were then washed with PBS and analyzed on a Thermo Fisher Cellomics ArrayScan® VTI.
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(B) CellROX® Orange Reagent. Bovine pulmonary artery endothelial (BPAE) cells were plated in 96-well plates. The cells were treated with or without 200 pM of tert-
butyl hydroperoxide (TBHP) for 2 hours at 37°C. 10 pM of ebselen was added to some of the control and TBHP-treated wells. The cells were then stained with 5 pM
of CellROX* Orange Reagent and Hoechst 33342 by adding the probe to the complete medium and incubating the cells at 37°C for 30 minutes. The cells were then
washed with PBS and analyzed on a Thermo Fisher Cellomics ArrayScan® VTI. Ebselen treatment inhibited ROS caused by TBHP, confirming that the signal was due to
ROS induced by the compound.
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(C) CellROX® Green Reagent. Bovine pulmonary artery endothelial (BPAE) cells were plated on glass bottom 35-mm MaTtek dishes. BPAE cells were treated with
or without 100 pM menadione for 1 hour at 37°C. 50 uM N-acetyl cysteine was added to some of the control and menadione-treated wells. The cells were then
stained with 5 uM CellROX*® Orange Reagent and Hoechst 33342 by adding the probe to the complete media and incubating at 37°C for 30 minutes. The cells were
then washed with PBS and then imaged on a Zeiss Axiovert inverted microscope using a 40X objective. N-acetyl cysteine treatment inhibited ROS caused by TBHP,
confirming that the signal was due to ROS induced by the compound.
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Figure 1 Fluorescence excitation and emission spectra of the oxidized CellROX® Oxidative Stress Reagents. (A) CellROX® Deep Red Reagent, (B) CellROX® Orange

Reagent, (C) CellROX® Green Reagent.
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Figure 2 Workflow for CellROX® Oxidative Stress Reagents.
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* Add CellROX® Reagent
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reagents (e.g.,NucBlue"/
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FLoid™ Cell Imaging
Station

Tali® Image-based

—
Cytometer

~ Analyze . _ )
e p== <] __~ |  Atune®Acoustic Focusing
@ Cytometer/Flow Cytometry

— High Content Screening

Hoechst 33342)
 Incubate for 30 minutes Traditional Fluorescence
Microscopy
Table 2 Comparison between ROS detection methods
CellROX® Deep CellROX® Orange CellROX® Green H.-DCFDA* Dihydroethidium
Red Reagent Reagent Reagent Z (DHE)
Live cell compatible Yes Yes Yes Yes Yes
Labeling in complete medium Yes Yes Yes No Yes
Formaldehyde fixable Yes No Yes No No
Detergent resistant No No Yes No No
« Imaging
« HCS
+ Imaging « HTS ;
« HCst « Imaging « Flow cytometry + Imaging
« HTSH . HCS « Tali® Image-based = :'(F:SS i .
Compatible platforms + Flow cytometry « Flow cytometry Cytometer : T — ’ :éasgmg
« Attune® Acoustic | + Tali® Image-based + Floid™ Cell o y
) | ifid Station + FLoid™ Cell
Focusin Cytometer maging ; ;
9 3 ; Imaging Station
Cytometer « Attune® Acoustic
Focusing
Cytometer

* H,-DCFDA: Dihdyrodichlorofluorescein, diacetate; t High-content screening;  High-throughput screening.
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CellROX® Oxidative Stress Reagents
Catalog nos. C10422, C10443, C10444,C10448

Table 1 Contents and storage

Material Catalogno. | Amount Excitation/Emission Concentration Storage*
CellROX® Deep Red Reagent C10422 640/665 nm (Deep Red)
CellROX® Orange Reagent C10443 5x50puL | 545/565 (Orange)
25mMstabilized | © 520°C
CellROX® Green Reagent C10444 485/520 (Green) 2. s.ta LI « Protect from light
solution in DMSO e
1 % 50 pL CellROX® Deep Red Reagent
CellROX® Variety Pack C10448 1 x 50 pL CellROX® Orange Reagent

1 % 50 pL CellROX® Green Reagent

*When stored as directed, the product is stable for 6 months from the date of receipt.

Introduction

MANO0003555

CellROX* Oxidative Stress Reagents are fluorogenic probes designed to reliably measure
reactive oxygen species (ROS) in live cells. The cell-permeable reagents are non-fluorescent
or very weakly fluorescent while in a reduced state and upon oxidation exhibit strong
fluorogenic signal. CellROX® Green Reagent is a DNA dye, and upon oxidation, it binds to
DNA; thus, its signal is localized primarily in the nucleus and mitochondria. In contrast,
the signals from CellROX" Deep Red and CellROX® Orange Reagents are localized in the
cytoplasm. The fluorescence resulting from CellROX" Oxidative Stress Reagents can be
measured using traditional fluorescence microscopy, high-content imaging and analysis,
microplate fluorometry, or flow cytometry. These reagents can be detected using the
appropriate benchtop instrument such as the Attune® Acoustic Focusing Cytometer, Tali®
Image-based Cytometer, and FLoid™ Cell Imaging Station (See Table 2, page 2).

The staining workflow is simple (Figure 2, page 2), and the reagent can be applied to cells
in complete growth medium or buffer. All of the CellROX" Oxidative Stress Reagents are
very photostable when compared to traditional ROS detection dyes. In addition, some of
the reagents retain their signal after formaldehyde fixation and detergent permeabilization
(Table 2, page 2), allowing for assay flexibility and improved workflows compared to those
based on classic dyes for ROS detection.

CellROX" Oxidative Stress Reagents specifically detect ROS as shown by inhibition of
menadione-induced ROS in endothelial cells (Figure 3, page 3). These probes have been
used to evaluate ROS generated by various agents, including lipopolysaccharide, menadione,
angiotensin II, and nefazodone in several different live-cell models.
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Purchaser Notification

Corporate Headquarters

5791 Van Allen Way

Carlsbad, CA 92008

USA

Phone: +1 760 603 7200

Fax: +1 760 602 6500

Email: techsupport@lifetech.com

European Headquarters
Inchinnan Business Park

3 Fountain Drive

Paisley PA4 9RF

UK

Phone: +44 141 8146100
Toll-Free Phone: 0800 269 210
Toll-Free Tech: 0800 838 380
Fax: +44 141 814 6260

Tech Fax: +44 141 8146117
Email: euroinfo@invitrogen.com
Email Tech: eurotech@invitrogen.com

Japanese Headquarters
LOOP-X Bldg. 6F

3-9-15, Kaigan

Minato-ku, Tokyo 108-0022
Japan

Phone: +81 3 5730 6509

Fax: +813 57306519

Email: jpinfo@invitrogen.com

Additional international offices are listed at
www.lifetechnologies.com

These high-quality reagents and materials must be used by, or directly under the supervision of, a technically qualified individual
experienced in handling potentially hazardous chemicals. Read the Safety Data Sheet provided for each product; other regulatory
considerations may apply.

Obtaining Support
For the latest services and support information for all locations, go to www.lifetechnologies.com.

At the website, you can:

« Access worldwide telephone and fax numbers to contact Technical Support and Sales facilities

« Search through frequently asked questions (FAQs)

« Submit a question directly to Technical Support (techsupport@lifetech.com)

« Search for user documents, SDSs, vector maps and sequences, application notes, formulations, handbooks, certificates of analysis,
citations, and other product support documents

«+ Obtain information about customer training

« Download software updates and patches

SDsS
Safety Data Sheets (SDSs) are available at www.lifetechnologies.com/sds.

Certificate of Analysis

The Certificate of Analysis provides detailed quality control and product qualification information for each product. Certificates of
Analysis are available on our website. Go to www.lifetechnologies.com/support and search for the Certificate of Analysis by product lo
number, which is printed on the product packaging (tube, pouch, or box).

For Research Use Only. Not intended for diagnostic procedures.

LIFE TECHNOLOGIES CORPORATION AND/OR ITS AFFILIATE(S) DISCLAIM ALL WARRANTIES WITH RESPECT TO THIS DOCUMENT,
EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO THOSE OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR
NON-INFRINGEMENT. TO THE EXTENT ALLOWED BY LAW, IN NO EVENT SHALL LIFE TECHNOLOGIES AND/OR ITS AFFILIATE(S) BE LIABLE,
WHETHER IN CONTRACT, TORT, WARRANTY, OR UNDER ANY STATUTE OR ON ANY OTHER BASIS FOR SPECIAL, INCIDENTAL, INDIRECT,
PUNITIVE, MULTIPLE OR CONSEQUENTIAL DAMAGES IN CONNECTION WITH OR ARISING FROM THIS DOCUMENT, INCLUDING BUT NOT
LIMITED TO THE USE THEREOF.

LIFE TECHNOLOGIES CORPORATION AND/OR ITS AFFILIATES MAKE NO REPRESENTATION WHATSOEVER THAT SERVICES PROVIDED BY
LIFETECHNOLOGIES AND/OR ITS AFFILIATES SATISFY OR WILL SATISFY ANY REQUIREMENTS OF ANY GOVERNMENTAL BODY OR OTHER
ORGANIZATION, INCLUDING BUT NOT LIMITED TO, ANY REQUIREMENT OF THE UNITED STATES FOOD AND DRUG ADMINISTRATION OR
THE INTERNATIONAL ORGANIZATION FOR STANDARDIZATION. CUSTOMER AGREES THAT IT IS CUSTOMER'S RESPONSIBILITY TO ENSURE
THAT SUCH SERVICES ARE ADEQUATE TO MEET ITS REGULATION/CERTIFICATION REQUIREMENTS AND THAT ALL REQUIREMENTS OF
ANY GOVERNMENTAL BODY OR OTHER ORGANIZATION, INCLUDING, BUT NOT LIMITED TO, ANY REQUIREMENT OF THE UNITED STATES
FOOD AND DRUG ADMINISTRATION OR THE INTERNATIONAL ORGANIZATION FOR STANDARDIZATION ARE THE RESPONSIBILITY OF THE
CUSTOMER.

Limited Warranty

Life Technologies Corporation and/or its affiliate(s) warrant their products as set forth in the Life Technologies’' General Terms and
Conditions of Sale found on Life Technologies’ website at www.lifi hnologi /A dconditi If you have any questions,
please contact Life Technologies at www.lifetechnologies.com/support.

Limited Use Label License: Research Use Only

The purchase of this product conveys to the purchaser the limited, non-transferable right to use the purchased amount of the product
only to perform internal research for the sole benefit of the purchaser. No right to resell this product or any of its components is
conveyed expressly, by implication, or by estoppel. This product is for internal research purposes only and is not for use in commercial
services of any kind, including, without limitation, reporting the results of purchaser’s activities for a fee or other form of consideration.
For information on obtaining additional rights, please contact outlicensing@lifetech.com or Out Licensing, Life Technologies
Corporation, 5791 Van Allen Way, Carlsbad, California 92008.

The trademarks mentioned herein are the property of Life Technologies Corporation or their respective owners.
ArrayScan® is a registered trademark of Cellnomics, Inc.

©2012 Life Technologies Corporation. All rights reserved.
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Priloha V: SloZeni krmné davky

CZU-N2

Kompletni krmivo pro uZitkové nosnice

SloZeni:

Pzenice, sojovy extrzhovany SrotamMoy, kukufice, uhliitan vapenaty, otruby pieniéné, jafmen, vojliskové
usushy, rostlinny olej-fepkovy, dibydrogenfosforenan vapenaty, ¢hlorid sodny, hydroganuhliéitan sodny,

péeniénd mouka krmni
Toto knuive obsshuje GMO.

Analytické sloZeni v 1kg:

Hruby protein 15,0 %
Irubi vidknina 38%
Hrubé oleje a tuky 3.7%
Hruby popel 115%
Vapnik 3.7%
Fosfor 0,51 %
Sodik 0,15 %
Lysin 0,76 %
Methionin 034 %
Nutriéni doplitkové litky v Tkg:

Vitaminy:

3a672a Vitamin A 8250 mj
3a671 Vitamin D3 J 2352 mj
Stopové prvky:

3b103 Siran Zeleznmy monohydrat , jako Zelezo 130 mg
3b603 Oxid zineénaty , jako zinck 82 mg
3405 Siran médnaty pentahydrat , jako méd’ 13 mg
3b502 Oxid manganaty, jako mangan 101 mg
3b201 Jodid draselny. jako jod 0,94 mg
3bR01 Seleniditan sodny |, jako selen 027 mg

Technologické doplikové latky v 1kg:

Antioxidanty:

E321 Butylhydroxytoluen 35,4978 mg, E320 Butylhydroxyanisol 1.0993 mg
Senzorické doplitkoveé latky: El61g Kantaxantin 1,998 mg, E161b Lurcin 7,201 mg

Krmny navod:

Kompleini krmna smés je uréena pro uZitkové nosnice. Zkrmuje se cca L0dkg ma kus a den dle
technologického postupu daného genotypu phi dostatku piiné vody. Skladute v suchu na dfevénych

paletach.

wee  Sehnoutek a synoveé s.r.o.

Vole¢ 143, 53341 Voleé

Schvalovaci identifikagni Sislo provoru: & CZ 800465-01

Olereno prodi plisnin

Datum vyroby/Cislo SarZe : 4.1.2022/ 48335
Minimalné trvanlivé do : 4 m&sice od data vyroby

Hmotnost : 25kg
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