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1 Uvod

Reprodukéni biotechnologie jsou vyznamnym, rychle se rozvijejicim odvétvim humanni i
veterinarni mediciny. Jejich rozvoj zavisi na zisku dostateného mnozstvi kvalitnich oocytl
ve stadiu metafaze II. Meiotické zrani oocytu predstavuje proces premeny plné dorostlého
oocytu ve stadiu zarodecného vacku v oplozeni schopny oocyt ve stadiu metafaze II.
Probéhne-li proces meiotického zrani uspésné, je zraly oocyt vyvojové kompetentni, tedy
schopny vyvijet se po oplozeni v Zivotaschopné embryo.

Pokud jsou oocyty po dokonceni zrani vystaveny prodlouzené kultivaci, nastavd proces
oznacovany jako starnuti oocytu. Béhem prodlouzené kultivace dochazi k poklesu kvality
oocyti a k vyskytu nezddoucich jevii jako jsou spontdnni partenogenetickd aktivace,
fragmentace a lyza. Oocyty vystavené prodlouzené kultivaci vykazuji snizenou vnimavost
viéi aktivaénim stimulim a naruSeny casny embryondlni vyvoj po oplozeni nebo
partenogenetické aktivaci.

Dobfe nastaveny systém pro in vitro kultivace oocytt je klicovy pro rozvoj reprodukénich
biotechnologii. Kvalitu oocyti ohrozuje tada faktorti, jako jsou zmény pH, vystaveni
prechodnému osvétleni, manualni manipulace a vystaveni zvySenym hladindm kysliku.
Pfidanim vhodnych sloucenin do kultivacnich médii 1ze pozitivné ovlivnit kvalitu oocytt.
Sulfan patfi, spolu s oxidem dusnatym a oxidem uhelnatym, do rodiny gasotransmiterti.
Gasotransmitery jsou plynné molekuly, které jsou v organismu endogenné¢ produkovany a plni
zde signalni funkci. Sulfan je v organismu produkovan aktivitou enzymu cystathionin-beta-
syntazy, cystathionin-gama-lyazy a 3-merkaptopyruvat-sulfurtransferazy. Pfitomnost enzymu
produkujicich sulfan byla prokézana naptiklad v déloze, placenté a folikularnich bunkéch.
Cesnekové derivaty jsou sirné slougeniny schopné uvoliiovat v organismu sulfan. Cesnekové
derivaty vykazuji v organismu fadu pozitivnich ucinki; stimuluji imunitni systém, maji
antimikrobidlni, antioxida¢ni a antiproliferativni u¢inky.

Lze predpokladat, ze kvalitu oocytit v in vitro podminkach lze pozitivné ovlivnit pfidanim

sulfanu a ¢esnekovych derivati do kultivaéniho média.



2 Literarni ptehled

2.1 Oogeneze savci

Fadze mnozeni

Oogeneze je proces premény primordialnich zarode¢nych bunék (PGCs — primordial germ
cells) v oplozeni schopné vajicko. PGCs jsou povazovany za jediny zdroj pohlavnich bunék
dospélého jedince, ackoli se objevuji studie naznacujici existenci mitoticky aktivnich
zarode¢nych bun¢k ve vaje¢nicich dospélych samic (Johnson et al., 2004). Primordialni
zarodeéné bunky jsou velké, kulovité, rychle se délici buiikky obsahujici malé mnozstvi
organel ve svétlé cytoplazmé (Makabe et Motta, 1989; Makabe et al., 1989). Primordialni
zarodecné bunky vznikaji béhem embryonalniho vyvoje ve Zloutkovém véacku, odkud migruji
ptes zadni prvostievo do genitalnich 1ist (Chiquoine, 1954). Jejich piesun ze zloutkového
vacku do prvostieva probiha pasivné jako nasledek zmén v usporadani rostouciho embrya
(Fujimoto et al., 1977). Ze zadniho prvostfeva do genitalnich 1ist migruji primordialni
zarodecné bunky aktivng. Jejich kulovity tvar se méni na vice nepravidelny, vietenovity
s dlouhou osou (Fukuda, 1976). Plazmatickd membrana vytvati pseudopodia, v cytoplazmé se
koncentruji mikrotubuly a mikrofilamenta (Fujimoto et al., 1977) a bunky jsou schopny
aktivniho améboidniho pohybu (Makabe et al., 1989). PGCs jsou béhem svého piesunu
navadény okolnimi somatickymi bunikami (Makabe et al., 1989; Makabe et al, 1991) a
komponenty extracelularni matrix (Fujimoto et al., 1985). V extracelularni matrix jsou patrné
zmény v distribuci glykoproteind, kolagenu, fibronektinu a lamininu (Garcia-Castro et al.,
1997). Integriny (Anderson et al., 1999) a kadheriny (Bendel-Stenzel et al., 2000) jsou
vyznamnymi medidtory pfesunu PGCs. Pfitomnost cytokintli, fibroblastového rlstového
faktoru (Resnick et al., 1998), tumor nekrotizujiciho faktoru alfa (Kawase et al., 1994) a
neuregulinu beta (Toyoda-Ohno et al., 1999) podporuje proliferaci PGCs. Leukemicky
inhibi¢ni faktor napomaha preziti PGCs inhibici apoptozy (Pesce et al., 1993). PGCs jsou
spojené intracelularnimi mustky a vykazuji shodnou chromozomalni konfiguraci (Baker et
Franchi, 1967). Tyto mustky vznikaji pravdépodobné¢ v disledku netplného rychle
probihajiciho bunééného déleni (Gondos, 1984). U prasete dochazi k presunu PGCs okolo 30.
dne embryonalniho vyvoje (Romanovsky et al., 1988). Pfesun PGCs do mista budoucich
gondd je stimulem k zah4jeni diferenciace vajecnikli a k nastupu folikulogeneze (Wartenberg,
1989).

Primordialni zarode¢né bunky diferencuji v oogonie, kterym se podobaji, ackoli PGCs

vykazuji vyssi mitotickou aktivitu. V dobé, kdy je dokoncena kolonizace genitalnich list



zarodeCnymi bunikami, zahajuji oogonie meiotické déleni. Oogonie vstupuji do stadia
preleptotén a nasledné leptotén prvni meiotické profaze (Franchi et al., 1962). Béhem faze
preleptotén dochézi k posledni replikaci DNA a oogonie vnitini vrstvy kiiry vajeniku se
transformuji v oocyt (Gondos et al., 1986). Oocyty mohou byt v této fazi meiotického déleni,
stejné jako oogonie, spojené intracelularnimi mustky (Makabe et al., 1992). Béhem stadia
zygotén se paruji homologni chromozémy za vzniku bivalentd slozenych ze ¢tyf chromatid.
Ve stadiu pachytén dochazi k vyméné DNA mezi homolognimi chromozémy nazyvané
crossing-over. Ve stadiu diplotén jsou homologni chromozémy spojeny v mistech piekiizeni,
tzv. chiazmatech, ktera jsou vysledkem probéhlych crossing-overti. Meiotické déleni oocytli
se zastavi kratce po narozeni ve stadiu nazyvaném diktyotén, které nastdva v pozdnim
diploténu (Wassarman, 1988).

Zarodecné buiky se v misté budoucich vajeéniki misi se somatickymi buiikami, které
podporuji jejich nasledny vyvoj. Tyto somatické granul6zni buiiky obklopuji budouci oocyty,
a davaji tak vzniknout primordialnim folikulim (Vanderhyden, 2002).

Faze ristu

Béhem rtstové faze oocyt ve stadiu diktyotén nékolikandsobné zvétsi svlij objem, dochazi ke
zmeénam v usporadani jadra, zvySuje se pocet mitochondrii, které se shromazd'uji okolo jadra,
stejné jako Golgiho komplex. Tyto zmény usporadani organel v cytoplazmé jsou zavislé
pravdépodobné na ¢innosti mikrotubulti (Makabe et al., 1992).

Soucasné s rustem oocytu dochazi k procesu folikulogeneze, tedy uzavirani oocytu do
folikulu, které spociva v pfibyvani a zméné tvaru granul6znich bunék. Vajecnik samic je po
narozeni osidlen zejména primordidlnimi folikuly tvofenymi priméarnimi oocyty obklopenymi
jednou vrstvou plochych granul6znich bunék (Wassarman, 1988).

Béhem rlstu folikulu dochdzi ke zméné tvaru granuldéznich bun¢k z plochého na kubicky.
Granuldzni bunky proliferuji a vznikly primérni folikul je tvofen oocytem obklopenym
vrstvou 11 — 20 granuldznich bun€k kubického tvaru (Wassarman, 1988; Hulshof et al.,
1992). Ve vajec¢nicich narozenych prasnic¢ek se nachazi piiblizné 210 tisic primarnich folikult
(Prather et Day, 1998). Faze rustu folikult trva u pohlavné dospélych samic pfiblizné 80 dni
(Morbeck et al., 1992).

Sekundarni folikul je tvofen oocytem obklopenym dvéma vrstvami granuldznich bunék
(Driancourt, 1991). V této fazi vyvoje folikulu dochazi k hromadéni komponentti budouci
zona pellucida okolo oocytu. Ve stejné dobé se tvoti kortikalni granula v cytoplazmé oocytu

(Fair et al., 1997b). Folikuly se stavaji citlivymi vaéi folikuly stimulujicimu hormonu (FSH)
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(Presl et al., 1974). V oocytech sekundarnich folikulil Ize zaznamenat prvni znamky syntézy
RNA (Fair et al., 1997a).

Ptechod do stadia tercidlniho folikulu je typicky pokracujici proliferaci a diferenciaci
granuldznich bun¢k v theca interna a theca externa, tvorbou bazalni membrany, diferenciaci
kumularnich bun¢k a tvorbou antralni dutiny vyplnéné folikularni tekutinou (Driancourt,
1991). Na thekalnich bunkach theka interna se objevuji receptory pro luteinizacni hormon
(LH) (Xu et al., 1995). Oocyty ¢asnych tercialnich folikuld jsou transkripéné aktivni a v jejich
jadre je pifitomno nejméné jedno aktivni jadérko (Crozet et al., 1986). Hromadéni mRNA,
ribozomi a polypeptidli v rostoucim oocytu je rozhodujici pro pozdéjsi embryonalni vyvoj
oplozeného oocytu (Pavlok et al., 1992).

Kazdy nartist hladiny FSH je nasledovan folikularni vlnou, tedy vytvofenim skupiny
rostoucich folikula citlivych vici FSH (Adams et al., 1992). Spolu s folikulem roste i oocyt,
ve kterém dochazi k dalS§im zménam v uspofadani cytoplazmy. Mezi zona pellucida a
cytoplazmatickou membranou oocytu se tvoii perivitelinni prostor, dochazi k poklesu
mnozstvi endoplazmatického retikula v ooplazmé, organely a kortikdlni granula putuji
k periferii oocytu (Fair et al., 1997b).

Kdyz rostouci folikuly dosdhnou rozmért 8 — 9 mm, dochazi k formovani skupiny
dominantnich folikult, které rostou rychleji nez ostatni folikuly (Savio et al., 1988). Rostouci
oocyt V dominantnim folikulu prodélava ultrastrukturdlni zmény, které zahrnuji nartst
mnozstvi lipidi v ooplazmé, pokles velikosti Golgiho komplexti a vyrazngj$i posun
kortikalnich granul k periferii. Jadérka vykazuji vakuolizaci a ziskdvaji prstencovitou
strukturu. Dale dochazi ke zvIinéni jaderné membrany, protazeni bun¢k corona radiata (Assey
et al., 1994) a zvétSeni perivitelinniho prostoru (Hyttel et al., 1997).

Dominantni folikuly pokracuji v riistu nékolik dni po své selekci. Pokud nedojde ke zvySeni
hladiny LH, dominantni folikuly zanikaji a spousti novou vlnu rostoucich folikuli. Pokud
dojde ke zvyseni hladiny LH, folikuly dale rostou a oocyty v nich obsazené podstupuji proces
meiotického zrani (Hyttel et al., 1986). Takové oocyty dosahuji u prasete velikosti 120 pm a

nazyvame je meioticky kompetentnimi (Yanagimachi, 1988).

Faze zrani

Oocyty ziskavaji béhem faze rtistu meiotickou kompetenci, tedy schopnost obnovit proces
meidzy a dokoncit meiotické zrani. Meioticky kompetentni jsou pouze ty oocyty, které
dosahly 80 % velikosti plné vyvinutého oocytu. Takové oocyty se objevuji v dobé vzniku
antralni dutiny folikulu (Motlik et al., 1984).
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Somatické buiky folikulu maji, na rozdil od oocytl, receptory pro gonadotropiny (Moor et
Dai, 2001). FSH a LH hraji vyznamnou roli v procesu ziskani meiotické kompetence (Fauser
et al., 1999), udrzeni prvniho meiotického bloku ve fazi diktyotén (Thibault et al., 1987) a pfi
rozpadu zarodecného vacku (GVBD - germinal vesicle breakdown), pfi kterém dochazi
Kk rozpadu jaderné membrany za soucasného opusténi prvniho meiotického bloku (Motlik et
Fulka, 1976). Somatické bunky folikulu tak zprostfedkovavaji vSechny tyto procesy
probihajici v rostoucim a plné dorostlém oocytu.

Béhem faze zrani dochazi k pfeméné pIné dorostlého meioticky kompetentniho oocytu
v oplozeni schopny oocyt (Motlik et Fulka, 1986). Oocyt je udrzovan v prvnim meiotickém
bloku ve fazi diktyotén ptisobenim né¢kolika inhibi¢nich faktorti, naptiklad inhibitorem zrani
oocyti. ZvySené hladiny LH v dobé& nastupu puberty vedou k eliminaci inhibi¢nich faktori.
Nésledkem toho jsou aktivovany klicové molekuly ucastnici se procesu meiotického zrani,
jakymi jsou cykliny, kinazy a fosfatazy (Hunter, 2000). V in vitro podminkach lze navodit
opusténi prvniho meiotického bloku pouhym vyjmutim oocytu z folikulu, protoze folikularni
bunky zprostfedkovavaji udrzeni oocytu v tomto bloku (Stojkovic et al., 1999).

Pro proces meiotického zrani jsou charakteristické zmény v uspofadani chromatinu (Sharma
et Chowdhury, 1998). Jadro oocytu se pied zahajenim meiotického zrani nachazi ve fazi
zarodecného vacku (GV - germinal vesicle), kdy je ohrani¢eno neporuSenou membranou. Po
zvySeni hladiny LH se jadernd membrana rozpada, ¢imzZ je zahajeno meiotické zrani. Tento
proces se nazyva rozpad zarode¢ného vacku (GVBD - germinal vesicle breakdown). Stadium
zarode¢ného vacku lze u prasete rozdélit do péti fazi. Ve fazi GVO je chromatin rozptylen
Vv celé jaderné oblasti. Ve fazi GV1 jsou jaderna membréna 1 jadérko neporusené a chromatin
zac¢ind kondenzovat za vytvofeni prstencovité nebo podkovovité struktury. Faze GV2 je
podobna fazi GVI1, ale dochazi k tvorbé nckolika shlukii chromatinu v blizkosti jaderné
membrany. Ve fazi GV3 dochdzi k rozptyleni chromatinovych shluki a vldken po celé
nukleoplazmé. Ve fazi GV4 jsou stdle pfitomny shluky a vldkna chromatinu, ale jaderna
membrana jiz neni zfetelnd a jadérko zcela mizi (Motlik et Fulka, 1976; Guthrie et Garrett,
2000).

V zavéru procesu rozpadu zarodecného vacku, ve stadiu diakineze, dochdzi ke shlukovani
kondenzovaného chromatinu. Vytvari se délici vieténko, na jehoz mikrotubuly se pomoci
kinetochort pfichycuji pary chromozémi. V metafazi 1 se chromozémy tadi v ekvatoridlni
roving. Centromery chromozoému jsou orientovany k opacnym polim vieténka. V anafazi I
dochdzi k rozchodu homolognich chromozémt k protilehlym polim buiky. V telofazi I dojde

k vyd€leni prvniho polového téliska, které obsahuje jednu sadu chromozomu. Meidza I
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ptechézi plynule v meidzu II bez replikace DNA. Do meiodzy Il tak vstupuji burniky s poloviéni
sadou chromozomu. Meidza se zastavuje v druhém bloku ve fazi metafaze II, ¢imz konci
proces meiotického zrani (Wassarman, 1988). Oocyt v metafazi II mtze vystoupit z druhého
meiotického bloku a dokoncit proces meidzy pouze po aktivaci oplozenim spermii nebo

partenogenezi.

Regulace meiotického zrani

Uspé&sny priibéh meiotického zrani a vznik oplozeni schopného vajicka vyzaduje sloZity
systém regulace, ktery je zajistén zménami v aktivité fady proteinti.

Opétovné zahdjeni meidzy je zavislé na snizeni hladiny cyklického adenosin monofosfatu
(cCAMP). Pokud jsou hladiny cAMP v oocytu vysoké, dochazi k aktivaci protein kinazy A.
Aktivni protein kindza A blokuje aktivitu fosfatdzy cdc25, kterd je nezbytnd pro aktivaci
faktorti klicovych pro zahajeni meiotického zrani (Liang et al., 2007). Cyklicky AMP je
syntetizovan v oocytu a kumularnich bunkach (Cho et al., 1974). Pokles koncentrace CAMP
dvojnou vazbu cAMP (Dekel et Beers, 1980). Dalsim dulezitym faktorem zpusobujicim
snizeni hladin ¢cAMP v oocytu je pieruSeni spoju typu gap juction mezi oocytem a
kumularnimi buntkami obklopujicimi oocyt béhem procesu kumularni expanze. Témito spoji
proudi molekuly cAMP do oocytu a inhibuji tak meiotické zrani. Hladina cAMP ziistava
nizka po celou dobu meiotického zrani (Liang et al., 2007).

M-fazi podporujici faktor (MPF — M-phase promoting factor) je proteinovy komplex protein
kinazy a cyklinu zodpovédny za rozpad zarodecného vacku a zahdjeni meiotického zrani
oocytu (Masui et Markert, 1971; Sorensen et al., 1985). Regula¢ni podjednotkou MPF je
cyklin B, katalytickou podjednotkou je cyklin-dependentni protein kinaza 1 (Cdk 1).

Cdk 1 je serin/threonin protein kinaza ze skupiny tyrosinovych cyklin-dependentnich kinaz.
Fosforylaci ptisluSnych proteini navozuje kondenzaci chromozomi, rozpad jaderného obalu a
reorganizaci mikrotubuld pfi tvorbé déliciho vieténka (Alberts et al., 1998). Aktivni Cdk 1
musi byt ve vazbé s cyklinem B a musi byt fosforylovana a defosforylovana na specifickych
mistech. Cdk 1 je aktivovana ndhle na konci interfaze odstranénim inhibi¢niho fosfatu z jeji
molekuly. Aktivni MPF komplex aktivuje na zakladé pozitivni zpétné vazby dalsi MPF
komplexy, ¢imz dochazi k rychlému nardstu kinazové aktivity (Nebreda et al., 1995) .

Po dosazeni metafaze 1 dochazi k prechodnému poklesu aktivity MPF. Cyklin B je
degradovan ubikvitin—dependentnim proteolytickym systémem. Na zaklad€ kovalentni vazby

ubikvitinu s cyklinem B dochazi k degradaci cyklinu B v proteazomech. Aktivace Cdk 1
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iniciuje s uréitym zpozdénim ubikvitinaci cyklinu B, ¢imz v konecném dusledku inaktivuje
sebe sama (Glotzer et al., 1991).

Reaktivace MPF vede k dosazeni metafaze II a dokonéeni meiotického zrani (Hampl et
Eppig, 1995). Aktivita MPF zistava vysoka az do aktivace oocytu spermii a podili se na
udrzeni druhého meiotického bloku (Yanagimachi, 1988).

Mitogenem aktivovana protein kinaza (MAPK — mitogen-activated protein kinase) patii do
skupiny serin/threonin protein kinaz. MAPK je aktivni, je-li fosforylovana na
aminokyselinovych zbytcich threoninu a tyrosinu (Alberts et al., 1998). Signalni draha
proteini Mos a MEK vede k aktivaci MAPK. Do regulace této signalni kaskady je zapojen
FSH (Li et al., 2002), cAMP (Liang et al., 2005) a MPF (Fan et al., 2002). Aktivita MAPK
Vv prasecich oocytech nartsta kratce pred GVBD a ziistava vysoka po celou dobu meiotického
zrani (Lee et al., 2000).

Aktivita MAPK neni pro GVBD prasecich oocytlii nezbytna, nicméné na tomto procesu
participuje prostfednictvim aktivace MPF (Ohashi et al., 2003). MAPK je nezbytna pro
kondenzaci a segregaci chromozému (Kishimoto, 2003), podili se na fosforylaci mikrotubuly
organizujiciho centra a formaci déliciho vieténka (Fan et al., 2002; Li et al., 2002). MAPK
fosforyluje jaderné laminy a zabrafiuje tak udrzeni intaktni jaderné membrany (Inoue et al.,
1998). Jeji aktivita brani prib&hu interfaze mezi meiézou I a II a s ni spojené replikaci
chromozémti (Kishimoto, 2003; Fan et Sun, 2004). Ribozomalni s6 kindza p90™ je
substritem MAPK, diky kterému se MAPK ucastni opétovné syntézy MPF pii piechodu
oocytu z meidzy I do meidzy II (Gross et al., 2000). MAPK zajistuje asymetrickou cytokinezi
a vydéleni prvniho polového téliska na konci meiotického zrani (Tong et al., 2003).
Cytostaticky faktor (CSF) je proteinovy komplex zodpovédny za udrzeni oocytu v metafézi II
po ukonceni procesu meiotického zrani (Masui et Markert, 1971). Aktivita CSF vzrista jiZ po
dokonceni meidzy I a zlstava vysoka do konce meiotického zrani (Takakura et al., 2005).
CSF brani polyubikvitinaci cyklinu B, a tim jeho proteolytické degradaci (Maller et al.,
2001). Komplex MPF je tak stabilni a jeho aktivita konstantni (Maller et al., 2002). Aktivni
MPF udrZuje na principu pozitivni zpétné vazby vysokou aktivitu CSF (Kishimoto, 2003).
Aktivita CSF je potlacena az po aktivaénim stimulu - oplozenim oocytu spermii nebo
partenogenetickou aktivaci (Fan et al., 2002).

Proces meiotického zrani oocytu miize byt pozitivné ovlivnén gasotransmitery.
Gasotransmitery jsou bunééni poslové, mezi které patii oxid dusnaty a sulfan (Wang, 2002).
V ptipad¢ oxidu dusnat¢ho jiz byla tloha v procesu meiotického zrani oocytu prokazéana

(Chmelikova et al., 2010).
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Kumularni expanze

Kumularni expanze probiha soucasné s meiotickym zranim oocytu. Gonadotropni hormony
stimuluji proces kumularni expanze (Dekel et al., 1979). Gonadotropiny ovliviuji
metabolismus granuléznich bunék, které se ucastni parakrinni regulace procesu kumularni
expanze piimo ve folikulu (Motlik et al., 1998). Folikularni tekutina funguje jako mediator
v komunikaci mezi granuléznimi bunikami a kumulo-oocytarnimi komplexy (COCs -
cumulus-oocyte complexes) a vykazuje tak schopnost indukce kumularni expanze (Nakayama
et al., 1996). Kumularni buiiky disponuji receptory pro gonadotropiny a zprostiedkovavaji tak
jejich t¢inky oocytu (Downs et al., 1986).

Kumularni buriky se podileji na zisku meiotické a vyvojové kompetence oocytu (Sirard et al.,
1988; Qian et al., 2003), jejich pifitomnost je nezbytna pro vydéleni prvniho pdlocytu a
ovliviiuje prezitelnost zrajicich oocytd (Ju et Rui, 2012). Kumulédrni buiiky se dale podili na
ovulaci zralého oocytu a jeho oplozeni spermii (Chen et al., 1993). Kumularni bunky brani
predCasnému tvrdnuti zona pellucida (Downs et al., 1986) a reguluji energeticky
metabolismus oocytu syntézou mastnych kyselin a lipolyzou (Auclair et al., 2013).

Kumularni bunky bezprostfedné obklopujici oocyt syntetizuji komponenty extraceluldrni
matrix, coz vede ke zvétSovani kumuldrniho obalu oocytu a k oddalovani kumulérnich bunék.
Agregaty glykosaminoglykanti (GAGs) a membranovych proteinti kumularnich bunék tvofi
proteoglykanové komplexy a predstavuji stézejni komponentu extraceluldrni matrix
expandovaného kumulu (Moscatelli et Rubin, 1974). Hyaluronova kyselina (HA) jako
vyznamny GAG expandovaného kumulu piispivd k oddalovani kumuldrnich bunék béhem
kumularni expanze (Nakayama et al., 1996).

Pro regulaci meiotického zrani kumularnimi buiikami jsou kli¢ové spoje typu gap junction.
Spoje gap junction umoziuji prostup pouze molekulam o velikosti do 1 kDa (Moor et al.,
1980). Témi proudi z kumularnich buné€k do oocytu malé signalni molekuly jako cAMP,
cyklicky guanosin monofosfat (cGMP) a Ca®* (Yanagimachi, 1988). Tyto molekuly reguluji
meiotické zrani oocytll tim, Ze ovliviiuji aktivitu protein kindz jako MPF a MAPK (Tatemoto
et Terada, 1998). Kumularni expanze je doprovazena endocytdzou proteinti bunéénych spoji,
které brani toku signalnich molekul z kumularnich bunék do oocytu (Chen et al., 1990). Na
membran¢é kumulérnich bunék a v oocytu jsou receptory pro hyaluronovou kyselinu (Kimura
et al.,, 2002). Tyto receptory jsou intenzivn¢ syntetizovany po hormonalni stimulaci
gonadotropiny, béhem meiotického zrani (Yokoo et al., 2002). Receptory jsou po navazani

HA aktivovany a fosforyluji proteiny spojeni typu gap junction, uzaviraji tak tento spoj a
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brani pfitoku signalnich molekul jako je cAMP do oocytu (Yokoo et al., 2010). Produkce HA
béhem procesu kumularni expanze pozitivné koreluje s tispé$nosti meiotického zrani in vitro
(Qian et al., 2003).

Oocyty se podileji na regulaci kumularni expanze uvolfiovanim faktoru podporujiciho
kumularni expanzi béhem meiotického zrani (Eppig et al., 1993). Syntéza HA kumularnimi
buitkami je podminéna pfitomnosti oocytu a zavisi na jeho kvalité. Pouze pln¢ dorostly,
meioticky kompetentni oocyt je schopny dostatecné stimulovat kumularni expanzi (Tirone et
al., 1993). Odstranéni oocytu brani produkci HA kumularnimi bunikami (Buccione et al.,
1990). Spolec¢na kultivace kumularnich obalti s oocyty zbavenymi kumularnich bun¢k tento
efekt zvrati, z ¢ehoz vyplyva, Ze schopnost oocytu ovliviiovat produkci HA neni zavislad na
spojich gap junction (Vanderhyden et al., 1990). Oocyt reguluje funkci kumularnich bunék,

které zpétné ovliviiuji jeho meiotické zrani a nabyti vyvojové kompetence.

Aktivace zralého oocytu a casny embryondlni vyvoj

Vyvojova kompetence oocytu je definovana jako jeho schopnost byt oplodnén a vyvijet se ve
zdravé embryo vedouci ke vzniku nového, Zivotaschopného jedince. Oocyt nabyva vyvojové
kompetence béhem meiotického zrani. Nabyti vyvojové kompetence je zavislé na transkripcni
inaktivité zrajiciho oocytu a na kondenzaci chromatinu ve zrajicim oocytu (Christians et al.,
1999). Transkripéné inaktivni oocyty vykazuji vyssi expresi proteinu Oct4, ktera pozitivné
koreluje s uspésnosti embryonalniho vyvoje (Zuccotti et al., 2008). Protein DAZL je dals$im
maternalnim faktorem nezbytnym pro nabyti vyvojové kompetence oocytu. Oocyty
vykazujici snizenou expresi tohoto faktoru blokuji svilj vyvoj po oplozeni ve stadiu
dvoubunééného embrya (Chen et al., 2011).

Schopnost mobilizovat zasoby Ca?" predstavuje kli¢ovy faktor ovliviiujici schopnost oocytu
byt aktivovan (Vincent et al., 1992). Spermie penetrujici oocyt zptisobi nartist hladin Ca?*
vnesenim fosfolipazy C zeta (PLC( - phospholipase C zeta). PLC{ katalyzuje hydrolyzu
fosfatidylinositol-4,5-bisfosfatu na inositol trifosfat a diacylglycerol (Cox et al., 2002).
Inositol trifosfat se vaZe na své receptory na endoplazmatickém retikulu a spousti tak oscilace
v hladinach Ca?" (Markoulaki et al., 2003). Oscilace v hladinach Ca?" vedou k aktivaci
kalmodulin-dependentni kinazy II a nasledné ke snizeni aktivity CSF (Fan et al., 2002).
Narist intracelularnich hladin  Ca?* zaroven zvySuje aktivitu anafizi podporujiciho
komplexu/cyklozomu, ktery je zodpovédny za degradaci cyklinu B, a tim inaktivaci MPF

(Yamamoto et al., 2005). Jako prevence polyspermie dochdzi k ztvrdnuti zony pellucidy a
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zvétSeni perivitelinniho prostoru (DeMeestere et al., 1997). Meiéza Il je dokoncena
vydélenim druhého pélocytu (Lopata et al., 1980).

Pribéh prvniho bunéného cyklu oplozeného oocytu zéavisi na maternalni mRNA
nahromadéné béhem profaze prvniho meiotického déleni, kdy oocyt prochazi fazi rtstu
(Bachvartova et De Leon, 1980). Béhem prvniho embryonalniho bunééného cyklu se
replikuje maternalni a paternalni DNA odd¢lené (Bomar et al., 2002). Maternalni a paternalni
prvojadro prochéazi rozpadem jaderné membrany. Splyvaji béhem formace metafazni figury a

déliciho vietene (Donahue, 1972).

2.2 Proces starnuti oocytiu

V piipad¢, Ze jsou oocyty po dokonéeni faze zrani vystaveny prodlouzené Kultivaci, nastava
proces oznacovany jako starnuti oocytu. Pro proces starnuti jsou charakteristické mnohé
morfologické zmény. Méni se struktura cytoplazmatické membrany, kterd tvoii klkovité
vybézky a mize tak piechazet az do perivitelinniho prostoru (Szollosi, 1971). Zona pellucida
tvrdne a ziskavd dlazdicovitou strukturu tvofenou shluky granulo-fibrildrniho materialu
(Longo, 1981). V mitochondriich starnoucich oocytii dochazi ke zménam membranového
potencidlu a bobtnani mitochondrialni matrix. Béhem starnuti oocytu dochéazi ke zvétSovani
perivitelinniho prostoru a posunu a degeneraci prvniho pélového téliska (Miao et al., 2004).
Kortikdlni granula starnouciho oocytu se piemistuji a podléhaji castecné exocytoze i
spontanné, aniz by doslo k fertilizaci (Szollosi, 1971). D¢lici vieténko se zkracuje, mize byt
multipolarni a dochazi tak k poruse procesu segregace chromozoémi (George et al., 1996).
Béhem starnuti oocytu také dochazi k zdniku centrozomalnich struktur a tak ke ztraté integrity
mikrotubull (Sun et Schatten, 2007). Exprese proteint udrzujicich stabilitu déliciho vieténka
a motorového proteinu kinezinu EGS je rovnéz narusena (Hall et al., 2007). Cytoplazmatické
mikrotubuly podléhaji depolymerizaci (Longo, 1974). Ve starnoucich oocytech dochéazi ve
zvySené mife k pfedCasné separaci chromozémi a tak ke zvySenému vyskytu aneuploidii
(Mailhes et al., 1998). Dale dochazi k fragmentaci a ztraté chromozomu a ke shlukovani a
separaci chromatid (Rodman, 1971).

Béhem starnuti oocyt dochazi ke zménam v aktivit¢ MPF a MAPK. Po dokonceni
meiotického zrani je nezbytné zachovani vysoké aktivity MPF a MAPK pro udrZeni oocytu
v druhém meiotickém bloku (Kikuchi et al., 2000). Postupny pokles aktivity MPF a MAPK
béhem prodlouzené kultivace oocytit vede k vyskytu nezadoucich jevi, jako jsou spontanni
partenogeneticka aktivace a fragmentace oocyti (Kikuchi et al., 2000). Bylo prokazano, ze

udrzeni vysoké aktivity MPF prostifednictvim pfidani kofeinu do kultivacniho média potlacuje
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spontanni partenogenetickou aktivaci a fragmentaci oocytll (Kikuchi et al., 2002). Dojde-li
k oplozeni oocytu, MPF je deaktivovan degradaci cyklinu B a defosforylaci Cdk 1 na
threoninu-161. Naproti tomu béhem prodlouzené kultivace oocytl zistavaji obé podjednotky
MPF spojené a Cdk 1 je fosforylovana na threoninu-14 a tyrosinu-15, ¢imz je MPF
deaktivovan (Kikuchi et al., 2002).

Béhem prodlouzené kultivace oocytli dochdzi k nartistu hladin ROS, zejména peroxidu
vodiku, peroxynitritu a superoxidového aniontu (Takahashi et al., 2003). Soucasné dochazi
k vyCerpavani zasob intracelularnich antioxidantd, naptiklad glutationu (Boerjan et de Boer,
1990), a starnouci oocyty jsou tak vystaveny oxidativnimu stresu. ROS puisobi jako inhibitory
fosfatazy cdc25 zodpovédné za aktivacni defosforylaci MPF (Brisson et al., 2007) a zaroven
stimuluji aktivitu kindz Weel a Mytl, které udrzuji MPF v neaktivni formé (Kikuchi et al.,
2000). Zvysené hladiny ROS ve starnoucich oocytech ovliviiuji homeostazu Ca®" tim, Ze
ovliviiuji vapnikové kanaly, kalmodulin (Gao et al., 2005) a Ca®'-dependentni ATPazy
endoplazmatického retikula (Rohn et al., 1993). Pokud dojde k oplozeni starnouciho oocytu,
objevuji se abnormalni oscilace Ca?", které pfispivaji k nastupu apoptozy (Takahashi et al.,
2000). lonty Ca?* se uvoliuji s vyrazné niz§i amplitudou a s podstatné vyssi frekvenci nez
V oocytech, které nebyly vystavené prodlouzené kultivaci (Igarashi et al., 1997).

Béhem starnuti oocytli dochazi v mitochondriich k naruseni mitochondridlni DNA (Sohal et
Dubey, 1994), zméné¢ membranového potencialu (Liu et al., 2000) a poklesu produkce ATP
(Chi et al., 1988). Poskozeni mitochondrii muze vést az k uvolnéni cytochromu C z vnitini
mitochondrialni membrany. Uvolnény cytochrom C aktivuje kaspazy (Takai et al., 2007),
na pocatku apoptotické signalni drahy (Lamkanfi et al., 2002). Béhem starnuti oocytti dochazi
rovnéz k nartistu exprese proapoptotickych faktorit (Chaube et al., 2007) a poklesu exprese
antiapoptotickych faktord v oocytech (Takahashi et al., 2009), coz rovnéz prispiva k nastupu
apoptozy.

Starnouci oocyty tak vykazuji snizenou oplozovaci schopnost (Lanman, 1968) a vnimavost
vuci aktivaénim stimuliim (Szollosi, 1971), zvySeny vyskyt polyspermniho oplozeni (Badenas
et al., 1989), chromozomalnich aberaci, ¢aste¢nou exocytézu kortikalnich granul (Szollosi,
1971), epigenetické zmény (Liang et al., 2008) a zhorSeny embryonalni vyvoj (Lanman,
1968).
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2.3 Sulfan jako bunécny posel

Gasotransmitery jsou malé plynné molekuly, které plni v organismu signalni funkci. Patii
mezi n¢ oxid dusnaty, oxid uhelnaty a sulfan. Tyto plynné molekuly byly dfive povazovany
jen za latky znecistujici ovzdu$i a vykazujici toxické ucinky v organismu. Pozdéji bylo
zjisténo, ze v nizkych koncentracich plni ulohu signdlnich molekul v fad€é procest v
organismu, jako jsou vasodilatace, vedeni nervového vzruchu a imunitni odpovéd.
Gasotransmitery volné pfechazeji pies cytoplazmatickou membranu cilovych bunék a jejich
ucinek je tak nezavisly na pfitomnosti membranového receptoru. Jsou produkovany
endogenng aktivitou enzymu a jejich produkce je organismem regulovana (Wang, 2002).
Sulfan je bezbarvy plyn silného zapachu. V organismu je sulfan endogenné produkovan
aktivitou pyridoxal-5°-fosfat dependentnich enzymt cystathionin-beta-syntazy (CBS -
cystathionine-beta-synthase) a cystathionin-gama-lyazy (CSE — cystathionine-gamma-lyase)
(Wang, 2002) a pyridoxal-5‘-fosfat independentniho enzymu 3-merkaptopyruvat-
sulfurtransferazy (3-MPST — 3-mercaptopyruvate-sulfurtransferase) (Shibuya et al., 2009a),
které vyuzivaji jako substrat aminokyselinu L-cystein. VétSina fyziologicky produkovaného
sulfanu vznika aktivitou CBS a CSE. V nékterych tkanich je k produkci sulfanu zapotiebi
piitomnosti obou enzymu, v jinych staci pfitomnost pouze jednoho z nich (Wang, 2002).
Fyziologicky se koncentrace endogenniho sulfanu pohybuje od 50 uM do 160 uM (Abe et
Kimura, 1996). Sulfan vykazuje negativni zpétnou vazbu na aktivitu enzymi zodpovédnych
za jeho produkci (Wang, 2002). K udrzeni fyziologickych koncentraci sulfanu v organismu je
zapotiebi mechanismt, které sulfan odbourdvaji. Sulfan je oxidovan v mitochondriich na
thiosiran, ktery je dale pfeménén na siran. Druhou cestou odstranéni sulfanu z organismu je
jeho metylace pomoci thiol-S-metyltransferazy na methanethiol a dimetylsulfid (Furne et al.,
2001). Sulfan je produkovan a plni fyziologickou funkci naptiklad v centralni nervové
soustavé (Abe et Kimura, 1996), cévni soustavé (Zhao et al., 2001), sam¢i reprodukéni
soustave (Srilatha et al., 2007), ale také v samici reproduk¢ni soustaveé (Srilatha et al., 2009).
Fyziologické u¢inky sulfanu byly jako prvni popsany V nervovém systému (Goodwin et al.,
1989; Warenycia et al., 1989). Vysoké koncentrace endogenniho sulfanu byly zjistény
v mozku potkant, skotu i ¢loveéka (Eto et al., 2002). Dlouhodoba expozice sulfanu zvysuje
uvolnovani neurotransmitert v mozku potkanich mlad’at (Skrajny et al., 1992; Roth et al.,
1995). Donor sulfanu potlacuje uvoliovani kortikotropin-uvoliiujiciho hormonu v hypotalamu
potkanti (Dello Russo et al., 2000). Cilem sulfanu v nervovém systému jsou iontové kanaly a
NMDA receptory. Sulfan ovliviiuje vV neuronech aktivitu napétové a tetradotoxinem fizenych

iontovych kanali pro Na* (Warenycia et al., 1989). Vaze se také na ATP-fizené iontové
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kandly pro K" a zplsobuje tak hyperpolarizaci cytoplazmatické membrany neurond
(Reiffenstein et al., 1992). Svou vazbou na NMDA receptory se sulfan ucastni procesu
dlouhodobé potenciace v hipokampu a podili se tak na procesech uceni a utvaieni paméti
(Abe et Kimura, 1996). Interakce sulfanu a NMDA receptori je pravdépodobné
zprostiedkovana aktivaci signalni drahy protein kinazy A. Donor sulfanu zvysuje produkci
CAMP v neuronech mozku a mozecku a gliovych bunikach potkana (Kimura et al., 2000).
Sulfan piisobi jako signalni molekula také v kardiovaskuldrnim systému. Exprese CSE a
endogenni produkce sulfanu byla prokazana Vv portalni zile a aorté potkana (Hosoki et al.,
1997). Pozdé&ji byla pritomnost CSE u potkana prokazana také v dalSich cévach s nejvyssi
expresi v plicni tepné (Zhao et al., 2001). Sulfan snizuje krevni tlak a zptisobuje vasorelaxaci
aorty a portalni zily u potkana (Hosoki et al., 1997; Zhao et al., 2001). Donor sulfanu snizuje
krevni tlak u hypertenznich mysi (Al-Magableh et al., 2015). Na rozdil od oxidu dusnatého a
oxidu uhelnatého sulfan neplisobi na hladkosvalové bunky cév pies signalni drahu cGMP
(Wang, 2002). Cilem sulfanu v cévni soustavé jsou ATP-fizené iontové kanaly pro K™ (Zhao
etal., 2001).

Sulfan zasahuje jako signalni molekula také do regulace reprodukénich funkci. Exprese
enzymu produkujicich sulfan byla prokdzana v sam¢i i samici reprodukéni soustaveé. U samct
sulfan ovliviiuje erekci penisu tim, ze ptispiva k relaxaci hladkého svalstva cév a mé pozitivni
vliv na tlak v topofivém télisku (Srilatha et al., 2006; Jupiter et al., 2015). Enzymy CBS a
CSE a jejich mRNA byly detekovany také v lidské erektilni tkani (D‘Emmanuele et al.,
2009). Ve varlatech potkana byl enzym CBS detekovan v Leydigovych, Sertoliho a
zarode¢nych buikach, pfitomnost CSE byla prokdzédna jen v Sertoliho a nezralych
zarode¢nych bunkach (Sugiura et al., 2005).

Ve folikularnich buiikach mysich vaje¢nikt byla prokazana vysoka exprese CBS (Liang et al.,
2006). Mysi se zablokovanym genem pro CBS mély niz8i pocet vyvijejicich se folikulli a
nepravidelny estralni cyklus (Guzman et al., 2006). Potlaceni exprese enzymu CBS
v granuloznich bunkach inhibuje meiotické zrani oocytu (Liang et al., 2007). CBS a CSE jsou
exprimovany Vv lidském vejcovodu, uvolnény sulfan spousti kontrakce vejcovodu, které
zajistuji posun embrya (Ning et al., 2014). Enzymy CBS a CSE byly detekovany v déloze a
placenté potkana (Patel et al., 2009). Endogenni produkce sulfanu prostfednictvim enzymu
CSE je nezbytna pro spravné prokrveni placenty a piisobi tak proti rozvoji preeklampsie u zen
(Wang et al., 2013). Exprese CBS a CSE je potladena v placent¢ zen postizenych
preeklampsii (Hu et al., 2015). Sulfan tlumi kontrakce d€lozni svaloviny u potkana (Sidhu et
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al., 2001) a cloveéka (Hu et al., 2011). Endogenni produkce sulfanu prostfednictvim enzymu
CSE v pochvé potkana zvySuje lubrikaci posevni sliznice (Sun et al., 2016).

Sulfan vykazuje v fad¢ typt tkani antioxida¢ni a antiapoptotické uc¢inky. Sulfan ptsobi na
cilové proteiny jejich sulfhydrataci, kdy dochazi k vyméné skupiny —SH za skupinu —SSH
v molekule bilkoviny (Mustafa et al., 2009). Proces sulfhydratace piedstavuje jeden
z mechanismt antioxida¢niho Gé¢inku sulfanu v organismu (Yang et al., 2013; Xie et al.,
2014). Sulfan ochranuje butiky pfed ischemicko-reperfiiznim poSkozenim prostiednictvim své
schopnosti snizovat oxidativni stres, inhibuje apoptdzu, modifikuje mitochondrialni funkce a
aktivuje antioxidativni enzymy (Moody et Calvert.,, 2011). Sulfan pisobi v nervovych
buikach antioxidaéné a antiapoptoticky a je tak vhodny k 1é¢bé neurodegenerativnich
onemocnéni (Xue et al., 2015). Sulfan prostfednictvim svych antioxida¢nich G¢inkd chrani
neurony pied progresi Alzheimerovy choroby (Whiteman et al., 2004). Sulfan ochranuje
nervové bunky pted mrtvici u potkant (Wei et al., 2015). Sulfan ochranuje jaterni bunky pted
iatrogenné indukovanym oxidativnim stresem a zanétlivymi zménami (Morsy et al., 2010).
Zvysena aktivita CSE a produkce sulfanu ochranuje kardiomyocyty pted oxidativnim stresem
a apoptozou (Gong et al., 2015). Donor sulfanu zlepSuje funkci kardiomyocytii postizenych
ischémii (Sun et al., 2015). Sulfan ochrafiuje prostiednictvim svych antioxida¢nich ucinka
srde¢ni bunky mysi pfed poSkozenim cigaretovym koufem (Zhou et al., 2015). Sulfan pisobi
antiapoptoticky na srde¢ni bunky a bunky nadledvin prostfednictvim sniZeni aktivity MAPK
(Guo et al., 2013; Li et al., 2016). Sulfan potlacuje také aktivitu c-Jun-N-terminalni kinazy
(JNK) a pisobi tak antiapoptoticky v jaternich burikach potkana (Yuan et al., 2016).

Prestoze je sulfan v organismu endogenné produkovan aktivitou sulfan uvolnujicich enzym,
také exogenné dodany donor sulfanu mize mit pozitivni G¢inky na organismus. Jako
exogenni zdroj sulfanu mohou v organismu pusobit napiiklad ¢esnekové derivaty (Louis et

al., 2012).

2.4 Utinky &esnekovych derivatii v organismu
Biosyntéza a metabolismus cesnekovych derivatii
Cesnek je vseobecné znamy svymi pozitivnimi uéinky v organismu. Cesnek stimuluje
imunitni systém, ma antimikrobialni, antivirové, antiparazitarni (Iciek et al., 2009),
hepatoprotektivni (Banerjee et al., 2003) a neuroprotektivni uéinky (Borrelli et al., 2007) a
snizuje oxidativni stres v buiikach. Cesnek potladuje proliferaci nékterych typt nadorovych

bunék (Banerjee et al., 2003), snizuje hladiny triacylglycerolt a cholesterolu v krevni plazmé,
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snizuje krevni tlak a brani rozvoji aterosklerézy (Iciek et al., 2009). Cesnek rovnéz snizuje
hladiny glukézy v plazmé, ¢imz pisobi proti rozvoji diabetu mellitu (Banerjee et al., 2003).
Za vétsSinu pozitivnich ucinkl ¢esneku v organismu jsou zodpoveédné sirné slouceniny. Sirna
sloucenina gama-glutamyl cystein, obsazena V neporuSenych cesnekovych palicich,
podstupuje dvé vyznamné reakce. Hydrolyzou a oxidaci je preménovan na alliin (S-allyl
cystein sulfoxid). Dlouhodobou extrakci je i€inkem enzymu gama-glutamyl transpeptidazy
pfeménén na S-allyl cystein (SAC) (Corzo-Martinez et al., 2007).

Alliin je sirnd aminokyselina a neté¢kavd sloucenina bez zapachu a je hlavni slozkou
neporusené ¢esnekové palice (Stoll et Seebeck, 1948). Rozdrcenim cesnekovych palic vznika
Cerstvy Cesnekovy extrakt, ve kterém je alliin pfemén na kyselinu sulfonovou, pyruvat a
amoniak (Amagase, 2006). Tato reakce je podmin€na piitomnosti enzymu alliinazy
obsazen¢ho ve vakuolach cesnekovych palic. Allinaza je klicovy enzym, ktery katalyzuje
preménu cysteinovych sulfoxidi na thiosulfinaty (Cavallito et Bailey, 1944). Allinaza
potiebuje ke své aktivité S-metyl-L-cystein jako substrat (Mazelis et Crews, 1968).
Pyridoxalfosfat stimuluje aktivitu allinazy jako jeji kofaktor (Amagase, 2006). Optimalni pH
pro ¢innost allindzy je 6,5. Klesne-1i pH pod 3,6, coz je situace typicka pro obsah zaludku, je
allinaza uplné a irreverzibilné inhibovana (Lawson et Hughes, 1992). Po peroralnim podani
alliinu mysim byla jeho pfitomnost prokazana v zaludku, stfevé a jatrech, aniz by byl alliin
dale metabolizovan na dalsi sirné slouceniny (Lachmann et al., 1994; Egenschwind et al.,
1992). Enzym alliindza ptestava cinkovat pii 60 °C, proto tepelné opracovany Cesnek
obsahuje pfedevsim alliin.

Kyselina sulfonova vznikla z alliinu u¢inkem enzymu allinazy je velmi reaktivni a podstupuje
kondenzac¢ni reakci s jinou molekulou téZe kyseliny za vzniku allicinu (diallyl thiosulfinatu)
(Lanzotti, 2006). Allicin se v organismu vaze na proteiny a mastné kyseliny v plazmatickych
membranach, a je tak vychytan dfive, nez by mohl byt vstieban do krve (Freeman et Kodera,
1995). Allicin piedstavuje meziprodukt v tvorbé dalSich sirnych slou¢enin, které disponuji
biologickou aktivitou.

Allicin se v roztoku rychle rozkladé4 na v tucich rozpustny diallyl sulfid (DAS) a polysulfidy,
zejména diallyl disulfid (DADS) a diallyl trisulfid (DATS). Polysulfidy jsou obsazené
v drceném &esneku a v esnekovém oleji (Miething, 1988). Cesnekovy olej obsahuje pfiblizné
20 rtiznych sulfidd, nékteré z nich jsou zodpoveédné za typickou chut’ a vini ¢esneku (Lawson
et al., 1991). DATS je nejvic zastoupeny sulfid v cerstvém cesnekovém oleji (Miething,

1988). Pii pokojové teplot¢ a dobé rozkladu 20 hodin je vzijemny pomér v tucich
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rozpustnych sloucenin vzniklych z allicinu nésledujici: 66,67 % DADS, 14,6% DATS a 13,3
% DAS (Brodnitz et al., 1971).

Vedle cCerstvého cCesnekového extraktu vzniklého drcenim cCesnekovych palic lze cesnek
zpracovat metodou dlouhodobé extrakce v 15-20% etanolu, kterd vede ke vzniku vyzralého
cesnekového extraktu (AGE — aged garlic extract). AGE obsahuje vyrazné niz§i mnozstvi
allicinu ve srovnani s ¢erstvym cesnekem. V pribéhu dlouhodobé extrakce vznikaji dalsi
sirné slouceniny. Gama-glutamylcystein, piitomny v neporusenych cesnekovych palicich, je
béhem procesu dlouhodobé extrakce pifeménén na sirnou aminokyselinu S-allyl cystein (SAC)
(Amagase, 2006; Colin-Gonzalez et al., 2012). SAC je bezbarva krystalicka latka bez zapachu
a je stabilni v pevném skupenstvi i ve vodném roztoku pii neutrdlnim ¢i mirn¢ kyselém pH
(Kodera et al., 2002). Po konzumaci AGE byla prokazana ptitomnost SAC v Krvi

v koncentraci zavislé na davce (Rosen et al., 2001; Steiner et Li, 2001).

Antioxidacni a antiproliferativni ucinky cesnekovych derivatii v organismu

Gama-glutamyl cystein obsazeny v ¢esnekovych palicich je hydrolyzou a oxidaci pfeménén
na alliin, ktery se pfi porusSeni ¢esnekovych palic pfeméiuje na nestabilni allicin, ktery se dale
rozklada na v tucich rozpustny DAS a polysulfidy. Alliin a z n&j odvozené ¢esnekové derivaty
vykazuji v organismu dvoji aktivitu; plsobi antiproliferativné a antioxidac¢né v zavislosti na
aplikované davce a typu tkang.

Dlouhodobé podavani alliinu sniZzuje peroxidaci lipidi a zvySuje aktivitu antioxidacnich
enzymu (Banerjee et al., 2003). Alliin je hlavni slozkou tepelné opracovaného cesneku a
suSen¢ho Cesnekového prasku. Tepeln€ opracovany Cesnek disponuje schopnosti vychytavat
volné radikaly (Kourounakis et Rekka, 1991) a ochranovat molekuly lipidd a LDL pied
oxidaci (Sheela et Augusti, 1995). SuSeny cesnekovy prasek vykazuje stejné schopnosti a
navic ochranuje bunky pted ischemicko-reperfuznim poskozenim (Rietz et al., 1995) a
chemickou cytotoxicitou (Ciplea et Richter, 1998).

Allicin je hlavni slozkou Ccerstvého cCesnekového extraktu, ktery vykazuje schopnost
vychytavat volné radikaly s ucinkem zavislym na davce (Prasad et al., 1996), zvySovat
aktivitu endogennich antioxidantii (Banerjee et al., 2001), potlacovat peroxidaci lipidd a
oxidaci LDL (Lau, 2001). Cerstvy &esnekovy extrakt ochrafiuje buiiky pied ischemicko-
reperfuznim poSkozenim (Batirel et al., 1996) a cytotoxickymi slou¢eninami (Kagawa et al.,
1986), inhibuje cytochrom P450 (Wang et al., 1996) a zvysuje produkci oxidu dusnatého,
ktery v buiikach ptisobi jako antioxidant (Das et al., 1995). Cerstvy Eesnekovy extrakt chrani

mozkové a srde¢ni bunky pied oxidativnim stresem indukovanou ischémii (Batirel et al.,
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1996; Banerjee et al., 2003) a snizuje peroxidaci lipida v srdci, jatrech a ledvinach (Banerjee
et al., 2001; Banerjee et al., 2002). Allicin vykazuje také antioxidativni efekt v in vitro
podminkach. Allicin reaguje s cysteinem a glutationem (Rabinkov et al., 2000). Produkty
téchto reakci pisobi v organismu jako antioxidanty. Allicin a jeho derivaty mohou ovliviiovat
aktivitu proteini obsahujicich thiolovou skupinu jejich S-thiolaci. S-thiolace ovliviiuje
aktivitu fady proteind ucastnicich se procest intracelularni signalizace a je povazovana za
jeden z antioxida¢nich mechanismu bunky (Pinto et al., 2006).

Polysulfidy jsou hlavni slozkou ¢esnekového oleje. Cesnekovy olej ochratiuje kardiomyocyty
pred oxidativnim stresem zptisobenym nadmérnym mnozstvim cholesterolu v krvi. Ochratniuje
tak kardiomyocyty pied apoptdézou navozenou zvySenou konzumaci tuéné stravy (Cheng,
2013). Cesnekovy olej, DADS a DATS potladuji expresi kaspazy-3 a inhibuji tak
apoptotickou signalni drahu v kardiomyocytech diabetickych potkant (Huang et al., 2013).
DATS ochranuje endotelové buiiky pred oxidativnim stresem tim, ze snizuje hladiny ROS,
zvySuje aktivitu superoxid dismutdzy a glutation peroxidazy v mitochondriich a zlepSuje

mitochondrialni funkce endotelovych bunék (Liu et al., 2014).

Antiproliferativni ucinky ¢esnekovych derivati jsou zkoumany u nadorovych bunék. Alliin
indukuje apoptdézu nadorovych bun€k prsu u zen (Izdebska et al., 2016). Alliin zvySuje
expresi tumor-supresorového genu p53 a potlacuje expresi fibroblastového ristového faktoru-
2 a potlacuje tak rust lidského fibrosarkomu a nadoru tlustého stieva (Mousa et Mousa, 2005).
Allicin pusobi antiproliferativné na lidské nadorové bunky prsou, endometria a tlustého
stteva. Tato aktivita allicinu je zprostfedkovana jeho schopnosti snizit hladiny glutationu
v nadorovych bunikach (Hirsch et al., 2000). Allicin zptsobuje narust exprese kaspazy-3,
fragmentaci DNA, zastaveni bunééného cyklu, produkci ROS a vycerpani glutationu
v nadorovych bunkach pankreatu a zplsobuje tak jejich apoptézu (Chhabria et al., 2015).
Allicin zptisobuje apoptozu lidskych epitelovych nadorovych bunék Zaludku. Allicin zde
indukuje fragmentaci DNA, pfesun proapoptotického faktoru Bax do mitochondrii a uvolnéni
cytochromu C z mitochondrii do cytosolu (Park et al., 2005).

DADS zvySuje produkci ROS a aktivuje signalni drahu JNK, ¢imZ spousti apoptézu bun€k
neuroblastomu (Filomeni et al., 2003). DADS zvySuje expresi proapoptotickych faktord a
snizuje expresi antiapoptotickych faktorti v nddorovych bunikach prsu (Nakagawa et al.,
2001). DADS zvysuje intracelularni hladiny Ca?*, ¢imz dochazi ke zvyseni produkce
peroxidu vodiku a aktivaci kaspaz v lidskych leukemickych bunkach (Park et al., 2002).
Cesnekové sulfidy indukuji apoptozu lidskych nadorovych bunék prostaty, pficemz DATS je
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ucinnéjs$i nez DAS a DADS. DATS hyperfosforyluje a tim inaktivuje antiapoptotické faktory
prostfednictvim aktivace JNK a extracelularnim signalem regulované kinazy (Xiao et al.,
2004). DATS zpusobuje konforma¢ni zmény proapoptotickych faktoru, které vedou k jejich

pfesunu do mitochondrii (Kim et al., 2007).

Ve srovnani s alliinem a zng odvozenych cesnekovych derivati maji sirné slouceniny
obsazené v AGE vyssi a stalejsi protektivni G¢inky v organismu a jsou tak pro organismus
prokazatelné zvySuje imunitu testovanych osob, pfi¢emz ani nejvyssi pouzité koncentrace
nevyvolavaji zadné vedlejsi nezadouci u¢inky (Amagase, 2006).

AGE pfedstavuje produkt tpravy Cesneku s nejvyssi antioxidativni aktivitou. Antioxidativni
ucinek AGE je zajistén jeho schopnosti vychytavat volné radikaly (Imai et al., 1994) a
zvySovat hladiny enzymu s antioxidativni aktivitou (Geng et Lau, 1997). AGE ochranuje
molekuly LDL pted oxidaci (Horie et al., 1989), brani poskozeni bunéénych membran a
peroxidaci lipida v plicnich endotelialnich bunikach vystavenych oxidované formé LDL (lde
et al., 1997) a snizuje produkci peroxidu vodiku a superoxidového aniontu. AGE zvySuje
hladiny glutationu a aktivitu superoxid dismutdzy, glutation peroxidazy a glutation reduktazy
v bunkach endotelu (Yamasaki et al., 1994; Wei et Lau, 1998).

SAC je hlavni slozkou AGE. Je pravdépodobné, Ze za nejvétsi ¢ast antioxidativnich G¢inkt
cesneku je zodpovédny pravé SAC. Kultivace kardiomyocytl s extraktem pfipravenym
z Gesnekové slupky a diené snizuje oxidativni stres a brani hypertrofii a apoptoze. Cesnekova
slupka nicméné neobsahuje alliin ani allicin (Louis et al., 2012). Naproti tomu obsahuje SAC,
coz nasvédcuje jeho schopnosti snizovat oxidativni stres a ochranovat buniky pied apoptdzou
v nezavislosti na pfitomnosti jinych sirnych sloucenin. Tento fakt byl prokazan také oSetienim
nervoveé tkané extraktem z ¢esnekové slupky po navozeni ischémie a nasledném poSkozeni
tkané reperfuzi. SAC obsazeny v ¢esnekové slupce pozitivné ovliviioval piezitelnost neuront
a zlepSoval mitochondrialni funkce postizenych buné€k, brénil redukci potencialu na

mitochondrialni membrané a syntéze ATP (Cervantes et al., 2013).

Mechanismus ucinku cesnekovych derivatit prostrednictvim uvolnéného sulfanu

Utinky Gesnekovych derivati jsou viadé typt tkani zprostiedkovany jejich schopnosti
zasahovat do signalnich drah produkce gasotransmiteru sulfanu. Cesnek ochrafuje
kardiomyocyty pred oxidativnim stresem, hypertrofii a apoptézou tim, ze zvySuje produkci

tohoto gasotransmiteru (Louis et al., 2012). Cesnek ochraiiuje kardiomyocyty prostfednictvim
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uvolnéného sulfanu ptfed ischemicko-reperfuznim poskozenim zménou poméru
proapoptotickych a antiapoptotickych faktort Bax a Bcl-2 a snizenim fosforylace a tim
aktivity MAPK a JNK, kindz, které se uplatiuji Vv aktivaci apoptotické¢ signalni drahy
(Mukherjee et al., 2009).

DATS ochranuje kardiomyocyty diabetickych potkani pfed oxidativnim stresem a apoptozou
prostiednictvim zvyseni aktivity enzymu CSE a nasledné zvySené produkce sulfanu (Tsai et
al., 2015). DATS zvysuje expresi enzymu CBS a CSE a tak produkci endogenniho sulfanu v
lidskych jaternich burikach a ochrafuje je tak pred oxidativnim stresem a apoptozou (Chen et
al., 2016).

Osetteni SAC snizilo umrtnost a poskozeni srdce pti uméle vyvolaném infarktu u potkanti.
Zablokovani aktivity CSE potlacilo tento pozitivni efekt SAC. SAC zde zplsobil piimé
zvySeni aktivity CSE, ale slouzil také jako substrat pro CSE, ktera ho pfeménila na sulfan
(Chuah et al., 2007).

2.5 In vitro kultivace oocyti

Procesy meiotického zrani a oplozeni oocytu neni mozné studovat bez vyuziti kultivace
oocytt v in vitro podminkach. In vitro kultivace oocytl s sebou nesou riziko variability fady
faktori stézejnich pro Gspésny prubéh procest meiotického zrani a oplozeni, jako jsou slozeni
kultiva¢niho média, pH, Groven osvétleni (Takenaka et al., 2007) a hladiny kysliku (Agarwal
et al., 2003). Kultiva¢ni média jsou dopliiovana fadou latek, jako jsou séra (Esfandiari et al.,
2005), energetické zdroje (Hashimoto et al., 2000) a homony (Markides et al., 1998), které
mohou narusit rovnovahu reaktivnich forem kysliku (ROS — reactive oxygen species).
Kultivaéni média pro in vitro kultivace oocytd jsou jednoduché roztoky soli. Jako zaklad
kultiva¢nich médii pro praseci oocyty je pouzivan Earleho roztok soli obsahujici chlorid
vapenaty, chlorid sodny, chlorid draselny, dihydrogenfosfore¢nan sodny a siran hotecnaty.
Jako gonadotropni hormony jsou aplikovany sérovy gonadotropin bfezich klisen a lidsky
choriovy gonadotropin, jejichz u¢inky odpovidaji u€inkiim hypofyzarnich gonadotropini FSH
a LH. FSH zlepsuje kvalitu folikularnich bunék (Hillier et al., 1995). Pti aplikaci FSH je
diilezité dodrzeni spravné koncentrace. Zatimco davka 107 I.U./ml narusuje komunikaci
oocytu a kumularnich bunék, davka 10 I.U./ml zachovava spravnou funkci spojeni typu gap
junctions u skotu (Luciano et al., 2011). Také steroidni hormony sehravaji dilezitou tlohu
béhem meiotického zrani oocytil. Nedostatek estradiolu béhem pocatecni faze zrani zplsobuje

pozdéjsi naruseni casného embryonalniho vyvoje (Mattioli et al., 1998b).

25



Rastové faktory, mezi které patii inzulinu podobny rustovy faktor I a epidermélni ristovy
faktor, zplsobuji post-translacni modifikace estrogenového receptoru a reguluji tak jeho
funkci (Ignar-Trowbridge et al., 1996). Epidermalni ristovy faktor stimuluje mitézu a pisobi
tak pozitivné na vystoupeni oocytu z prvniho meiotického bloku (Lindbloom et al., 2008).
Kombinace epidermalniho rtstového faktoru a FSH plsobi pozitivné na jaderné i
cytoplazmatické zrani oocytd u ovci (Funahashi et al., 2008). Také u prasete byl prokazan
synergisticky ucinek epidermalniho rastového faktoru s FSH na cytoplazmatické zrani (Kwak
etal., 2012).

Jako zdroje bilkovin jsou do kultivaénich médii aplikovana séra, jejichz pritomnost
v kultivaénim médiu zlepSuje kvalitu oocytd. Fetdlni teleci sérum predstavuje nejéastéji
aplikované sérum v in vitro kultivac¢nich systémech pro oocyty (Sutton et al., 2003). Séra
obsahuji nedefinovanou smés bilkovin, lipidi, hormont a ristovych faktord, a jsou proto
v nékterych laboratotfich nahrazovdna definovanou smési bilkovin nebo bovinnim sérovym
albuminem, ktery vykazuje niz§i variabilitu sloZeni (Sutton et al., 2003; Dal Canto et al.,
2012). Bovinni sérovy albumin na sebe vaze steroidy, zejména estradiol, a to v mnoZzstvi
dostacujicim pro uspé&sny pribéh jaderné¢ho a cytoplazmatického zrani (Mingoti et al., 2002).
Jako zdroj energie pro zrajici oocyty jsou aplikovany zejména sacharidy. Pfitomnost glukdzy
je stézejni pii znovuzahidjeni meidzy u prasat. Soucasné doplnéni kultivatniho média
glukozou a pyruvatem sodnym piisobi pozitivné na cytoplazmatické zrani prasecich oocytil
(Wu et al., 2011). Laktat vapenaty ptsobi pozitivné na mitochondrialni funkce a pomaha tak
udrzet dostate¢nou produkci ATP (Das et al., 1991). Dalsim sacharidem vyuzivanym jako
zdroj energie je pyruvat sodny (Moschini et al., 2011). Zdrojem energie mohou byt také
aminokyseliny, naptiklad glutamin.

Oocyty jsou kultivovany vV podminkéch tizené atmosféry ve smési 5% CO2 v atmosférickém
vzduchu. Oxid uhli¢ity slouzi k udrzeni stalého pH, je zdrojem uhliku pro syntézu nukleovych
kyselin a proteini. N¢ktefi autofi navrhuji snizeni hladiny kysliku z 20 % Vv atmosférickém
vzduchu na 5 %, tedy hodnot¢ blizsi fyziologickym podminkam, protoze vysoké koncentrace
kysliku zptsobuji nadmérnou produkci ROS v oocytech (Banwell et al., 2007; Guo et al.,
2014).

Vyvazené hladiny ROS jsou nezbytné pro uspésny pribéh meiotického zrani oocytu. ROS
jsou endogenné produkovany aktivitou enzymu NADPH oxidazy v bunécnych membranach,
mitochondriich, peroxizomech a endoplazmatickém retikulu (Nasr-Esfahani et Johnson,
1991). Patii mezi né naptiklad peroxid vodiku a superoxidovy a hydroxylovy radikal.

Endogenni antioxidanty brani poskozeni biologickych struktur kyslikovymi radikaly.
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Redukovana forma glutationu, superoxid dismutiza, kataldza a glutation peroxiddza jsou
v organismu se podileji také neenzymatické antioxidanty jako vitaminy A, C a E, pyruvat,
glutation, ubiquinon, taurin a hypotaurin (Winyard et al., 2005). Rozvoj oxidativniho stresu je
zpuisoben nerovnovdhou mezi hladinami ROS a endogenni antioxidacni kapacitou bunck.
Oxidativni stres v oocytech zvySuje pravdépodobnost vzniku aneuploidie béhem meidzy
(Tarin et al., 1998; Hassold et Hunt, 2001) a negativné ovliviiuje funkci mikrotubulti déliciho
vieténka (Zuelke et al., 1997; Choi et al., 2007). Oxidativni stres naruduje homeostazu Ca?*,
narusuje redistribuci kortikdlnich granul, coz zvySuje pravdépodobnost polyspermniho
oplozeni (Jiao et al., 2013) a snizuje podil formovanych prvojader v prasecich oocytech po
IVF (Alvarez et al., 2015).

Vhodné nastaveni in vitro kultivaénich podminek je vyznamnym faktorem, ktery ovliviiuje

kvalitu oocyti.
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3 Hypotézy a cile
Byla stanovena hypotéza, Ze kvalitu prasecich oocyti kultivovanych v in vitro kultivaénim
systému lze zlepsSit suplementaci kultivaéniho média donorem sulfanu a cesnekovymi

derivaty.

Pro potvrzeni formulované hypotézy byly stanoveny cile:

1. Vyhodnotit vliv suplementace kultivaéniho média donorem sulfanu béhem
meiotického zrani praseich oocytt, a to zhodnocenim jadrného a cytoplazmatického
zrani, kumularni expanze a Casného embryonalniho vyvoje kultivovanych oocyti.
Dil¢imi cily bylo:

e vyhodnotit vliv donoru sulfanu na jaderné zrani morfologickym hodnocenim
oocytd,

e vyhodnotit vliv donoru sulfanu na cytoplazmatické zrani prostfednictvim
hodnoceni aktivity MPF a MAPK,

e vyhodnotit vliv donoru sulfanu na kumularni expanzi prostfednictvim hodnoceni
produkce hyaluronové kyseliny kumulo-oocytdrnimi a oocytektomovanymi
komplexy,

e vyhodnotit vliv suplementace média donorem sulfanu béhem meiotického zrani

oocytll na jejich ¢asny embryonalni vyvoj.

2. Vyhodnotit vliv suplementace kultivatniho média donorem sulfanu na kvalitu

starnoucich prasecich oocyti béhem jejich prodlouzené kultivace. Dil¢imi cili bylo:

¢ vyhodnotit endogenni produkci sulfanu ve starnoucich oocytech,

e vyhodnotit vliv donoru sulfanu na pribéh starnuti oocytl jejich morfologickym
hodnocenim,

¢ vyhodnotit vliv inhibitorti sulfan uvoliiyjicich enzymu na pribéh starnuti oocytd,

e vyhodnotit vliv donoru sulfanu na pribéh starnuti oocytti oSetfenych inhibitory
sulfan uvolilyjicich enzymi,

e vyhodnotit vliv donoru sulfanu a inhibitorti sulfan uvoliiujicich enzymi na aktivitu
MPF a MAPK béhem procesu starnuti oocytd,

e vyhodnotit vliv kultivace stdrnoucich oocytli s donorem sulfanu na casny

embryonalni vyvoj.
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Vyhodnotit vliv suplementace kultivacniho média cesnekovymi derivaty béhem
meiotické zrani praseCich oocytdl, a to zhodnocenim jadrného a cytoplazmatického
zrani, kumuldrni expanze a Casného embryondlniho vyvoje kultivovanych oocytt.

Dil¢imi cili bylo:

vyhodnotit vliv ¢esnekovych derivati na jaderné zrani morfologickym

hodnocenim oocytt,

e vyhodnotit vliv ¢esnekovych derivati na cytoplazmatické zrani prostfednictvim
hodnoceni aktivity MPF a MAPK,

e vyhodnotit vliv Cesnekovych derivati na kumuldrni expanzi prostfednictvim
hodnoceni produkce hyaluronové kyseliny,

e vyhodnotit vliv suplementace média ¢esnekovymi derivaty béhem meiotického

zrani oocytd na jejich Casny embryonalni vyvoj.
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4 Material a metody

4.1 Zisk materialu

Kumulo-oocytarni komplexy (COCs) byly ziskavany z vajecnikti prepubertalnich prasni¢ek
aspiraci ovarialnich folikulil o priméru 2 - 5 mm pomoci injek¢ni stiikacky a jehly 20G. Pro
kultivaci byly vybirany pouze COCs skladajici se z pln¢ dorostlych oocytii o priméru 120 pm

a kompaktni vrstvy kumularnich bunék.

4.2 Kultiva¢ni podminky

Kultivace kumulo-oocytdrnich komplexii

COCs byly kultivovany v modifikovaném kultivaénim médiu M199 (Sigma-Aldrich, USA)
obsahujicim hydrogenuhli¢itan sodny (32,5 mM), laktat vapenaty (2,75 mM), gentamicin
(0,025 mg/ml), HEPES (6,3 mM), bovinni sérovy albumin (0,5 g/ml), gonadotropni hormony
eCG a hCG v poméru 13,5 L.U.: 6,6 1.U./ml (P.G.600; Intervet, Holandsko) a 10 % (v/v)
fetalniho bovinniho séra (GibcoBRL; Life Technologies, Némecko) (5 % COz, 39 °C).
Experimentalni skupiny byly oSetfeny donorem sulfanu, inhibitory sulfan uvoliujicich
enzymi a ¢esnekovymi derivaty. Jako donor sulfanu byl pouzit Na>S.9H,O Vv koncentracich
0,035; 0,07; 0,15; 0,3; 0,6 a 0,9 mM (Sigma-Aldrich, USA). Jako inhibitor CBS byla pouzita
ImM kyselina oxamova (OA — oxamic acid) (Sigma-Aldrich, USA), jako inhibitor CSE 1mM
beta-kyano-L-alanin (KA — beta-kyano-L-alanine) (Sigma-Aldrich, USA) a jako inhibitor 3-
MPST 5mM dihydrat disodné soli kyseliny alfa-ketoglutarové (KGA -—alpha-ketoglutaric
acid) (Sigma-Aldrich, USA). Inhibitory byly pouzity samostatné a v téchto kombinacich:
OA+KA, OA+KGA, KA+KGA, OA+KA+KGA. Pouzité¢ cesnekové derivaty byly alliin
v koncentracich 0,05 a 0,1 mM (Sigma-Aldrich, USA) a S-allyl cystein v koncentracich 0,1;
0,5; 1 a5 mM (Sigma-Aldrich, USA).

COCs byly kultivovany 24 hodin do stddia metafaze I a 48 hodin do stadia metafaze II. Pro
podrobnéjsi hodnoceni meiotického zrani byly oocyty kultivovany 0 — 48 hod. a hodnoceny
kazdé dvé hodiny.

Oocytektomie

Pro hodnoceni vlivu pfitomnosti oocytu na produkci hyaluronové kyseliny béhem kultivace
sdonorem sulfanu Dbyla provedena oocytektomie kumulo-oocytarnich komplexd.
Oocytektomie probihala v kultivaénim médiu pod minerdlnim olejem za pouZiti

mechanického mikromanipulatoru (Narishige, Japonsko). COCs byly imobilizovany fixa¢ni
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kapilarou a oocyty byly odstranény pomoci injek¢ni kapilary za vzniku oocytektomovanych
komplexi (OOXs — oocytectomised complexes). OOXs byly kultivovany za stejnych
podminek jako COCs.

Kultivace starnoucich oocytii
Oocyty ve stadiu metafaze II byly zbaveny kumulérnich bunék pomoci opakovaného nasavani
tenkosténnou kapilarou a vystaveny prodlouzené kultivaci v modifikovaném médiu M199 ve

vyse popsanych kultiva¢nich podminkach bez ptidavku hormoniti po dobu 24, 48 a 72 hodin.

4.3 Hodnoceni meiotického zrani a starnuti oocytu

Morfologické hodnoceni jaderného zrani a starnuti oocyti

Oocyty byly po dokonc¢eni kultivace zbaveny kumularnich bunék pomoci opakovaného
nasavani tenkosténnou kapildrou, montovany mezi podlozni a kryci sklo a fixovany v octové
kyselin¢ a ethanolu (1:3, v/v) po dobu min. 48 hod. Oocyty byly hodnoceny pod
mikroskopem s fazovym kontrastem po obarveni 1% roztokem orceinu.

Jaderné zrani bylo hodnoceno podle kritérii publikovanych Motlikem a Fulkou (1976) a
oocyty byly fazeny do nasledujicich kategorii: GV — zarodeény vacek (germinal vesicle); LD
— pozdni diakineze (late diakinesis); MI — metafaze prvniho meiotického déleni; AITI —
pfechod z anafize do telofaze prvniho meiotického déleni; MII — metafaze 2. meiotického
déleni.

P11 morfologickém hodnoceni stdrnuti oocytii byly oocyty fazeny do nasledujicich kategorii:
intaktni oocyty — oocyty ve stadiu MII a AITI; aktivované oocyty — oocyty s formovanymi
prvojadry a embrya; fragmentované oocyty — o0ocyty s apoptotickymi vacky pod zonou
pellucidou; lytické oocyty — oocyty s porusenou cytoplazmatickou membranou a zménami

odpovidajicimi lytickému zaniku oocytu.

Hodnoceni kinazové aktivity ve zrajicich a starnoucich oocytech

Kinazova esej byla provedena dle Kubelky et al. (2000). Vzorky byly pfipraveny piidanim 5
ul extrakéniho pufru a ihned zamrazeny (-80 °C). Specifické substraty MPF a MAPK, histon
H1 (H1) a myelinovy bazicky protein (MBP), byly fosforylovany radioaktivné zna¢enym
izotopem 500 pCi/ml [y->?P]JATP (GE Healthcare Life Sciences, USA).

HI1 a MBP byly separovany pomoci SDS-polyakrylamidové elekroforézy na 10% separa¢nim
gelu. Intenzita signalu fosforylovanych H1 a MBP byla odectena pomoci scanaru FLA 7000
reader (GE Healthcare Life Sciences, USA) a softwaru Multi-Gauge 2.0 (Fujifilm, Japonsko).
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Hodnoceni produkce hyaluronové kyseliny

Po ukonceni kultivace bylo kultivatni médium s kumularnimi buikami pieneseno do
zkumavek Eppendorf a centrifugovano (10 000 rpm; 10 min.). Byly pfipraveny vzorky
z bunéénych pelet pro hodnoceni produkce HA =zadrzené COCs a OOXs a vzorky
z kultiva¢niho média pro hodnoceni celkové produkce HA. Bunécné pelety byly vystaveny
proteolytické digesci 30 ul alkalazy 2.4 L FG v PBS (1:100 v/v, Novozymes, Dansko; 2 hod.)
a 30 pl alkalazy Flavourzyme 1000 L (1:100 v/v, Novozymes, Dansko; 3 hod.). Reakce byla
ukonéena varem (3 min.). Mnozstvi HA ve vzorcich bylo hodnoceno pomoci QnE Hyaluronic
Acid ELISA Assay detection kit (Biotech, USA) a stanoveno spektrofotometricky
v mikrotitra¢nich desti¢kach za pouziti piistroje Rainbow ELISA plate reader (540 nm).

V priibéhu feSeni této prace byla na pracovisti KVD vyvinuta spektrofotometrickd metoda
méteni produkce HA. Po ukonceni kultivace byly COCs 4x oplachnuty ve 450 ul PBS-PVA
ve vicejamkovych destickach 4-well multidish (Nunc, Denmark) pfenaSenim pomoci 50ul
automatické pipety. Oocyty byly odstranény ze vzorku a 500 ul PBS-PVA s kumuly bylo
pteneseno do zkumavky Eppendorf. VVzorky byly vystaveny digesci lyazou ze Streptomyces
hyaluronoticus (20 ul/ml; Sigma-Aldrich, USA) pii 39 °C pfes noc, centrifugovany (10 000
rpm, 5 min., 4 °C) a hodnoceny na spektrofotometru Helios Epsilon (Verkon, CR; 216 nm).

4.4 Hodnoceni endogenni produkce sulfanu

Endogenni produkce sulfanu byla hodnocena v oocytech ve stadiu metafaze II a ve
starnoucich oocytech po 24, 48 a 72 hod. prodlouzené kultivace. Oocyty byly mechanicky
rozruSeny V reakéni smési 5 pl pyridoxal-5-fosfatu (Sigma-Aldrich, USA; 0,2 M) a 50 ul L-
cysteinu (Sigma-Aldrich, USA; 10 mM) ve 445 ul redestilované vody (4 °C). Dale byl pfidan
acetat zinku (Sigma-Aldrich, USA; 1%, 250 pul). Enzymaticka reakce probihala pod tekutym
N2 (60 min.; 37 °C) a ukonéena byla piidanim 50% trichloroctové kyseliny (Sigma-Aldrich,
USA; 250 ul). Reak¢ni smés byla dale inkubovana (60 min.; 37 °C). Poté byl pfidan N,N-
dimetyl-p-fenylendiamin sulfat (Sigma-Aldrich, USA; 20 mM v 7,2M HCI; 133 ul) a FeCls
(Sigma-Aldrich, USA; 30 mM v12M HCIL 133 ul). Vzorky byly méfeny na
spektrofotometru (670 nm).

4.5 Hodnoceni produkce reaktivnich forem kysliku
Produkce reaktivnich forem kysliku byla hodnocena v oocytech po 24 a 48 hodinach
meiotického zrani a v zygotach 22 hodin po partenogenetické aktivaci. Oocyty a zygoty byly
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3x oplachnuty v PBS-PVA, inkubovany v PBS-PVA s2'7'-dichlorofluorescin diacetatem
(Sigma-Aldrich, USA; 10 uM; 20 min., 39 °C), 3x oplachnuty v PBS-PVA a montovany mezi
podlozni a kryci sklo. Preparaty byly hodnoceny na konfokalnim mikroskopu (Leica SPE,
Némecko; exc. 450 - 490 nm), intenzita signalu byla méfena pomoci analyzy obrazu NIS
Elements 4.0.

4.6 Partenogeneticka aktivace a hodnoceni ¢asného embryonalniho vyvoje

Po skonceni meiotického zrani byly oocyty zbaveny kumularnich bunék a aktivovany
ionforem véapniku A23187 (Sigma-Aldrich, USA; 25 uM, 5 min.) a nasledn¢ kultivovany s 6-
dimetylaminopurinem (Sigma-Aldrich, USA; 2 mM, 2 hod.).

V experimentech hodnoticich vliv kultivace se sulfanem na ¢asny embryonalni vyvoj byly
aktivované oocyty kultivovany v médiu NCSU23 (39 °C, 5 % CO2). Casny embryondlni
vyvoj byl hodnocen pod mikroskopem s fazovym kontrastem. Aktivacni potencial byl
hodnocen na ziklad¢ formace prvojader 24 hodin po partenogenetické aktivaci. Ryhovani
bylo hodnoceno 48 hodin po partenogenetické aktivaci. Formace morul a blastocyst byla
hodnocena sedm dni po partenogenetické aktivaci.

V experimentech hodnoticich vliv kultivace s ¢esnekovymi derivaty na Casny embryonalni
vyvoj byly aktivované oocyty kultivovany v modifikovaném médiu M199 bez hormont (39
°C, 5 % COg). Casny embryonalni vyvoj byl hodnocen pod mikroskopem s fazovym
kontrastem. Aktivacni potencial a ¢asné ryhovani byly hodnoceny 22 hodin po

partenogenetické aktivaci.

4.7 Statisticka analyza
Kazdy experiment byl opakovan nejméné Ctyfikrat. Vysledky experiment byly podrobeny
statistické analyze v programu SAS (SAS Institute Inc., USA) za pouziti testu ANOVA. P

hodnota mensi nez 0,05 byla povaZzovéna za statisticky vyznamnou.
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5 Publikované prace

5.1 Vliv suplementace kultiva¢niho média donorem sulfanu béhem meiotického zrani

prasecich oocytu

Endogenné produkovany sulfan je jednim z faktort, které ovliviiuji pribeh meiotického zrani
oocytl. Stanovend hypotéza, Ze suplementace kultivatniho média donorem sulfanu muze
zvysit kvalitu oocytt kultivovanych v in vitro podminkach, byla ovéfena prostiednictvim
Na2S, ktery byl v koncentraci 0,3 mM pridavan do kultivaéniho média. Suplementace
kultivacniho média donorem sulfanu urychlila pribéh meiotického zrani kultivovanych
oocytl a zlepsila jejich Casny embryonélni vyvo;j.

Vliv donoru sulfanu na jaderné zrani byl hodnocen morfologickym hodnocenim zrajicich
kultivace prodélaly GVBD (80 % vs. 68,3 %). Vzrostl i podil oocytt, které prosly pfechodem
zZmeidzy I do meidzy II po 30 hodinach kultivace (86,7 % vs. 57,5 %). Pfitomnost NaxS
v kultivaénim médiu zaroven urychlila nartst aktivity MPF a MAPK casové korespondujici
s nastupem GVBD, tedy po 20 - 22 hodinach kultivace.

Donor sulfanu potlacil celkovou produkci hyaluronové kyseliny kumulo-oocytarnimi
komplexy po 36 hodinach kultivace o 13 % a po 48 hodinach kultivace o 29 %, avsak rozdil
mezi kontrolni a pokusnou skupinou byl zjiStén pouze u kumulo-oocytarnich komplexi.
Oocytektomie sice snizila celkovou produkci hyaluronové kyseliny, ale vliv donoru sulfanu
na ocytektomované komplexy nebyl prokazan.

Oocyty, které zraly v pfitomnosti donoru sulfanu, vykazovaly lepsi aktivacni potencial. Po
partenogenetické aktivaci bylo aktivovdno 91,7 % oocytli v experimentalni skupiné oproti
75,8 % oocytt v kontrolni skupiné. Ryhovani a formace morul a blastocyst ale ovlivnény

nebyly.

Tyto vysledky jsou soucésti publikace: Nevoral J., Petr J., Gelaude A., Bodart J.-F.,
Kucerova-Chrpova V., Sedmikova M., Krej¢ova T., Kolbabova T., Dvotdkova M.,
Vyskodilova A., Weingartova 1., Kfivohlavkova L., Zalmanova T., Jilek F. (2014): Dual
effect of hydrogen sulfide donor on meiosis and cumulus expansion of porcine oocyte-
cumulus complexes. PLOS ONE 9: €99613.
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Introduction

Previously, molecules of some gases have been discovered to
have biological activities. These gases, so called gasotransmitters,
act as second messengers in the signal transduction of cell
communication. In addition to the earlier observed nitric oxide
and carbon monoxide, the role of hydrogen sulfide in cell
metabolism has recently been studied [1]. Hydrogen sulfide (HS)
is enzymatically released from aminoacid L-cystein by Cystathi-
onine B-Synthase (CBS), Cystathionine y-Lyase (CSE) and 3-
Mercaptopyruvate Sulfurtransferase (3-MPST) [2—4]. These en-
zymes are expressed in several tissues, including in the reproduc-
tive system [5-7], where it can be assumed that HyS production
mediates physiological functions. The presence and effect of CBS
in the ovarian follicles of mice has been determined [8,9]. The role
of HyS in oocyte maturation is not yet clear and has not been
unravelled.

Successful meiotic maturation of oocytes is an important
precondition of reproductive biotechnological progress. Only fully
grown dictyate oocytes in germinal vesicle stage (GV-oocytes)
undergo complete meiotic maturation and achieve metaphase II
[10]. This process resumes after the hormonal stimuli action of the
oocyte reinitiates meiotic division by the activation of key
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regulatory factors, such as Maturation/M-phase Promoting Factor
(MPF) and Mitogen Activated Protein Kinase (MAPK), resulting
in germinal vesicle breakdown (GVBD). Activation and correct
kinesis of these factors are further necessary for meiosis I to 1I
transition, organisation of the second meiotic metaphase spindle
and spontaneous metaphase II-block [11-17]. The cytoplasmic
changes of key factors of oocyte maturation are dependent upon
intercellular communication between oocyte and surrounding
cumulus cells [10]. On the other hand, mucification of the
cumulus cells, known as cumulus expansion, causes a decrease of
inhibitory substance flows into oocyte, especially cAMP, and
restricted input of cAMP allows MPF activation, which triggers
GVBD [18].

The cumulus expansion consists of synthesis and accumulation
of glycosaminoglycans, especially hyaluronic acid, into the
extracellular space [19]. Thus, cumulus expansion expressed by
hyaluronic acid content may be a possible marker of successful
GVBD, meiotic maturation and developmental competence
acquisition In oocytes used for biotechnologies, ie. m wvitro
fertilisation, transgenesis or cloning [20-23].

Meiotic maturation and cumulus expansion are simultaneously
regulated by a complex network of several signal pathways
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including cAMP-PKA, Plk1-Cdc25-Cdc2, PI3K-Akt and Mos-
MEK-MAPK [24-28]. Noticeably, the PI3K-Akt and cAMP-PKA
pathways have been reported to be regulated by HyS during the
cell cycle of somatic cells [29-32]. Full knowledge of the molecular
mechanisms of oocyte maturation and HyS involvement in meiosis
could improve the yield of successfully i vitro matured oocytes. We
hypothesised that HyS plays a role in the regulation of meiotic
oocyte maturation. The aim of this study was to evaluate the
influence of the HyS donor on oocyte maturation, regulatory
kinase activity in oocytes and the cumulus expansion intensity of
porcine cumulus-oocyte complexes (COCs) cultivated i vitro.

For this purpose, we tested the influence of the exogenous HyS
donor, NayS, on oocyte maturation, developmental competence
acquisition and cumulus expansion of COCs. Here, we report for
the first that the HyS donor acts on oocytes to regulate cumulus
expansion and progression through meiosis.

Materials and Methods

In Vitro Oocyte Cultivation with H,S Donor

Porcine ovaries were obtained from non-cycling gilts at the local
slaughterhouse (Jatky Plzen a.s., Plzen, Czech Republic). Ovaries
were transported to the laboratory in a saline solution (0.9% NaCl)
at 39°C. Cumulus-oocyte complexes (COCs) were collected from
ovarian follicles with a diameter of 2 — 5 mm by a 20-gauge
aspirating needle. Only fully grown oocytes with intact cytoplasm
surrounded by compact cumuli were used in further experiments.

The COCs were matured in a modified M199 medium (Sigma-
Aldrich, USA) supplemented with 32.5 mM sodium bicarbonate,
2.75 mM calcium L-lactate, 0.025 mg/ml gentamicin, 6.3 mM
HEPES, 13.51U eCG: 6.6 IU hCG/ml (P.G.600; Intervet,
Holland) and 5% (v/v) fetal bovine serum (Sigma-Aldrich,
USA). The culture medium contained 150, 300, 600 or 900 M
NayS.9H,O (Sigma-Aldrich, USA), the HyS donor. The COCs
were matured for 648 hs in 3.5 cm Petri dishes (Nunc) containing
3.0 ml of culture medium at 39°C in a mixture of 5.0% CO, in
air.

Evaluation of Oocyte Meiotic Maturation

At the end of culture, the COCs were treated with 1 mg/ml
bovine testicular hyaluronidase (Sigma-Aldrich, USA) dissolved in
M199 medium and cumulus cells were separated from oocytes by
repeated pipetting through a narrow glass pipette. The oocytes
were subsequently mounted on microscope slides with vaseline,
covered with a cover glass, and fixed in ethanol-acetic acid (3:1 v/
v) for at least 48 h. The oocytes were stained with 1.0% orcein in
50% aqueous-acetic acid and examined under a phase contrast
microscope. Five groups of meiotic maturation stages were
determined in accordance with the published criteria by Motlik
et Fulka [33]: GV — germinal vesicle, LD — late diakinesis, MI -
metaphase I, AITI — anaphase I to telophase I transition, MII —
metaphase II.

Histone H1 and Myelin Basic Protein Double Assay

The COCs were matured for 12 — 48 hs with the HyS donor. At
each time interval during the culture, COCs were denuded and 10
oocytes per sample were collected. Assays were performed in
accordance with the protocol of Kubelka et al. [34], with slight
modifications. Briefly, the oocytes were washed four times in
0.01% polyvinyl alcohol in PBS, and transferred into 5 ul of buffer
containing 40 mM  3-[n-morpholino] propanesulfonic acid
pH 7.2, 20 mM para-nitrophenyl phosphate, 40 mM B-glycer-
olphosphate, 10 mM EGTA, 0.2 mM EDTA, 2 mM dithiothre-
itol, 0.2 mM NazVOy, 2 mM benzamidine, 40 ug/ml leupeptin
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and 40 pg/ml aprotinin. Samples were immediately frozen and
stored in Eppendorf tubes at —80°C until assays were performed.
An assay of MPF and MAP kinase activity by their capacity to
phosphorylate external substrates, specifically histone H1 (H1) and
Myelin Basic Protein (MBP), was performed. The kinase reaction
was initiated by addition of 5 ul of buffer consisting of 100 mM 3-
[n-morpholino] propanesulfonic acid pH 7.2, 20 mM para-
nitrophenyl phosphate, 40 mM B-glycerolphosphate, 20 mM
MgCly, 10 mM EGTA, 0.2 mM EDTA, 5 pM cAMP-dependent
protein kinase inhibitor, 2 mM benzamidine, 40 ug/ml leupeptin,
40 pg/ml aprotinin, 600 uM ATP, 2 mg H1/ml, 3 mg MBP/ml)
and 500 uCi/ml [y-**P]JATP (GE Healthcare Life Sciences, UK).
The reaction was conducted for 30 min at 30°C and terminated
by the addition of 10 ul Laemmli sample buffer and boiling for
3 min. After electrophoresis on 15% SDS PAGE gels, it was
stained with Coomasie Blue R250, destained overnight, dried and
autoradiographed. Phosphorylated histone H1 and MBP signals
were visualised by MultiGauge 2.0 software and related to
metaphase I oocytes after 24 h cultivation, where we expected
the peak of kinase activity [34].

Oocytectomy and OOXs Cultivation

The COCs obtained using the above-detailed procedure were
oocytectomised in accordance with Prochazka et al. [35]. Each
COC was immobilised with a holding pipette. A glass needle was
then introduced through the cumulus cells and the oocyte into the
holding pipette, allowing the ooplasm to be sucked into the
holding pipette. After withdrawal of the needle, the ooplasm, but
not the zona pellucida, was aspirated into the holding pipette by a
burst of a negative pressure. The technique was performed in a
drop of culture medium covered by mineral oil in a Petri dish. A
set of 25 oocytectomised complexes (OOX5s) was prepared within
30 min and immediately placed into the culture. The further
cultivation of OOXs took place under the already described
conditions.

Hyaluronic Acid Assay

Groups of 25 COCs or OOXs were cultured for 12-48 hs in
1 ml culture modified M199 medium. The culture medium
with cumulus cells after denuding of oocytes, or with OOXs,
was placed into an Eppendorf tube and centrifugated at 10
000 rpm for 10 min. Cell pellets were proteolytically digested
by 30 pl Alcalase 2.4 L FG in PBS (1:100 v/v, Novozymes,
Denmark) for 2 hs and thereafter 30 pl Flavourzyme 1000 L
(1:100 v/v, Novozymes, Denmark) was added and the mixture
was cultured for a further 3 hs. The reaction was terminated
by boiling for 3 min and the samples were stored at —20°C
until the assay was performed. In addition to cell pellet
digestion, the aliquots of culture medium for hyaluronic acid
measurement were prepared. The HA content was ascertained
by enzyme-linked immunosorbent assay. The QnE Hyaluronic
Acid ELISA Assay detection kit (Biotech, USA) was used to
determine it. The amount of HA was measured spectropho-
tometrically on a microtitration plate using a Rainbow ELISA
plate reader (wavelength 540 nm). The quadratic calibration
curve was based on five standard concentrations of HA.
Synthesis of HA was expressed either as the total HA
production (HA content in cell pellet and medium) or the
retained HA (HA content in cell pellet only). For each
concentration of HyS donor and point of time scale, the
measured values of total HA were related to the control group
of oocytes after 48 h cultivation.
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Parthenogenetic Activation of Oocytes

Oocytes were partenogenetically activated using our previously
published protocol [36]. Briefly, oocytes were matured i vitro for
44 and 46 hs with and without the HyS donor, respectively. After
in vitro maturation, oocytes were denuded and activated for 5 min
with 25 pM calcium ionophore A23185. After activation, the
oocytes were cultured for 2 hs with 2 mM 6-dimethylaminopurine
(DMAP) in NCSU23 medium [37]. The oocytes were then
cultured for 24 hs or 7 days in four-well Petri dishes (Nunc)
containing 1.0 ml of culture medium under described conditions.
Subsequently, oocytes were fixed and stained as described above.
Oocytes with pronuclei were considered to be activated. In a
separate experiment after oocyte activation, the presumptive
zygotes were cultured for 7 days. The cleavage rate and blastocyst
achievement was assessed after 2 and 7 days of culture,
respectively.

Statistical Analysis

Our data are from at least three independent experiments. The
general linear models (GLM) procedure in SAS software (SAS
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Institute Inc., USA) was used to analyse data from all experiments.
Significant differences between groups were determined using the
t-test. The level of significance was set at P<<0.05.

Results

H,S Donor Accelerates Oocyte Maturation in a Dose-
Dependent Manner

We evaluated the influence of different concentrations of HoS
donor on the nuclear maturation of porcine oocytes after 20 and
30 hs of in vitro cultivation. Time points of 20 and 30 hs were
selected to represent more meiotic stages.

No eftect of the HyS donor NayS for the lowest concentra-
tion of 35 uM was observed after 20 and 30 h cultivation. With
increasing concentration of NayS accelerating GVBD (75.0—
80.0 vs. 68.3% for HyS donor and control, respectively) after
20 h cultivation, the differences were statistically significant
(Figure 1A, Table Sla). With higher concentration of the HyS
donor, acceleration of meiosis I to II transition in oocytes was
observed after 30 h cultivation (Figure 1B). As such, these
oocytes achieved meiosis II with statistical differences in 77.5
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and 86.7% of cases for 150 and 300 pM Na,S, respectively (see
more in Table S1b).

H,S Donor Accelerates Porcine Oocyte Maturation

We evaluated the influence of HsS donor NayS on nuclear
maturation of porcine oocytes during i vitro cultivation over a 2 h
time scale. We monitored the effect of 300 pM NayS on germinal
vesicle breakdown (GVBD). An accelerated decline of the amount
of germinal vesicle (GV) oocyte together with GVBD increase
were statistically significant after 14-20 h cultivation (Figure 2A).
Moreover, HoS donor-treated oocytes reached faster meiosis 11
than the control ones (Figure 2B). The complete data are provided
in Table S2.
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MPF and MAPK Activity Profiles Are Accelerated by H,S
Donor

To further characterise the effect of HyS on oocyte maturation,
a kinase activity assay was performed (Figure 3A, 3B, Figure S1).
We observed the influence of HoS donor, Na,S, in 300 uM
concentration on the beginning of MPF and MAPK activity
around GVBD over a 2 h time scale. Data were expressed relative
to MPF/MAPK activity in oocytes cultivated for 24 h where it is
predictable that kinase activity is the highest. The phosphorylated
histone H1 and MBP signal intensities reflecting the MPF and
MAPK activity profile, respectively, were increased and acceler-
ated by the HyS donor during oocyte maturation. The difference
in MAPK' activity between the control and HyS groups was
statistically significant after 20 h i vitro cultivation. During further
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i vitro maturation, significant acceleration of MPF occurred after
22 h cultivation.

H,S Donor Can Substitute for the Absence of Cumulus
Cells

Denuded oocytes (DOs) were cultured with the HoS donor to
evaluate cumulus cells’ role during accelerated meiotic maturation.
The aim of the experiment was to evaluate the GVBD and meiosis
I to II transition of oocytes cultivated with 300 uM NayS for 20
and 30 hs, respectively. No effect of NagS on GVBD rates of DOs
after 20 hs was observed. It should also be noted that in
comparison to the control, more HyS-treated DOs reached
nuclear stages of meiosis II after 30 hs (69.2 vs. 35.8% for HyS
donor and control of DOs, respectively), see Figure 4. In addition,
more DOs cultured with the HyS donor reached metaphase 1I
(30.0%) in comparison with the control DOs and COCis (16.7 and
6.7%, respectively) and even COCs cultured with the HyS donor
(15.8%). Further data are available in Table S3a and S3b.
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H>S Donor Influences Cumulus Expansion with Presence
of Oocytes

The aim of the experiment was to measure cumulus expansion
by hyaluronic acid (HA) content in COCs and OOXs. The total
HA production was assessed by HA content released into the
culture medium and by retained HA in cell lysate. The total and
retained HA was measured in COCs after 48 h in vitro cultivation
and during maturation after 12, 24, 36 and 48 hs. The results are
compared to control COCs after 48 h cultivation. It was observed
that HyS donor, NayS, inhibited total HA production after 48 hs
by 21.9-34.6%. No dose-dependent manner was observed,
differences are statistically significant (Figure 5A). For further
experiments, a concentration of 300 uM NayS was used.

HA production during i vitro cultivation of COCs is low after
12 hs of cultivation and it increased after 24 hs without significant
differences between the control and HyS groups. The HoS donor
significantly inhibited total HA production after 36 and 48 h
cultivation by 13.0 and 29.0%, respectively (Figure 5B).

To evaluate the influence of oocyte presence on HA production
and cumulus expansion, oocytectomised complexes (OOXs) were
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cultivated with the HsS donor for 48 hs. It was found that
oocytectomisation reduced total HA in OOXs cultivated in a pure
medium by 37.0%. HA production by OOXs cultivated with HyS
donor decreased with no statistical significance in comparison with
the above-mentioned OOXs. The data are shown in Figure 5C.

H,S Donor Increases Activation Rate but It Has No Effect
on Parthenogenetic Development

The influence of the HyS donor on developmental competence
acquisition during  vitro oocyte maturation was examined. The
oocytes were matured with 300 pM NayS and in pure medium for
44 and 46 hs, respectively, when 100% of oocytes in both group

were matured (see Table S2). The HyS donor in maturation
medium significantly increased the activation rate (91.7 vs. 75.8%
for HyS donor and control, respectively). The cleavage rate,
morula and blastocyst formation were not influenced (Table 1).

Discussion

In this study, we observed the relevant impact of the
exogenously added HyS donor on porcine oocyte maturation.
Originally, HoS was described as a toxic gas [38]. However, HyS is
also endogenously generated in many types of mammalian cells,
where it acts as a signal molecule, known as a gasotransmitter [2].
The concentrations of HyS donor we used are comparable to

Table 1. Effect of Na,S on partenogenetic development of porcine oocytes.

Activation rate (24 hs) n Cleavage rate (2days) Stage of early embryonic development (7 days) n
Morula Blastocyst
control 75.8+3.2 120 63.3*72 26.7+7.2 23327 120
H,S 91.7+3.3* 120 70.8%=5.0 30.8%1.7 25.0*+4.3 120

H,S: 300 uM Na,S during oocyte maturation.

doi:10.1371/journal.pone.0099613.t001
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Oocytes were matured with or without Na,S and partenogenetically activated using calcium ionophore. Pronucleus formation after 24 h zygote culture, cleavage rate
after 2 days and blastocyst achievement after 7 days presumptive embryos culture were evaluated (%=SE).

*Statistically significant differences between control and H,S group - in column (P<<0.05).
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physiological values in tissues [2,3] and we could assume that the
observed effects of HyS donor exogenously added were not a result
of its toxicity but rather relied on the physiological effect of HyS as
a gasotransmitter. To the best of our knowledge, this study is the
first one to describe the influence of the HyS donor on meiotic
maturation of oocytes.

Significant acceleration of oocyte maturation during i vitro
cultivation of porcine cumulus-oocyte complexes (COCs) with the
Hj,S donor was observed. In agreement with a former study [34],
meiotic maturation of oocytes was accelerated by an earlier
increase of MPF and MAPK regulating oocyte maturation. The
mechanisms underlying this precocious activation of MPF/MAPK
induced by HyS remain to be determined. It is known that HyS
can influence the activity of various factors including kinases by
their direct sulthydration [39], but no direct effect of HyS on MPF
and MAPK activities has been yet reported. In addition to possible
direct regulation, HyS may act indirectly on kinase activity by
modifying other molecules, such as ion channels [40], and/or
through regulation of up-stream kinases [30,31]. Thus, the
sulfhydration of these proteins may tune and control the oocyte
maturation processes. In somatic cells, HyS-stimulation of signal
pathways of cAMP/PKA [32] and PI3K/Akt [31] was observed.
The important contribution these signal pathways make to kinase
activity control during mammalian oocyte maturation is known
[10,41]. The experiments undertaken demonstrate that the HyS
donor does not suppress acquisition of oocyte developmental
competence during their i vifro maturation.

In our experiments, the action of the HyS donor on oocyte
maturation in porcine COCs poses the question of whether the
HyS donor effect is the result of direct function in oocytes, or
whether the action of exogenous HyS is transduced by cumulus
cells. Our results suggest that the HyS donor acts directly on the
oocyte. Indeed, accelerated maturation by the HyS donor was
observed in denuded oocytes (DOs) cultivated after removal of
cumulus cells. The acceleration of meiotic maturation in HoS
donor treated DOs was even more marked than in treated COCs.
An explanation for this phenomenon could be in exogenous HyS
retention in cumulus cells and/or in the extracellular matrix
produced by these cells. This results in a smaller quantity of HyS
being available for the oocytes. In addition, the HyoS donor may
cause processes inhibiting oocyte maturation in cumulus cells [42].
Accordingly, the immediate HyS donor influence induces faster
meiotic maturation of DOs.

The influence of the HyS donor on cumulus cells was
demonstrated by our subsequent experiments, in which we
measured the level of hyaluronic acid (HA) in the extracellular
matrix of cumulus cells as a marker of cumulus expansion. We
showed inhibition of HA production in COCs cultivated with the
HjS donor. The effect of the HyS donor on HA production was
observed in all the concentrations of the H,S donor used after 48h
in vitro cultivation. The HyS donor significantly influenced HA
production in the second moiety of COC cultivation. A previous
study had illustrated the decrease in activity of factors stimulating
cumulus expansion, such as Cumulus Expansion Enabling Factor
(CEEY), after metaphase I attainment [43]. We can presume that
the role of the HyS donor may be in the deepening of CEEF
decrease. The mechanism of HyS effect on cumulus expansion is
as yet unclear. One possibility could be the influence of the above-
mentioned cAMP/PKA signal pathway [32], which regulates
cumulus expansion [44].
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5.2 Vliv suplementace Kkultiva¢niho média donorem sulfanu béhem prodlouzené

kultivace prasecich oocytii

Sulfan je endogenné produkovan béhem starnuti prasecich oocyti. Endogenni produkce
sulfanu klesa po prvnich 24 hodinach prodlouzené kultivace 0 29 %. Stanovena hypotéza, ze
suplementace kultiva¢niho média donorem sulfanu mtze zvysit kvalitu oocyti vystavenych
prodlouzené kultivaci, byla ovétena prostfednictvim NazS, ktery byl ptidavan do kultiva¢niho
média pro starnouci oocyty. Suplementace kultiva¢niho média donorem sulfanu potlacila
projevy starnuti oocytil vystavenych prodlouzené kultivaci a zlepsila jejich ¢asny embryonalni
Vyvoj.

Vliv donoru sulfanu a inhibitora sulfan uvolfiujicich enzymu na starnuti oocytti byl hodnocen
morfologickym hodnocenim stdrnoucich oocytli. Béhem prodlouzené kultivace dochéazelo ke
sniZeni kvality starnoucich oocytii, po 48 hodinach starnuti bylo v kontrolni skupiné 18,3 %
oocytl fragmentovanych a po 72 hodinach starnuti byl podil fragmentovanych oocytt 25,9 %.
Suplementace média Na.S (0,3 mM) zcela potlacila fragmentaci oocytti po 48 a 72 hodinach
prodlouzené kultivace.

Inhibice aktivity sulfan uvoliiujicich enzymt naopak zptusobila vyskyt fragmentovanych (6,6
— 13,3 %) a spontanné partenogeneticky aktivovanych (12,5 — 21,7 %) oocytd jiz po 24
hodinach prodlouzené kultivace, kdy se v kontrolni skupiné se nachazely pouze intaktni
oocyty. Inhibice dvou anebo vSech tfi sulfan uvoliiujicich enzyma vedla k vyraznéjsimu
vyskytu projevil starnuti

Kvalitu oocytii vystavenych uc¢inkiim inhibitorii endogenni produkce sulfanu lze zlepSit
exogenné dodanym donorem sulfanu. Po 72 hodinach prodlouzené kultivace suplementace
média NaxS (0,3 mM) zcela potlacila fragmentaci oocyti oSetienych kombinaci inhibitord
CBS a CSE a kombinaci inhibitortt CSE a 3-MPST a ¢astecné potlacila 1 fragmentaci oocytl
osetfenych kombinaci inhibitord CBS a 3-MPST (z 24,2 % na 10 %) a kombinaci inhibitort
vSech tii sulfan uvolnujicich enzymui (z 65,8 % na 20,5 %).

Piestoze suplementace média NazS a inhibitory sulfan uvoliujicich enzymu ovlivnila vyskyt
morfologickych projevli starnuti oocytii, Na:S a inhibitory sulfan uvoliyjicich enzymu
nemély vliv na aktivitu MPF a MAPK béhem prodlouzené kultivace oocyti.

Oocyty vystavené 24 hodinam prodlouzené kultivace s donorem sulfanu (0,15 mM) se ve
zvySené mife ryhovaly 48 hodin po partenogenetické aktivaci (54,2 % vs. 41,7 %) a ve
zvySené mife dosahovaly stadii moruly (20,8 % vs. 8,3 %) a blastocysty (15,8 % vs. 1,7 %)
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sedm dni po partenogenetické aktivaci ve srovnani s Oocyty vystavenymi 24 hodindm

prodlouzené kultivace v médiu bez donoru sulfanu.
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Chrpova V., Chmelikova E., Tamova L., Jilek F. (2015): Hydrogen sulfide donor protects
porcine oocytes against aging and improves the developmental potential of aged porcine
oocytes. PLOS ONE 10: e0116964.

36



@‘PLOS | ONE

CrossMark

click for updates

E OPEN ACCESS

Citation: Krejcova T, Smelcova M, Petr J, Bodart J-F,
Sedmikova M, Nevoral J, et al. (2015) Hydrogen
Sulfide Donor Protects Porcine Oocytes against
Aging and Improves the Developmental Potential of
Aged Porcine Oocytes. PLoS ONE 10(1): 0116964
doi:10.1371/journal.pone.0116964

Academic Editor: Qing-Yuan Sun, Institute of
Zoology, Chinese Academy of Sciences, CHINA

Received: November 5, 2014
Accepted: December 16, 2014
Published: January 23, 2015

Copyright: © 2015 Krejcova et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: This work was supported by the Ministry of
Agriculture of the Czech Republic (NAZV—Project
No. QI101A166, MZeRO 0714) and by the Internal
Grant Agency of the Czech University of Life
Sciences Prague (CIGA) (Project No.
CZU20142049). The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.

RESEARCH ARTICLE

Hydrogen Sulfide Donor Protects Porcine
Oocytes against Aging and Improves the
Developmental Potential of Aged Porcine
Oocytes

Tereza Krejcova', Miroslava Smelcova’, Jaroslav Petr?, Jean-Francois Bodart?,
Marketa Sedmikova'*, Jan Nevoral', Marketa Dvorakova', Alena Vyskocilova',

Ivona Weingartova', Veronika Kucerova-Chrpova', Eva Chmelikova', Lenka Tumova’,
Frantisek Jilek'

1 Czech University of Life Sciences in Prague, Faculty of Agrobiology, Food and Natural Resources,
Department of Veterinary Sciences, Prague, Czech Republic, 2 Institute of Animal Science, Prague, Czech
Republic, 3 Université Lille1, Sciences et Technologies, Laboratoire de Régulation des Signaux de Division
—EA 4479, Villeneuve d’Ascq, France

* sedmikova @af.czu.cz

Abstract

Porcine oocytes that have matured in in vitro conditions undergo the process of aging dur-
ing prolonged cultivation, which is manifested by spontaneous parthenogenetic activation,
lysis or fragmentation of aged oocytes. This study focused on the role of hydrogen sulfide
(H2S) in the process of porcine oocyte aging. H,S is a gaseous signaling molecule and is
produced endogenously by the enzymes cystathionine-B-synthase (CBS), cystathionine-y-
lyase (CSE) and 3-mercaptopyruvate sulfurtransferase (MPST). We demonstrated that
H»>S-producing enzymes are active in porcine oocytes and that a statistically significant de-
cline in endogenous H,S production occurs during the first day of aging. Inhibition of these
enzymes accelerates signs of aging in oocytes and significantly increases the ratio of frag-
mented oocytes. The presence of exogenous H,S from a donor (Na,S.9H,0) significantly
suppressed the manifestations of aging, reversed the effects of inhibitors and resulted in
the complete suppression of oocyte fragmentation. Cultivation of aging oocytes in the pres-
ence of HoS donor positively affected their subsequent embryonic development following
parthenogenetic activation. Although no unambiguous effects of exogenous H,S on MPF
and MAPK activities were detected and the intracellular mechanism underlying H.S activity
remains unclear, our study clearly demonstrates the role of H,S in the regulation of porcine
oocyte aging.

Introduction

Porcine oocytes, similarly to the majority of mammal oocytes, can be fertilized in the MII stage
of meiotic maturation. If oocytes are not fertilized shortly after the completion of meiotic
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maturation, then they undergo a number complex undesirable changes called aging [1,2].
Their quality and capacity to undergo proper further embryonic development after fertilization
rapidly decrease [3].

Oocytes undergo functional and morphological changes during aging. Among other con-
tributing factors, oocyte aging is partly due to changes in M-phase promoting factor (MPF)
and mitogen-activated protein kinase (MAPK) activity, which are necessary to maintain meiot-
ic arrest in metaphase II [4,5]. Diminution of MAPK activity and MPF inactivation leads to
one of the main manifestations of aging: spontaneous parthenogenetic activation. Aged oocytes
may also undergo fragmentation (apoptosis) induced by a high level of MAPK activity, or lysis
[6-9].

Hydrogen sulfide (H,S) is one of the upstream factors that control MAPK activity [10]. H,S,
a gaseous mediator, is produced in cells from the amino acid L-cysteine by three enzymes:
cystathionine-B-synthase (CBS), cystathionine-y-lyase (CSE) and 3-mercaptopyruvate sulfur-
transferase (MPST). The expression and activity of these enzymes vary in different tissues
[11,12]. The expression of these enzymes and endogenous H,S production from tens to hun-
dreds of micromoles have been described in the central nervous and the respiratory system
[13-15]. H,S is also involved in the regulation of reproduction.

CBS and CSE expression, but not MPST, have been reported in mouse, rat and human re-
productive systems [16,17]. CBS knockout mice have reduced quantities of growing follicles
and irregular, shorter estrus cycles [18,19]. Liang et al. [20] demonstrated the presence of CBS
in follicular and granulose cells but not in oocyte alone. However, decreased CBS expression in
granulose cells has been associated with the inhibition of meiotic maturation in mouse oocytes
[21].

The requirement for H,S production by cumulus cells for proper porcine oocyte meiotic
maturation has been described by Nevoral et al. [22]. H,S, by regulating ion channels and ki-
nase activities, participates in the regulation of apoptosis in somatic cells. Its effect can be pro-
apoptotic or anti-apoptotic depending on the situation and type of cell [23-26].

We hypothesized that endogenous production of H,S is involved in the regulation of por-
cine oocyte aging and that oocyte aging can be affected by exogenous H,S. The aim of this
study was to detect the endogenous production of H,S in porcine oocytes and to assess its in-
volvement in oocyte aging. Additional aims of the study were to determine whether H,S partic-
ipates in the regulation of MPF and MAPK activities, including whether exogenous H,S can
suppress the manifestations of aging and improve the quality of aged oocytes in relation to con-
secutive embryonic development.

Materials and Methods
Collection and Cultivation of Oocytes

Porcine ovaries were obtained from a local slaughterhouses in Cesky Brod and Pilsen from gilts
(Large White x Landrace, slaughter weight 110 kg, 6 months old) during an unknown stage of
the oestrous cycle and were transported to the laboratory in a saline solution (0.9% natrium
chloride) at 39°C. Oocytes were obtained through the aspiration of follicles (2 to 5 mm in di-
ameter) with a 20-gauge needle. Only oocytes with compact cumuli were chosen for experi-
ments. Oocytes were washed three times in the culture medium before cultivation. Oocytes
were cultivated in a modified M199 medium (GibcoBRL, Life Technologies, Carlsbad, USA)
containing sodium bicarbonate (32.5 mM; Sigma-Aldrich, USA), calcium L-lactate (2.75 mM;
Sigma-Aldrich, USA), sodium pyruvate (0.25 mg/ml; Sigma-Aldrich, USA), gentamicin

(0.025 mg/ml; Sigma-Aldrich, USA), HEPES (6.3 mM; Sigma-Aldrich, USA), 10% (v/v) foetal
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calf serum (Gibco BRL, Life Technologies, Germany) and 13.5 IU eCG: 6.6 IU hCG/ml (P.G.
600, Intervet, Boxmeer, Netherlands).

The oocytes were then cultured in 3.5 cm diameter Petri dishes (Nunc, Roskilde, Denmark)
containing 3 ml of culture medium at 39°C. The Petri dishes were placed into incubator in a
mixture of 5% CO, in air for 48 hours, until oocytes reached the metaphase of the second mei-
otic division (MII). Subsequently, oocytes were denuded of cumular cells by repeated pippeting
through a thin glass capillary and then cultivated according to specific
experimental procedures.

In Vitro Cultivation of Aging Oocytes with H,S Donor and Inhibitors of
H,>S-producing Enzymes

After denuding the oocytes in metaphase II, they were exposed to prolonged cultivation
(aging) in a modified medium M199 (GibcoBRL, Life Technologies, Carlsbad, USA) without P.
G. 600. Once again oocytes were cultivated in 3.5 cm diameter Petri dishes (Nunc, Roskilde,
Denmark), containing 3 ml of culture medium at 39°C. The Petri dishes were placed into an in-
cubator in a mixture of 5% CO, in air for 24, 48 and 72 hours. The hydrogen sulfide donor,
Na,S.9H,0 (Sigma-Aldrich, USA), in its effective concentrations was used. Effective concen-
trations of this H,S donor were selected after the previous testing. To monitor the effect of ele-
vated levels of H,S on porcine oocytes aging, the concentration 300 uM of Na,S.9H,0 was
selected because the fragmentation of the porcine oocytes cultivated in medium supplemented
with such concentration of Na,S.9H,0 after 72 hours failed to occur as well as the highest
number of oocytes were still in metaphase II (see Supporting Information, S1 Table).

Specific inhibitors were used to inhibit the enzymes activity. We used 1 mM oxamic acid
(OA; Sigma-Aldrich, USA) as a CBS inhibitor, 1 mM beta-kyano-L-alanine (KA; Sigma-Al-
drich, USA) as a CSE inhibitor and 5mM alpha-ketoglutaric acid disodium salt dihydrate
(KGA; Sigma-Aldrich, USA) as a MPST inhibitor. These inhibitors were used alone or in vari-
ous combinations (1 mM OA + 1 mM KA; 1 mM OA + 1 mM KGA; 1 mM KA + 5 mM KGA;
1 mM OA + 1 mM KA + 5 mM KGA). Each concentration of the inhibitors was selected after
the previous testing (data not shown). Experiments were repeated three times and a minimum
of 120 oocytes were evaluated in each experiment.

Parthenogenetic Activation of Oocytes

Oocytes were activated using calcium ionophore A23187 (25 uM, 5 min; Sigma-Aldrich, USA)
combined with a 6-dimethyl aminopurine - 6-DMAP (2 mM, 2 h; Sigma-Aldrich, USA) treat-
ment [27]. In experimental groups, porcine oocytes were exposed to prolonged cultivation
(aging) for 24 hours in medium M199 supplemented with hydrogen sulfide donor, Na,S.9H,0
in concentrations 150 uM, or 300 uM. These concentrations were selected after previous test-
ing, because in the group of porcine oocytes aged 72 hours in medium supplemented with
150 puM, or 300 uM of Na,S.9H,0, fragmented oocytes failed to occur (see Supporting
Information, S1 Table).

Parthenogenetically activated oocytes were subsequently cultivated 24 hours. Oocytes with
formed pronuclei were considered parthenogenetically activated. Experiments were repeated
three times and a minimum of 120 oocytes were evaluated in each experiment.

In Vitro Cultivation of Parthenogenetic Embryos

Parthenogenetically activated oocytes were cultured in a NCSU 23 medium [28] in 4-cell Petri
dishes (Nunc, Roskilde, Denmark) containing 1 ml of culture medium at 39°C. The Petri dishes
were placed into incubator in a mixture of 5% CO, in air. The ratio of embryo cleavage was
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determined after 48 hours of culture. The ratio of embryos in the morula and blastocyst stage
was determined after 168 hours (7 days) of culture. Experiments were repeated three times and
a minimum of 120 oocytes were evaluated in each experiment.

Evaluation of Oocytes and Parthenogenetic Embryos

At the completion of the cultivation period, the oocytes and embryos were fixed in an ethanol
and acetic acid (3:1, v/v) for 48 hours. Subsequently, fixed oocytes and embryos were stained
with 1.0% (w/v) orcein in 50% aqueous-acetic acid. Oocytes and embryos were then examined
under a phase-contrast microscope. Aged oocytes were classified into four groups: intact oo-
cytes (oocytes at metaphase II, anaphase II or telophase II); activated oocytes (oocytes with
pronuclei or embryos); fragmented oocytes (oocytes were designated as fragmented when frag-
mented “vesicles” were observed under the zona pellucida), and lysed oocytes (rupture of the
cytoplasmic membrane and loss of the integrity of the oocyte were the criteria for lysis) (see
Fig. 1; [1]).

Measurement of Hydrogen Sulfide Production

H,S production in porcine oocytes was verified through spectrophotometric analysis of

S$* ions in accordance with Stipanuk and Beck [29], modified by Abe and Kimura [30] and
Pan et al,, [31], modified for porcine oocytes. Samples from oocytes at metaphase II, as well as
samples from oocytes exposed to aging for 24 hours were prepared for this experiment. Each
sample comprised 100 oocytes.

Initially, oocytes were mechanically disrupted in the presence of the following reaction mix-
ture (500 pl) under gaseous nitrogen N, and low temperature (4°C) conditions: pyridoxal 5-
phosphate (0.2 M, 5 pl, Sigma-Aldrich, USA) L-cystein (10 mM, 50 pl, Sigma-Aldrich, USA)
and deionized water (445 pl).

Subsequently, zinc acetate (1%, 250 pl, Sigma-Aldrich, USA) was added into the reaction
mixture. The reaction of the enzymes was initiated by increasing the temperature of the tube
from 4°C to 37°C. After the culture (60 min), 50% trichloroacetic acid (250 pl, Sigma-Aldrich,
USA) was added to the reaction mixture to stop the reaction. Subsequently, the reaction mix-
ture was incubated for the next 60 minutes at 37°C. Afterwards, the N,N dimethyl-p-phenyle-
nediamine sulphate (20 mM in 7.2 M HCl, 133 uL, Sigma-Aldrich, USA) and FeCl; (30 mM in
1.2 M HCl, 133 pL, Sigma-Aldrich, USA) were added. The sample absorbance was measured
by a spectrophotometer at 670 nm. The results of these measurements were presented as a
ratio relative to the group of oocytes at metaphase II, which was taken as a value of 100%.

Histone H1 and Myelin Basic Protein Double Assay

Histon H1 kinase assay and MBP (Myelin basic protein) were carried out to determine MPF
and MAPK activity by measuring their capacity to phosphorylate their substrates (histon H1
and MBP—Myelin basic protein) [22]. Histon H1 kinase and MBP assays were determined in
oocytes at metaphase II, oocytes aged for 12 and 24 hours in modified M199 medium, oocytes
aged for 12 and 24 hours in modified M199 medium supplemented with 300 uM of
Na,S.9H,0 and oocytes aged for 12 and 24 hours in modified M199 medium supplemented
with 1 mM Oxamic acid + 1 mM beta-kyano-L-alanine + 5 mM alpha-ketoglutaric acid diso-
dium salt dihydrate. Samples were immediately frozen to —80°C. The data obtained were ana-
lysed and evaluated by MultiGauge 2.0 software. The results were presented as the ratio relative
to the activity of group of oocytes at metaphase II, which was taken as a value 1.
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Figure 1. Effect of aging on morphology of porcine oocyte. MIl—intact oocyte at metaphase Il, A—
activated oocyte, F—fragmented oocyte, L—lysed oocyte.

doi:10.1371/journal.pone.0116964.9001
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Statistical analysis

Data from all the experiments was subjected to statistical analysis. The SAS 9.0 software (SAS
Institute Inc., USA) was used for statistical analysis and data. Significant differences between
groups were determined using the ANOVA test. An a P value of less than 0.05 was
considered significant.

Ethics Statements

All animal work was conducted according to Act No 246/1992 Coll., on the protection of ani-
mals against cruelty under supervision of Central Commission for Animal Welfare, approval
ID 018/2010. The approval of Institutional Animal Care and Use Commitee (IACUC) was not
required as the experimens were performed under in vitro conditions.

Results

Endogenous Production of H,S Decreases During the First 24 hours of
Aging

In this experiment, we focused on evaluating endogenous H,S production during the porcine
oocyte aging process. We demonstrated that H,S is enzymatically produced in porcine oocytes
through H,S producing enzyme activity. The highest level of H,S production occurred in ma-
ture oocytes that were not subjected to aging. Endogenous production of H,S significantly de-
creased by 29% as early as at 24 hours of oocyte aging compared with mature oocytes in
metaphase II that were not subjected to aging (see Fig. 2).

Exogenous H,S Protects Oocytes Against Aging

In the next experiment, we attempted to influence the signs of aging by compensating for the
decrease in H,S production with exogenous H,S by cultivating the oocytes in a medium con-
taining an H,S donor.

A gradual, significant increase in the proportion of spontaneously parthenogenetically acti-
vated and fragmented oocytes was monitored during porcine oocyte aging in vitro. Oocytes
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Figure 2. Determination of endogenous H,S production during porcine oocyte aging. Oocytes were
cultivated to metaphase Il (MIl). Hydrogen sulfide production was carried out using the spectrophotometric
method. MIl oocytes, as well as oocytes exposed to prolonged cultivation for 24, 48 and 72 hours, were
examined. The results of the measurement are presented as a ratio relative to the Mll oocyte group.

a b statistically significant differences in spontaneous hydrogen sulfide production are indicated by different
superscripts (P<0.05). Each experiment was repeated four times. The total number of oocytes in each
sample was 100.

doi:10.1371/journal.pone.0116964.9002

with pronuclei or embryos were classified as parthenogenetically activated and oocytes with
fragmented “vesicles” under the zona pellucida were classified as fragmented. Oocyte at MII,
AlI and TII were considered intact (see Fig. 1). After 48 hours of aging, 37.2 + 2.5% of the oo-
cytes were parthenogenetically activated and 18.3 + 2.9% were fragmented in the control
group; after 72 hours of aging, 47.5 + 2.5% of the oocytes were parthenogenetically activated
and 25.9 + 2.9% were fragmented.

The presence of H,S donor (300 uM Na,S.9H,0) in the culture medium completely sup-
pressed the fragmentation of aging oocytes. After 48 hours of aging, only intact oocytes (76.7 +
3.8%) and parthenogenetically activated oocytes (23.3 + 3.8%) were observed in the experimen-
tal group. Fragmented oocytes were not detected in the experimental group, even after
72 hours of aging (55.0 £ 5.0% intact oocytes and 45.0 + 5.0% parthenogenetically activated oo-
cytes) (Fig. 3A, for detailed results see Supporting Information S2, S3, 54 Tables).

Inhibition of Endogenous H,S Production Accelerates the Oocyte Aging
Process

In this experiment, we focused on monitoring the effects of inhibitors of individual enzymes
(CBS, CSE, MPST) that are responsible for the endogenous production of H,S. Inhibition of
these enzymes led to earlier onset of signs of aging in porcine oocytes.

Oocytes that were aged in medium containing inhibitors, in contrast to the control group,
were already parthenogenetically activated or fragmented during the first 24 hours of aging. In
contrast, 100% of the oocytes in the control group were in metaphase II during the first
24 hours of aging (Fig. 3A), and among oocytes cultured in the presence of alpha-ketoglutaric
acid disodium salt dihydrate (inhibitor of MPST), 13.3 + 2.9% of the oocytes were parthenoge-
netically activated and 12.5 + 0.0% were fragmented. In the group of oocytes cultured in the
presence of beta-kyano-L-alanine (inhibitor of CSE) and oxamic acid (inhibitor of CBS), 7.5 +
2.5% and 6.6 + 1.4% of the oocytes were parthenogenetically activated and 20.0 + 2.5% and
21.7 + 3.8% were fragmented, respectively.

The effect of inhibitors decreased gradually after 48 and 72 hours of oocyte aging. After
72 hours of aging, we observed a significant difference in comparison to the control group
only in the group of oocytes treated with MPST inhibitor (47.5 + 2.5% vs 22.0 + 3.5%
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Figure 3. Effects of an elevated H,S level and inhibition of H,S producing enzymes during oocyte
aging. Oocytes were cultivated to metaphase Il and then exposed to prolonged cultivation in a modified
M199 medium for 24, 48 and 72 hours in the presence of a H,S donor or H,S producing enzymes inhibitors.
3A. Na,S (NaxS.9H,0; 300 pM) was used as the H,S donor. 3B. Oxamic acid (1mM, OA) was used as a
CBS inhibitor, beta-kyano-L-alanine (1mM, KA) was used as a CSE inhibitor and alpha-ketoglutaric acid
disodium salt dihydrate (5mM, KGA) was used as a MPST inhibitor. C- control; NaoS (300 uM, Na,S.9H>0);
KGA—alpha-ketoglutaric acid disodium salt dihydrate (56 mM); KA — beta-kyano-L-alanine (1mM); OA—
oxamic acid (1 mM); Mll—intact oocytes (oocytes at metaphase Il, anaphase Il or telophase ll), A—activated
oocytes (oocytes with pronuclei or embryos), F—fragmented oocytes, L —lysed oocytes. Different letters and
numbers indicate significant differences between different treatments and hours of aging (P<0.05). A,B,C -
statistically significant differences in portion of Mll stage oocytes between individual treatments. a,b,c,d -
statistically significant differences in portion of activated oocytes between individual treatments. 1,2,3 -
statistically significant differences in portion of fragmented oocytes between individual treatments.

doi:10.1371/journal.pone.0116964.9003

parthenogenetically activated oocytes and 25.9 +2.9% vs 51.3 + 4.3% fragmented oocytes)
(Fig. 3B). For detailed results, refer to Supporting Information S2, S3, S4 Tables.

Inhibition of Endogenous H,S Production Can Be Reversed by
Exogenous H,S

The specific effect of inhibitors was verified by the reversion of this inhibitory effect using the
H,S donor Na,S.9H,0 at a concentration of 300 uM.

The effect of CBS and CSE inhibitors could be completely reversed by the addition of H,S
donor. The H,S donor reversed the effect of the MPST inhibitor but only in the presence of
fragmented oocytes (Fig. 4). For detailed results, refer to Supporting information S5 Table.

Effect of Double or Triple Inhibition of H,S-Producing Enzymes Can Be
Reversed by Exogenous H,>S

Subsequently, we focused on the possibility of supplementing endogenous H,S production
with an exogenous donor to determine the effect on oocyte aging. We studied the effect of H,S
donor on oocyte aging after inhibiting two or all three H,S-producing enzymes.

Although the effects of a combination of inhibitors differed from one another, in all of the
experimental groups, the presence of exogenous H,S significantly suppressed the fragmenta-
tion of aging oocytes. Fragmentation was completely suppressed by the application of exoge-
nous H,S in the group of oocytes that were aged in the presence of two inhibitors: inhibitors of
CBS and CSE (0.0% vs 25.8 + 3.8%; 72 hours of aging) and inhibitors of CSE and MPST (0.0%
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Figure 4. Reversion of the effects of CBS, CSE and MPST inhibitors using a H,S donor. Oocytes were
cultivated to metaphase Il and then exposed to prolonged cultivation (24 hours) in a modified M199 medium
supplemented with a H»S donor (NayS.9H,0; 300 pM) and the following individual inhibitors: oxamic acid
(1mM, OA), beta-kyano-L-alanine (1mM, KA), and alpha-ketoglutaric acid disodium salt dihydrate (5mM,
KGA). Na,S (300 uM, Na,S.9H,0); KGA—alpha-ketoglutaric acid disodium salt dihydrate (5 mM); KA - beta-
kyano-L-alanine (1mM); OA—oxamic acid (1 mM); Mll—intact oocytes (oocytes at metaphase Il, anaphase Il
or telophase ll), A—activated oocytes (oocytes with pronuclei or embryos), F—fragmented oocytes, L —lysed
oocytes; Different letters and numbers indicate significant differences between different treatments and
hours of aging (P<0.05). A,B - statistically significant differences in portion of Mll stage oocytes between
individual treatments. a,b,c,d — statistically significant differences in portion of activated oocytes between
individual treatments. 1,2,3 — statistically significant differences in portion of fragmented oocytes between
individual treatments.

doi:10.1371/journal.pone.0116964.9004

vs 49.2 + 1.4%; 72 hours of aging). The effect of inhibition by CBS and MPST together was par-
tially reversed by the application of exogenous H,S (10.0 £ 0.0% vs 24.2 + 3.8%; 72 hours of
aging).

Simultaneous inhibition of all three H,S-producing enzymes led to a significant detrimental
effect on oocyte aging with the largest proportion of parthenogenetically activated and frag-
mented oocytes. Although the reversal of this inhibitory effect by the H,S donor had a reduced
efficiency in this case, it was significant (20.5 * 4.0% vs 65.8 = 2.9%; 72 hours of aging) (see
Fig. 5; Supporting Information S6, S7, S8 Tables).

MPF and MAPK Activity is Influenced by the H,S Level in Aging Oocytes

We monitored changes in the dynamics of key regulatory factors of meiotic maturation:
MAPK and MPF. We observed a statistically significant decrease in the activity of MPF in oo-
cytes that were cultured in the presence of H,S donor compared to those cultured in the pres-
ence of all three inhibitors of H,S-producing enzymes after 12 hours of aging (Fig. 6A).
Conversely, MAPK activity decreased significantly after 24 hours of aging in oocytes that were
cultured in the presence of inhibitors of H,S-producing enzymes compared to those cultured
in the presence of the H,S donor (Fig. 6B).

The H,S Donor Impairs the Efficiency of Induced Parthenogenetic
Activation of Aged Porcine Oocytes

The next aim of this study was to evaluate the effect of exogenous H,S on the activating poten-
tial of aged oocytes. We wanted to investigate whether it was possible to parthenogenetically
activate porcine oocytes that had been aged in the presence of elevated levels of H,S, with calci-
um ionophore and whether this treatment would have the same effect on their subsequent
early embryonic development.

Following the parthenogenetic activation of oocytes that were not exposed to aging, 94.2 +
5.2% of the oocytes were successfully activated (Table 1). Aging of oocytes for 24 hours led to a
statistically significant decrease in the activation efficiency (to 79.2 + 3.8%).

The presence of an H,S donor did not increase the activation efficiency. Conversely, a
statistically significant decrease in the portion of successfully activated oocytes was evident (to
42.5 + 5.0) in the group of oocytes that was aged in medium supplemented with 300 uM of
Na,S.9H,0.
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Figure 5. Effects of concurrent CBS, CSE and MPST inhibition and its reversion using a H,S donor.
Oocytes were cultivated to metaphase Il and then exposed to prolonged cultivation in a modified M199
medium supplemented with a H,S donor (Na,S.9H,0; 300 uM) and the inhibitors for 24, 48 and 72 hours.
Various combinations of oxamic acid (1mM, OA) which was used as a CBS inhibitor, beta-kyano-L-alanine
(1mM, KA) which was used as a CSE inhibitor and alpha-ketoglutaric acid disodium salt dihydrate (5mM,
KGA) which was used as a MPST inhibitor were used in this experiment. To reverse effects of inhibitors, a
H,S donor (300 uM, Na,S.9H,0) was added to each experimental group. C- control; Na,S (300 uM,
Na,S.9H,0); KGA—alpha-ketoglutaric acid disodium salt dihydrate (5 mM); OA—oxamic acid (1 mM); KA -
beta-kyano-L-alanine (1mM); Mll—intact oocytes (oocytes at metaphase I, anaphase Il or telophase Il), A—
activated oocytes (oocytes with pronuclei or embryos), F—fragmented oocytes, L —lysed oocytes; Different
letters and numbers indicate significant differences between different treatments and hours of aging
(P<0.05). A,B,C,D - statistically significant differences in portion of Mll stage oocytes between individual
treatments. a,b,c,d,e — statistically significant differences in portion of activated oocytes between individual
treatments. 1,2,3,4 - statistically significant differences in portion of fragmented oocytes between individual
treatments.

doi:10.1371/journal.pone.0116964.9005

The H,S Donor Improves Embryonic Development Following Induced
Parthenogenetic Activation of Aged Porcine Oocytes

In this experiment, we focused on the possibility of influencing the developmental competence
of parthenogenetically activated aged oocytes by cultivating them in the presence of H,S donor
during aging. The oocytes that were aged for 24 hours in medium supplemented with H,S
donor (150 M) showed significantly better early embryonic development in comparison to
oocytes aged for 24 hours in medium without any supplementation. A significantly higher pro-
portion of embryos reached the blastocyst stage. However, this ratio still did not reach the ratio
of blastocysts observed in the control group, in which the oocytes were parthenogenetically ac-
tivated in MII without exposure to the aging process. Higher concentrations of H,S donor
(300 uM) did not have this positive effect (Table 2).
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Figure 6. Effect of H,S donor on MPF and MAPK activity. 6A Histone H1 kinase assay was carried out to determine the activity of MPF by measurement
of MPF capacity to phosphorylate its substrate (histone H1). 6B: MBP kinase assay was carried out to determine the activity of MAPK by measurement of
MAPK capacity to phosphorylate its substrate (MBP — Myelin basic protein). MPF and MAPK activities were determined in the MIl oocytes (C — control, white
column), the oocytes aged 12h and 24h in modified M199 medium, the oocytes aged 12h and 24h in modified M199 medium supplemented with a H>S donor
(NazS, black column), and the oocytes aged 12h and 24h in modified M199 medium supplemented with triple combination of inhibitors (3Ki, grey column).
The results are presented as a ratio relative to the group of oocytes at metaphase Il. (GV - germinal vesicle stage; Ml — oocytes at metaphase Il; A12-12
hours of aging; A24-24 hours of aging; C — control, white column; Na,S—Na>S.9H-0, 300 uM, black column; 3Ki - 1mM oxamic acid + TmM beta-kyano-L-
alanine + 5mM alpha-ketoglutaric acid disodium salt dihydrate). #* Statistically significant differences in activity (MPF or MAPK) between individual
treatments at the same time are indicated with different superscripts (P<0.05).

doi:10.1371/journal.pone.0116964.9006

Discussion

Although the gasotransmitter hydrogen sulfide has been recognized as a signal mediator, little
is known about its involvement in oocyte physiology. In this study, we confirmed the role of
hydrogen sulfide during the process of porcine oocyte aging in in vitro conditions. In a previ-
ous study, we demonstrated an effect of exogenous hydrogen sulfide (H,S) on the meiotic mat-
uration of porcine oocytes, emphasizing that H,S could regulate oocyte meiosis as well as
cumulus expansion [22]. The enzymes CBS, CSE and MPST are responsible for the endoge-
nous production of H,S in somatic cells [32,33]. Although these enzymes have not yet been de-
tected in mammalian oocytes, one can argue that in porcine oocytes, these enzymes are clearly
active based on our results showing the formation of endogenous H,S and changes in its levels.
This is the first evidence of endogenous H,S in porcine oocytes. In addition, we also demon-
strated a reduction of endogenous H,S production as early as after 24 hours of the aging pro-
cess of oocytes in in vitro conditions. Based on previous experiments, it is well known that,
after this time point, morphological signs of oocyte aging are spontaneous parthenogenetic ac-
tivation and, subsequently, the fragmentation or lysis of the oocytes [6].

Reduced H,S production may be either one of the biochemical markers accompanying
aging or a hallmark of the aging process. The role of H,S in modulation of apoptosis on differ-
ent somatic cells like lymphocytes, smooth muscle cells or fibroblast has been described [26].
Inhibition of endogenous H,S production leads to apoptosis, and sodium hydrosulfide as an
exogenous donor of H,S can prevent apoptosis by improving mitochondrial dysfunction and
suppressing the caspase-3 signaling pathway [34]. However, there is no evidence regarding the
effect of H,S in mammalian oocytes.

Table 1. Parthenogenetic activation of oocytes aged under the effect of the H,S donor.

Groups Na,S Activated oocytes (%)
Mil 0 94.2 +5.2°
24 hours 0 79.2 +3.8°
24 hours 150 M 68.3 +3.8°
24 hours 300 uM 425+ 5,0°

At Oocytes were cultivated 48 hours to the metaphase Il and then divided into 4 groups (see table). Control
group (MIl) was parthenogenetically activated immediately (without any exposure to prolonged cultivation).
Other groups were exposed to prolonged cultivation (aging) for 24 hours in modified M199 medium
supplemented with a H2S donor (Na,S.9H,0; 0pM, 150puM, and 300uM) and then parthenogenetically
activated with calcium ionophore (25uM, 5 min) combined with 6-dimethyl aminopurine (2mM, 2 h).
Subsequently, oocytes were cultured in NCSU 23 medium for the following 24 hours.

abe gatistically significant differences in the ratio of activated oocytes between individual treatments (in
columns) are indicated with different superscripts (P<0.05).

doi:10.1371/journal.pone.0116964.t001
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Table 2. Early embryonic development of parthenogenetically activated oocytes aged under the effect of the H,S donor.

Groups Na,S Cleavage (%) Morula (%) Blastocyst (%)
Mil 0 76.7 +3.8° 26.7 £2.9° 24.2+1.42

24 hours 0 41,7 £2.9° 8.311.4° 1.7 £1.4°

24 hours 150 uM 54.2 + 3.8° 20.8 + 3.8° 15.8 £2.9°

24 hours 300 uM 26.7 + 2.4¢ 13.3+2.4° 3.3%1.2°

Oocytes were cultivated 48 hours to the metaphase Il and then divided into 3 groups (see table). Control group (MIl) was parthenogenetically activated
immediately (without any exposure to prolonged cultivation). Other groups were exposed to prolonged cultivation (aging) for 24 hours in modified M199
medium supplemented with a H2S donor (Na»S.9H,0; 0uM, 150uM, and 300puM) and then parthenogenetically activated with calcium ionophore (25 pM,
5 min) combined with 6-dimethyl aminopurine (2 mM, 2 h). Subsequently, oocytes were cultured in NCSU 23 medium for 168 hours (7 days). The ratio of
cleaved embryos was evaluated after the first 48 hours of culture.

ab.ed giatistically significant differences in type of embryo stage between individual treatments (in columns) are indicated with different superscripts
(P<0.05).

doi:10.1371/journal.pone.0116964.t002

We tested the hypothesis that H,S can play a role in aging by two means: first by sustaining
and amplifying the decrease in H,S production; second, by artificially increasing H,S levels
through the use of a hydrogen sulfide donor (Na,S).

Oxamic acid, beta-kyano-L-alanine and alpha-ketoglutaric acid disodium salt dihydrate
were used as specific inhibitors of the activities of CBS, CSE and MPST [35, 36]. The use of
these inhibitors led to an acceleration of porcine oocyte aging and significantly increased the
proportion of fragmented oocytes during aging. The enzymes CBS and CSE are expected to be
present in porcine oocyte based on the effects of their inhibition. These enzymes are major par-
ticipants in the active formation of H,S in the reproductive tract [16], similarly to MPST,
which has not yet been observed in the reproductive system of mammals.

It can be assumed that the increased proportion of apoptotic aged oocytes is largely caused
by the decrease in endogenous H,S production because this effect can be reversed. Indeed, in
the presence of H,S donor, a reversion of the negative effects of inhibitors was observed. Differ-
ing time courses of the aging process induced by CBS and CSE inhibition on the one hand and
by MPST inhibition on the other, may reflect the specific roles of these enzymes in porcine oo-
cytes or a distinct ability to compensate for the inhibition of one enzyme via other enzymes
that were not affected by the specific inhibitors [37].

We also observed that addition of exogenous H,S via a hydrogen sulfide donor resulted in
the suppression of oocyte fragmentation, which is a manifestation of apoptosis [38]. The select-
ed H,S donor, Na,S, effectively suppressed apoptosis in aged porcine oocytes at concentrations
comparable to physiological concentrations of H,S in tissues: the positive effect we observed at
concentrations of Na,S.9H,0 above 150 uM and, for example, in brain and in other tissues, oc-
curred at concentrations of H,S that varied from 50 to 160 uM [14]. Based on these results, we
hypothesize that the protective effect of an H,S donor against oocyte fragmentation might be
due to the compensation for the decrease in endogenous H,S production that occurred sponta-
neously during the early stages of oocyte aging. Therefore, the influx of H,S from exogenous re-
sources may contribute to the suppression of manifestations of some signs of aging in oocyte.

Two hallmarks of aging in mammalian oocytes are the decline in the activity of both MPF
(M-phase promoting factor) and MAPK (mitogen-activated protein kinase). If these declines
are prevented, then the ratio of fragmented oocytes decreases [39,40,41]. In our study, we did
not observe significant changes in the dynamics of either MPF or MAPK activity under the in-
fluence of H,S donor at 12 and 24 hours of aging. The effect of an H,S donor apparently occurs
via other regulatory mechanisms that remain to be determined. Another gasotransmitter, NO,
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appears to interfere with these pathways in an atypical manner. Jeseta et al. [42] described the
parthenogenetic activation of Xenopus laevis oocytes in response to a nitric oxide donor, and
this effect occurred in the absence of a dramatic effect on MPF activity. In the amphibian
model, maintenance of MPF activity in metaphase-II-arrested oocytes has been shown to be re-
quired to trigger apoptosis [43]. Noticeably, a decrease in H,S levels beyond those detected dur-
ing aging led to a drop in MAPK kinase activity after 24 hours but did not impact MPF. Based
on our observations, it can be speculated that the MPF and MAPK pathways exhibit different
sensitivities to changes in H,S changes that may be related to protein sulthydration (e.g.,
MEKT1, which is an activator of MAPK) [44]. Indeed, sulthydration of proteins by H,S signifi-
cantly alters the activity of these proteins [37]. For example, the activity of pro-apoptotic and
anti-apoptotic factors can vary significantly under the influence of H,S [45]. Further studies
are needed to characterize the members or regulators of these pathways that are modulated
with respect to activities or location by sulthydration.

Protection of oocytes against aging by increasing H,S levels might incur a cost. Indeed, in
our culture conditions, the aged oocytes exhibited a reduced response to calcium ionophore
treatment, which normally induces parthenogenetic activation. This response was even lower
in groups of oocytes that were aged in the presence of an H,S donor. The causes of this decline
are not yet known. Because parthenogenetic activation is a calcium-dependent process [46]
and H,S has been reported to modulate calcium ion channel activity [47], we can hypothesize
that the presence of an H,S donor impairs calcium signaling.

It is known that inadequate calcium signaling results in a reduced ratio of activated oocytes
[48,49]. Surprisingly, however, a higher proportion of oocytes that had been aged in the pres-
ence of an H,S donor developed to the blastocyst stage following activation with an ionophore.
However, hydrogen sulfide expression has a positive effect because the proportion of blasto-
cysts and the developmental competence are quality markers of oocytes that have matured in
vitro. The survival and development of the embryo depends heavily on mRNAs and proteins
that accumulated during the growth and maturation of the oocyte. A majority of these products
are used during the first embryonic divisions, after which transcriptional activation occurs in
the embryonic genome. During oocyte aging, a range of processes occur that significantly dis-
rupt developmental competency [50]. H,S appears to suppress at least some of these processes.

Although the intracellular mechanisms underlying the effect of H,S on biochemical process-
es in aged oocytes remain to be fully deciphered, our study clearly demonstrated a role for H,S
in the protection of porcine oocytes against the aging process. Additional studies are needed to
characterize the effects of H,S on survival, fertilization and early developmental processes in
porcine oocytes.

Supporting Information

S1 Table. Effects of an elevated H,S level on porcine oocytes aging. Oocytes were cultivated
to metaphase II and then exposed to prolonged cultivation in a modified M199 medium sup-
plemented with a H,S donor for next 72 hours (Na,S.9H,0; 0uM, 75uM, 150uM, 300 M, and
600 uM). “?¢ Statistically signifficant differences in type of oocytes between individual concentra-
tions of hydrogen sulfide donor (in columns) are indicated with different superscripts (P<0.05).
The total number of oocytes in each experimental group was 120.

(DOCX)

S2 Table. Effects of an elevated H,S level and inhibition of H,S producing enzymes during
oocyte aging - 24 hours. Oocytes were cultivated to metaphase II and then exposed to pro-
longed cultivation in a modified M199 medium for 24 hours in the presence of a H,S donor or
H,S producing enzymes inhibitors. Na,S (Na,S.9H,0; 300 pM) was used as the H,S donor,
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S7 Table. Effects of concurrent CBS, CSE and MPST inhibition and its reversion using a
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prolonged cultivation in a modified M199 medium supplemented with a H,S donor
(Na,S.9H,0; 300 uM) and the inhibitors for 48 hours. Various combinations of oxamic acid
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5.3 Vliv suplementace kultivaéniho média ¢esnekovymi derivaty na meiotické zrani

prasec€ich oocytii a embryonalni vyvoj

Cesnekové derivaty slouzi v fadé typi tkani jako donory gasotransmiteru sulfanu. Stanovena
hypotéza, ze suplementace kultivatniho média Cesnekovymi derivaty muize zvysit kvalitu
oocytu kultivovanych v in vitro podminkach, byla ovéfena dopInénim alliinu v koncentracich
0,05 a 0,1 mM a S-allyl cysteinu v koncentracich 0,1 — 1 mM do kultiva¢niho média.
Suplementace média ¢esnekovymi derivaty nepfinesla ocekavany efekt. Alliin narusil pribeh
nastup ryhovani po partenogenetické aktivaci a snizeni hladin ROS ve zrajicich a
partenogeneticky aktivovanych oocytech.

Vliv Cesnekovych derivati na jaderné zrani byl hodnocen morfologickym hodnocenim
zrajicich oocytl. Suplementace kultivacniho média alliinem zplsobila pokles podilu oocyti,
které prodélaly GVBD po 20 hodinéch kultivace (viz Ptiloha 1), a pokles podilu oocyti, které
prodélaly piechod z meidzy I do meidzy II po 30 hodindch kultivace (viz Ptiloha 2). Tyto
vysledky nebyly publikovany a G€inky ¢esnekového derivatu alliinu nebyly déle vySetfovany.
Suplementace kultiva¢niho média S-allyl cysteinem neméla vliv na jaderné zrani oocytl, ani
na dals$i markery meiotického zrani, kterymi jsou pribéh cytoplazmatického zrani a kumulérni
expanze.

Oocyty, které zraly v ptitomnosti S-allyl cysteinu se ale ve zvysené mife ryhovaly ve srovnani
s oocyty dozralymi v médiu bez S-allyl cysteinu 22 hodin po partenogenetické aktivaci (41,67
—43,33 % vs. 8,33 %).

Moznym mechanismem, kterym S-allyl cystein pusobi na oocyty jeho jeho schopnost
snizovat produkci ROS v bunikach. S-allyl cystein snizil produkci ROS ve zrajicich oocytech
0 82,9 — 91,6 % po 24 hodinach kultivace a 0 86,4 — 99,1 % po 48 hodinach kultivace. Oocyty
dozralé v ptitomnosti SAC a nésledné partenogeneticky aktivované a kultivované dalSich 22

hodin v médiu bez ptidavku SAC si rovnéz udrzely snizené hladiny ROS (0 57,8 — 66,3 %).

Tyto vysledky jsou soucésti publikace: Dvorakova M., Heroutova 1., Némecek D., Zamostna
K., Krejéova T., Nevoral J., Kucerova-Chrpova V., Petr J., Sedmikovda M. (2016): The
antioxidative properties of S-allyl cysteine not only influence somatic cells but also improve
early embryo cleavage in pigs. PeerJ, 4: e2280.
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ABSTRACT

In vitro cultivation systems for oocytes and embryos are characterised by increased
levels of reactive oxygen species (ROS), which can be balanced by the addition of
suitable antioxidants. S-allyl cysteine (SAC) is a sulfur compound naturally
occurring in garlic (Allium sativum), which is responsible for its high antioxidant
properties. In this study, we demonstrated the capacity of SAC (0.1, 0.5 and 1.0 mM)
to reduce levels of ROS in maturing oocytes significantly after 24 (reduced by 90.33,
82.87 and 91.62%, respectively) and 48 h (reduced by 86.35, 94.42 and 99.05%,
respectively) cultivation, without leading to a disturbance of the standard course of
meiotic maturation. Oocytes matured in the presence of SAC furthermore
maintained reduced levels of ROS even 22 h after parthenogenic activation (reduced
by 66.33, 61.64 and 57.80%, respectively). In these oocytes we also demonstrated
a growth of early embryo cleavage rate (increased by 33.34, 35.00 and 35.00%,
respectively). SAC may be a valuable supplement to cultivation media.
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(Ambruosi et al., 2011). It also impairs the redistribution of cortical granules during the
course of meiotic maturation, which increases the incidence of polyspermy after in vitro
fertilisation (IVF) (Jiao et al., 2013). Excessive production of reactive oxygen species
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(ROS) reduces the percentage of formed pronuclei in porcine oocytes following IVF
(Alvarez et al., 2015).

Oxidative stress is a consequence of increased levels of ROS in cells. Balanced levels of
ROS are important for the correct functioning of the organism, and are also important in
the process of meiotic maturation. A proportionate amount of ROS in the follicular fluid
supports germinal vesicle breakdown, by which the process of meiotic maturation
begins (Takami et al., 1999). The follicular fluid also contains antioxidants. Balance of the
levels of ROS and antioxidants in the follicular fluid is of key importance for the successful
course of meiotic maturation (Pasqualotto et al., 2004).

In vitro cultivation systems used for the cultivation of oocytes are endangered by
increased levels of ROS and the development of oxidative stress, because cultivation media
contain a range of components manifesting pro-oxidative activity. These include, for
example, energy sources such as lactate and pyruvate (Hashimoto et al., 2000), and
hormones (Markides, Roy ¢ Liehr, 1998). Transitory exposure of in vitro cultures to light
(Takenaka, Horiuchi & Yanagimachi, 2007) and increased concentrations of oxygen
(Agarwal, Saleh & Bedaiwy, 2003) also increases the production of ROS in cultivation
systems.

Balancing increased levels of ROS in a cultivation medium by the addition of suitable
antioxidants may prevent the development of oxidative stress and thus have a positive
influence on early embryo cleavage of matured oocytes. Several sources of antioxidant
substances are known, and more are being sought within the framework of ongoing
studies. These, for example, include the amino acid cysteine, which reduces levels of ROS
in maturing bovine oocytes (Morado et al., 2009). A cysteine derivative, N-acetyl cysteine
(NAC), positively influences the formation of pronuclei and the development of
blastocytes in vitro in pigs (Whitaker, Casey ¢ Taupier, 2012).

Antioxidants also include a further cysteine derivative, the sulfur compound S-allyl
cysteine (SAC), which is responsible for the high antioxidant activity of garlic (Colin-
Gonzalez et al., 2015). SAC is known for its anti-apoptotic and antioxidant effects in a
range of types of somatic cells. SAC manifests antioxidant properties for example in
the nervous (Tsai et al., 2011) and cardiovascular systems (Louis et al., 2012).
Takemura et al. (2014) published a study demonstrating the antioxidant effects of SAC
on rat sperm.

In somatic cells SAC manifests better antioxidant properties in comparison with
cysteine. Upon oral administration to mice it brought about a larger increase in the
activity of antioxidant enzymes in plasma, the kidneys and liver in comparison with
cysteine (Hsu ef al., 2004). In addition, according to Dion, Agler ¢ Milner (1997), SAC is
more effective than cysteine in the protection of liver cells against the mutagenic effects of
nitrosomorpholine. To date no study has been published dealing with the potential
antioxidant effects of SAC on maturing oocytes.

The aim of the presented study was to test the hypothesis that SAC influences
meiotic maturation of porcine oocytes and early embryo cleavage during in vitro
cultivation.
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MATERIALS AND METHODS

Collection and cultivation of oocytes and evaluation of meiotic
maturation

Oocytes were obtained from ovaries through aspiration from follicles (2—-5 mM in diameter)
with 20G needles and cultured in a modified M199 medium (Gibco BRL, Life Technologies,
Carlsbad, CA, USA) supplemented with calcium L-lactate (2.75 mM; Sigma Aldrich, USA),
sodium pyruvate (0.25 mg/mL; Sigma Aldrich, USA), gentamicin (0.025 mg/mL; Sigma
Aldrich, USA), HEPES (6.3 mM; Sigma Aldrich, USA), 10% (v/v) foetal calf serum (Gibco
BRL, Life Technologies, Germany), albumin (5 mg/mL; Sigma Aldrich, USA) and 13.5 TU
eCG: 6.6 IU hCG/mL (P.G. 600, Intravet, Boxmeer, Netherlands). Oocytes were cultured with
SAC (Sigma Aldrich, USA) in concentrations of 0.0 (control), 0.1, 0.5, 1.0 and 5.0 mM for
24 and 48 h (39 °C; 5% CO,). The concentration of 5.0 mM was applied in experiments
concerning nuclear maturation only.

After culture oocytes were denuded of cumulus cells by repeated pipetting through a
narrow glass capillary and mounted on slides. The following stages of meiotic
maturation were evaluated under a phase contrast microscope: germinal vesicle (GV),
metaphase I (MI) and metaphase II (MII).

MPF/MAPK double assay

Kinase Double Assay was performed according to Kubelka et al. (2000). Briefly, samples
were prepared from 15 oocytes cultivated with SAC by 5 .l extraction buffer addition and
immediately frozen (=80 °C). Specific substrates H1 (Histone H1) and Myelin Basic
Protein (MBP) were phosphorylated using radioactive labelled ['y—32P]ATP, 500 wCi/mL
(GE Healthcare Life Sciences, USA) and separated by SDS-PAGE. The signal intensities
were measured by IP-plate, FLA 7000 reader (GE Healthcare Life Sciences, USA) and
Multi-Gauge 2.0 software (Fujifilm, Japan). The obtained data was expressed relative to
MPE/MAPK activities in oocytes in GV stage where we expect the lowest measured
activities of MPF and MAPK.

Measurement of hyaluronic acid production within

cumulus-oocyte complexes

Groups of 25 cumulus-oocyte complexes (COCs) were cultured for 24 and 48 h, washed four
times in 500 .l PBS-PVA (0.01%) transfering them gently using a 50 pl pipette. Oocytes were
denuded from cumulus cells and removed from samples. Samples were transferred into
Eppendorf tubes, enzymatically digested using lyase from Streptomyces hyalurolyticus

(20 pl/mL; Sigma-Aldrich, USA) at 39 °C overnight, centrifuged (5 min; 10,000 rpm, 4 °C)
and measured in a Helios Epsilon spectrophotometer (Verkon, Czech Republic) at 216 nm.

Reactive oxygen species measurement

Reactive oxygen species production was evaluated in oocytes after 24 and 48 h of meiotic
maturation and zygotes after 22 h of cultivation. Oocytes and zygotes were stained
with 10 uM 2',7'-dichlorodihydrofluorescin diacetate (Sigma-Aldrich, USA) (20 min;
39 °C) and mounted on glass. Samples were evaluated using a confocal microscope
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(Leica SPE) and NIS Elements 4.0 software (Laboratory Imaging, Czech Republic). The
results were expressed as the relative fluorescence intensity and related to the control group.

Parthenogenic activation of oocytes

Parthenogenic activation was carried out according to Jilek et al. (2001). Briefly, matured
oocytes denuded from cumulus cells were activated using calcium ionophore A23187
(25 wM, 5 min; Sigma Aldrich, USA) and 6-dimethylaminopurine—6-DMAP (2 mM, 2 h;
Sigma Aldrich, USA) and cultivated in a modified M199 medium without hormones
for 22 h. Activating potential was evaluated as the ratio of zygotes with 1 or 2 pronuclei
and cleaving embryos. Early embryo cleavage was evaluated as the ratio of cleaving
embryos among activated oocytes.

Statistical analysis

Each experimental group contained 120 oocytes for nuclear maturation and
parthenogenic activation assessment, 100 for hyaluronic acid production assessment
and 60 for MPF/MAPK Double Assay and ROS measurement. All experiments were
repeated four times. SAS 9.0 Software (SAS Institute Inc., Cary, North Carolina, USA) was
used for the statistical analyses. Significant differences between groups were determined
using the one-way ANOVA test followed by Scheffe’s method. P < 0.05 were considered
significant. Statistically significant differences among different groups of oocytes are
indicated by different superscripts.

Design of the experiments

Experiment 1 was performed in order to investigate the effect of SAC on the meiotic
maturation of porcine oocytes. The oocytes were cultured for 24 and 48 h in vitro in the
maturation medium described above, and supplemented with SAC in different
concentrations. At the end of culture, stages of meiotic maturation, MPF and MAPK
activity and hyaluronic acid production were evaluated.

Experiment 2 was focused on the effect of SAC on ROS levels in oocytes after 24 and 48 h
of meiotic maturation and zygotes after subsequent 22 h of cultivation. We investigated
the effect of SAC on ROS production as an indicator of oxidative stress and therefore
quality of oocytes.

Experiment 3 was performed in order to evaluate the effect of SAC applied during
meiotic maturation on subsequent parthenogenic activation. Activating potential and
early embryo cleavage were considered as indicators of oocyte quality.

RESULTS

Effect of S-allyl cysteine on meiotic maturation of porcine oocytes
Nuclear maturation, cytoplasmic maturation and hyaluronic acid production were used
as markers of successful meiotic maturation. Nuclear maturation was evaluated as a stage
of meiotic maturation. SAC did not influence nuclear maturation despite the
concentration of 5 mM which disrupts the standard course of the process (see Fig. 1A).
This concentration was not applied in further experiments.
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Figure 1 Effects of various SAC concentrations on porcine oocyte meiotic maturation after 24 and 48 h of cultivation. (A) Effects of SAC on
nuclear maturation. GV—oocytes in the germinal vesicle stage, MI—oocytes in metaphase I, and MII-oocytes in metaphase II. Statistically significant
differences between nuclear maturation stages (GV, MI, and MII) from various SAC concentrations are indicated by different superscripts:
a, b—differences between nuclear maturation stages from various SAC concentrations after 24 h of cultivation (P < 0.05). A, B—differences between
nuclear maturation stages from various SAC concentrations after 48 h of cultivation (P < 0.05). Data are presented as a mean of four replicates
(n =120 in each group). (B) Effects of SAC on hyaluronic acid (HA) content within COCs. Statistically significant differences between HA contents
from various SAC concentrations are indicated by different superscripts: a, b—differences between HA contents from various SAC concentrations
after 24 h of cultivation (P < 0.05). A, B—differences between HA contents from various SAC concentrations after 48 h of cultivation (P < 0.05). Data
are presented as a mean + S.E.M. of four replicates (n = 100 in each group). (C) Effects of SAC on MPF activity. Phosphorylated histone H1 signal
intensity is related to signal intensity in GV oocytes and reflects changes in MPF activity. Statistically significant differences between relative histone
H1 signal intensities from various SAC concentrations are indicated by different superscripts: a, b—differences between relative histone H1 signal
intensities from various SAC concentrations after 24 h of cultivation (P < 0.05). A, B—differences between relative histone H1 signal intensities
from various SAC concentrations after 48 h of cultivation (P < 0.05). Data are presented as a mean + S.E.M. of four replicates (n = 60 in each
group). (D) Effects of SAC on MAPK activity. Phosphorylated MBP signal intensity is related to signal intensity in GV oocytes and reflects changes
in MAPK activity. Statistically significant differences between relative MBP signal intensities from various SAC concentrations are indicated by
different superscripts: a, b—differences between relative MBP signal intensities from various SAC concentrations after 24 h of cultivation (P < 0.05).
A, B—differences between relative MBP signal intensities from various SAC concentrations after 48 h of cultivation (P < 0.05). Data are presented as
a mean + S.E.M. of four replicates (n = 60 in each group).
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Figure 2 Effects of SAC on ROS production in porcine oocytes after 24 and 48 h of cultivation, and
in zygotes after 22 h of cultivation. Statistically significant differences between ROS levels from
various SAC concentrations are indicated by different superscripts: a, b—differences between ROS
levels from various SAC concentrations after 24 h of cultivation (P < 0.05). A, B—differences between
ROS levels from various SAC concentrations after 48 h of cultivation (P < 0.05). 1, 2—differences
between ROS levels from various SAC concentrations after 22 h of cultivation of parthenogenetically
activated oocytes (P < 0.05). Data are presented as a mean + S.E.M. of four replicates (n = 60 in each
group).

Cytoplasmic maturation was evaluated as MPF and MAPK activities. MPF and MAPK
activities as well as hyaluronic acid production by COCs were not influenced by SAC
(see Figs. 1B—1D).

Effect of S-allyl cysteine on reactive oxygen species production in
porcine oocytes and zygotes

In these experiments we measured levels of ROS in order to prove our hypothesis that SAC
has antioxidant activity in oocytes, as has been proven in somatic cells.

Primarily, we cultivated maturing oocytes in the presence of SAC in concentrations 0.1,
0.5 and 1.0 mM and evaluated levels of ROS within oocytes after 24 and 48 h of
cultivation. We observed a significant decrease in ROS production in all experimental
groups after 24 as well as 48 h of cultivation (see Fig. 2).

Obtaining these results, we continued in experiments by parthenogenic activation of
oocytes matured in the presence of SAC. We evaluated ROS levels in zygotes 22 h after
parthenogenic activation. According to our results, parthenogenetically activated zygotes
maintained their antioxidant capacity and exhibited lowered ROS levels when compared
to the control group (see Fig. 2).

Effect of S-allyl cysteine on oocyte parthenogenic activation
In the following experiments we focused on the effect of SAC on activating potential and
early embryonic cleavage as indicators of embryo quality. SAC in concentrations
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Figure 3 Effects of various SAC concentrations on parthenogenic activation of porcine oocytes.
(A) Effects of SAC on the activating potential of parthenogenetically activated oocytes after 22 h of
cultivation. MII oocytes—oocytes in metaphase II, activated oocytes—zygotes with one or two pronuclei
and 2-3-cell cleaving embryos. Statistically significant differences between oocyte developmental stages
from various SAC concentrations are indicated by different superscripts: a, b—differences between
percentages of MII oocytes from various SAC concentrations (P < 0.05). A, B—differences between
percentages of activated oocytes from various SAC concentrations (P < 0.05). Data are presented as a
mean of four replicates (n = 120 in each group). (B) Effects of SAC on the early embryo development of
parthenogenetically activated oocytes after 22 h of cultivation. Zygotes had one or two pronuclei;
embryos consisted of 2 or 3 cells. Statistically significant differences between oocyte developmental
stages from various SAC concentrations are indicated by different superscripts: a, b—differences between
percentages of zygotes from various SAC concentrations (P < 0.05). A, B—differences between percen-
tages of embryos from various SAC concentrations (P < 0.05). Data are presented as a mean of four
replicates (n = 120 in each group).
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0.1, 0.5 and 1.0 mM did not affect activating potential, however it enhances early embryo
cleavage in comparison to the control (see Figs. 3A and 3B).

DISCUSSION

In our study, we demonstrated that SAC reduces levels of ROS in porcine oocytes
during their maturation in vitro. In the case of oocytes maturing in the presence of
SAC we did not observe deviations during the course of nuclear maturation or in the
activity of kinases of key importance for the meiotic maturation of oocytes. Expansion of
cumulus was also not influenced by cultivation. After parthenogenic activation we
observed a higher proportion of cleaving embryos in oocytes maturing in the presence of
SAC. The capacity of SAC to reduce intracellular levels of ROS has been described in
somatic cells (Tsai et al., 2011). To the best of our knowledge, our study is the first to
describe this effect of SAC on in vitro maturing mammal oocytes.

The marked reduction of intracellular levels of ROS observed in our study in porcine
oocytes maturing in vitro in a medium enriched with SAC can be explained by the fact that
both cysteine and the allyl group have antioxidant properties (Chung, 2006). It is known
that the addition of cysteine alone or its derivatives (e.g. NAC) to the cultivation medium is
capable of achieving a suppression of intracellular levels of ROS upon cultivation of
oocytes and embryos in vitro (Alvarez et al., 2015; Giorgi et al., 2015). According to several in
vivo experiments SAC has stronger antioxidant effects on various types of tissues than
cysteine alone (Hsu et al., 2004) or than NAC (Mizuguchi et al., 2006).

In our study, the reduction of ROS levels did not have a significant impact on the
observed aspects of maturation of porcine oocytes. This could indicate that porcine
oocytes are relatively resistant to the effects of ROS. This is attested to also by the
observations of Alvarez et al. (2015), in which the increase of ROS levels had no impact on
maturation. However, Alvarez et al. (2015) describe an increase in the proportion of
oocytes maturing to metaphase II after a reduction of ROS by the addition of cysteine to
the cultivation medium for maturation.

In our experiments we did not demonstrate the influence of SAC added during meiotic
maturation on the proportion of oocytes emerging from metaphase II following
parthenogenetic activation (thus the effect on the activation rate). However, in all applied
concentrations (0.1, 0.5 and 1.0 mM), SAC increased the percentage of cleaving zygotes
following parthenogenetic activation. A similar effect has also been described in the
case of cysteine which, in the study by Li et al. (2014), increased early embryo cleavage
of porcine oocytes following ICSI, and also in the case of NAC, which improved the
formation of male pronuclei and subsequent embryonic development ( Whitaker, Casey ¢
Taupier, 2012). On the basis of our results it is possible to conclude that SAC positively
influences early embryo cleavage, a significant indicator of the quality of activated oocytes.
This effect may be the result of suppression of ROS levels in zygotes, which persists
from previous maturation of oocytes in the presence of SAC.

SAC need not act on oocytes cultivated in vitro only as an antioxidant reducing
intracellular levels of ROS, but may also have an indirect effect via other target systems.
SAC is also capable of increasing the activity of antioxidant enzymes such as catalase
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and glutathione peroxidase (Hsu et al., 2004), by increasing intracellular levels of
glutathione, which is known as a significant antioxidant responsible for uptake of ROS in
cells (Kohen & Nyska, 2002). Also significant may be the capacity of SAC to increase
the intracellular concentration of hydrogen sulfide (Szabo, 2007), which tanks among
significant gaseous signalling molecules termed gasotransmitters (Karmoun, 2004).
Hydrogen sulfide plays a significant role in regulating the maturation of mammal oocytes
(Nevoral et al., 2014).

The extent to which hydrogen sulfide contributed to the effects of SAC we observed is
not clear. In this study, in the case of COCs, after cultivation with SAC we did not
observe an acceleration of maturation of oocytes or a suppression of expansion of
cumulus cells, which is manifested under the influence of hydrogen sulfide on COCs
(Nevoral et al., 2014). On the other hand, sulfide ions may have a whole range of indirect
effects on oocytes. Hydrogen sulfide influences the activity of several proteins,
including enzymes and the ion channels of their sulthydration (Paul ¢ Snyder, 2012).
Sulfide ions also have an effect on the activity of other gasotransmitters—nitric oxide and
carbon monoxide (Li, Hsu & Moore, 2009), which may significantly influence the
maturation of oocytes (Jablonka-Shariff ¢ Olson, 1998).

CONCLUSIONS

Further experiments will be required for a more detailed clarification of the effect of SAC on
oocytes and their developmental competence. Our experiments indicate that SAC is

an antioxidant suitable as a supplement to cultivation media for oocytes because it does not
disturb the course of meiotic maturation, which is sensitive to imbalance of ROS.

The addition of SAC to in vitro cultivation systems may make a significant contribution to
the success of in vitro maturation and subsequent activation and the early embryonic
development of oocytes.
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5.4 UtinKy ¢esnekovych derivatii v organismu

Soucasné poznatky o metabolismu a ucinku cesnekovych derivatd v organismu byly
zpracovany a publikovany jako review: Dvotakova M., Weingartova 1., Nevoral J., Némecek
D., Krejcova T. (2015): Garlic sulfur compounds suppress cancerogenesis and oxidative

stress: a review. Scientia Agriculturae Bohemica 46: 65-72.
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GARLIC SULFUR COMPOUNDS SUPPRESS CANCERO-
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Garlic has long been considered a food with many health benefits. Several studies have confirmed that sulfur compounds are
responsible for the positive effects of garlic on organisms. Garlic acts as an antioxidant by increasing antioxidant enzyme ac-
tivity, reducing reactive oxygen species generation, and protecting proteins and lipids from oxidation. Garlic suppresses carci-
nogenesis through several mechanisms: (1) it reduces oxidative stress, and therefore, prevents damage to DNA; (2) it induces
apoptosis or cell cycle arrest in cancer cells; and (3) it modifies gene expression through histon acetylation. The positive ef-
fects of garlic could be mediated by several mechanisms. It influences signalling pathways of gasotransmitters such as hydro-
gen sulfide. Garlic enhances hydrogen sulfide production both through its direct release and through an increase in activity of
enzymes which produce hydrogen sulfide. Hydrogen sulfide acts as a signalling molecule in various tissues and participates in
the regulation of many physiological processes. We can presume that garlic, which is able to release hydrogen sulfide, exhibits

effects similar to those of this gasotransmitter.

cancer; diallyl disulfide; hydrogen sulfide; reactive oxygen species S-allyl cysteine

»)-3 DE GRUYTER
OPEN

INTRODUCTION

The first statements about the beneficial health ef-
fects of garlic originate from 2600-2100 BC. Ancient
medical books from Greece, Rome, Egypt, India, and
China recommended garlic consumption as a way to
improve health (Gorinstein etal., 2007).

Garlic stimulates the immune system; it has anti-
bacterial, antiviral, antiparasitic (Iciek etal., 2009),
hepatoprotective (Banerjee etal., 2003), and neu-
roprotective properties (Borrelli etal., 2007), and
decreases oxidative stress in cells. Garlic reduces the
proliferation of some kinds of cancer cells (Banerjee
etal., 2003). It lowers blood cholesterol and triacylg-
lycerol levels, reduces blood pressure, and prevents the
development of atherosclerosis. It impairs thromboxane
synthesis and therefore acts as an anticoagulant (Iciek
etal., 2009), and also decreases plasma glucose levels,
which in turn prevents the development of diabetes
mellitus (Banerjee etal., 2003).
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Biosynthesis and metabolism of biologically active
compounds from garlic

Garlic contains several sulfur compounds, which
are known for their positive physiological effects.
Interestingly, the effects of garlic differ depending
on whether crushed fresh garlic or aged garlic extract
are applied.

Whole garlic bulbs contain gamma-glutamy!l
cysteine, which undergoes two important reactions:
(1) through hydrolysis and oxidation it is converted
into S-alkenyl sulfoxides, which include alliin (S-allyl
cysteine sulfoxide); (2) through gamma-glutamyl
transpeptidase activity it is converted into S-allyl
cysteine (SAC). This second reaction occurs during
the long-term extraction of the garlic bulb (Corzo -
Martinez etal., 2007).

Fresh garlic extract is formed when garlic bulbs are
crushed. Alliin is converted into sulfonic acid, pyru-
vate, and ammonia during the process (Amagase,
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2006). The reaction is conditioned by the presence
of vacuolar enzyme allinase. Whole alliin has been
detected in the stomach, intestine, and liver of mice
after its consumption without any further conversion
(Egenschwind etal.,, 1992; Lachmann et al.,
1994). The optimal pH level for allinase activity is 6.5;
levels under 3.6 are typical for the stomach environ-
ment, in which alliinase is ineffective. Alliinase activity
is completely and irreversibly inhibited in stomach acid
(Lawson, Hughes, 1992). Heat-processed garlic
contains mainly alliin because alliinase is destroyed
at temperatures of 60°C and higher.

Sulfonic acid, created from alliin through allinase
activity, is highly reactive and therefore it undergoes
condensation, creating allicin (diallyl thiosulfinate)
molecules (Lanzotti, 2006). Allicin is a volatile and
highly unstable compound. It is instantly decomposed
into oil-soluble diallyl monosulfide (DAS) and poly-
sulfides, mainly diallyl disulfide (DADS) and diallyl
trisulfide (DATS). Polysulfides are compounds likely
to be responsible for the positive biological effects of
garlic (Freeman, Kodera, 1995).

Allicin is also converted into ajoene, a compound
considered responsible for the anticoagulant effects
of garlic (Apitzcastro etal., 1983; Block et
al., 1984).

Besides fresh garlic extract produced through the
crushing of garlic bulbs, garlic could be processed
through long-term extraction in 15-20% ethanol, which
produces aged garlic extract (AGE). AGE contains
less allicin in comparison with fresh garlic. Other
compounds are generated during long-term extraction;
gamma-glutamyl cysteine from intact garlic bulbs is
converted into S-allyl cysteine (SAC) (Amagase,
2006; Colin-Gonzalez etal., 2012). SAC has been
detected in blood after AGE consumption in a dose-
dependent manner (Rosen etal.,, 2001; Steiner,
Li, 2001).

Sulfur compounds from AGE are stable and odor-
less; they have a milder, less specific flavour. They
exhibit greater and more stable positive effects within
the organism. They are safer in comparison with raw
garlic(Corzo-Martinez etal.,2007). Daily con-
sumption of AGE at a dose of 1.8-10 g increases
immune response in humans without any toxic side-
effects (Amagase, 2000)

The metabolism of garlic compounds has yet to
be fully understood. Garlic sulfur compound levels
in blood after garlic consumption are good markers
of garlic metabolism.

Garlic protects cells from oxidative stress

Oxidative stress is caused by an imbalance between
free radical generation and endogenous antioxidative
activity (Steare, Yellon, 1995). DNA, protein and
lipid oxidation through reactive oxygen species (ROS)

plays an important role in the ageing and development
of many diseases. Endogenous antioxidants prevent cell
damage through ROS. Reduced glutathione, superoxide
dismutase, catalase, and glutathione peroxidase are
among the most important endogenous antioxidants
(Banerjee etal., 2003).

Regular consumption of garlic significantly in-
creases cell antioxidative activity (Banerjee etal.,
2002). Garlic prevents ROS generation and protects the
mitochondrial membrane from oxidative stress, which
alters membrane potential (Cervantes etal., 2013).

Alliin scavenges free radicals, protects lipids from
oxidation, and increases antioxidative enzyme activity
(Banerjee etal., 2003).

Fresh garlic extract scavenges free radicals in a
dose-dependent manner (Prasad et al., 1996), and
therefore it protects brain and heart cells from oxida-
tive stress-induced ischemia (Batirel etal., 1996;
Banerjee etal.,,2003). Fresh garlic reduces lipid per-
oxidation in the heart, liver, and kidneys (Banerjee
etal., 2001, 2002) and low-density lipoprotein (LDL)
oxidation (Lau, 2001).

Allicin is the major compound of fresh garlic extract,
however it is highly unstable. It reacts with cysteine
and glutathione (Rabinkov etal., 2000), and creates
substances which have antioxidative effects. Allicin
and its derivatives can influence the activity of pro-
teins through S-thiolation, which is one of many cell
antioxidative mechanisms (Pinto etal.,2006). Allicin
binds LDL, and therefore prevents LDL oxidation in
blood-vessel walls (Gonen et al., 2005).

DAS and polysulfides increase the activity of an-
tioxidative enzymes, and therefore protect cells from
oxidative stress (Fukao etal., 2004).

AGE exhibits the highest antioxidative activity. It
prevents damage to DNA by free radicals and therefore
protects cells from cancer development (Borek,
2001). AGE reduces the risk of cardiovascular and
cerebrovascular diseases (L au etal., 1987). It prevents
damage to cell membranes and lipid peroxidation in
pulmonary endothelial cells subjected to oxidized
LDL. AGE reduces hydrogen peroxide and superoxide
production. It increases the activity of superoxide
dismutase and glutathione peroxidase in pulmonary
endothelial cells (Ide et al., 1997).

The antioxidative effects of garlic can be medi-
ated by nitric oxide (NO) production. SAC, the main
compound of AGE, regulates NO production by two
different pathways:

Oxidative stress triggers nuclear factor kappa
(NFxkB) activity, which is involved in the expression
of proinflammatory enzymes such as inducible nitric
oxide synthase, producing NO in cells. SAC inhibits
NFxkB activity, and therefore it exhibits an antiinflam-
matory effect (Ide, Lau, 2001).

However, SAC can enhance NO production in cell
through the activation of calcium-dependent nitric
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oxide synthase. NO inhibits hydrogen peroxide and
superoxide production. SAC increases NO production in
endothelial cells, and therefore enhances blood-vessel
elasticity and protects them from inflammation and
development of atherosclerosis (Das et al., 1995;
Sooranna etal., 1995).

Garlic inhibits carcinogenesis

Garlic inhibits the growth of some tumors and
cell proliferation. DAS and DATS suppress benzo(a)
pyren-induced development of stomach cancer in
mice (Sparnins et al., 1988). DADS prevents in-
testine and kidney cancer in carcinogen-treated mice
(Takahashi etal., 1992). Other studies confirm
that garlic monosulfides and polysulfides are effective
against in vitro-induced carcinogenesis (Wargovich
etal., 1988; Schaffer etal., 1996; Suzui etal.,
1997). Consumption of AGE at a dose of 2.4 ml daily
for 12 months reduces the size and number of colorectal
adenomas in humans (Tanaka et al., 2006). Garlic
has an antiproliferative effect on human cancer cells
in transgenetic animal models (Singh et al., 1996;
Sundaram, Milner, 1996; Xiao etal., 2006a).

Considering the toxic effects of garlic sulfur com-
pounds on cancer cells, it is necessary to investigate
their potential toxic effects on normal cells. Certain
studies demonstrate a higher tolerance of normal cells
against the cytotoxic effects of garlic(Karmakar et
al., 2007; Kim et al., 2007). However, other studies
show toxic effects of garlic compounds on normal cells,
especially those of the gastrointestinal tract (Joseph
etal., 1989; Banerjee et al., 2003).

The anticarcinogenic effects of garlic compounds
can be mediated by several mechanisms. Garlic in-
duces an immune response in the organism (Lamm,
Riggs,2001). Garlic compounds prevent oxidative
cell damage, and inhibit cell proliferation by induc-
tion of apoptosis or cell cycle arrest (Perchellet et
al., 1990). They enhance the activity of detoxification
enzymes, which improve excretion of carcinogens
(Guyonnet etal., 1999), and suppress the activ-
ity of P450 enzymes, which mediate the activation
of procarcinogens (Dion, Milner, 1997). Garlic
has anticlastogenic effects and it contributes to re-
pairing damaged DNA (Khanum et al., 2004). It
influences gene expression through post-translational
modifications, and therefore alters the activity of cell
cycle regulating proteins (Druesne-Pecollo et
al., 2007). It also suppresses blood supply to tumors.
AGE prevents proliferation of endothelial cells and
enhances their adhesion to collagen and fibronectin,
which in turn reduces their mobility. AGE inhibits
blood supply to human colorectal carcinoma through
this mechanism (Matsuura etal.,2006). Alliin and
DATS suppress angiogenesis by reducing vascular
endothelial growth factor (VEGF) secretion M ousa,
Mousa, 2005).

Garlic induces apoptosis in cancer cells

Garlic polysulfides induce oxidative stress in cancer
cells through increased production of ROS. Enhanced
oxidative stress triggers apoptotic signalling path-
way. Cancer cells are especially sensitive to garlic
compounds, since they possess a small amount of
molecules with antioxidative properties (Filomeni et
al., 2003; Xiao et al., 2004).

DADS enhances ROS generation and therefore
activates the c-Jun N-terminal kinase (JNK) path-
way, which triggers cell death in neuroblastoma cells
(Filomeni et al., 2003). DADS increases the expression
of proapoptotic factors and reduces the expression of
antiapoptotic factors in breast cancer cells (Nakagawa
et al., 2001). It enhances intracellular levels of cal-
cium ions, which in turn increases hydrogen peroxide
production and activates caspases in human leukemic
cells (Park et al., 2002).

DATS is more effective in the induction of apopto-
sis in human prostate cancer cells in comparison with
DAS and DADS (Xiao etal., 2004). It degrades ferritin
and therefore enhances cellular labile iron, which is in
turn followed by ROS generation (Antosiewicz et al.,
20006). It hyperphosphorylates and inactivates antia-
poptotic factors through JNK and extracellular signal-
regulated kinase 1/2 (ERK 1/2) signalling pathways
(Xiao et al., 2004). It causes conformational changes
of proapoptotic factors, which lead to their transfer
into mitochondria (Kim et al., 2007).

Ajoene activates NFkB, stimulates ROS generation,
induces apoptosis and cell cycle arrest in the G2 phase
(Xuetal., 2004), and decreases intracellular levels of
antiapoptotic factors (Li et al., 2002).

Garlic induces cell cycle arrest in cancer cells

A large amount of studies have confirmed the ability
of garlic to induce cell cycle arrest, which could be a
mechanism of cancerogenesis inhibition.

Garlic polysulfides inhibit cyclin-dependent kinase
1 (Cdk1) and enhance cyclin B1 expression in colon
cancer cells (Knowles, Milner, 2000). They
reduce Cdk-activating kinase activity in liver cancer
cells (Wu etal., 2004) and Cdc25 activity in prostate
cancercells(Arunkumar etal.,2006). They activate
mitogen-activated protein kinase (MAPK) p38, which
reduces Cdc25 phosphatase activity in stomach cancer
cells (Yuan et al., 2004). DATS is more effective
in the induction of cell cycle arrest in the liver (Wu
et al., 2004) and prostate cancer cells in comparison
with DAS and DADS. Normal epithelial prostate cells
are more resistant to the toxic effect of DADS than
cancer cells (Xiao et al., 2005).

Garlic polysulfides can induce cell cycle arrest in
the S phase, G2 phase or prometaphase. Cell cycle
arrest in G2 is caused by a reduction in the cdc25
activity (Xiao etal., 2005). Cell cycle arrest in the
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prometaphase is connected with hypermethylation
of key subunits of the anaphase-promoting complex/
cyclosome (APC/C) (Herman-Antosiewicz
et al., 2007).

Garlic induces microtubule depolymerization and
changes in cytoskeleton in interphase cancer cells and
disrupts mitotic spindle formation in mitosis(Hosono
etal.,2005;Zhang etal., 2006). Garlic polysulfides
initiate changes in the microtubule network, chromatin
condensation, and phosphorylation of histone H3 in
the M phase(Herman-Antosiewicz, Singh,
2005). DATS induces oxidative changes in beta-tubulin
cysteine residues in vitro (Hosono et al., 2005).

Garlic regulates gene expression through histone
acetylation

Garlic compounds mediate histone acetylation
through an increase of histone acetylase activity and
a reduction of histone deacetylase activity, and can
therefore alter gene expression. Histone modification
influences the expression of proteins in cancer cells and
expression of proteins involved in cell cycle regulation.

DADS induces histone acetylation in human breast
cancer cells and rat liver cancer cells through a re-
duction of histone deacytylase activity (Lea et al.,
1999), and affects the activity of cell cycle regulating
proteins, such as p21 kinase, MAPK3, inhibitors of
DNA-binding proteins, and proteins involved in DNA
repair through histone modification (Druesne-
Pecollo etal., 2007). DADS enhances histone H3
and H4 acetylation in human leukemic cells and inhibits
histone deacetylases in liver and breast cancer cells
(Lea etal., 1999). Allicin and SAC enhance histone
acetylation in breast and intestine cancer cells (Lea
et al., 2002).

Garlic influences cell signalization through hydrogen
sulfide production

Hydrogen sulfide is well known as a toxic gas. In
recent times, its physiological function as a gaseous
signalling molecule, a gasotransmitter within the organ-
ism, has been discovered (Wang, 2002). Hydrogen
sulfide is a signalling molecule in the nervous (Abe,
Kimura, 1996), cardiovascular (Zhao etal.,2001)
and reproductive systems (Srilatha et al., 2007).
Cystathionine-gamma-lyase (CSE) and cystationine-
beta-synthase (CBS) are enzymes synthesizing hy-
drogen sulfide within the organism (Wang, 2002).

Positive garlic effects can be mediated through
hydrogen sulfide production. Human red blood cells
produce hydrogen sulfide in anoxic conditions from
garlic extract, allicin, DADS, and DATS in the pres-
ence of glutathione. The highest amount of hydrogen
sulfide is generated from DATS. Addition of DADS
into blood enhances amounts of exhaled hydrogen
sulfide inrats (Insko etal.,2009). DADS and DATS

vasodilatate blood-vessels through hydrogen sulfide
production (Benavides etal., 2007).

Hydrogen sulfide can be generated from cysteine
derivatives through the activity of cystathionine
gamma-lyase (CSE) (Wang et al., 2010). One of
these cysteine derivatives, SAC, can act as a direct
substrate for hydrogen sulfide production, as well as
a compound regulating CSE activity. SAC enhances
CSE activity, and therefore protects heart cells against
infarction (Chuah etal.,2007). S-propargyl cysteine
(SPRC), a structural analog of SAC, enhances CSE
expression. Created hydrogen sulfide enhances p53
and Bax expression. SPRC reduces the viability and
division of cancer cells through this mechanism (M a
et al., 2011).

CONCLUSION

Sulfur compounds from garlic have a significant
positive effect on organisms. The method of processing
is a key factor determining the biological activity of
garlic. Garlic could be administered as a fresh or aged
garlic extract (AGE). Fresh garlic extract possesses
both prooxidative and antioxidative properties, which
depends on a type of treated tissue. Cancer represents
one of the most investigated diseases in the devel-
oped world. Cancer cells exhibit high sensitivity to
oxidative stress-induced apoptosis mediated by garlic
compounds when compared to healthy cells. Many
currently widespread diseases, such as cardiovascular
diseases, are caused by high content of reactive oxygen
species in the environment which could be balanced
by garlic compounds, especially those contained in
aged garlic extract. Hydrogen sulfide is a gasecous
molecule exhibiting antioxidative activity. It stabilizes
mitochondrial membranes, and therefore protects cells
against apoptosis. Garlic sulfur compounds are able
to release hydrogen sulfide, which could represent
their mechanism of action. This presumption should
be approved more thoroughly using different types of
tissues for wider implication of garlic health benefits.
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6 Diskuze

6.1 Vliv suplementace kultivaéniho média donorem sulfanu béhem meiotického zrani

prasecich oocytu

Cilem experiment bylo vyhodnotit vliv exogenniho donoru sulfanu na pribéh meiotického
zrani a Casny embryondlni vyvoj prasecich oocytl. Suplementace kultivacniho média
donorem sulfanu méla za nasledek zrychleny pribéh jaderného zrani. Pfitomnost donoru
sulfanu v kultivaénim médiu zaroven urychlila vzestup aktivity MPF a MAPK po 20 — 22
hodinach meiotického zrani, tedy v dobé ¢asové korespondujici s nastupem GVBD. Lze tak
MPF a MAPK. Jakym zpiisobem sulfan ovlivnil aktivitu MPF a MAPK neni zndmo. Sulfan
ovlivituje cilové proteiny mechanismem jejich sulfhydratace (Mustafa et al., 2009), coz mutze
byt 1 pfipad vna$i studii, i kdyZ doposud nebyla publikovana Zadna prace, kterd by
prokazovala praveé pfimou sulfhydrataci molekul MPF a MAPK sulfanem. Sulfan miize také
sulfhydratovat nékteré iontové kanaly (Tang et al., 2010) a dalsi molekuly regulujici aktivitu
MPF a MAPK (Hu et al., 2008) a ovliviiovat tak jejich aktivitu nepfimo. V somatickych
bunikach bylo pozorovano zapojeni sulfanu do signalnich drah cAMP a protein kindzy A
(Njie-Mbye et al., 2012) a fosfatidylinositol-3-kinazy a protein kinazy B (Huang et al., 2010),
které jsou zapojeny do kontroly kinazové aktivity také v savéim oocytu (Wassarman, 1988).
Donor sulfanu potlacil celkovou produkci hyaluronové kyseliny kumulo-oocytarnimi
komplexy. Mechanismus, kterym sulfan piisobi na produkci hyaluronové kyseliny je dosud
neznamy. Dfive jiz bylo prokazano, Ze po dosazeni metafaze I dochazi k poklesu aktivity
faktorti stimulujicich produkci hyaluronové kyseliny (Nagyova et al., 2000). Je mozné, ze
donor sulfanu prohlubuje pokles aktivity téchto faktord béhem meiozy II. Dals$i moZnosti je
zapojeni sulfanu do signalni drahy cAMP a protein kinazy A (Njie-Mbye et al., 2012), ktera
se podili na regulaci procesu kumularni expanze (Eppig, 2001).

Pro ucely vyhodnoceni ulohy oocytu v procesu produkce hyaluronové kyseliny ovlivnéné
pfitomnosti donoru sulfanu v kultivatnim médiu byly kultivované oocytektomované
komplexy. Oocytektomie sice snizila celkovou produkci hyaluronové kyseliny, ale vliv
donoru sulfanu na ocytektomované komplexy nebyl prokazan. Snizeni produkce HA pfi
kultivaci ocytektomovanych komplexti lze vysvétlit tim, ze proces kumularni expanze je
z velké Casti regulovan molekulami pochazejicimi pifimo z oocytu (Nagyova et al., 2000;
Eppig, 2001). Autofi Kimura et al. (2002) také pozorovali pokles exprese syntazy

hyaluronové kyseliny 2 v kumularnich bunkach oocytektomovanych komplexti. Donor
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sulfanu nemél vliv na produkci hyaluronové kyseliny oocytektomovanymi komplexy, coz
naznacuje, ze potlaceni kumularni expanze donorem sulfanu je zprostfedkovano samotnym
oocytem. Cilové molekuly donoru sulfanu v oocytu, které reguluji produkci hyaluronové
kyseliny, zlistavaji neznamé. Muze se jednat o proteiny rodiny transformujiciho rastového
faktoru B, které jsou cilem sulfanu v zalude¢nich bunkach potkana (Mard et al., 2012) a
reguluji aktivitu syntazy hyaluronové kyseliny 2 v kumularnich buiikach mysi (Dragovic et
al., 2005).

Oocyty, které zraly v pfitomnosti donoru sulfanu, vykazovaly lepsi aktivacni potencial.
Mechanismus, kterym donor sulfanu ovlivnil aktivacni potencial oocytd, ziistava neznamy.
Jak bylo prokazano, donor sulfanu zasahuje béhem meiotického zrani do signalnich drah MPF
a MAPK, prostfednictvim kterych muze ovlivnit také proces aktivace oocytu (Sanders et
Swann, 2016). Pozitivni G¢inek na aktivaéni potencial byl popsan i u jiného gasotransmiteru,

oxidu dusnatého (Petr et al., 2010).

6.2 Vliv suplementace Kkultiva¢niho média donorem sulfanu béhem prodlouzené

kultivace prasecich oocyti

Cilem experimentt bylo vyhodnotit endogenni produkeci sulfanu ve starnoucich oocytech a
vliv exogenniho donoru sulfanu na pribéh starnuti praseCich oocytli a jejich Casny
embryonalni vyvoj. Bylo prokazano, Ze ve starnoucich prasecich oocytech dochdzi k
endogenni produkci sulfanu prostiednictvim aktivity sulfan uvolfujicich enzymi, a Ze tato
endogenni produkce sulfanu klesd po 24 hodinadch prodlouzené kultivace. Fyziologicka
produkce sulfanu jiz byla prokézana v fadé€ typl bunck a tkani, naptiklad v jatrech, ledvinach,
mozku, hladké svaloving, slinivce a lymfocytech (Yang et Wang, 2007). Endogenni produkce
sulfanu chrani fadu typi tkani pted poskozenim pii patologickych procesech. Napiiklad
behem ischémie myokardu dochéazi k endogenni produkci sulfanu, ktera chrani myokard pred
poskozenim (Sivarajah et al., 2006). Snizeni endogenni produkce sulfanu bylo zaznamenano
pfi fadé¢ onemocnéni, jako jsou onemocnéni kardiovaskularni soustavy, katarakta a jaterni
cirhéza (Yang et Wang, 2007).

Suplementace kultiva¢niho média donorem sulfanu zcela potlacila fragmentaci starnoucich
oocytll po 48 a 72 hodinach prodlouzené kultivace. Lze pfedpokladat, Ze protektivni uc€inek
donoru sulfanu je zprosttedkovan jeho schopnosti kompenzovat pokles endogenni produkce
sulfanu, ke kterému dochazi spontanné po prvnich 24 hodinach prodlouzené kultivace.

Vyznam sulfanu v regulaci apoptozy byl prokazan v fad¢ typu somatickych bunék. Donor
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sulfanu pisobi antiapoptoticky v praseCich oocytech v koncentracich, které¢ pulsobi
fyziologicky v jinych tkanich, naptiklad nervové soustavé (Elsey et al., 2010). Osetfeni
kardiomyocyti potkana donorem sulfanu zvySuje jejich piezitelnost po uméle vyvolané
ischémii (Bian et al.,, 2006). Donor sulfanu rovnéz zmenSuje velikost tkan¢ postizené
infarktem po uméle vyvolané ischémii a reperfuzi (Sivarajah et al., 2006). Donor sulfanu
zvysuje prezitelnost neutrofil s G¢inkem zavislym na davce (Rinaldi et al., 2006).

Potlaceni endogenni produkce sulfanu specifickymi inhibitory sulfan uvolnujicich enzymu
vedlo kvyraznému naristu podilu fragmentovanych oocyti. Obdobné ucinky inhibice
aktivity sulfan uvolnujicich enzyma byly zaznamenany u somatickych bunék. Osetieni
srdecni tkané potkana specifickymi inhibitory CSE snizilo pfezitelnost srde¢nich bunék po
ischémii (Bian et al., 2006). Inhibitor CSE zpusobil rovnéz rozsahlejsi poskozeni srde¢ni
tkan¢ infarktem po umeéle vyvolané ischémii a reperfuzi (Sivarajah et al., 2006).

Kvalitu oocytli vystavenych ucinkiim inhibitord endogenni produkce sulfanu lze zlepsit
exogenné dodanym donorem sulfanu. To je v souladu s vysledky publikovanymi v praci (Li et
al., 2014a), kde inhibice endogenni produkce sulfanu vedla k apoptéze mezenchymalnich
kmenovych bun€k. I zde bylo prokdzano, Zze negativni vliv inhibice sulfan uvoliujicich
enzymu lze zvratit doddnim exogenniho donoru sulfanu. Donor sulfanu zlepsil jejich
mitochondrialni funkce a potlacil aktivitu kaspazy-3 (Li et al., 2014a). Jiny prabéh starnuti u
oocytll oSetfenych jednotlivymi inhibitory sulfan uvoliujicich enzymi mize vypovidat o
rozdilné tloze jednotlivych enzyml v prase¢im oocytu nebo o rozdilné schopnosti
jednotlivych enzymi navzajem se zastupovat.

Ptestoze suplementace média donorem sulfanu a inhibitory sulfan uvoliujicich enzymu
ovlivnila vyskyt morfologickych projevi starnuti oocytti, donor sulfanu a inhibitory sulfan
uvolnuyjicich enzymt nemély vliv na aktivitu MPF a MAPK béhem prodlouzené kultivace
oocytd. Donor sulfanu tak ptisobi na starnouci praseci oocyty pravdépodobné prostiednictvim
jiného mechanismu, ktery je tfeba objasnit.

Starnuti oocytl v ptitomnosti donoru sulfanu v koncentraci 0,3 mM, ktera ptsobi pozitivné na
prib&h meiotického zrani a stdrnuti oocytl, snizuje odpoveéd oocytli na oSetfeni ionoforem
vapniku, ktery za normalnich okolnosti navozuje partenogenetickou aktivaci. Sulfan ovliviiuje
aktivitu Ca?* iontovych kanali (Tang et al., 2010) a partenogenetickd aktivace oocytl je
proces zavisly na nitrobunééné oscilaci Ca?* iontd (Vitullo et al., 1992), ktera mtZe byt
pfitomnosti donoru sulfanu v koncentraci 0,3 mM narusena. Naruseni signalizace Ca®" iontti
vede ke snizeni podilu aktivovanych oocytu (Kline et al., 1992). Oocyty osetiené donorem

sulfanu v nizsi koncentraci (0,15 mM) nicméné vykazovaly vyssi GspéSnost v dosazeni stadii
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moruly a blastocyty po sedmi dnech kultivace, coz naznacuje zlepsSeni vyvojové kompetence

takto oSetfenych starnoucich oocytu.

6.3 Vliv suplementace kultivaéniho média ¢esnekovymi derivaty na meiotické zrani

prasecich oocytii a embryonalni vyvoj

Cilem experimentt bylo vyhodnotit vliv ¢esnekovych derivat na pritbé¢h meiotického zrani a
¢asny embryonalni vyvoj praseé¢ich oocyti. Uginky &esnekovych derivatd jsou v fadé typt
tkani zprostfedkovany jejich schopnosti zvySovat koncentrace gasotransmiteru sulfanu
(Chuah et al., 2007; Mukherjee et al., 2009; Louis et al., 2012). Suplementace kultiva¢niho
média cesnekovymi derivaty ale piisobila na zrajici oocyty odliSnym zplisobem nez
suplementace kultiva¢niho média donorem sulfanu. Pfitomnost alliinu zpisobila naruSeni
prabéhu jaderného zrani oocytti. Suplementace kultivaéniho média S-allyl cysteinem neméla
vliv na jaderné zrani oocytli, ani na dal$i markery meiotického zrani, kterymi jsou prubéh
cytoplazmatického zrani a kumularni expanze. Alliin a z n¢j odvozené Cesnekové derivaty
vykazuji v organismu dvoji aktivitu, plisobi antiproliferativné a antioxida¢né v zéavislosti na
aplikované davce a typu tkan¢ (Banerjee et al., 2003; Mousa et Mousa, 2005; Izdebska et al.,
2016). Je tedy mozné, ze alliin v koncentraci 0,05 — 0,1 mM pisobi na zrajici oocyty spis
cytostaticky. Naproti tomu vyzraly ¢esnekovy extrakt, jehoz hlavni slozkou je S-allyl cystein,
vykazuje v organismu vyssi a stalejsi protektivni uc¢inky nez ¢esnekové derivaty odvozené od
alliinu (Corzo-Martinez et al., 2007).

S-allyl cystein sice nem¢l vliv na markery meiotického zrani oocytt, ale pozitivné ovlivnil
¢asny embryonalni vyvoj oocytl dozralych v jeho pfitomnosti. S-allyl cystein urychlil nastup
ryhovani zygot po partenogenetické aktivaci. Casny nastup ryhovani piitom pozitivné
koreluje s uspésnosti nasledného embryonalniho vyvoje jak po IVF (Torner et al., 2013), tak
po partenogenetické aktivaci (Isom et al., 2012) prase¢ich oocyti. Podobny efekt byl popsan
u cysteinu, jehoz je S-allyl cystein derivatem, ktery zvysoval ve studii autort Li et al. (2014b)
podil ryhujicich se prasecich oocyti po ICSI, tak i u jiného derivatu cysteinu, N-acetyl
cysteinu, ktery zlepSoval formaci sam¢ich prvojader a nasledny embryonalni vyvoj (Whitaker
etal., 2012).

Pfi hledani mechanismu, kterym ovliviiuje S-allyl cystein oocyty jsme zjistili, Ze dochazi
K vyraznému snizeni hladin ROS ve zrajicich oocytech oSetfenych S-allyl cysteinem.
Obdobny ucinek SAC byl popsan u somatickych bun¢k (Tsai et al., 2011). Razantni snizeni

intracelularnich hladin ROS pozorované v nasi studii 1ze vysvétlit skutecnosti, Ze antioxidacni
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ucinky ma jak cystein tak i allylova skupina (Chung, 2006). Je znamo, ze ptidavkem
samotného cysteinu nebo jeho derivati, naptiklad N-acetyl cysteinu, do kultiva¢niho média
l1ze dosahnout potlaceni intarcelularnich hladin ROS p#i kultivaci oocytli a embryi in vitro
(Alvarez et al., 2015). V somatickych bunkach pritom vykazuje S-allyl cystein silnéjsi
antioxidac¢ni u¢inky nez cystein (Hsu et al., 2004) a N-acetyl cystein (Mizuguchi et al., 2006).
Oocyty dozralé¢ v ptitomnosti S-allyl cysteinu a nasledné partenogeneticky aktivované a
kultivované v médiu bez piidavku S-allyl cysteinu si udrzely snizené hladiny ROS. Je mozné,
ze pozitivni ucinek S-allyl cysteinu na nastup ryhovani embryi je disledkem potlaceni hladin
ROS v zygotach, které ptetrvava z predchoziho zrani oocytt v piitomnosti S-allyl cysteinu.
Jakym mechanismem S-allyl cystein snizuje hladiny ROS v oocytech a zygotach neni zndmo
V somatickych bunkach je S-allyl cystein schopen zvysovat aktivitu antioxida¢nich enzymd,
jako jsou katalaza a glutation peroxidaza (Hsu et al., 2004), a zvySovat intracelularni hladiny
glutationu, ktery je znam jako vyznamny antioxidant zodpovédny za vychytavani ROS v
bunkach (Kohen et Nyska, 2002). Vyznamna muze byt také schopnost S-allyl cysteinu
zvySovat intracelularniho koncentrace sulfanu (Szabo, 2007), o kterém je znamo, Ze pusobi
Vv burikach jako antioxidant (Mustafa et al., 2009).

Nakolik se sulfan podilel na nami pozorovanych efektech S-allyl cysteinu, neni jasné. Po
kultivaci zrajicich oocytu s S-allyl cysteinem nebyla pozorovana ani akcelerace jaderného a
cytoplazmatického zrani oocytl, ani potlaceni expanze kumularnich bun¢k. Na druhé strané
ale miZou sulfidové ionty plisobit na oocyty celou fadou neptimych efektd. Sulfan ovlivituje
aktivitu mnoha proteinii véetné¢ enzymu a iontovych kanald jejich sulfhydrataci (Paul et
Snyder, 2012). Sulfidové ionty také plsobi na aktivitu dalSich gasotransmiteri, oxidu
dusnatého a oxidu uhelnatého (Li et al., 2009), které mohou vyznamné ovlivnit zrani oocytt

(Jablonka-Sharif et Olson, 1998).
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7 Z&ver

Cilem této prace bylo zjistit, zda Ize zlepsit kvalitu prasecich oocytti v in vitro kultivaénim
systému pfidanim donoru sulfanu a ¢esnekovych derivati do kultivaéniho média.

Nejprve byl hodnocen vliv donoru sulfanu na meiotické zrani prasecich oocyti. Bylo zjiSténo,
ze donor sulfanu urychluje jaderné zrani oocytd. Zrychleny prubéh jaderného zrani byl
donoru sulfanu jsou vyraznéjsi u oocytli zbavenych kumularnich bun¢k nez u celych kumulo-
oocytarnich komplext. Dale bylo zjisténo, ze donor sulfanu potlac¢il produkci hyaluronové
kyseliny v prub&éhu meiotického zrani, a Ze tato inhibice produkce hyaluronové kyseliny je
zprostitedkovdna oocytem. Po partenogenetické aktivaci oocytl dozralych v pfitomnosti
donoru sulfanu bylo zji§téno, Ze donor sulfanu zvysil aktivacni potencial téchto oocytt.

V dalSich experimentech byl hodnocen vliv donoru sulfanu na proces starnuti prasecich
oocytld. Bylo zjisténo, Zze béhem starnuti praseCich oocyti dochdzi k endogenni produkci
sulfanu, a ze tato endogenni produkce sulfanu klesa po prvnich 24 hodinach prodlouzené
kultivace. Dale bylo zjisténo, Ze donor sulfanu zcela potlacil fragmentaci prasecich oocytii
vystavenych prodlouzené kultivaci. Inhibitory sulfan uvoliujicich enzymti naopak zhorsily
kvalitu starnoucich prasecich oocytll. Donor sulfanu zlepsil také kvalitu starnoucich prasecich
oocytll oSetfenych inhibitory sulfan uvolfujicich enzyml. Donor sulfanu zcela potladil
fragmentaci oocytli oSetfenych soucasné inhibitory enzymti CBS a CSE a oocytil oSetfenych
soucasn¢ inhibitory enzyml CSE a 3-MPST. Donor sulfanu ¢astecné potlacil také fragmentaci
oocytl oSetfenych soucasné inhibitory enzymt CBS a 3-MPST a oocytu oSetfenych soucasné
inhibitory vSech tii sulfan uvolilujicich enzymi. Dale bylo zjisténo, Ze pfitomnost donoru
sulfanu béhem prodlouzené kultivace oocytli zlepSuje jejich Casny embryonalni vyvoj po
partenogenetické aktivaci.

Dale byl hodnocen vliv ¢esnekovych derivatd alliinu a S-allyl cysteinu na meiotické zrani
prasecich oocytl. Bylo zjiSténo, Ze zatimco alliin naruSuje pribéh jaderného zrani oocytt, S-
allyl cystein nemd vliv na prib¢h jaderné¢ho zrani, aktivitu MPF a MAPK, ani produkci
hyaluronové kyseliny béhem meiotického zrani oocytt. Dale bylo zjisténo, ze S-allyl cystein
urychluje nastup ryhovéani embryi a sniZzuje hladiny ROS ve zrajicich a partenogeneticky
aktivovanych oocytech.

Na zakladé vysledk téchto experimentd lze konstatovat, ze kvalitu oocyti v in vitro
kultivaénim systému lze zlepSit dodanim donoru sulfanu a ¢esnekového derivatu S-allyl

cysteinu do kultivacniho média.
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9 Ptilohy

Ptiloha 1: Vliv alliinu na jaderné zrani oocytu po 20 hodinach kultivace

Stadium jaderného zrani (% + S.E.M.)
GV LD M AITI Ml

Kontrola 29,3£0,8%  252+1,8°  454+1,1*  0,0£0,00  0,0+0,0°
Alliin (0,05 mM)  28,1+0,8%  26,6£1,2%  453+1,4*  0,0£0,0°  0,0+0,0
Alliin (0,1 mM) 43,4+1,4°  247+22%  30,7+1,1°  1,2+¢1,22  0,0£0,0°

a, b — statisticky vyznamné rozdily v dosazeném stadiu meiotického zrani (p < 0,05)

Ptiloha 2: Vliv alliinu na jaderné zrani oocyti po 30 hodinach kultivace

Stadium jaderného zrani (% + S.E.M.)
GV LD M AITI MII

Kontrola 0,0£0,020  0,0£0,0°  413+1,1*  54,8+1,9%  3,9+1,32
Alliin (0,05 mM)  20,0+2,0°  10,0£2,0° 28.8+1,3>  40,0+£2,0°  1,3+1,32
Alliin (0,1 mM) 29,142,2°  10,1£2,0°  29,1+1,4>  30,5+2,4°  1,3+1,3?

a, b, ¢ — statisticky vyznamné rozdily v dosazeném stadiu meiotického zrani (p < 0,05)
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