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[VADAS

Galviju séklinimas, kurio tikslas perduoti kitoms palikuoniy kartoms geneting
informacija ir didinti juy skaiCiy, yra viena i§ svarbiausiy biotechnologijos zemés tkyje
formy. Séklinant gyvulius, siekiama geneting medZziaga panaudoti pladiu arealu bei
uztikrinti auksta apvaisinimo procenta (Graham, 1990). Platinamos genetinés medziagos
kokybé tampa ypatingai svarbi tuo atveju, kada keliy rinktiniy buliy sperma yra
naudojama sé¢klinant didele pateliy populiacija. Siuo metu karviy séklinimui plagiausiai
yra naudojama kriokonservuota buliy sperma. Kriokonservuota sperma gali biiti saugoma
ilga laika po jos paémimo, taciau nors ir taikant pacias pazangiausias spermos $aldymo
technologijas, spermatozoidy gyvybingumas po atSildymo siekia tik apie 50%.
Kriokonservuojant spermatozoidus, spermatozoidy membranose jvyksta negriztami
pazeidimai, dél to spermatozoidai zusta (Hammerstedt et al., 1990). Taip pat
spermatozoidy kriokonservavimas ir po to vykdomas atSildymas sujaukia spermatozoidy
membranas, jose atsiranda { spermatozoidy kapacitacija panasiis pokyciai ir pakinta
atSildyty spermatozoidy apvaisinamoji galia (Cormier et al., 1997).

Veislininkystés imonés kartais susiduria problema, kai laikui bégant, dél mety ar
ivairiy aplinkos, laikymo, $érimo ar kity priezasCiy, labai populiariy aukstos genetinés
vertés buliy spermos kokybé ima blogéti. Morfologiniai spermatozoidy pakitimai gali
atsirasti spermatogenezés ar spermatozoidy brendimo anséklidyje metu. Buliai
nevienodai reaguoja i pasikeitusias aplinkos salygas. Kai kurie buliai yra jautresni juos
veikianioms neigiamoms aplinkos salygoms, ir ju séklidése pradeda formuotis
nepilnaverciai, pakit¢ spermatozoidai (Barth and Oko, 1989). Negyvi ir morfologiskai
pakite spermatozoidai iSskiria medziagas, kurios neigiamai veikia kity, Salia esanciy,
spermatozoidy gyvybinguma (Linderman et al., 1982; Shanon and Curson, 1972) bei
itakoja spermatozoidy apvaisinimo kokybe (Saacke and White, 1972). Ejakuliate esantys
spermatozoidai néra funkciskai identiski, nes yra skirtingo subrendimo lygmens. Iki $iol
néra tiksliai zinoma, kokios savybés apsprendzia spermatozoidy gebéjima apvaisinti. Bet
koks spermatozoidy pazeidimas gali sumazinti spermos galimybe apvaisinti ir jeigu
pakankamai didelé spermatozoidy dalis séklinimo dozéje yra paZzeista, tai gali neigiamai
itakoti apvaisinimo kokybe (Amann, 1989). Galvijy veislininkystés ilgalaikis tikslas —
sukurti paprastus ir lengvai igyvendinamus metodus buliy spermos apvaisinimo kokybei
pagerinti.

Buliy spermos kokybé gali buti zenkliai pagerinta ja filtruojant (Anzar and
Graham, 1995), nes tuomet, pasalinami nejudriis ir morfologiskai pakitg ir/arba negyvi
spermatozoidai. Yra zinoma daug spermos filtracijos metoduy, taciau kiekvienas metodas
turi teigiamy ir neigiamy savybiy. Kai kurie ju gali sukelti ultrastruktirinius pakitimus
spermatozoido plazmos membranoje ir akrosomoje (Sherman et al., 1981); uztersti filtrata
(Daya and Gwatkin, 1987); panaudojus kitus, spermatozoidus reikia papildomai plauti ir
centrifuguoti (Lessley and Garner, 1983); treti Zenkliai sumazina isfiltruoty
spermatozoidy skai¢iy (Daya et al., 1987). Dauguma spermos filtracijos metody negali
biiti taikomi skiedikliu praskiestai spermai (Anzar and Graham, 1993) ir tai sumazina
metodo pritaikomuma praktikoje. Spermatozoidy filtracija Sefadex G-15 uzpildytose
kolonélése $iuo metu yra vienas efektyviausiy spermos filtracijos metoduy, kai atskiriami
judriis spermatozoidai nuo nejudriy; pasalinami pakit¢ bei negyvi spermatozoidai,
padidinamas spermatozoidy su nepazeistomis akrosomomis skaicius (Anzar and Graham,
1993). Be to, Sis filtravimo metodas yra paprastas ir nebrangus (Goyal et al., 1996). Kol



kas néra jvertinta ar Sefadex G-15 spermos filtracijos metodas yra tinkamas naudoti
veislininkystés imonése gaunamos spermos kokybei pagerinti.

Zinduoliy spermatozoidai, pateke { patelés lytinius takus, negali i§ karto apvaisinti
kiausialastés. Pirmiausia jie turi galutinai subresti, ty. praeiti parengiamaji etapa,
vadinama ‘kapacitacija” (Austin, 1951). Kapacitacija — biocheminis reiskinys, kuris
apima poky¢ius spermatozoido membranos lipiduose ir baltymuose, jony kitima, ciklinio
adenozinmonofosfato (cAMP) padidéjima ir baltymy fosforilizacija (Fraser, 1990).
Kapacitacijos metu kinta spermatozoidy judrumas — spermatozoidai hiperaktyvuojasi,
jiems prisitvirtinus prie skaidriojo dangalo, iSoriné¢ akrosominé membrana susilieja su
plazmine spermatozoido membrana ir ivyksta akrosominé reakcija (Yanagimachi and
Usui, 1974). Tik kapacitavgs spermatozoidas gali atpazinti ir prisitvirtinti prie specifiniy
skaidriojo dangalo receptoriy, o akrosominé reakcija yra pagrindiné ir svarbiausia salyga
iStirpinti ir prasiskverbti pro kiausialaste supanti skaidryji dangala, patekti i kiauSialastés
vidy ir susilieti su kiauSialastés branduoliu. Bet koks sutrikimas gali neigiamai {takoti
Siuos procesus, ir spermatozoidas nesugebés apvaisinti kiauSialastés. [vairis veiksniai
reguliuoja $iuos procesus patelés lytiniuose takuose ir vienas i§ pagrindiniy spermos
fiziologiniy savybiy aktyvatorius yra folikulinis skystis. Folikulinio skyscio sudétyje yra
daug biologiskai aktyviy medziagy: progesterono, estradiolio ir heparino, kurie isskiriami
dideliais kiekiais ovuliacijos metu. Yra praneS§imy apie progesterono, estradiolio ir
heparino poveiki kai kuriy gyviiny riiSiy spermatozoidams. Skatinama spermatozoidy
kapacitacija, pasireiSkia akrosominé reakcija ir spermatozoidai prisitvirtina prie
kiausialastés skaidriojo dangalo. Duomeny apie progesterono (P), estradiolio (OE) ir
heparino (Hep) (atskirai ar kartu) poveikj atSildytai buliy spermai néra.

Darbo tikslas:

Ivertinti spermos filtracijos metodo poveiki séklinimui naudojamos
kriokonservuotos buliy spermos po atSildymo kokybei bei nustatyti biologiskai aktyviy
medziagy - progesterono, estradiolio, ir heparino - jtaka atSildytos buliy spermos
funkcinéms savybéms.

Darbo uzdaviniai:

- Ivertinti Sefadex G-15 filtracijos metodo efektyvuma buliy spermatozoidy
kokybiniams rodikliams prie§ kriokonservavima ir po spermos atsildymo;

- [Ivertinti progesterono poveikj buliy spermatozoidy gyvybingumui, plazminés
membranos destabilizacijai, kapacitacijai ir akrosominés reakcijos pasireiskimui po
spermos atsildymo;

- [vertinti estradiolio, heparino atskirai ar kartu, ar drauge su progesteronu
poveikj buliy spermatozoidy gyvybingumui, plazminés membranos destabilizacijai,
kapacitacijai ir akrosominés reakcijos pasireiskimui po spermos atSildymo;

- [lvertinti progesterono ir estradiolio poveiki spermatozoidy prisitvirtinimui
prie kiauSialastés skaidriojo dangalo;

- lvertinti progesterono poveiki akrosominés reakcijos pasireiskimui
spermatozoidams saveikaujant su kiausialaste.



Mokslinio darbo naujumas:

Pirma karta ivertintas buliy spermos kokybés gerinimas spermos filtracijos
Sefadex G-15 metodu, kuris gali biti taikomas ir veislininkystés imonése. Spermos
filtracijos metodo efektyvumas buvo jvertintas taikant daug spermatozoidy kokybés
vertinimo metoduy, palyginant at§ildytos spermos kokybés rodiklius pries ir po filtracijos.
Taip pat buvo jvertinta jvairiy progesterono koncentracijy; estradiolio, vieno ar su
progesteronu, ar kartu su heparinu poveikis jvairiems funkciniams buliy spermatozoidy
rodikliams po spermos atSildymo. Pirma karta paskelbti tyrimy rezultatai, kuriuose
ivertintas keliy biologiskai aktyviy medziagy bendras poveikis buliy spermatozoidams.

TYRIMU METODIKA
Buvo atlikti §ie bandymai:

1 Bandymas: [Ivertintas Sefadex G-15 filtracijos metodo efektyvumas buliy
spermatozoidy kokybiniams rodikliams prie$ kriokonservavima ir po spermos at$ildymo;

2 Bandymas: [Ivertintas progesterono poveikis buliy  spermatozoidy
gyvybingumui, plazminés membranos destabilizacijai, kapacitacijai ir akrosominés
reakcijos pasireiSkimui po spermos atsildymo;

3 Bandymas: Ivertintas estradiolio, heparino atskirai ar kartu, ar su progesteronu
poveikis buliy spermatozoidy gyvybingumui, plazminés membranos destabilizacijai,
kapacitacijai ir akrosominés reakcijos pasireiSkimui po spermos atsildymo;

4 Bandymas: [vertintas progesterono ir estradiolio poveikis spermatozoidy
prisitvirtinimui prie kiausialastés skaidriojo dangalo;

5 Bandymas: [Ivertintas progesterono poveikis akrosominés reakcijos
pasireiskimui spermatozoidams saveikaujant su kiauSialaste.

Spermos filtracija (1 bandymas)

Spermos filtracijos bandyme buvo naudojama penkiy buliy sperma, su kiekvienu
i§ ju atliekant penkis pakartojimus. Kiekvieno buliaus du ejakuliatai buvo paimami per 10
min., jvertinus judruma. Abu ejakuliatai sumaiSomi ir praskiedziami (1:5) TRIS-
fruktozés-citrinos riigsties ir kiau§inio trynio skiedikliu (37°C). Kiekvieno buliaus sperma
buvo dalinama i dvi dalis: viena dalis buvo filtruojama per Sefadex G-15 filtra, o kita
dalis buvo naudojama kaip kontroliné. Spermos filtravimui naudotas 10 ml plastikinis
Svirkstas, kuris apacioje buvo padengtas plonu sluoksniu stiklo vatos, vir§ kurios buvo
ipilama 3 ml (0,6 g) tame paciame skiediklyje praskiesto Sefadex G-15. Penki ml
spermos buvo filtruojami kambario temperatiiroje (20°C) — 1,5 ml/min. grei¢iu. Véliau
visi spermos meéginiai buvo laikomi 20°C vandens vonel¢je 20 min. bei filtruota ir
nefiltruota sperma buvo atskiedziama iki 50x10° spermatozoidu/ml ir fasuojama i po 0,25
ml. talpos plastikinius §iaudelius. Siaudeliai buvo 4 h. ekvilibruojami $aldytuve (5°C) bei
iSaldomi programuojamoje Saldymo kameroje (Digitcool 5300, IMV Technologies,
L’Aigle, France) iki -130°C. UZzsaldyti Siaudeliai buvo panardinami | skysta azota ir
laikomi iki jy vertinimo.



Spermos ir biologiskai aktyviy medZiagy paruoSimas (2, 3 bandymai)
Atsildytos spermos paruoSimas

Bandyme buvo naudojama keturiy buliy sperma ir tyrimus pakartojant tris kartus.
Sperma buvo gauta i§ Lietuvos - Vokietijos imonés UAB “Litgenas”. Kiekvieno buliaus
Siaudeliai su sperma buvo at§ildomi vandens vonelgje (38°C), {vertinamas spermatozoidy
judrumas ir nustatoma koncentracija. AtSildyta sperma buvo praskiedziama pridedant 2
ml SP-TALP (37°C) terpés ir du kartus centrifuguojama (5 min. 600 x g). Galutinai
praskiedus spermatozoidus iki reikiamos koncentracijos bei pridéjus biologiskai aktyviy
medZiagy, spermatozoidai buvo inkubuojami 39°C 100% drégméje, prisotintoje 5% COs.

Spermatozoidy kapacitacija veikiant biologiskai aktyvioms medZiagoms

Spermatozoidai  buvo  inkubuojami  su  skirtingomis  progesterono
koncentracijomis: 0; 0,1; 1 ir 10 pg/ml (2 bandymas) ir su jvairiomis biologiskai
aktyviomis medziagomis a) 1 pg/ml estradioliu; b) 1 pg/ml progesteronu; c) 1 pg/ml
estradioliu ir 1 pg/ml progesteronu; d) 1 nug/ml estradioliu ir 5 pg/ml heparinu; e) 1 pg/ml
progesteronu ir 5 pg/ml heparinu; f) 1 ng/ml estradioliu, 1 pg/ml progesteronu ir 5 pg/ml
heparinu (3 bandymas). Nustatytais laiko tarpais: 0, 60, 120 ir 180 min. po biologiskai
aktyviy medziagy pridéjimo, 45 upl spermos méginiai buvo paimami ir 15 min.
inkubuojami su 100 pg/ml lizofosfatidilcholinu (LPC). LPC kapacitavusiuose
spermatozoiduose suzadina akrosoming reakcija, ir neturi neigiamo poveikio
spermatozoidy  gyvybingumui bei negali suzadinti akrosominés reakcijos
nekapacitavusiuose spermatozoiduose (Parrish et al., 1988). Galutiné spermatozoidy
koncentracija buvo 5x10° spermatozoiduy/ml.

Spermatozoidy akrosominés reakcijos pasireiSkimas veikiant juos biologiSkai
aktyvioms medZiagoms

Spermatozoidai buvo inkubuojami SP-TALP terpéje su 10 pg/ml heparinu (kad
ivykty spermatozoidy kapacitacija) 39°C 100 % drégméje, prisotintoje 5% CO,. [
méginius i§ karto (0 min.) ir po 240 min. jy inkubacijos buvo dedamos skirtingos
progesterono 0; 0,1; 1; 10 pg/ml koncentracijos (2 bandymas) ar 1 pg/ml estradiolio; 1
pg/ml progesterono; 1 pg/ml estradiolio kartu su progesteronu koncentracijos (3
bandymas) ir inkubuojama 15 min. Teigiama kontrolé - méginiai praturtinti 100 pg/ml
LPC. Galutiné spermatozoidu koncentracija - 5x10° spermatozoidy/ml.

Spermos tyrimai
Spermos judrumas (1 bandymas)

Spermos judrumas (1 bandymas) buvo nustatomas naudojant kompiuterini
spermos judrumo analizatoriy (CASA, SM-CMA, Stromberg-Mika, Bad Feilnbach,

Vokietija). Spermos judrumas buvo vertinamas tris kartus: sperma atskiedus (PD), po
ekvilibracijos (PE) ir atSildzius kriokonservuotus méginius (PT). Buvo vertinama ne



maziau 200 spermatozoidy, ne maziau kaip 8 matymo laukuose ir nustatomi ivairlis
spermatozoidy judrumo rodikliai.

Spermatozoidy morfologijos jvertinimas (1 bandymas)

Spermatozoidy galvuciy pakitimai buvo nustatomi juos dazant eozino-anilino
dazais (Shaffer and Almquist, 1948). Buvo vertinama 500 spermatozoidu (Soderquist et
al., 1991) sviesos mikroskopu (x1000 padidinimu). Spermatozoidy pakitimai uodegélése
buvo nustatomi juos fiksuojant formalinu ir vertinant 200 spermatozoidy. Tiriama - faziy
kontrasto optika (x1000 padidinimu).

Vertinimas tékmés citometru

Tyrimai buvo atlikti naudojant LSR tékmés citometra (Bandymas 1) (Becton
Dickinson, San Jose, CA, JAV) ir FacsCalibur tékmés citometras (Becton Dickinson, San
Jose, CA, JAV) (2 ir 3 bandymai). Spermatozoidy chromatino stabilumas buvo
vertinamas BD FACSStar Plus tékmés citometru (Becton Dickinson, San Jose, CA, JAV)
(1 bandymas).

Kiekviename méginyje buvo vertinama 10 000 spermatozoidy.

Spermatozoidy gyvybingumo nustatymas su SYBR-14/PI (1 bandymas)

Spermatozoidy gyvybingumui nustatyti buvo naudojama GYVU/NEGYVU
spermatozoidy gyvybingumo dazai (Molecular Probes Inc., L7011Eugene, OR, JAV).
Atsildyta 5x10° spermatozoidy/ml koncentracijos sperma 10 min. buvo inkubuojama su
100 nM SYBR-14 ir 12 uM PI koncentraciju fluorescenciniais dazais 38°C
temperatliroje, o vertinimas atlickamas tékmeés citometru. Dazant spermatozoidus
fluorescenciniais dazais SYBR-14 ir PI, populiacijos fluorescavo zalia ir raudona
spalvomis.

Spermatozoidy mitochondrijy membrany potencialo jvertinimas su Mitotracker Deep
Red/SYBR-14 (1 bandymas)

Du fluorescenciniai dazai Mitotracker Deep Red/SYBR-14 (Molecular Probes
Inc., Eugene, OR, JAV) buvo naudojami vertinant spermatozoidy mitochondrijuy
membrany potencialo skirtuma po atSildymo. Galutinés koncentracijos buvo 5 nM
SYBR-14 ir 100 nM Mitotracker Deep Red. Jie buvo inkubuojami 10 min. 38°C
temperatiiroje tamsoje su atildytais spermatozoidais (1x10°® spermatozoidy/ml) ir
vertinami tékmés citometru. Pagal nusidazymo intensyvuma, spermatozoidai buvo
diferencijuojami | spermatozoidus, su Zemo potencialo mitochondrine membrana
(fluorescavo intensyviai raudona spalva), ir spermatozoidus, su auksto potencialo
mitochondrine membrana (fluorescavo blankiai raudona spalva).



Spermatozoidy akrosominés membranos biiklés jvertinimas su SYBR-14/PE-PNA/PI
daZais (1 bandymas)

Spermatozoidy dazymas buvo atliktas pagal Nagy ir kt. (2003) sukurta metodika.
Atsildyta 5x10° spermatozoidy/ml koncentracijos sperma buvo dazoma su 100 nM
SYBR-14, 2,5 ug/ml PE-PNA tirpalu (1 mg/ml darbinio tirpalo su 3,0 M amonio sulfatu,
50 mM natrio fosfatu ir 0.05% natrio azidu, pH 7.0, sudarytas i§ 1 mM [Ca,+] ir [Mny+]
jony) ir 12 uM PI bei inkubuojama 10 min. 38°C temperatiiroje prie§ méginiy vertinima.
SYBR-14 fluorescenciniai dazai nudazo lasteles, turinéias DNR; PI dazo lasteles su
sutriikusia plazmine membrana; PE-PNA — lasteles su pazeista akrosomine membrana.

Pagal SYBR-14/PI nusidazyma, spermatozoidai buvo klasifikuojami | gyvus,
negyvus ir mirStancius spermatozoidus. Pagal PE-PNA/PI nusidazyma, spermatozoidai
buvo klasifikuojami { gyvus spermatozoidus, su nepazeista akrosoma; gyvus, su pazeista
akrosoma; negyvus, su nepazeista akrosoma, ir negyvus, su pazeista akrosoma.

Spermatozoidy plazminés membranos _biklés jvertinimas su_Merocyanine 540/Yo-
PRO-1/ Hoechst 333542 daZais (1-3 bandymai)

Atsildyta sperma (1 bandymas) ar spermos méginiai (2 ir 3 bandymas), inkubuoti
su biologiskai aktyviomis medziagomis 0, 60, 120 ir 180 min., buvo praskiedziami iki
1x10° spermatozoidy/ml koncentracijos su fluorescenciniais daZais: 25 pM Yo-PRO 1
(Molecular Probes, Inc., Eugene, OR, JAV; Y 3603) ir I Mm Merocyanine-540 (M-540,
Molecular Probes, Inc., Eugene, OR, JAV; M 24571) (1-3 bandymai), 5 mg/ml Hoechst
333542 (Molecular Probes Inc., Eugene, OR, JAV) (1 bandymas) ir inkubuojami tamsoje
10 min. 38°C temperatiiroje prie§ vertinima tékmés citometru.

Merocianinas reaguoja su kiausinio tryniu, esanéiu spermos skiediklyje, todél
Hoechst 333542 fluorescenciniai dazai buvo naudojami diskriminuoti spermatozoidus
nuo pasaliniy daleliy, t.y. daleliy, kurios neturi DNR. Bandymuose 2 ir 3 fluorescenciniai
dazai Hoechst 333542 nebuvo naudojami, nes spermatozoidai buvo plaunami prie§ juos
nudazant merocianinu.

Pagal nusidazyma, spermatozoidai buvo klasifikuojami i gyvus, su stabilia,
nepazeista plazmine membrana (Yo-PRO1 neigiami, M-540 neigiami); gyvus, su
pazeista, destabilizuota plazmine membrana (Yo-PRO 1 neigiami, M-540 teigiami) ir
negyvus (Yo-PRO 1 teigiami).

Spermatozoidy chromatino stabilumo jvertinimas su akridino oranZinio daZais (1

bandymas)

Spermatozoidy dazymas buvo atliktas pagal Evenson ir kt. (1980) sukurta
metodika. AtSildyti spermatozoidy méginiai (0,2 ml) buvo atskiesti TNE buferiniu tirpalu
(0,15 M NaCl, 0,01M TRIS-HCI, 1 mM EDTA, pH 7.4) iki 2x10° spermatozoidy/ml
koncentracijos, i§ karto uzSaldyti azoto garuose ir laikomi (-80°C) Saldiklyje iki ju
vertinimo tékmés citometru. Spermatozoidy DNR buvo dalinai denatiiruota, { méginius su
spermatozoidais jpylus 0,4 ml Zemo pH detergentini tirpala (0,17% Triton X-100; 0,15 M
NaCl ir 0.08 N HCIl, pH 1,4) ir méginiai i§ karto nudazyti akridino oranzinio
fluorescenciniais dazais (6 pg/ml istirpinti 0,1M citrinos rtgsties buferiniame tirpale, pH
6,0). Méginiai buvo vertinami po 3 min. ttkmés citometru.



Nusidazg akridino oranziniu spermatozoidai ir pakitusi chromatino struktira buvo
nustatoma pagal padidéjusi spermatozoidy imluma rtgsties sukeltai DNR denatiracijai, o
vertinamas atliekamas tékmés citometru ir iSreiSkiamas metachromatiniu akridino
oranzinio fluorescencijos poslinkiu i§ nuo zalios (dvigubaDNR) fluorescencijos link
raudonos (denatiiruota, viengubaDNR) ir iSreiSkiamas funkcija o, kurie parodo raudonos
fluorescencijos santyki su bendra (Zalia ir raudona) fluorescencija. Alfa ti (at) buvo
apskaiciuojama kiekvieno spermatozoido, esancio méginyje, ir buvo iSreiSkiama kaip
vidurkis (x at), standartinis nuokrypis at (SD at) ir procentas lasteliy su didelémis ot
reik§mémis, vadinamomis lastelémis, esancioms uz pagrindinés lasteliy populiacijos ribos
(%COMPat), parodancias lasteles su dideliu kiekiu viengubos DNR.

Spermatozoidy akrosominés reakcijos jvertinimas (2 ir 3 bandymai)

Spermatozoidy akrosomos vientisumui jvertinti ir diferencijuoti juos { gyvus ir
negyvus, buvo naudojami du fluorescenciniai dazai: EthD-1 (23,33 uM, Sigma-Aldrich)
ir PNA-FITC (100 pg/ml, Sigma-Aldrich). Dazymas buvo atliktas pagal Cheng ir kt.
(1996) dazymo protokola. NudaZzius spermatozoidus, méginiai buvo laikomi tamsioje 4°C
temperatiiroje. Prie§ vertinima buvo daromi tepinéliai ir vertinami fluorescenciniu
mikroskopu (CETI, Kontich, Belgija) 200 spermatozoidy skirtinguose matymo laukuose.
Spermatozoidai buvo klasifikuojami pagal ju nusidazyma. Pagal tai, spermatozoidai su
nudazytu EthD-1 branduoliu buvo Kklasifikuojami kaip negyvi spermatozoidai. Su
nenusidaziusiais branduoliais buvo priskiriami gyvy spermatozoidy Kkategorijai.
Spermatozoidai su nepazeista akrosoma (AI) buvo spermatozoidai, kuriy visa akrosoma
nusidaziusi PNA-FITC fluorescenciniais dazais; spermatozoidai su netolygia PNA-FITC
fluorescencija turéjo pazeistas akrosomas bei buvo su prasidéjusia akrosomine reakcija
(AD); spermatozoidai, kuriy nusidaz¢ ekvatoriniai segmentai su PNA-FITC, buvo
priskiriami kaip spermatozoidai, su ivykusia akrosomine reakcija (AR).

Spermatozoidy prisitvirtinimas prie skaidriojo dangalo

KiausSialgsCiy paruoSimas in vitro bandymams (4-5 bandymai)

Skerdziamy karviy ir tely¢iy kiauSidés buvo imamos i§ skerdyklos (UAB
“Samsonas”, Sakiai), talpinamos i termosa su 0,9% NaCl (35°C) ir 50 pg/ml
gentamicinu, ir per 4 h atvezamos i LVA Gyvuliy reprodukcijos laboratorija.
Kiausialastés buvo aspiruojamos i§ 2-6 mm dydzio folikuly, tris kartus perplaunamos
PBS tirpalu su 5% karstyje inaktyvuotu (56°C, 30 min.) rujojanéiy karviy serumu ir
laikomos per nakt{ 4°C (apie 15 h). Prie$ kiauSialas¢iy ir spermatozoidy inkubacija,
kiausSialastés buvo perplaunamos 3 kartus Fert-TALP terpéje ir 3 h inkubuojamos 39°C
100% drégméje, prisotintoje 5% CO,.

Spermatozoidy, prisitvirtinimo prie skaidriojo dangalo, vertinimas (4 bandymas)

Penkios kiausialastés buvo talpinamos i ekvilibruota 50 ul Fert-TALP terpés laseli
be (kontrol¢) ar su biologiskai aktyviomis medziagomis, kuriy galutinés koncentracijos a)
0,1 pg/ml progesterono; b) 0,5 pg/ml progesterono; ¢) 0,5 pg/ml progesterono ir 0,1
pg/ml estradiolio. Penkiasdedimt mikrolitry 2x10° spermatozoidy/ml koncentracijos



sperma, po iSplaukimo (swim-up) ir 3 h kapacitacijos, buvo dedama i laSeli su
kiausialastémis ir inkubuojami 1 h 39°C 100% drégmés aplinkoje, prisotintoje 5% COs,.
Po inkubacijos spermatozoidy-kiausialas¢iy junginiai buvo 6 kartus perplaunami su Fert-
TALP terpe ir dazomi 0,2 pM Syto-16 green (Molecular Probes Europe BV, Leiden,
Olandija) fluorescenciniais dazais. Prisitvirtinusiy spermatozoidy skai¢ius buvo
nustatomas fluorescenciniu mikroskopu (CETI, Kontich, Belgija) x250 padidinimu.
Siame bandyme istirta 120 kiaugialas¢iu. Su kiekviena grupe po 10
kiausialaséiy buvo atliekami 3 pakartojimai, juos inkubuojant su keturiy skirtingy
buliy spermatozoidais.

Akrosominés reakcijos pasireiSkimo, spermatozoidams sqveikaujant su kiauSialgste,
jvertinimas (5 bandymas)

Penkiasdesimt mikrolitry 3x10° spermatozoiduy/ml koncentracijos sperma po
spermatozoidy iSplaukimo (swim-up) ir 3 h kapacitacijos, buvo dedama i 50 pl Fert-
TALP laseli su 5 kiausialastémis ir 0,1% DMSO (kontrolé¢) ar Fert-TALP terpe su 1
pg/ml progesteronu ir inkubuojama 1 h 39°C drégnoje aplinkoje, prisotintoje 5% CO,. Po
inkubacijos spermatozoidu-kiausialaséiy kompleksai buvo 5 kartus perplaunami ir toliau
inkubuojami terpéje su DMSO ar progesteronu. Nustatytais inkubacijos periodais - 0, 60,
120 ar 180 min. buvo vertinama spermatozoidy, prisitvirtinusiy prie kiausialastés,
akrosomos biiklé. Kompleksai buvo dazomi 5 pl 23,33 pug/ml EthD-1 PBS tirpale ir 5 pl
100 pg/ml PNA-FITC PBS tirpale. Spermatozoidai buvo vertinami fluorescenciniu
mikroskopu (CETI, Kontich, Belgija) ir klasifikuojami { 2 kategorijas: spermatozoidai,
kuri netolygi PNA-FITC fluorescencija, turéjo pazeistas akrosomas bei buvo su
prasidéjusia akrosomine reakcija (AD); spermatozoidai, kuriy nusidazg ekvatoriniai
segmentai su PNA-FITC, buvo priskiriami kaip spermatozoidai, su jvykusia akrosomine
reakcija (AR).

Siame bandyme iitirta 240 kiaugialastiy. Su kiekviena grupe po 5
kiausialastes buvo atlickami 3 pakartojimai skirtingais inkubacijos periodais juos
inkubuojant su keturiy skirtingy buliy spermatozoidais.

Duomeny statistiné analizé:
Statistiné analizé buvo atlikta SPSS statistiniu paketu (SPSS Inc, 1989-1995).
REZULTATAI

Sefadex G-15 filtracijos metodo efektyvumas buliy spermatozoidy kokybiniams
rodikliams prie§ kriokonservavimg ir po spermos atSildymo

Sviezios buliy spermos koncentracija vidutinikai buvo 1,85 + 0,2x10°
spermatozoidy/ml. Sperma praskiedus, jos koncentracija sumazéjo iki 369,5 + 0,2x10°
spermatozoidy/ml. Po spermos filtracijos jos koncentracija sumazéjo 1/3 karto ir buvo
vidutiniskai 227,2 £ 0,1x10° spermatozoidu/ml (p < 0,01).

Sviezios spermos judrumas buvo 83,3 + 7,6%. Filtracija neturéjo jokio statistiskai
patikimo poveikio (p > 0,05) spermatozoidy judrumui atskiestoje spermoje (PD).



Ekvilibruotoje spermoje (PE) spermos filtracija statistiSkai patikimai pagerino bendra
spermatozoidy judruma (MOT). Kiti su judrumu susij¢ rodikliai buvo didesni filtruotoje
spermoje, taciau rezultatai statistiSkai nepatikimi (p > 0,05). Méginiuose po spermos
atSildymo (PT) filtruotoje spermoje buvo statistiSkai patikimai didesnis skai¢ius judriy
spermatozoidy (MOT) nei nefiltruotoje spermoje (1 lentelé).

1 lentelé. Filtracijos poveikis i spermatozoidy judruma, vertinant skirtingais
kriokonservavimo etapais: po spermos atskiedimo (PD); po ekvilibracijos, prie§
uzSaldyma (PE); po kriokonservavimo ir at$ildymo (PT).

Table 1. Effect of filtration on sperm motility patterns during different stages of
cryopreservation: after final dilution (PD), after equilibration, prior freezing (PE), and
after freezing and thawing (PT).

PD PE PT
Rodikliai “Nefiltruota  Filtruota  Nefiltruota  Filtruota Nefiltruota  Filtruota
sperma sperma sperma sperma sperma sperma
MOT* 83416 85{%* 74,7+ 3.4 83’3? 50,0+3,6 60,043,2"
LIN 413+ 48,9 +
Casap 4120 U5 aons2 T siseas siaed
CIRC® 3,104 23+04 3,004 3,004 3,104 3,4+04
; 192+ 16,8 + 15,7+
Not-LIN 184+1,3 1.4 16,5+ 1,6 11 15,1 £ 1,1 12

Reik§més parodo X + S.E.M. - vidurkius ir ju standartines paklaidas penkiy buliy,
su kiekvienu atliekant penkis pakartojimus.

Reiksmeés statistiSkai patikimai skiriasi, lyginant nefiltruotos ir filtruotos spermos
rodiklius skirtingais veikimo etapais * = p <0,05.

# Judriis spermatozoidai (%), ivertinti CASA.

® Linijiskai judantys spermatozoidai (%), ivertinti CASA.

¢ Manieziniu judéjimu judantys spermatozoidai (%), ivertinti CASA.

Nelinijiskai judantys spermatozoidai (%), jvertinti CASA.

Spermatozoidy morfologinis vertinimas buvo atlickamas prie§ spermos
ekvilibracija. Filtruotoje spermoje zenkliai sumazéjo jvairiy morfologiskai pakitusiy
spermatozoidy formy. Spermatozoidy su uodegéliy morfologiniais pakitimais ir
spermatozoidy be uodegéliy filtruotoje spermoje nesumazéjo (2 lentelé).

Spermatozoidy su vientisa plazmine membrana (gyvy) buvo statistiskai patikimai
daugiau 41,2 + 3,7% filtruotoje spermoje nei nefiltruotoje 34,8 + 3,8%.

Filtracija neturéjo poveikio spermatozoidy mitochondrijy membrany potencialui.
Filtruotoje spermoje spermatozoidy su zemu mitochondrijy potencialu buvo 38,9 + 2,4%
ir nefiltruotos spermos méginiuose — 34,9 + 2,3%. Rezultatai statistiSkai patikimai
nesiskyré (p > 0,05).

Filtruotoje spermoje buvo daugiau gyvybingy spermatozoidy su vientisa,
nepazeista akrosoma - 37,7 + 3,7% nei nefiltruotoje spermoje — 32,2 + 3,8% (p < 0,01).
Spermatozoidy, su pazeista akrosomine membrana filtruotoje ir nefiltruotoje spermoje
buvo panasus skaicius, atitinkamai — 2,3 £+ 0,2% ir 1,9 £+ 0,2%.



2 lentelé. Filtracijos poveikis spermatozoidy morfologiniams rodikliams prie§ spermos
ekvilibracija.
Table 2 Effect of filtration on sperm morphological characteristics assessed after final
dilution (PD).

Rodikliai Nefiltruota Filtruota sperma
sperma

Patologinés spermatozoidy galvutés 12,3+ 1,9 84+1,5"
Nepakitusios spermatozoidy galvutés 87,619 91,6 +1,5"
Kriausés formos galvutés 1,8+£0,3 1,3+0,2
Siauro pagrindo galvutés 1,7+0,5 1,3+0,4
pakitusios formos galvutés 1,5+0,2 0,8+02"
Neissivyste spermatozoidai 0,8+0,2 0,4+0,1"
Pakitusios formos be uodegéliy galvutés 38+1,2 34+1,1
Kiti 2,5+0,3 1,302
Akrosomy pakitimai 0,1+0,0 0,02 +0,0"
Vidurings dalies pazeidimai 3,5+0,6 2,1+03"
Proksimaliniai laseliai 4,7+1,0 4,0+0,8
Distaliniai laSeliai 5,0£1,0 44 +1,1
Galvutés be uodegéliu 3,2+0,9 45+14
Patologinés uodegélés 3,7+0,4 40+0,5
Paprastai susisukusios uodegélés 1,7+0,3 1,8+0,4
Uodegélés susisukusios po galvute 1,1+0,2 1,3+0,2
Dvigubai susisukusios uodeg¢lés 0,9+0,2 0,8+0,2

Reiksmés parodo X + S.E.M. - vidurkius ir ju standartines paklaidas penkiy buliy,
su kiekvienu atliekant penkis pakartojimus.

Reiksmés statistiSkai patikimai skiriasi lyginant nefiltruotos ir filtruotos spermos
rodiklius * = p <0,05; ** =p < 0,01, *** =p < 0,001.

Vertinant spermatozoidy plazminés membranos stabiluma, nustatyta, kad
filtruotoje ir nefiltruotoje spermoje gyvy spermatozoidy su nestabilia plazmine membrana
duomenys buvo panasts - 0,2 + 0,1% ir 0,3 + 0,1%. Gyvu spermatozoidy filtruotos
spermos méginiuose buvo daugiau - 38,1 + 2,6% nei nefiltruotoje spermoje — 32,7 +
2,6%.

Vertinant spermatozoidy chromatino stabiluma, nustatyta, kad tirtuose méginiuose
tik nedidelé dalis spermatozoidy turéjo pazeista DNR. Filtruotoje spermoje,
spermatozoidy su pazeista DNR, buvo 3,1 £ 0,5% (COMP (a,)), o nefiltruotoje — 3,0 +
0,4% (COMP (a)).

Biologiskai aktyviy medZiagy poveikis atSildytiems buliy spermatozoidams (2-3
bandymai)

Spermatozoidy gyvybingumas ir plazminés membranos destabilizacija

Sio bandymo metu buvo nustatytas progesterono poveikis spermatozoidy
gyvybingumui ir plazminés membranos destabilizacijai (2 bandymas). Inkubacijos



pradzioje tirtuose méginiuose buvo 58,0 + 11,0% gyvy spermatozoidy. Po 180 min.
inkubacijos spermatozoidy gyvybingumas sumazéjo iki 43,8 + 6,5%. Méginiuose,
inkubuotuose su progesteronu, gyvuy spermatozoidy skaiius buvo didesnis nei
kontroliniuose méginiuose, taciau progesterono poveikis spermatozoidy gyvybingumui
nebuvo statistiskai patikimas (p > 0,05) (3 lentelé). Skirtingy progesterono koncentracijy
poveikis atSildyty buliy spermatozoidy gyvybingumui buvo panaSus ir statistiSkai
patikimai nesiskyré (p > 0,05).

3 lentelé. Progesterono poveikis kriokonservuoty atSildyty buliy spermatozoidy
gyvybingumui skirtingais inkubacijos periodais.

Table 3. Effect of progesterone on frozen-thawed bull sperm viability during prolonged
incubation in capacitating medium.

Gyvybingumas (%)
Medziagos 0 min. 60 min. 120 min. 180 min.
Kontrolé 580+ 11,4 51,2+38,7 46,0+ 12,3 43,0£8,6
P (0,1 pg/ml) 553+12,1 49,7+84 433 +£4,7
P (1 pg/ml) 552+11,1 49,8+10,6 44,5£5,6
P (10 pg/ml) 520+13,1 485+94 44,6 + 7.0

Reik§més parodo X + SD - vidurkius ir jy standartinius nuokrypius keturiy buliy,
su kiekvienu atliekant tris pakartojimus. Rezultatai statistiSkai patikimai nesiskyré nuo
kontrolés (p > 0,05).

Vertinant spermatozoidy plazminés membranos destabilizacija, nustatyta, kad jau
po 60 min. spermatozoidy inkubacijos, spermatozoidy su pazeista plazmine membrana
skai¢ius padidéjo 3,1 karto (1 paveikslas). Sis skai¢ius nekito likusias dvi inkubacijos
valandas.

Méginiuose, inkubuotuose su progesteronu, spermatozoidy su destabilizuota
plazmine membrana skai¢ius buvo didesnis nei kontroléje. Didziausia poveiki
spermatozoidy plazminés membranos destabilizacijai turé¢jo 10 pg/ml progesteronas. Jis
tur¢jo skirtinga poveiki atskiry buliy spermatozoidams.

Kitame, bandyme (3) atSildyti buliy spermatozoidai buvo inkubuojami su
estradioliu, progesteronu arba kartu, arba su heparinu. Inkubacijos pradZioje méginiuose
buvo nustatyta 63,4 £ 6,5% gyvu spermatozoidy, o po 180 min. inkubacijos gyvuy
spermatozoidy skaiCius sumazéjo iki 40,7 + 6,0%. Méginiuose, inkubuotuose su
estradioliu, progesteronu ar estradioliu-progesteronu kartu, buvo didesnis procentas gyvy
spermatozoidy nei kontroléje, taciau ju poveikis spermatozoidy gyvybingumui buvo
statistiS$kai nepatikimas (p < 0,05) (4 lentel¢).

Panasiai kaip ir 2 bandyme nustatyta, kad spermatozoidy plazminés membranos
destabilizacija priklausé nuo inkubacijos laiko. Spermatozoidy skaiéius su destabilizuota
plazmine membrana padidéjo po 60 min. jy inkubacijos (2 paveikslas).

Estradiolis pasizyméjo spermatozoidy membranas stabilizuojan¢iomis savybémis
lyginant su kontrole ir kartu su progesteronu, estradiolis sumazino jo poveikj i
spermatozoidy plazminés membranos destabilizacija. Veikiant heparinui, spermatozoidy
skaiius su destabilizuota plazmine membrana padidéjo tris kartus lyginant su kontrole,
skirtumas statistiSkai patikimas (p < 0,001). Heparinas panaikino estradiolio plazminés



membranos stabilizuojanti poveiki ir spermatozoidy skai¢ius su destabilizuotomis
plazminémis membranomis i$liko toks pat visa likusi inkubacijos perioda (2 paveikslas).
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1 paveikslas. Progesterono poveikis kriokonservuoty ir atSildyty buliy (n = 4 buliai)
spermatozoidy plazminés membranos destabilizacijai skirtingais jy inkubacijos periodais.
Kiekvienas stulpelis parodo vidurki + standartini nuokrypi triju pakartojimy. Rezultatai
statistiskai patikimai nesiskyré nuo kontrolés (p > 0.05).

Figure 1. Time course of progesterone (P) induction of plasma membrane lipid
destabilization (scrambling), expressed as changes of high merocyanine stainability in
frozen-thawed bull sperm populations (n = 4 bulls). Each column represents the mean +
SD from three replicates. There were no significant differences compared with the control
(p > 0.05).

4 lentelé. Biologiskai aktyviy medziagy poveikis kriokonservuoty atsildyty buliy
spermatozoidy gyvybingumui skirtingais inkubacijos periodais.

Table 10. Viability of spermatozoa following prolonged incubation with OE, Hep, P
alone or in combination.

1 0,
Medziagos - G}.lvybmgumas (%) - -
Om O min. 60 min. 120 min. 180 min.
Kontrolé 63,4+6,9 53,1+6,7 429+6,7 39,6 £ 5,7
OE 53,5+7,7 455+114 41,3+9,1
P 57,1+9,1 46,7+5,0 41,1 £2,7
OE/P 53,7+5,4 474+7,5 43,6 8,5
OE/Hep 544+63 39,6 +9,0 41,6 £5,7
P/Hep 51,4+6,5 452 +£5,7 38,8 +£5,8

OE/P/Hep 542+£7,0 40,8 £5,5 39,044




Reik§més parodo X + SD - vidurkius ir jy standartinius nuokrypius keturiy buliy,
su kiekvienu atliekant tris pakartojimus. Rezultatai statistiSkai patikimai nesiskyré nuo
kontrolés (p > 0,05).
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2 paveikslas. Laiko ir estradiolio, heparino, progesterono vieny ar visy drauge paimty
faktoriu poveikis kriokonservuoty buliy (n = 4 buliai) spermatozoidy plazminés
membranos destabilizacijai po atSildymo. Kiekvienas stulpelis parodo vidurki +
standartinj nuokrypi trijy pakartojimy. Rezultatai statistiSkai patikimai skyrési nuo
kontrolés * = p <0,05; *** =p <0,001.

Figure 2. Effect of time and OE, Hep, P alone or in combination on plasma membrane
scrambling, expressed as changes of high merocyanine stainability of frozen-thawed bull
sperm populations (n = 4 bulls). Each column represents the mean + SD from three
replicates. Mean values in the column differ significantly from the control where * = p <
0.05; *** =p <0.001.

Biologiskai aktyvios medziagos skirtingai veikeé | skirtingy buliy spermatozoidus.

Spermatozoidy kapacitacija

Eksperimentinis modelis — inkubacijos laikas, skirtingos progesterono
koncentracijos ir buliai tur¢jo statistiSkai patikima poveiki (p < 0,001) spermatozoidy
kapacitacijos pasireiskimui, kuris buvo nustatytas vertinant lizofosfatidilcholino (LPC)



sukelty akrosominiy reakcijy pasireiskima (2 bandymas). LPC buvo naudojamas kaip
netiesioginis metodas kapacitavusiy spermatozoidy ivertinimui.

Didelj poveiki spermatozoidy kapacitacijai turéjo laikas (p < 0,001). Didéjant
inkubacijos laikui, visuose méginiuose didéjo kapacitavusiy spermatozoidy skaiCius
(iSreiksty kaip gyvi spermatozoidai, su {vykusia akrosomine reakcija) (3 paveikslas).

15
10

50 7 %* seksk

45 4 %
S 40 *%
Z 35
% 30 | OKontrolé
E 25 | mo,! pg/ml
2 20 | 01 pg/ml
g 010 pg/ml
2

0 60 120 180

Inkubacijos laikas (min.)

3 paveikslas. Laiko ir jvairiy progesterono koncentraciju poveikis i kapacitacijos
pasireiskima (iSreik§ta LPC sukelty akrosominiy reakcijy pasireiskimu, n = 4 buliai)
spermatozoiduose. Kiekvienas stulpelis parodo vidurki + standartinj nuokrypi triju
pakartojimy. Rezultatai statistiskai patikimai skyrési nuo kontrolés * = p < 0,05; ** =p <
0,01; *** =p <0,001.

Figure 3. Effect of time and increasing concentrations of progesterone on the incidences
of capacitated spermatozoa (expressed as live acrosome-reacted spermatozoa following
LPC treatment). Mean values in the column differ significantly from the control, where *
=p<0.05; ¥* =p<0.01; *** =p <0.001 (n =4 bulls). Each column represents the mean
+ SD from three replicates

Meéginiuose, inkubuotuose su skirtingomis progesterono koncentracijomis,
kapacitavusiy spermatozoidy skai¢ius buvo didesnis lyginant su kontrole. Skirtingy
koncentracijy progesteronas turéjo panaSy poveiki | spermatozoidy kapacitacijos
pasireiskima, taciau didziausias skaiéius kapacitavusiy spermatozoidy buvo méginiuose,
inkubuotuose su 10 pg/ml progesteronu. Méginiuose, inkubuotuose su 10 pg/ml
progesteronu, buvo nustatyta 11,6% kapacitavusiy spermatozoidy daugiau nei
kontroliniuose po 180 min. spermatozoidy inkubacijos (3 paveikslas). Atskiry buliy
spermatozoidai skirtingai reagavo | progesterono poveikij.

Eksperimentinis modelis, apimantis ivairius faktorius, t.y. — inkubacijos laikas,
biologiskai aktyvios medZziagos (estradiolis, progesteronas vieni ar kartu, ar su heparinu)
ir buliai turéjo reik§minga poveiki (p < 0,001) spermatozoidy kapacitacijos pasireiSkimui,



kuris nustatytas vertinant LPC-sukelty akrosominiy reakcijy pasireiskima (3 bandymas).
Inkubacijos laikas turéjo statistiSkai patikima poveiki (p < 0,001) kapacitavusiy
spermatozoidy pasireisSkimui. Ilgéjant inkubacijos laikui, didéjo kapacitavusiy
spermatozoidy skaiCius nustatant pagal LPC suzadinty akrosominiy reakcijy (AR)
pasireiskima gyvuose spermatozoiduose (4 paveikslas).
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4 paveikslas. Laiko ir biologiskai aktyviy medziagy poveikis i kapacitacijos pasireiskima
(iSreiksta LPC sukelty akrosominiy reakcijyu pasireiskimu, n = 4 buliai)
spermatozoiduose. Kiekvienas stulpelis parodo vidurki + standartini nuokrypi triju
pakartojimy. Rezultatai statistiSkai patikimai skyrési nuo kontrolés * = p < 0,05; *** =p
<0,001.

Figure 4. Effect of time and biologically active substances on the incidences of
capacitated spermatozoa (expressed as live acrosome-reacted spermatozoa following LPC
treatment, n = 4 bulls). Each column represents the mean + SD from three replicates.
Means values in the column differ significantly from the control, where * = p < 0.05; ***
=p <0.001.

Po 60 min. spermatozoiduy inkubacijos, kapacitavusiy spermatozoidu skaicius
zenkliai padidéjo, taciau tik progesteronas, i$ visy naudoty biologiskai aktyviy medziagy,
turéjo statistiSkai patikima ir didziausia poveiki spermatozoidy kapacitacijai (4



paveikslas). Heparinas, kartu su estradioliu ir progesteronu, prieSingai nei veikiant {
spermatozoidy plazminés membranos destabilizacija, nesustiprino jy poveikio. Buliai
veikiant biologiskai aktyvioms medziagoms | spermatozoidy kapacitacijos pasireiskima,
statistiSkai patikimai skyrési (p <0,001).

Spermatozoidy akrosominés reakcijos pasireiskimas

Antro bandymo metu buvo tiriamas progesterono poveikis i atSildytos buliy
spermos akrosominés reakcijos pasireiskima. Inkubacijos pradzioje buvo tik keli
procentai spermatozoidy, su pazeistomis akrosomomis (AD) ir su jvykusia akrosomine
reakcija (AR). Dauguma spermatozoidy turéjo nepazeistas akrosomas (Al) (5 paveikslas).
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5 paveikslas. Skirtingy progesterono koncentracijy ir 100 pg/ml LPC poveikis i tris
skirtingas spermatozoidy kategorijas inkubacijos pradzioje (0 min.), kartu juos
inkubuojant 15 min. su akrosoming reakcija skatinanc¢iomis medziagomis (n = 4 buliai).
Kiekvienas stulpelis parodo vidurki + standartini nuokrypi trijy pakartojimy. Rezultatai
statistiSkai patikimai skyrési nuo kontrolés * = p < 0,05; ** =p <0,01; *** =p < 0,001.
Figure 5. The effect of increasing progesterone concentrations and 100 pg/ml LPC on
three categories of live spermatozoa following the onset (0 min) of co-incubation with 10
png/ml heparin, and followed by 15 min incubation with AR-inducing substances, or
control samples (n = 4 bulls). Each column represents the mean + SD from three
replicates. Means values in the column differ significantly from the control, where * = p
<0.05; ¥** =p <0.01; *** =p <0.001.



Lyginant su inkubacijos pradzia, po 240 min. inkubacijos, spermatozoidy skaicius
su ivykusiomis akrosominémis reakcijomis zenkliai padidéjo (6 paveikslas). Méginiai,
inkubuoti su progesteronu, tur¢jo didesni skaiciy spermatozoidy, su ivykusia akrosomine
reakcija nei kontroléje, ta¢iau maziau nei méginiuose su LPC (6 paveikslas).

Spermatozoidy, su prasidéjusia akrosomine reakcija (AD) kontroliniuose ir su
progesteronu inkubuotuose méginiuose skai¢ius buvo panaSus, bet statistiSkai patikimai
skyrési nuo méginiy, inkubuoty su LPC po 240 min. inkubacijos (6 paveikslas). Skirtingy
koncentracijy progesteronas turéjo panasy poveiki | akrosominés reakcijos pasireiSkima,
taCiau didziausias skaiCius spermatozoidy, su ivykusia akrosomine reakcija buvo
meéginiuose, inkubuotuose su 1 pg/ml P (6,3% daugiau spermatozoidy, su akrosomine

reakcija nei kontroliniuose méginiuose, bet 7,8% maziau nei méginiuose, inkubuotuose
su LPC).
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6 paveikslas. Skirtingy progesterono koncentracijy ir 100 pg/ml LPC poveikis i tris
skirtingas spermatozoidy kategorijas po 240 min. spermatozoidy inkubacijos su 10 pg/ml
heparinu, kartu juos inkubuojant 15 min. su akrosoming reakcija skatinanciomis
medziagomis (n = 4 buliai). Kiekvienas stulpelis parodo vidurkj + standartini nuokrypi
triju pakartojimy. Rezultatai statistiSkai patikimai skyrési nuo kontrolés * =p < 0,05.

Figure 6. The effect of increasing progesterone concentrations and 100 pg/ml LPC on
three categories of live spermatozoa following 240 minutes of co-incubation with 10
pg/ml heparin, and followed by 15 min incubation with AR-inducing substances, or



control samples (n = 4 bulls). Each column represents the mean + SD from three
replicates. Means values in the column are not statistically significant, only LPC treated
sample differ significantly from the control, where * = p < 0.05.

Estradiolio, progesterono ir estradiolio-progesterono poveikis | spermatozoidy
akrosominés reakcijos pasireiSkima buvo vertinamas 3 bandyme. Inkubacijos pradZioje
buvo tik keli procentai spermatozoidy, su prasidéjusia (AD) ir ivykusia akrosomine
reakcija (AR) méginiuose su progesteronu ir LPC (7 paveikslas).
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7 paveikslas. Estradiolio, progesterono vieny ar kartu ir 100 pg/ml LPC poveikis i tris
skirtingas spermatozoidy kategorijas inkubacijos pradzioje (0 min.), kartu juos
inkubuojant 15 min. su akrosoming reakcija skatinan¢iomis medziagomis (n = 4 buliai).
Kiekvienas stulpelis parodo vidurki + standartini nuokrypi trijy pakartojimy. Rezultatai
statistiS$kai patikimai skyrési nuo kontrolés *** =p < 0,001.

Figure 7. The effect of oestradiol, progesterone alone, or in combination and LPC on
sperm acrosomal status of live spermatozoa at the onset (0 min) of incubation (n = 4
bulls). Means in the column differ significantly from the control where *** = p < 0.001.
Each column represents the mean + SD from three replicates.



Po 240 min. inkubacijos, spermatozoidy skai¢ius su ivykusia akrosomine reakcija
zenkliai padidéjo. Méginiuose su estradioliu, progesteronu, estradioliu-progesteronu ir
LPC spermatozoidy, su pasireiSkusia akrosomine reakcija skaicius buvo zenkliai didesnis
nei kontroléje (8 paveikslas).
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8 paveikslas. Estradiolio, progesterono vieny ar kartu ir 100 pg/ml LPC poveikis i tris
skirtingas spermatozoidy kategorijas po 240 min. spermatozoidy inkubacijos su 10 pg/ml
heparinu, kartu juos inkubuojant 15 min. su akrosoming reakcija skatinanciomis
medziagomis (n = 4 buliai). Kiekvienas stulpelis parodo vidurkj + standartini nuokrypi
triju pakartojimy. Rezultatai statistiSkai patikimai skyrési nuo kontrolés * = p < 0,05; ***
=p<0,001.

Figure 8. The effect of oestradiol, progesterone alone, or in combination and
lysophosphatidylcholine on sperm acrosomal status of live 240 min heparin-capacitated
spermatozoa (n = 4 bulls). Means in the column differ significantly from the control
where * = p < 0.05; *** = p < 0.001. Each column represents the mean = SD from three
replicates.

Taciau i§ naudoty biologiskai aktyviy medziagy tik progesteronas (p < 0,05) ir
LPC (p < 0,001) turéjo statistiskai patikima poveiki { akrosominés reakcijos pasireiskima
spermatozoiduose (AR) po 240 min. inkubacijos. Méginiuose, inkubuotuose su
progesteronu ir estradioliu-progesteronu, buvo maziau spermatozoidy, su prasidéjusia
akrosomine reakcija (AD) nei kontrol¢je. Méginiuose, inkubuotuose su estradioliu, ir
kontroliniuose méginiuose, spermatozoidy, su prasidéjusia akrosomine reakcija, skaicius
buvo panasus (8 paveikslas).

Spermatozoidy saveika su KiauSialastés skaidriuoju dangalu (4 bandymas)

Ketvirto bandymo metu buvo tiriamas progesterono ir progesterono-estradiolio
poveikis 1 spermatozoidy skaifiaus prisitvirtinimg prie skaidriojo dangalo.



Eksperimentinis modelis — biologiSkai aktyvios medziagos ir buliai statistiskai patikimai
(p < 0,05) itakojo spermatozoidy prisitvirtinima prie kiauSialastés skaidriojo dangalo.
Progesteronas statistiSkai patikimai jtakojo | didesnj prisitvirtinusiy spermatozoidy
skai¢iy prie skaidriojo dangalo (9 paveikslas).
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9 paveikslas. Progesterono ir progesterono kartu su estradioliu poveikis | spermatozoidy
prisitvirtinima prie skaidriojo dangalo. Kiekvienas stulpelis parodo vidurki + standartini
nuokrypi. Rezultatai statistiS$kai patikimai skyrési nuo kontrolés * = p < 0,05; *** =p <
0,001.

Figure 9. Effect of progesterone and combination of progesterone and oestradiol on
sperm-zona pellucida (ZP) binding. Means significantly differ from control where * = p <
0.05, *** =p <0.001. Bars represent mean + SD.

Skirtingos progesterono koncentracijos panasiai veiké 1 prisitvirtinusiy
spermatozoidy prie skaidriojo dangalo skaiiy, taciau didZiausia poveiki turéjo 0,5 pg/ml
koncentracijos progesteronas (6,5 prisitvirtinusiy spermatozoidy prie skaidriojo dangalo
daugiau nei kontroliniuose méginiuose, p < 0,001). Estradiolis statistiSkai patikimai (p <
0,001) sumazino progesterono poveiki i spermatozoidy prisitvirtinima prie skaidriojo
dangalo (9 paveikslas). Atskiry buliy spermatozoidai skirtingai reagavo i biologiskai
aktyviy medziagy poveikj, jiems saveikaujant su skaidriuoju dangalu.

Akrosominés reakcijos pasireiSkimas spermatozoidams sqveikaujant su_kiausSialgste (5

bandymas)

Progesterono poveikis spermatozoidams saveikaujant su kiausialaste buvo
nustatomas  vertinant  akrosominés  reakcijos  pasireiSkima  prisitvirtinusiuose
spermatozoiduose (5 bandymas). Inkubacijos pradzioje méginiuose su progesteronu buvo
43,8 + 11,1 spermatozoidy, prisitvirtinusiy prie kiauSialastés, ir 27,7 + 7,8 spermatozoidai



- kontroliniuose méginiuose. Prie kiauSialastés prisitvirting spermatozoidai, pagal ju
akrosomos biiklg, buvo diferencijuojami i dvi kategorijas: spermatozoidai su iSburkusia,
pazeista akrosoma (AD) ir spermatozoidai, su jvykusia akrosomine reakcija (AR).

Pirmomis inkubacijos valandomis spermatozoidy, su jvykusia akrosomine
reakcija, junginiuose su kiausialaste, skaiius buvo nedidelis, taciau buvo didesnis
méginiuose, inkubuotuose su progesteronu (10 paveikslas).

Taip pat méginiuose su progesteronu buvo didesnis skaiius spermatozoidy, su
iSburkusiomis, paZeistomis akrosomomis (AD) jiems saveikaujant su kiauSialaste (10
paveikslas).

Progesteronas statistiskai patikimai jtakojo i spermatozoidy akrosominés reakcijos
pasireiskima, jiems saveikaujant su kiauSialaste (p < 0,001). Inkubacijos pradzioje
progesteronas neturéjo poveikio | akrosominés reakcijos pasireiskima (11 paveikslas).
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10 paveikslas. Spermatozoidy, su prasidéjusia akrosomine reakcija (AD) ir jvykusia
akrosomine reakcija (AR), prisitvirtinimas prie skaidriojo dangalo kontroliniuose ir su
progesteronu inkubuotuose méginiuose skirtingais laiko intervalais. Kiekvienas stulpelis
parodo vidurkj + standartinj nuokrypj. Rezultatai statistiSkai patikimai skyrési nuo
kontrolés ** =p <0,01; *** =p <0,001.

Figure 10. The total number of bound AD and AR spermatozoa to the ZP at different
time intervals in control and in progesterone treated samples. Bars represent mean + SD.
Means in the column differ significantly from the control where ** = p < 0.01, *** =p <
0.001.

Inkubacijos pradzioje kontroliniuose ir su progesteronu inkubuotuose méginiuose
buvo apie 20% spermatozoidy, su jvykusia akrosomine reakcija (11 paveikslas).



Inkubacijos pabaigoje progesteronas statistiskai patikimai itakojo i akrosominés reakcijos
pasireiskima spermatozoidy junginiuose su kiauSialaste. Méginiuose, inkubuotuose su
progesteronu, buvo 13,3% daugiau spermatozoidy, su ivykusia akrosomine reakcija nei
kontroléje po 180 min. spermatozoidy ir kiausialastés inkubacijos (11 paveikslas).
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11 paveikslas. Laiko ir progesterono poveikis akrosominés reakcijos pasireiskimui
spermatozoidy kompleksuose su kiausialaste. Kiekvienas stulpelis parodo vidurki +
standartini nuokrypi. Rezultatai statistiSkai patikimai skyrési nuo kontrolés *** = p <
0,001.

Figure 11. The effect of time and progesterone on the incidences of AR spermatozoa in
ZP bound complexes. Bars represent mean + SD. Means in the column differ
significantly from the control where *** =p < 0.001.

ISVADOS:

1. Sefadex G-15 spermos filtracijos metodas statistiSkai patikimai (p < 0,01)
pagerina buliy spermos morfologinius rodiklius prie§ spermos uzsaldyma, taip pat
statistiSkai patikimai (p < 0,001) padidina gyvy spermatozoidy ir vientisas akrosomas
turinéiy spermatozoidy skai¢iy (p < 0,05) po spermos atsildymo.

2. Sefadex G-15 spermos filtracijos metodas neitakoja spermos kokybiniams
rodikliams, tokiems, kaip judrumui (p > 0,05), mitochondrijy membrany stabilumui (p >
0,05), plazminés membranos destabilizavimui (p > 0,05) ir chromatino vientisumui (p >
0,05).

3. Progesteronas, estradiolis ir heparinas vieni ar kartu neturi neigiamo poveikio
spermatozoidy gyvybingumui (p > 0,05).

4. Progesteronas panaudotomis 0,1, 1, 10 pg/ml koncentracijomis panaSiai
skatina kapacitacijos procesa atSildytoje buliy spermoje, taciau didziausia poveiki
kapacitacijai turi 10 pg/ml koncentracijos progesteronas (p < 0,01).



5. Progesteronas 1 pg/ml koncentracijos skatina akrosominés reakcijos
pasireiskima atsildytoje buliy spermoje (p < 0,05).

6. Estradiolis pasizymi spermatozoidy plazmings membranos
stabilizuojamomis savybémis atSildytoje buliy spermoje (p < 0,05).

7. Estradiolis nejtakoja kapacitacijos ir akrosominés reakcijos pasireiskimo
atSildytoje buliy spermoje (p > 0,05).

8. Heparinas, kartu su estradioliu, progesteronu ir estradioliu-progesteronu
statistiSkai patikimai skatina plazminés membranos destabilizacija atSildytuose buliy
spermatozoiduose (p < 0,001) lyginant su kitomis naudotomis biologiskai aktyviomis
medziagomis.

9. Progesteronas, panaudotas 0,1 (p < 0,05) ir 0,5 (p < 0,001) koncentracijy,
didina prisitvirtinusiy spermatozoidy skai¢iy prie skaidriojo dangalo, priklausomai nuo
naudojamos progesterono koncentracijos.

10. Progesteronas, sinergistiskai su skaidriuoju dangalu, skatina akrosominés
reakcijos pasireiS$kima kriokonservuotose buliy spermatozoiduose po atsildymo, taciau tik
po180 min. spermatozoidy ir kiausialastés inkubavimo.

PASIULYMALI:

1. Spermos kokybé tam tikrais reproduktoriy gyvenimo laikotarpiais gali
pablogéti, todél dél buliy spermos kokybés pagerinimo rekomenduojame taikyti spermos
filtracija Sefadex G-15 metodu.

2. Heparinas ir progesteronas (atskirai ar kartu) gali bati naudojami in vitro
apvaisinimo protokoluose norint pailginti spermatozoidy gyvybinguma, skatinti ju
plazminés membranos destabilizacija ir kapacitacija atSildytuose buliy spermatozoiduose
bei siekiant padidinti prisitvirtinusiy spermatozoidy skaiciy prie skaidriojo dangalo.
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INTRODUCTION

Artificial insemination in cattle has become one of the most important techniques
ever devised to propagate genetic improvement through breeding programs. A



prerequisite for the success of this “first-generation” biotechnology is that the semen used
for artificial insemination is fertile after cryopreservation. In a successful artificial
insemination organization, it is important to obtain high fertility from every semen
sample (Graham, 1990). This is especially important when only a few outstanding bulls
are used to inseminate a large population of females. Most of the inseminations today are
performed with frozen-thawed semen. Cryopreservation, which attempts to prolong
storage of spermatozoa, imposes however that even with the best preservation techniques
to date survival after thawing is restricted to about 50% of the total sperm population.
Irreversible damage occurs to the sperm membranes that causes cell death (Hammerstedt
et al., 1990) or capacitation-like changes in the plasmalemma hampering their ability to
fertilize (Cormier et al., 1997).

Semen production centres are sometimes confronted with the need to use semen
from ejaculates of fertile bulls of high genetic merit that for reasons of age or incidents
during their active life show a lower semen quality than previously. Abnormalities in
spermatozoa occur either during spermatogenesis, or during final maturation in
epididymis. Some bulls may have genetic predisposition to develop abnormal
spermatozoa when exposed to adverse environmental influences (Barth and Oko, 1989).
Dead and abnormal spermatozoa have adverse effects on companion cells (Linderman et
al., 1982; Shannon and Curson, 1972) and consequently on the fertilization potential of
the semen (Saacke and White, 1972). All spermatozoa in an ejaculate are not functionally
equivalent, but it is not known which attributes differentiate a fertile spermatozoon from
an infertile one. Certainly, any one of a number of deficiencies or defects in a
spermatozoon can render it infertile and if a sufficiently large proportion of spermatozoa
is affected, that sample will be subfertile or might have a very low probability of
fertilizing an oocyte (Amann, 1989). Therefore, a long-standing goal of the cattle industry
has been to design simple and reliable methods for improving the fertilizing capacity of
bovine semen.

Sperm filtration methods separate motile from immotile spermatozoa and remove
abnormal and/or dead spermatozoa. There are many semen filtration methods, however,
each method has its good features and also its drawbacks. Some of them may induce
ultrastructural damage to the outer plasma membrane and acrosome of spermatozoa
(Sherman et al., 1981), contaminate the filtrate (Daya and Gwatkin, 1987), require
repeated washing and centrifugation (Lessley and Garner, 1983), or yield extremely low
numbers of spermatozoa (Daya et al., 1987). Most of these techniques cannot be used
with extended semen (Anzar and Graham, 1993). Sephadex G-15 filtration is one of the
most operative methods nowadays, which separates motile spermatozoa from immotile
and removes abnormal and/or dead spermatozoa, increases number of spermatozoa with
intact acrosomes (Anzar and Graham, 1993) and is a simpler and more cost-effective
filtration method (Goyal et al., 1996). However, it is still unclear if the Sephadex G-15
filtration method is optimal and suitable for the use of semen production centres for
improvement bull semen quality.

Mammalian spermatozoa are not immediately capable of fertilizing oocytes when
deposited in the female reproductive tract but first must undergo certain preparatory
steps, termed “capacitation” (Austin, 1951). Capacitation is a biochemical phenomenon
which includes changes in membrane lipids and proteins, ionic fluxes, increase in cyclic
adenosine monophosphate (cAMP) levels and protein phosphorylation (Fraser, 1990).
Capacitation is also associated with changes in sperm motility, so called hyperactivation,



and with the acquired ability to undergo acrosome reaction after binding to the zona
pellucida, a process described by multiple fusion and vesiculation of the outer acrosomal
membrane with the overlying plasma membrane (Yanagimachi and Usui, 1974). Only
capacitated spermatozoa may bind to the oocyte. Capacitation of spermatozoa,
recognition and binding to specific zona pellucida (ZP) receptors and acrosome reaction
(AR) are the main and essential requirements for successful fertilization. Any failure will
disturb fertilization and spermatozoa would not be able to fertilize the oocyte. Many
factors regulate such processes in the female genital tract, and one of the main activators
of sperm function is follicular fluid. Follicular fluid contains many biologically active
substances such as progesterone, oestradiol and heparin, which are released in high levels
during ovulation. There are reports about influence of progesterone, oestradiol and
heparin on spermatozoa in various mammalian species, where they induce capacitation,
acrosome reaction, or affect spermatozoa-zona pellucida of oocyte binding. However, to
date it is lack of information, how progesterone (P), oestradiol (OE) and heparin
(Hep)alone or in combination affect on bovine spermatozoa after thawing.

Aim of the study:

Studies were conducted aiming to evaluate the usefulness of bovine semen
filtration technique to improve quality of semen used for commercial artificial
insemination, and to evaluate the effect of biologically active substances - progesterone,
oestradiol and heparin on function of post-thaw bovine spermatozoa.

Pursuing the general aim of the study, the following goals were posed:

- To estimate the efficacy of Sephadex G-15 filtration method of bovine
spermatozoa on semen quality parameters before and after cryopreservation;

- To estimate the effect of progesterone on post-thaw bull spermatozoa
viability, plasma membrane scrambling, capacitation and AR;

- To estimate the effect of oestradiol, heparin separately or in combination, as
well as in combination with progesterone on post-thaw bull spermatozoa viability, plasma
membrane scrambling, capacitation and AR;

- To estimate the effect of progesterone and oestradiol on sperm-zona
pellucida binding;

- To estimate the effect of progesterone on the incidence of acrosome reaction
in the zona pellucida-bound spermatozoa.

Novelty of the study:

It is the first time in Lithuania that practical application of semen filtration by
Sephadex G-15 for the needs of artificial insemination industry was assessed. The
efficacy of semen filtration was assessed applying a battery of sperm quality assays to
study bovine spermatozoa quality before and after filtration, as well as after
cryopreservation. The estimation of effect of different concentrations of progesterone,
oestradiol, heparin separately or in combination, on different functional parameters of
bull spermatozoa after thawing was performed. These are the first published studies



applying integrated approach to study the effects of sperm challenge with several
biologically active substances.

MATERIALS AND METHODS
Experimental design:
The following experiments were carried out:

Experiment 1: Assessment of efficacy of Sephadex G-15 filtration of bovine
spermatozoa on semen quality parameters before and after cryopreservation;

Experiment 2: Assessment of progesterone effect on post-thaw bull spermatozoa
viability, plasma membrane scrambling, capacitation and acrosome reaction;

Experiment 3: Assessment of the effect of oestradiol, heparin separately or in
combination, as well as in combination with progesterone on post-thaw bull spermatozoa
viability, plasma membrane scrambling, capacitation and acrosome reaction;

Experiment 4: Assessment of progesterone and oestradiol effect on sperm-zona
pellucida binding;

Experiment 5: Assessment of progesterone effect on the incidence of acrosome
reaction in the zona pellucida bound spermatozoa.

Sephadex filtration (Experiment 1)

The semen for sperm filtration study (Experiment 1) was collected by means of
artificial vagina from five dairy artificial insemination bulls. Semen eas divided into two
aliquots — one for Sephadex filtration and the other (not filtered) served as control. After
filtration, semen was packed into 0.25 ml commercial plastic straws and frozen in a
programmable freezing chamber (Digitcool 5300, IMV Technologies, L’Aigle, France).
The straws were then transferred to LN, for storage until evaluation.

Not filtered and filtered sperm motility evaluations were performed at three
different stages of the cryopreservation protocol: after final dilution (PD), after
equilibration, prior freezing (PE), after freezing and thawing (PT) with a computer-
assisted motility analyzer (CASA, SM-CMA, Stromberg-Mika, Bad Feilnbach,
Germany). Sperm morphology was assessed after staining with eosin-aniline blue
(Shaffer and Almquist, 1948) and the samples included both air-dried smears and semen
fixed in a buffered formalin-saline solution (Hancock, 1957) by light microscopy at x
1000.

Not filtered and filtered sperm parameters were assessed by flow cytometer
(Becton Dickinson, San Jose, CA, USA). Sperm viability with SYBR-14/PI, sperm
mitochondrial membrane potential with Mitotracker Deep Red/SYBR-14, sperm
acrosomal integrity with SYBR-14/PE-PNA/PI, sperm plasma membrane stability with
Merocyanine 540/Yo-PRO 1/Hoechst 333542, sperm chromatin stability with acridine
orange were measured.

Experiments 2 and 3

Sperm _capacitation with biologically active substances




Two mini-straws from each bull were thawed in water bath at 38°C. Semen was
then pooled in a pre-warmed tube and re-suspended with 2 ml of pre-warmed (37°C)
culture medium, and centrifuged twice (5 min at 600 x g) at room temperature.
Spermatozoa were incubated in the presence of final concentration of 0, 0.1, 1 and 10
pg/ml progesterone (Experiment 2) or a) 1 pg/ml OE; b) 1 pug/ml P; ¢) 1 ug/ml OFE and 1
pg/ml P; d) 1 pg/ml OE and 5 pg/ml Hep; e) 1 pg/ml P and 5 pug/ml Hep; f) 1 pg/ml OE,
1 pg/ml P and 5 pg/ml Hep (Experiment 3) at 39°C in a humidified atmosphere saturated
with 5% CO,. At determined time intervals of 0, 60, 120 and 180 min following addition
of biologically active substances, 45ul sub-samples were taken and co-incubated at 39°C
in a 5% CO, for 15 min with 5pl lysophosphatidylcholine at a final LPC concentration of
100 pg/ml. To induce the acrosome reaction in capacitated spermatozoa without affecting
motility or initiating an acrosome reaction in noncapacitated cells LPC was used (Parrish
et al, 1988). The final sperm concentration in experiments 2 and 3 was 5x10°
spermatozoa/ml.

Sperm AR induction with biologically active substances

Spermatozoa were pre-incubated in SP-TALP supplemented with 10 pg/ml
heparin to initiate sperm capacitation and maintained at 39° C in a humidified atmosphere
saturated with 5% CO, until use. Sub-samples were taken for the analysis immediately
after heparin addition (time 0), and following 240 min, of incubation. The acrosome
reaction was induced by 0.1, 1, 10 pg/ml of progesterone (Experiment 2) or by 1 pg/ml of
OE; 1 pg/ml of P or OE mixed with P, both at 1 pg/ml concentration (Experiment 3) and
incubated for 15 min. Lysophosphatidylcholine at a concentration of 100 pg/ml served as
positive control. The final sperm concentration in experiments 2 and 3 was 5x10°
spermatozoa/ml.

Assessment of spermatozoa

Sperm plasma membrane scrambling was assessed by flow cytometer with
Merocyanine 540/Yo-PRO 1. A combination of two fluorescent dyes (EthD-1 and
PNA-FITC was used in order to assess the acrosomal status of spermatozoa and to
differentiate live spermatozoa from the dead. To estimate the proportion of acrosome
reactions in spermatozoa, 200 spermatozoa were assessed in randomly selected fields
under an epifluorescence microscope (CETI, Kontich, Belgium). Classification was
based on dye exclusion. For this, spermatozoa with an EthD-1-stained nucleus were
classified as nonviable, and those with a non-stained nucleus were classified as alive.
Spermatozoa were considered to have an intact acrosome if the PNA-FITC staining
was distributed over the entire acrosome (Al). Patchy-like, disrupted PNA-FITC
fluorescence of acrosome indicated that the AR was in process (AD). Spermatozoa
with PNA-FITC staining on the equatorial segment had completed the AR and had
shed the outer acrosomal membrane (AR).



Sperm-zona pellucida binding

Sperm-zona pellucida binding assay (Experiment 4)

Oocytes were incubated with sperm suspension after swim-up and three hours incubation
in Fert-TALP medium containing vehicle control or in culture medium containing
following combinations of hormones of final concentrations: a) 0.1 pg/ml P; b) 0.5 pg/ml
P; ¢) 0.5 pg/ml P and 0.1 pg/ml OE for 1 h at 39°C in a humidified atmosphere saturated
with 5% CO,. Following the incubation, the sperm-oocyte complexes were stained with
Syto-16 green. The total number of spermatozoa attached to the zona pellucida was
counted with epifluorescence microscope (CETI, Kontich, Belgium) at x250
magnification, using blue (310-480/500-780 nm - excitation/barrier) compositional filter.

Assessment of acrosome reaction in zona pellucida bound spermatozoa (Experiment 5)

Sperm suspension after swim-up and three hours incubation in Fert-TALP
medium were incubated with five oocytes and supplemented with 0.1% DMSO (v/v)
(control) or Fert-TALP medium containing 1 pg/ml progesterone - test samples.
Following 1 h of incubation at 39°C in a humidified atmosphere saturated with 5% CO,,
the sperm-oocyte complexes were removed, rinsed and transferred to Fert-TALP
containing 0.1% DMSO (v/v), and test samples were transferred to droplets containing 1
pg/ml progesterone and further incubated at 39°C in a humidified atmosphere saturated
with 5% CO,. At predetermined time intervals of 0, 60, 120, or 180 min complexes were
stained with EthD-1 and PNA-FITC.The acrosome status of spermatozoa bound to zona
pellucida was assessed.

RESULTS

Efficacy of Sephadex G-15 filtration of bovine spermatozoa on semen quality
parameters before and after cryopreservation (Experiment 1)

Mean concentration of spermatozoa in ejaculated semen was 1.85 + 0.2x10°
cells/ml. Semen was thereafter extended to 369.5 £ 0.2x10° cells/ml. Following semen
filtration, mean concentration of spermatozoa was reduced them 1/3 to 227.3  0.1x10°
cells/ml, (p <0.01). (Table 1).

Mean initial sperm motility values after semen collection were 83.3 + 7.6%.
Filtration did not have a significant effect (p > 0.05) on sperm motility or motion
characteristics in extended semen (PD). In equilibrated semen (PE), the only parameter
significantly (p < 0.05) improved by semen filtration was the percentage values of motile
spermatozoa (MOT). Other sperm motion-related parameters were improved, but the
difference was not statistically significant. In samples after thawing (PT), only percentage
values of motile spermatozoa (MOT) were significantly improved by semen filtration
(Table 1).

Morphological abnormalities of spermatozoa were assessed in samples after final
dilution, before equilibration. Filtration significantly improved semen quality, reducing
various forms of morphological defects. Some defects, such as incidence of total sperm



tail abnormalities and tail-less (loose) heads, however, were not affected by filtration
(Table 2).

The mean percentage of spermatozoa with intact membranes after thawing was
significantly (p < 0.05) higher in filtered semen samples (41.2 + 3.7%) as compared to
non-filtered samples (34.8 + 3.8%).

Filtration had no effect on mitochondrial membrane potential in frozen-thawed
spermatozoa. On average, filtered samples contained 38.9 + 2.4% of spermatozoa
depicting high mitochondrial potential (brightly stained), and in non-filtered samples
these values accounted for 34.9 + 2.3%. The difference averaged to 4% and was not
statistically significant (p > 0.05).

The mean number of live spermatozoa with intact acrosomes was higher in
filtered samples (37.7 £ 3.7%) as compared to non-filtered samples (32.2 + 3.8). On the
average, there were 2.0 £ 0.2% and 2.3 + 0.2% live spermatozoa with damaged
acrosomes in non-filtered and filtered samples, respectively.

On average, the mean number of live spermatozoa was 32.7 + 2.6% and 38.1 +
2.6% in non-filtered and filtered samples, respectively. Of these, only 0.3 = 0.1% and 0.2
+ 0.1% showed high fluorescence with Merocyanine-540 (Mero high) in non-filtered and
filtered samples, respectively, and were depicting cells with higher lipid disorder.

In sperm samples assessed, only few percent spermatozoa contained
DNA-breaks. On average, filtered samples contained 3.1 + 0.5% (COMP(a,)) of
spermatozoa with DNA-breaks and in non-filtered samples these values accounted for 3.0
+ 0.4% (COMP(ay)).

The effect of biologically active substances on post-thaw spermatozoa (Experiments 2-
3)

Sperm plasma membrane scrambling

The effects of progesterone (P) on bovine spermatozoa post-thaw were studied
according to the induction of its influence on plasma membrane scrambling and
capacitation (Experiment 2). As determined by EthD-1 exclusion, at the beginning of
incubation, there were on average (mean = SD) 58.0 £ 11.0 % viable spermatozoa.
Following a 3-hour-long incubation in capacitating medium, sperm viability decreased
progressively to a 43.8 £ 6.5% level. Samples, incubated with progesterone, had slightly
higher percent of viable spermatozoa compared to that of controls, but the effect of
progesterone on sperm viability was not statistically significant (p > 0.05, Table 3). There
was no significant effect of P concentration on sperm viability among different
concentrations of P tested (Table 3).

Flow cytometric evaluation revealed that among the bulls evaluated, there was no
clear dose-dependent effect of progesterone on sperm plasma membrane scrambling
(Figure 1). Sperm plasma membrane scrambling was clearly time dependent. During the
first 60 min of incubation, there was on average a 3.1-fold increase in numbers of high
mero-binding spermatozoa, presenting higher state of scrambled plasma membranes. The
obtained values remained high throughout the rest of incubation period. Among the
concentrations of progesterone used, 10 pg/ml P resulted in the highest effect on sperm
plasma membrane scrambling. Nevertheless, within each incubation time, the effect of P
on plasma membrane scrambling was not statistically significant (p > 0.05). Semen



samples from individual bulls varied considerably in the percentage of spermatozoa
showing rapid increase in merocyanine stainability in response to progesterone treatment.

In experiment 3, bovine spermatozoa post-thaw were affected by oestradiol (OE),
heparin (Hep), progesterone (P) or a combination of these substances. At the beginning of
incubation, there were on average (mean + SD) 63.4 = 6.9 % viable spermatozoa.
Following a 3-hour-long incubation in capacitating medium, sperm viability decreased
progressively to 40.7 £ 6.0 %. Samples, incubated with OE, P alone or in combination,
expressed slightly higher percentage of viable spermatozoa compared to that of controls,
however, their effect on sperm viability was not statistically significant (p > 0.05) (Table
4).

Similarly to previous study (Experiment 2), flow cytometric assessment revealed
that increase in merocyanine stainability was time-dependent. During the first 60 min of
incubation numbers of spermatozoa presenting scrambled plasma membranes increased.
The effects of oestradiol and progesterone differed in their action on sperm plasma
membrane scrambling. At 60 and 120 min of incubation time, oestradiol, as compared to
the control, expressed membrane stabilizing properties (p < 0.05), however progesterone
addition did not affect (p > 0.05) the percentage of spermatozoa with destabilized
membranes, when compared with the control. Inclusion of oestradiol to progesterone-
containing samples alleviated the membrane-destabilizing effects of progesterone. On the
other hand, heparin resulted in a 3-fold increase in numbers of spermatozoa expressing
scrambled plasma membranes, as compared to the controls (p < 0.001). In this respect,
heparin abolished membrane-stabilizing effects of oestradiol and sustained high ratio of
spermatozoa with destabilized plasma membranes throughout the rest of incubation time
(Figure 2). Incidences of spermatozoa with spontaneous membrane scrambling were
comparatively low throughout the incubation. There was a significant effect (p < 0.001)
of bull on sperm plasma membrane destabilization.

Semen samples from individual bulls varied considerably in the percentage of
spermatozoa showing rapid increase in merocyanine stainability in the response to
biologically active substances treatment.

Sperm_capacitation

The experimental model included fixed effects of incubation time, concentration
of progesterone and bull’s had significant (p < 0.001) effect on the incidences of
capacitated spermatozoa, as revealed by LPC-induced acrosome reactions (Experiment
2). In the present context, AR induced by LPC was used as indirect method to measure
sperm capacitation, as LPC induces AR only in capacitated spermatozoa. Acrosomal
status was assessed only on viable spermatozoa. For this, spermatozoa were differentiated
into three categories according to their acrosome status — spermatozoa with intact
acrosome (Al), spermatozoa with swollen, patchy-like, disrupted acrosome (AD) and
spermatozoa with undergone acrosome reaction (AR). There was a significant (p < 0.001)
effect of time on sperm capacitation. Following incubation, a number of capacitated
spermatozoa, expressed as live acrosome-reacted (AR), increased in all samples,
irrespectively to progesterone treatment (Figure 3). There was a significant increase (p <
0.05) in capacitated spermatozoa already at 60 min after initiation of co-incubation with
progesterone (Figure 3). Thereafter, throughout the rest of the incubation, values steadily
increased and the highest incidences of capacitated spermatozoa (AR induced by LPC



treatment) were observed at 180 min of incubation. Within each incubation time,
progesterone significantly affected sperm capacitation, expressed as incidences of
acrosome-reacted spermatozoa, however capacitation rate was not P concentration
dependent (Figure 3). Among the concentrations of progesterone used, the highest effect
on sperm capacitation had 10 pg/ml P that capacitated on average 11.6% more
spermatozoa than it was observed in the control samples following 180 minutes of
incubation (Figure 3). Bulls differed significantly (p < 0.001) in the response of their
spermatozoa to progesterone.

The experimental model including fixed effects of incubation time, biologically
active substances, such as oestradiol, heparin alone or in combination, as well as in
combination with progesterone, and bulls was significant (p < 0.001) with regard to
sperm capacitation, revealed as LPC-induced acrosome reactions (Experiment 3). There
was a significant effect (p < 0.001) of time on sperm capacitation. Following incubation,
numbers of capacitated spermatozoa, expressed as live acrosome-reacted (AR), increased
in all samples, irrespectively to treatment, as shown in Figure 4. There was a significant
increase in numbers of capacitated spermatozoa already 60 min after initiation of co-
incubation, but the only substance having significant effect on sperm capacitation was
progesterone. Thereafter, throughout the rest of the incubation, values of the capacitated
spermatozoa steadily increased in all samples and the highest incidences of capacitated
spermatozoa (AR induced by LPC treatment) were observed at 180 min of incubation
(Figure 4). Biologically active substances affected sperm capacitation to a similar rate,
just progesterone slightly increased capacitation rate than others (Figure 4). However
supplementation of heparin did not significantly increase the effect of progesterone or
oestradiol on sperm capacitation. However, the response of spermatozoa of each bull to
biologically active substances differed.

Sperm acrosome reaction (AR)

In experiment 2 the effect of progesterone, as acrosome reaction-inducing
substance was tested. Live spermatozoa were differentiated into three categories
according to the acrosome status. Among the substances tested, lysophosphatidylcholine
(p < 0.05), but not progesterone affected the rate of acrosome reaction. At the onset of
incubation with heparin, there were just a few percent of spermatozoa with undergoing
acrosome reaction (AD) and also able to acrosome react (AR) at the stimulation of the
effectors. However, most of spermatozoa were acrosome intact (Al) (Figure 5). The
incidences of acrosome reacted (AR) spermatozoa was markedly increased following 240
min of incubation (Figure 6). Nevertheless, samples, incubated with progesterone, had
less acrosome-intact (Al) spermatozoa compared to those of control samples, but more
than samples incubated with LPC (Figure 6). Incidences of spermatozoa undergoing
acrosome reaction (AD) in control samples did not differ from the samples treated with
progesterone, but differed significantly (p < 0.05) from LPC-treated samples.
Spermatozoa, incubated with P showed higher incidences of AR than controls, but less
than samples, incubated with LPC (Figure 6). There was no concentration-dependent
effect of progesterone on the incidences of live acrosome-reacted spermatozoa but the
highest incidence of acrosome reactions was observed in 1 pg/ml P treated samples (6.3%
higher than controls but 7.8% less than LPC-treated samples).



The effect of oestradiol (OE), progesterone (P) and a combination of both (OE/P)
was tested on stimulation of sperm AR in experiment 3. At the onset of incubation with
heparin, there were just a few percent of spermatozoa able to undergo acrosome reaction
(AD) and acrosome-react (AR) to the stimulation of the effectors, such us progesterone
and LPC. Still, progesterone and LPC induced AR at low, but still statistically significant
levels (Figure 7). The incidences of responsive spermatozoa were markedly increased
following 240 min of incubation with heparin (Figure 8). At this stage, compared to the
control samples, incidences of AR spermatozoa in oestradiol, progesterone, oestradiol-
progesterone- and LPC-treated samples were significantly higher compared to these of
the controls. Among the samples tested, LPC (p < 0.001) and progesterone (p < 0.05)
affected significantly the rate of AR. Samples, incubated with progesterone, had less
acrosome-intact spermatozoa compared to those of control samples, but more than
samples incubated with LPC (Figure 8). Compared to the controls, there were
significantly lower incidences of spermatozoa undergoing acrosome reaction (AD) in
progesterone or oestradiol with progesterone - treated samples. In samples, treated with
oestradiol alone, incidence of spermatozoa undergoing acrosome reaction (AD) was
similar to that of controls (Figure 8).

Sperm-zona pellucida binding

Sperm-zona pellucida binding (Experiment 4)

The effect of progesterone and combination of progesterone and oestradiol was
studied on the number of bound spermatozoa to the zona pellucida (ZP) (Experiment 4).
Progesterone significantly (p < 0.001) increased the number of bound spermatozoa
(Figure 9). There was no concentration-dose dependent effect of progesterone on the
number of bound spermatozoa, however the highest effect on the number of ZP-bound
spermatozoa had 0.5 pg/ml of progesterone (6.5 bound spermatozoa more than in control
samples, p < 0.001). Oestradiol significantly alleviated the effect of progesterone on
sperm-ZP binding (p < 0.001) (Figure 9).

Incidence of acrosome reaction in the zona bound spermatozoa (Experiment 5)

The effect of progesterone on the zona pellucida-bound spermatozoa was studied
through its influence on the induction of acrosome reaction (Experiment 5). Before
spermatozoa—oocyte complexes coincubation at predetermined time intervals, oocytes
were incubated with spermatozoa for 1 h. At the beginning of coincubation, there were on
average (mean + SD) 43.8 = 11.1 bound spermatozoa in progesterone treated samples and
27.7 £ 7.8 bound spermatozoa in controls. This value remained during all incubation
time. The fixed effects such us progesterone (p < 0.001) and bull (p < 0.01) had
significant effect on the number of bound spermatozoa to the ZP. All bound spermatozoa
were differentiated into two categories according to their acrosome status — live
spermatozoa with swollen, patchy-like, disrupted acrosome (AD) and live spermatozoa
with undergone acrosome reaction (AR). During the first hours of coincubation the
number of AR spermatozoa was low, however it was higher in progesterone treated
samples (Figure 10). Similarly, the number of undergoing acrosome reaction spermatozoa
(denoted as AD) was more in sperm-ZP bound complexes incubated with progesterone



(Figure 10). Progesterone significantly affected the rate of AR in spermatozoa (p < 0.01).
However, during the first hours of coincubation progesterone had no effect on the
incidence of AR (Figure 11). Only at the onset of incubation approximately 20% of all
spermatozoa were AR in control and progesterone treated samples, though the ratio
steadily increased throughout the rest of incubation (Figure 11). The percentage of
spermatozoa undergoing acrosome reaction (AD) was higher than spermatozoa with
undergone AR and respectively, the rate of AD spermatozoa progressively decreased
during incubation. Though at the end of incubation progesterone significantly (p < 0.001)
raised the incidence of AR in spermatozoa. After 180 min of coincubation the percentage
of AR spermatozoa was 13.3% more in progesterone treated sperm-oocytes complexes
than in controls (Figure 11).

CONCLUSIONS:

1. The Sephadex G-15 filtration technique improves significantly sperm
morphology (p < 0.01) prior freezing, enhances significantly sperm viability (p < 0.001)
and acrosomal membrane integrity (p < 0.05) after thawing in bovine spermatozoa.

2. Sephadex G-15 filtration has no effect on semen quality with respect to
motility (p > 0.05), mitochondrial activity (p > 0.05), plasma membrane destabilization (p
> 0.05) and chromatin stability (p > 0.05).

3. Progesterone, oestradiol and heparin separately or in combination do not
negatively affect sperm viability (p > 0.05).

4. Progesterone at 0.1, 1, 10 pug/ml concentrations induce capacitation in post-
thaw bovine spermatozoa at a similar rate. However, the highest rate of capacitation is
induced by 10 pg/ml of progesterone (p < 0.01).

5. Progesterone at lpg/ml dose stimulates acrosome reaction (p < 0.05) in
frozen-thawed bovine spermatozoa.

6. Oestradiol presents plasma membrane stabilizing properties in post-thaw
bovine spermatozoa (p < 0.05).

7.  Qestradiol has no effect on sperm capacitation and acrosome reaction of
post-thaw bovine spermatozoa (p > 0.05).

8. Heparin in combination with oestradiol, progesterone and oestradiol-
progesterone significantly promote plasma membrane scrambling in post-thaw bovine
spermatozoa (p < 0.001) as compared to other biologically active substances used.

9. Progesterone of 0.1 (p < 0.05) and 0.5 pg/ml (p < 0.001) concentrations used,
increase the number of bound spermatozoa to zona pellucida at a concentration-
dependent base.

10. Progesterone induces acrosome reaction synergistically with zona pellucida
in post-thaw bovine spermatozoa only after prolonged 180 minutes co-incubation of
spermatozoa-zona pellucida (p < 0.001).

SUGESTIONS:

1. Bovine sperm filtration by Sephadex G-15 may be used for routine artificial
insemination work to improve lower quality ejaculates of bulls. Sephadex G-15 filtration
procedures may be applied to cleanse semen from bulls with proven semen quality that
could have suffered changes during their life only.



2. Heparin and progesterone alone or in combination may be included in in
vitro fertilization protocols, as they can prolong sperm viability, as well as promote sperm
plasma membrane scrambling and capacitation in post-thaw bovine spermatozoa and to
increase the number of spermatozoa bound to zona pellucida.
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