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Seasonal Variability in Cryoresistance
of Saanen Goats Spermatozoa and Reproductive Characteristics

Pecpepat: OgHuM i3 BaXKNMBUX eTanis AONOMIKHUX PenpoayKTUBHUX TexHonorin (OPT) € kpiokoHcepByBaHHS ramert. [ns ogepxaHHs
BMCOKMX pe3ynbraTie OPT BaXnuBo KpiokOHCEpByBaTK CnepMaTo30ign B CNPUATIIMBMIA CE30H, KONW BOHW MatoTb BUCOKY 3annigHioBarb-
Hy 3paTHicTb. OuiHoBanM ce3oHHy BapiabernbHiCTb KPiOpe3UCTEHTHOCTI CnepmaTo30ifiB Ta penpoayKTUBHUX XapaKTEPUCTUK LianiB 3aa-
HeHcbkoi nopoaw. Micns BuaaneHHs CiM’aHOI PiAuHU CnepmaTos3oian M'ATK CTaTeBO3PIiNNX TBapuH KpiokoHcepByBanu y posdnHi 10%-ro
rnigepuHy T1a 20%-ro S€4HOro XOBTKa. 3annigHoBanbHy 34aTHICTb CMepMaTo30idiB BU3Ha4Yany 3a 4acToTol 3anfigHeHHs oouuTiB Ta
PO3BUTKY EMOPIOHIB Ha 7-My J0BY KynbTMBYBaHHS B yMOBaX in vitro. BcTaHOBMEHO, WO penpoayKTUBHI XapakTepUCTUKM LaniB 3aaHEeHCHKOT
rnopoau y napysarnbHUA CE30H MatoTb MiABULLEHY KOHLIEHTPALito crepMaTto30iaiB Ta 36inblueHy pyxnuBicTb. YacToTa BUXMBaAHHS criep-
MaTo30i4iB Lanis nicrnsi KpiokOHCEPBYBaHHS € CE30HHO3aMNEeXHOK — Yy NapyBarbHUA CE30H KiNMbKICTb XUTTE3AATHUX CrepmaTo3oiais byna
3HauyLLo GinbLUIOK MOPIBHSIHO 3 HenapyBanbHMM. YacToTa 3anmnigHeHHs OOLUTIB NiCNsi BUKOPUCTAHHS HAaTUBHUX Ta KPIOKOHCEPBOBaHMX
cnepmaTo3oifiB pisHUX CTaTEBUX CE30HIB Byna 3HauyLLlo BULLOI B rpyrni napyBanbHOro cesoHy. KinbkicTb eMOpioHiB, siki po3BUHYNMCS
0o cTapii 6nactoumcTy, Byna HalMeHLLOW Micns 3annigHEHHST OOLMTIB KPIOKOHCEPBOBaAHUMI CriepMaTo3oifgamun, oTpUMaHUMK y Hena-
pyBanbHWU ce3oH. BctaHoBNEHO, LLO KPiOTONEpaHTHICTbL CNepmaTo30igiB Ta penpoAyKTUBHI XapakTepUCTUKM LianiB BULLI Y napyBanbHUN
Ce30H MOpPIBHAHO 3 HenapyBanbHUM. OTpuMaHi pesynbTatv [A03BOMSTb PO3POOUTU CTpaTerio BiATBOPEHHSI CillbCbKOrOCnoAapChbkux
TBapWH 3a4ns NpoaoBons4oi 6e3neku YkpaiHu.

KntouoBi cnoBa: kpiokoHCepBYBaHHS, CnepmaTos0iau, Lanu, napysanbHUiA CE30H, 3AaTHICTb A0 3anniAHEHHS.

Abstract: Cryopreservation of gametes is one of the important stages of assisted reproductive technologies (ART). To obtain high
results using ART, it is essential to cryopreserve sperm in a favorable season, when gametes have a high ability to fertilize oocytes.
The aim of this research was to study seasonal variability of spermatozoa cryoresistance and reproductive characteristics of Saanen
goats. After removing the seminal fluid, the gametes of five mature animals were cryopreserved in a solution of 10% glycerol and
20% egg yolk. The ability of spermatozoa to fertilize was examined by the embryo development rate on day 7 of in vitro culture. Repro-
ductive characteristics of Saanen goats during the breeding season were found to be featured by increased sperm concentration
and motility. The survival rate of goat spermatozoa after cryopreservation is seasonally dependent, i. e. in the breeding season the
number of viable spermatozoa was notably higher than in non-breeding one. The frequency of oocyte fertilization after the use of fresh
and cryopreserved spermatozoa derived in different seasons was significantly higher in the breeding season group. The number of
embryos which developed to the blastocyst stage was the lowest after fertilization of oocytes with cryopreserved spermatozoa ob-
tained in the non-breeding season. It is concluded that sperm cryotolerance and reproductive characteristics of goats are higher in a
breeding season compared to non-breeding one. The findings will allow to develop a strategy in the reproduction of farm animals for
the food security of Ukraine.

Key words: cryopreservation, spermatozoa, male goats, seasonality, fertilizing ability.

JomomixkHi penponykTuBHI TexHOMOTIi (IPT)
3aCTOCOBYIOTHCS HE TUIBKM Y MEAWYHIN MPaKTHUII, a
¥ B TBApMHHUITBI JJIA IIBHIKOTO 30UTBIICHHS II0-
roiie’st Ha epmax [10]. KouTpons 3a eeKTHBHICTIO
MITYYHOTO OCIMEHIHHS a0o 3aluligHEHHS in Vitro,
MOP(OKIHETHYHIM PO3BUTKOM €MOPIOHIB Ta BHUKO-
PUCTaHHS METO/IiB MEePeIiMIUTAHTAI[IHOT TeHETHYHO1
JIarHOCTHKHU eMOpPIOHIB TO3BOJISIOTH TOKPAIUTH T'e-
HETHYHI XapaKTEePUCTHUKHU MOPiJ TBApHUH, IO POOUTH
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Assisted reproductive technologies (ART) are
used not only in medical practice, but also in animal
husbandry to rapidly enhance the livestock at farms
[8]. Control over the effectiveness of artificial
insemination or in vitro fertilization, morphokinetic
development of embryos and use of pre-implantation
genetic testing of embryos can improve the genetic
characteristics of animal breeds, that makes their
reproduction more cost-effective and accelerates

the livestock growth [22, 28]. Cryopreservation is
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MPUCKOPIOE picT moromiB’s [22, 28]. OgHuM i3 Bax-
nmuBux ertamiB peanizamii PT € kpiokoHcepByBaHHS
[1, 6, 33]. 3acTocyBaHHS PENPOAYKTHBHUX KIITHH,
sIKI 30epiraiaucs 3a HU3BKHUX TEMIIEpaTyp, T03BOJIIE
3MEHIIMTU Ha (pepMax KiJIbKICTh CaMIIiB Ta BUKOPH-
CTOBYBAaTH aJIIKBOTH CIIEPMATO301TiB 3 OJHOTO EAKY-
JIATY JUTS 3aILTi THEHHS TeKUTBKOX CaMUIlh. Y TIPHPOII
JUTsT OLIBIIIOCTI TBApWH XapaKTePHUM € CE30HHUI
repion; po3MHOXKeHHs. Hanpukiaz, ko3u, MicIeM ic-
HYBaHHS SKMX € TOMIpHI IIMPOTH, CIIAPIOIOTHCS BO-
CEHH, a OKOUYIOThCS HaBeCHi [ 8], 110 moB’s13aHo 3 o-
TOIIEPiOIOM, 3MiHA SKOTO BIUIUBA€ HA TOPMOHAIBHY
perymALio penpoaykTHBHOI cuctemu [8, 23]. Onep-
JKaTh BUCOKI PE3yNBTaTH 3aIUTiTHEHHS MOXJIMBO 32
YMOBH KPIOKOHCEPBYBAaHHS CICPMHU 3 HaWKpaIIMMH
MTOKa3HUKaMH [7], a UIA IbOT0 HEOOXITHO BHSIBUTH
OTITHMAJIGHAN CE30H, B SKHH JJIs CIIEPMAaTO30iIiB Xa-
paKTepHi HaMKpaIi pyXJIMBiCTh, KPIOPE3UCTEHTHICTh
Ta 37aTHICTh N0 3amIigHeHHs. Hagam Taky cnepmy
MO)XKHa BUKOPHCTOBYBaTH y OyIb-SIKHH CE30H IS
MITYIHOTO OCIMEHIHHS ab0 3aIUTiIHSHHS in Vitro Ki3 y
CTUMYJIBOBAHOMY €CTPYCi 1 TAKUM YHHOM PO3MOALIS-
TH TIPOTATOM POKY MEpioJ POSMHOXEHHS Ta OKOTY
TBapyH.

Meta nocmikeHHs — OIliHKa CE30HHOI Bapia-
0EIBHOCTI KPiOPE3UCTEHTHOCTI Ta PENPOAYKTHBHUX
XapaKTEPUCTHK CIIEPMATO30i/iB LAMiB 3aaHEHCHKOL
MTOPOJIH.

Marepiagau i MmeToaH

Y HOCHiIKEHHAX BHKOPHUCTOBYBAIN ESKYIATH
st crateBo3pimx (18—36-micsyHnX) mariB 3aa-
HeHcbkol moponu (Capra hircus hircus). Eskynsati
OTpUMYBajJH Ha (epMepcbkoMy rocrogapctsi «Te-
TsiHa 2011» (c. YepeBku, Ykpaina) 3 BAKOPUCTAHHSIM
LITy4YHO! BariHW Ta y NPUCYTHOCTI KO3U B MEpioA
ecTpycy.

Yci manimynsnii 3 TBapyuHaAMH Ta iX 010JI0TTYHUM
MaTepiayoM JI03BOJICHI KOMITETOM 3 Oioetuku [HCTH-
TyTy mpoOieM KkpioGiosorii Ta kpiomeauuan HAH
VYkpaian (mporokon Nel Bix 28.01.2021) Ta y3rom-
JKEH1 3 OCHOBHHIMH TIOJIO)KCHHSAMH 3aKOHY YKpaiHu
«IIpo 3axmcT TBapWH BiJ KOPCTOKOTO MOBOKCHHS»
(Ne3447-1V Bin 21.02.2006) Ta «EBpOIEHCHKOI KOH-
BEHIIII TIPO 3aXUCT XpEeOSTHUX TBApPHUH, SIKI BUKOPH-
CTOBYIOTECS JJTsl EKCTICPUMEHTAIILHUX Ta 1HIIUX Hay-
KoBUX I1iyei» (M. CtpacOypr, 1986).

3paszku eskynsaTiB (n = 130) orpuMyBanu pa3 Ha
JIBa THDKHI MPOTSTOM MapyBaJbHOTO (BepeceHb—TPY-
IeHb, n = 45) Ta HenapyBaJbHOTO (CiYEHb—CEPIICHB,
n = 85) cesoniB. KoHmeHTpawLilo Ta pyXJUBICTH
CIiepMaro30imiB Bu3Hadamu B kamepi «Makler» (Sefi
medical instrument, I3paiie) mig CBITIOBUM MIKpPOC-
rxorioM «AmScope B120C» (AmScope, CIIIA). XKut-
TE€3MATHICTH KIIITUH OLIHIOBAIN 32 KIJBKICTIO KUBUX
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one of the important stages of ART implementa-
tion [4, 12, 33]. The use of reproductive cells stored
at low temperatures can reduce the number of
males on farms and will allow to apply the aliquots
of sperm from one ejaculate to fertilize several
females. In nature, most animals have a characteristic
seasonal mating season. For example, goats, whose
habitat is temperate latitudes, mate in fall and
goat kids appear in spring [6], due to the photo-
period, the change of which affects the repro-
ductive system hormonal regulation [6, 23]. High
results of fertilization can be obtained if the sperm
with the best indices is cryopreserved [5]. Therefore
it is necessary to identify the optimal season when
the spermatozoa are featured with the best motility,
cryoresistance and ability to fertilize. In future,
such sperm can be used in any season for artificial
insemination or in vitro fertilization of goats in
stimulated estrus and thereby to distribute during
the year the period of reproduction and breeding of
animals.

The study was aimed to assess the seasonal
variability in cryoresistance and reproductive cha-
racteristics of spermatozoa of Saanen goats.

Materials and methods

In this research we examined the ejaculates of five
adult (18-36-month-old) Saanen goats (Capra hircus
hircus). Ejaculates were obtained at the Tetyana 2011
farm (Cherevky village, Ukraine) using an artificial
vagina and in the presence of a female goat during
estrus.

All manipulations with animals and their biological
material are approved by the Bioethics Committee
of the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine (Minutes N1 dated of January 28, 2021)
and agreed with the main provisions of the Law of
Ukraine ‘On Protection of Animals Against Cruelty’
(N3447-1V of 21.02.2006) and the European Con-
vention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986).

Ejaculate samples (n = 130) were obtained every
two weeks during mating (September—December,
n = 45) and non-mating (January—August, n = 85)
seasons. Spermatozoa concentration and motility
were determined in a Makler chamber (Sefi medical
instrument, Israel) with an AmScope B120C light
microscope (AmScope, USA). Cell viability was
assessed by the number of living cells in eosin-
nigrosine-stained smears of VitalScreen (FertiPro,
Belgium) with a light microscope (x400).

The semen was removed by centrifugation in a
density gradient (Sill-select stock, FertiPro). The
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KIITHH y Ma3KaX, 3a0apBIICHUX €O3MH-HIrPO3UHOM
VitalScreen (FertiPro, benbrist) mig cBiTI0BUM Mi-
KpockorioM (%400).

CiM’siHY piIMHY BUOAIBLUIN IDITXOM LEHTpUQY-
ryBaHHs B rpazienti miieHocTi (Sill-select stock,
FertiPro). Jlo mpenunitary nomaBamm 10%-# po3-
gnH mrinepuny (BASF, Himeuunna) ta 20% seu-
HOro oBTKa Ha cepemoBuili WASH 3 Oydepom
HEPES (IVF Bioscience, Benuka bpuranis). Kin-
LIeBa KOHIEHTpalis CIEePMaTo30idiB y PO3UMHI I
3aMopoXXyBaHHs ckinagana 200 mn/min. Bubip mpo-
TOKOJY HH3BKOTEMIIEPaTypHOTO OXOJOMKEHHS OyIo
OOTpYHTOBaHO pe3ydbTaTaMHd HAIIUX MONEepPenHiX
nociiukens [5]. Cycnensito ciepMaro30ifiB i3 Kpio-
MPOTEKTOPOM TIEPEHOCHIIN Y KPIOCOIOMUHKH 00’€-
Mom 0,25 min (Minitube, HimeuumHa), exBiIiOpy-
Bamu 30 xB mpu KiMmHaTHIH Temmeparypi (20°C);
2,5 ronuau ipu 5°C; 15 xB y mapax a3oTy Ha BifcTaHi
4 cM Bim a3epKajia PiAKOTO a30Ty Ta 3aHYPIOBAIHA Y
pimkuii a30T. BimirpiBanm 3pa3ku Ha BOASHIN OaHi
(37°C) mpotsarom 30 c. KpiompoTekTop BHIasIN
IUISXOM TEHTpU(YTYBaHHS, Nalxi BU3HAYaIH PyX-
JIMBICTH Ta KUTTE3OATHICTH KIIITHH.

CriepMaro30iad poO3MONUIMIM Ha EKCIepHMEH-
TaJbHI rpynu: 1A — CBKOBUALICHI y apyBalbHUI
ce3oH; 1B — cBiXKOBMAiNIEHI Yy HenmapyBalbHUIl ce-
30H; 2A — KpIOKOHCEPBOBaHi y apyBaJIbHUI CE30H;
2B — KkpioKOHCEpPBOBaHI y HEMAPYBAIBHHM CE30H.

3MaTHICTE CITIEPMAaTO30iMiB 0 3aIUTiIIHCHHS OIli-
HIOBQJIM 32 TEMITAMH PO3BUTKY €MOPIOHIB MPOTATOM
7 mib iX KyJasTHBYBaHHS in Vvitro. JIns mporo oTpu-
MyBaJl HE3piIi OONUUT-KyMYITIOCHI KOMIUIEKCH ¥
napyBalbHUN (BepeceHb—Imcronan, n = 136) ta He-
napyBajbHUH (KBITEHb—JIMIIEHD, 71 = 73) ce30HU. Ac-
Mipamio OOUTIB 3 QOMIKYIIB S€UHUKIB 31 HCHIOBATIH
micnst 3a6010 13 ta 10 ki3 [11] B mapyBanbHul Ta He-
napyBaJbHUHN CE€30HU BiaNoBigHO. He3pini oonut-Ky-
MYJIIOCHI KOMIICKCH TIOMIIAId Y CEPEIOBUIIE
st nospiBanns BO-IVM (IVF Bioscience) na 22—
24 romunu npu temmneparypi 38,8°C, 6% CO, Ta
21% O,. Jlns 3amniiiHeHHs. BUKOPUCTOBYBAIIM CIIEP-
MaTo30iIi AOCIITHUX TPYI, sIKi 00poOIsIH cepemo-
BHIIIEM JJTS 3aIUTi THESHHS 32 TPOTOKOJIIOM BUPOOHUKA.
3pisTi OOIUT-KYMYITIOCHI KOMITIEKCH TEPEHOCHIN Y
CepeOBHIIe IS 3aIUTiTHEHHS Ta T0JaBalld CIiepMa-
TO301IM y KiHIEBil KOHIIEHTpAaIlii 2 MITH/MJI. 3arutif-
HEeHi SUICKITITUHU TIEPEHOCHITN Y CBIXKE CEPEIOBUIIC
Ta KyJbTHBYBau npu temmeparypi 38,8°C, 6% CO,
Ta 6% O, mpotsrom 7 xi6. Jlis BU3HaYeHHs 4acTOTH
PO3BHUTKY eMOpioHIB Ha 7-My 100y PO3BUTKY MiJpa-
XOBYBaJIM CITIBBIJTHOIICHHS KUTBKOCTI OJacTOIMCT
a00 MOpYJNT 10 KUTBKOCTI 3aIUTiTHEHUX SIHICKITi-
THH.

Jnst crarnctnaHoi 0OpOOKM HaHWX BHKOPHCTO-
ByBam Tiporpamy «Statistica 8» (StatSoft, CIIIA).
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precipitate was added with 10% glycerol solution
(BASF, Germany) and 20% egg yolk on WASH
medium with HEPES buffer (IVF Bioscience, UK).
The final concentration of sperm in freezing solution
was 200 million / ml. The choice of low-temperature
cooling protocol was justified by the results of our
previous studies [3]. The spermatozoa suspension
with cryoprotectant was transferred to 0.25 ml
cryostraws (Minitube, Germany), equilibrated for
30 min at room temperature (20°C); 150 min at 5°C;
15 min in nitrogen vapors at a distance of 4 cm from
the liquid nitrogen mirror and immersed into liquid
nitrogen. The samples were heated in a water bath
(37°C) for 30 s. The cryoprotectant was removed by
centrifugation, and cell motility and viability were
further examined.

Spermatozoa were divided into experimental
groups: 1A — freshly released during mating season;
1B — freshly isolated during non-mating season;
2A — cryopreserved during mating season; 2B —
cryopreserved during non-mating season.

The ability of spermatozoa to fertilize was assessed
by the development rate of embryos during 7 days of
their cultivation in vitro. For this purpose, immature
oocyte-cumulus complexes were obtained during
mating (September—November, n = 136) and non-
mating (April-July, n = 73) seasons. Oocytes from
ovarian follicles were aspirated after slaughtering 13
and 10 female goats [9] in mating and non-mating
seasons, respectively. Immature oocyte-cumulus
complexes were placed in BO-IVM (IVF Bioscience)
maturation medium for 22-24 hours at 38.8°C, 6%
CO,, and 21% O,. For fertilization, the spermatozoa
from experimental groups were used, which were
treated with a medium for fertilization according
to the manufacturer’s protocol. Mature oocyte-cu-
mulus complexes were transferred to a medium for
fertilization and spermatozoa were added at a final
concentration of 2 million / ml. The fertilized oocytes
were transferred to fresh medium and cultured at
38.8°C, 6% CO, and 6% O, for 7 days. To determine
the embryo development rate on day 7 of in vitro
culture, the ratio of the number of blastocysts or
morulae to the one of fertilized oocytes was counted.

For statistical data processing we used Statistica 8
software (StatSoft, USA). Significance of differences
of the indices was determined by the Mann-Whitney
U test at p < 0.05. Data were presented as mean +
standard deviation.

Results and discussion

The concentration of group 1A spermatozoa was
almost twice as high as in group 1B (Fig. 1). However,
seasonality did not affect the ejaculate volume, as in
the non-mating season it decreased by less than 10%
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Puc. 1. KoHueHTpalis cnepmaTo30igiB y esakynatax
Lanis 3aaHeHCbKOI Nopoau y napyBanbHUM Ta Hena-
pyBanbHUIN CE30HU. * — pi3HUUS 3Hauvylla MOPiIBHSAHO
3 BiQNOBIAHMM MOKa3HMKOM nNapyBallbHOrO Ce30HY
(p < 0,05).

Fig. 1. Concentration of spermatozoa in the ejaculates
of Saanen goats in mating and non-mating seasons.
* — difference is significant compared to the correspon-
ding index in mating season (p < 0.05).

3HaYyIICTh BIAMIHHOCTEH IMOKAa3HUKIB BH3HAYAIN
3a U-kputepiem Manna-Bitni npu p < 0,05. Jani
HABOJWIIN SIK CEPEHE 3HAUCHHS + CTaHAApPTHE Bij-
XHJICHHSI.

Pe3yabTaTi Ta 06roBOpeHHs

KonmenTparis crepmaro3oigis rpynu 1A Oyna
Maibke y JBa pa3W BHINOIO 3a Tpymy 1B (puc. 1).
[IpoTe ce30HHICTH HE BIUIMBAJAa Ha O0’€M ESKYIIA-
Ty, OCKUTBKH Yy HEMapyBaJbHUN CE30H BiH 3HU3HBCS
MeHI Hix Ha 10% mopiBHIHO 3 mapyBalbHUM (pHC.
2), MmO MiATBEPAKYETbCA I1HIIMMHU JITEPaTypPHUMH
nanumu [18, 27]. O0’eM esKyIaTy y OOCTiIKyBaHi
CE30HM HE BIJPI3HABCS, IO MOXKHA TMOSCHUTH 3a-
JISKHICTIO TIOKA3HUKA Bifl BIKY, MacH Ta XapuyBaHH:;
narmis [18].

KinpKicTh pyXJIUBHX Ta JKATTE3NATHHUX CIIEpMa-
TO3011iB rpymu 1A Oyina BHIIOIO 3a Taky y rpym 1B
(puc. 3). 3HmwkeHHA (YHKITIOHAJIBHUX ITOKA3HHKIB
Yy HEMapyBaIbHHMHA CE30H MOXe OyTH OOyMOBIICHE
3MiHaAMHU KOHIIEHTpalli ropMoHiB [4, 9, 12], pi3Hu-
mero y BymieBogHoMy [12, 15], OimkoBomy [12, 15,
21], mimpgromy [12, 17, 26] ckitagax ciM’siHOT piiuHA
Ta MIa3MaTHYHUX MeMOpaH crepMaro3oinis [2, 12,
29]. 3a 3MiHaMu O10XIMIYHOTO CKJIAAY CiM’SIHOT piau-
HU y MapyBajJbHUH Ta HEMAPyBAIBHUN CE30HU MOXK-
JIMBO BU3HAYUTH MPUYMHU CE30HHOI BapiaOEeIbHOCTI
JOCITiPKYBaHHUX TTOKA3HHUKIB.

Ilicns KpiOKOHCEPBYBaHHS PYXJIWBICTh Ta KHUT-
TE3MATHICTH CIIEPMATO30i 1B 3HAUYIIIEC 3MEHIITYBaJIUCS
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compared to mating one (Fig. 2), that is confirmed by
other reported data [17, 27]. The volume of ejaculate
did not differ in the studied seasons, that could be
explained by the dependence of the index on age,
weight and nutrition of goats [17].

The number of motile and viable spermatozoa
of group 1A was higher than that of group 1B (Fig.
3). The decrease in functional parameters in the
non-mating season may be due to changes in the
concentration of hormones [2, 7, 10], difference in
carbohydrate [10, 14], protein [10, 14, 21], lipid [10,
16, 26] compositions of seminal fluid and plasma
membranes of spermatozoa [10, 16, 29]. According
to the changes in biochemical composition of semen
in mating and non-mating seasons, it is possible to
determine the reasons for the seasonal variability of
the studied indices.

After cryopreservation, spermatozoa motility and
viability decreased significantly in both group 2A (1.3
times compared to group 1A) and group 2B (1.6 times
compared to group 1B) (Fig. 3). However, in group
2A the number of motile sperm was 1.5 times higher
than in group 2B. Importantly, there was no significant
difference between the motility and viability of
spermatozoa of groups 2A and 1B. This fact can be
assumed when choosing an artificial insemination
strategy in non-mating season [11]. In group 2A, the
spermatozoa motility decreased by 20% compared to
the initial value before cryopreservation (group 1A),
and in the non-mating season it was reduced by 30%.
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Puc. 2. O6’em esikynaATy uaniB 3aaHeHCbKOi Mopoau y na-
pyBanbHWUI Ta HenapyBasnbHUN Ce30HU. Pi3HUUSA NOKa3HUKIB
o6’emy esKynsATy y napyBanbHUiA i HenapyBanbHUIN CE30HU
He3Hauywa (p = 0,05).
Fig. 2. Volume of ejaculate of Saanen goats during ma-
ting and non-mating seasons. Difference in ejaculate
volume during mating and non-mating seasons is in-
significant (p = 0.05).
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gk y rpymi 2A (y 1,3 paza nopiBHSHO 3 Tpy- 100
noro 1A), Tak i y rpymi 2B (y 1,6 paza mo- 90
piBHsHO 3 Tpynoio 1B) (puc. 3). [Ipote y 80
rpymi 2A KiTBKICTh PYXJIUBHX CIIEpMAaTO- 70
30imiB Oyna y 1,5 pa3a OijIbIIO MMOPIBHS- 60
HO 3 Toka3HuKoM rpymu 2B. Baxmuso, 50
IO 3HAYyIIa PI3HUIS MK TMOKAa3HUKaAMHU

PYXJIMBOCTI Ta JKHTTE3MATHOCTI CIEpMa- 40

Bigcotok cnepmartosoisis
Percentage pf spermatozoa

T030imiB Tpyn 2A Ta 1B Oyma BigcyTHS. 30
Ileit dakT MOXHA BpaxOByBaTH il yac 20
BHOOpY CTpaTerii MITYYHOTO OCIMEHIHHS 10
y HemapyBajIbHHUH ce30H [13]. 0

Y rpym 2A pyxJUBICTH cHepMaTo-
30imiB 3MeHIIyBaacs Ha 20% MOpiBHIHO
3 TIOYAaTKOBUM 3HAYCHHSM Mepea KpioKoH-
cepByBaHHsM (Tpyma 1A), a y HemapyBaib-
Huit ce30H — Ha 30%. XKXutresmaraumu y
rpymi 2A mopiBHSHO 3 Tpymoo 1A 3amu-
mainocst 88% crepmaro30ifiB, a y Hemapy-
BajbHUN ce30H — 85%. Lle Moxe BKa3zy-
BaTH Ha BHIY KPIOPE3UCTCHTHICTDh KITITHH
y mapyBaJbHHH Ce30H. Pi3HMUA y cTiii-
KOCTi 10 KPiOIOIIKOMKEHb Y MapyBaJbHAN
Ta HemapyBaJIbHUHA CE30HH MOXE BHHU-
KaTH 4epe3 CE30HHY BapiaOesbHICTH JIi-
MiHOTO CKJIagy MeMOpaH CrepMaTo30iniB
[2, 25, 29], piBHA cuHTe3y OiNKIB akBanopHHiB (Ha-
mpuxian, AQP3 ta AQP7, mo BiAmoBigaroTh 3a mpo-
HUKHICTh KPiONPOTEKTOPIB A0 KIIITHH Ta 3aXHCT Bij
OCMOTMYHOTO INOKY MiJ Yac KpPiIOKOHCEPBYBAHHS)
[32], OinkiB-(hepMEHTIB, IO 3aXUIIAIOTh BiJl OKCH-
JTATHBHOTO CTPECy y TPOIeCi KpiOKOHCEPBYBaHHS
(cynepokcuaaucMyTasa, (Goc@oima TIiIpornepoK-
CUJ DIIOTATiOH mepokcuaasza) [16], OLIkiB Ternio-
Boro moky (Hampukiax, HSP90, skuit 3HaX0oquThHCS
B JUKTYTHKY CIIEPMAaro30ima, BIAIOBiZaE 3a MeTa-
oomism AT® Tta moB’sA3aHUN 3 KPIOTOJEPAHTHICTIO
cnepmaro3oinis Oukis [30, 34]). [ns BusiBieHHS
NPUYMH 3MiHM CTIMKOCTI CHEepMaTo30iliB mama o
MOLIKO/KEHb, 110 BUHUKAIOTH IiJ] Yac KPiOKOHCEPBY-
BaHHS, 3aJIE)KHO BiJ CE30HY HEOOXiHI IMMOMabIii
MOJICKYJISIPHO-TEHETUYHI TOCIiIKEHHS: BU3HAUYCHHS
pi3HHLI B eKcripecii TeHiB OiNkiB aKBaIlOpPHHIB, OLIKIB
TEIIOBOTO IIOKY Ta O1IKiB-(pepMEHTIB, 1110 3aXHIIa-
I0Th BiJl OKCHIATHBHOTO CTpECy Yy MapyBaJbHUHA Ta
HeTapyBaJIbHUHA CE30HW 10 1 MICII KPIOKOHCEPBY-
BaHHS.

3piTi  OOMT-KOPOHA-KYMYITIOCHI KOMITJICKCH 3a-
IUTiTHIOBATN TIONIEPEIHBO ITIATOTOBJICHUMH CIIEep-
MaTo30ilaMy TUIAXOM JOJaBaHHA iX CyCHeH3ii 10
sinexmitud (puc. 4). Y crateBuil ce30H 32 00OLUTH
Oynu 3arutigHeHi cnepMmarosoinamu rpymu 1A, 21 —
2A, 75 — 2B. Y necrareBuii ce30H 15 oonutiB Oyiu
3aIluligHEHi crepMaro3oigamMu rpymu 1B, 29 — 2A
Ta 28 — 2B.
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MapyBanbHuUit ce3oH
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HenapyBanbHuin ce3oH
Non-mating season

Puc. 3. BigcoTok pyxnMBux Ta XUTTE34AaTHMUX CNepMaTo30iaiB pis-
HUX OOCNigXYyBaHUX rpyn uaniB 3aaHeHCbKOT nopoaun nepeq (M) Ta
nicnsa (=) KpioKOHCepBYBaHHS Y NapyBanbHUIA Ta HenapyBanbHUN
Ce30HU; 1 — pyXJIMBICTb, 2 — XUTTE3AATHICTb; * — Pi3HULS 3Ha4vyLa
NOpPiBHSIHO 3 BiANOBIAHUMW NOKa3HMKaMM nepes KpiokoHCepBYyBaH-
HaM (p < 0,05).

Fig. 3. Percentage of motile and viable spermatozoa of different
studied groups of Saanen goats before (m)
cryopreservation in mating and non-mating seasons; 1 — motility, 2 —
viability; * — difference is significant compared to the corresponding
indices prior to cryopreservation (p < 0.05).

and after

(=)

In group 2A 88% of sperm remained viable compared
to group 1A, and 85% for group 2B compared to
group 1B. This may indicate higher cryoresistance
of cells during mating season. Differences in resis-
tance to cryoinjury may be explained by seasonal
variability in the lipid composition of sperm mem-
branes [18, 25, 29], the level of aquaporin pro-
tein synthesis (e.g. AQP3 and AQP7 responsible
for permeability of cryoprotectants to cells and
protection against osmotic shock during cryopre-
servation) [32], proteins-enzymes, protecting against
oxidative stress during cryopreservation (superox-
ide dismutase, phospholipid hydroperoxide gluta-
thione peroxidase) [16], heat shock proteins (for
example, HSP90, which is located in the spermato-
zoon flagellum, responsible for ATP metabolism
and is associated with cryotolerance of bull sper-
matozoa [30, 34]). To reveal the reasons of chan-
ges in the resistance of goat spermatozoa to a
cryopreservation-caused damage depending on the
season, further molecular genetic studies are needed,
namely they are examining the differences of the
gene expression of aquaporin proteins, heat shock
proteins and enzyme proteins, protecting against
oxidative stress in non-mating seasons before and
after cryopreservation.

Mature oocyte-corona-cumulus complexes were
fertilized with pre-treated spermatozoa by adding
their suspension to oocytes (Fig. 4). During the ma-
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Puc. 4. l'ameTtu Ko3u nepe 3annigHeHHAM: A — 3pini 0oUMT-KYMYNIOCHI KOMMNIeKcy;

B — cnepmartosoigu.

Fig. 4. Gametes of goats before fertilization: A — mature oocyte-cumulus complexes;

B — sperm.

Uepe3 16—18 romun criocTepirain pe3yabTar 3a-
IUTITHEHHS OOLUTIB in Vitro, sIKe BHU3HAYajad 3a Ha-
SIBHICTIO Y TIEPUBITEIIHOBOMY IIPOCTOPI ABOX MOJIAP-
HUX Titenb (puc. 5). Yacrora 3arutiIHEHHS OOIWTIB
JOCTIKYBaHHUX TpyN Oylla HACTYITHO: Y TIapyBaJIb-
HUW Ce30H crepMmarosoimamu rpymu 1A — (94,8 +
1,3)%, 2A — (85,7 £ 2,4)%, 2B — (75,3 £ 1,9)%,
a B HETIApPyBaJIBHUN CE30H — CIIEPMaTo30iIaMurpy-
mu 1B — (75,9 £ 2,3)%,
2A — (76,7 £ 2,7)%,
2B — (64,3 £ 5,8)%.

Mu oTpuMany BHCOKI
pe3yibTaTH YacToTH  3a-
TUTITHEHHS OOLUTIB Yy Ta-
PYBaIBHUI CE30H, OCKLIb-
KA 3alUIJHIOBAIM TUIBKH
3pinmi oommtu. Lli pesynb-
TaTH BIAPI3HIIOTHCS  Bif
naHux Z. Wang Ta CITiBaBT.
[31], #iMOBipHO TOMY, IIIO
BOHH  BUKOPHCTOBYBAJIH
OOIIUTH PI3HOTO CTYTICHS
3pUIOCTI, IO HETaTUBHO
BIUTMBAJI0O Ha KUIBKICTh
OTPUMAaHUX 3UTOT.

Ha 7-my no0y xynbru-
BYBaHHS B YMOBaX in Vitro
86 3ammgHEHUX OOLHTIB,
OTPUMAHHUX Yy MapyBajb-
HUI Cce30H, NJOCIIIN CTamil
OolacTonucTd, 3 AKAX 27
((82,6 = 3,7)%) yrBOpHIIOCS
TCIST  3aIUTTHEHHS  CIIep-
Maro3oigamu Tpymu 1A, 15
(71,9 £ 9,2)%) — rtpymu
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ting season, 32 oocytes
" were fertilized with sperma-
tozoa of group 1A, 21 ones

A with 2A, and 75 with 2B.
A3 In non-mating season, 15
' oocytes  were fertilized
with spermatozoa of group

\ 1B, 29 ones with 2A and
by _ : 28 with 2B.

After 16-18 hours, the
result of in vitro fertiliza-
’ tion of oocytes was ob-
served, which was deter-
mined by the presence of
two polar bodies in the
perivitelline space (Fig. 5).
The fertilization rate of oocy-
tes of the studied groups
was as follows: in mating
season with the group 1A
spermatozoa it made (94.8 £ 1.3)%, (85.7 £ 2.4)%
for 2A, (753 £ 1.9)% for 2B, and in the non-
mating season with the group 1B spermatozoa
they were (759 = £ 2.3)%, (76.7 =+ 2.7)% for
2A and (64.3 £ 5.8)% for 2B.

We obtained high results in the frequency of
oocyte fertilization during the mating season, as
only mature oocytes were fertilized. These results

10 pum
—

100 Hm

Puc. 5. AueknituHm ko3m Yepes 16—18 roaunH nicna 3annigHeHHa cnepmarto3oifa-
mu rpyn 1A (A) Ta 1B (B). CTinkoto BigMiYeHO NonsapHi Tinbus.

Fig. 5. Goat eggs 16—18 h after fertilization with spermatozoa of groups 1A (A) and
1B (B). Polar bodies are marked with an arrow.
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YacTtoTa po3BUTKY eMBpPIioHiB Ki3 Ha 7-My 06y KynbTMBYBaHHS
Development rate of goat embryos on day 7 of cultivation

KinbkicTb em6pioHiB Ha cTapil 6nactounctu y rpynax, %

Ce30H, B AKMI OTPUMAHO 00LMTH Number of embryos at blastocyst stage in groups, %

Season when oocytes were obtained

1A 1B 2A 2B
I'IapyBa.anMM 82,6 + 3,7 _ 71,9 + 9,2 57,9 + 9,7*
Mating
Henapysan-mem B 69,6 + 9,6* 68,2 + 11,2* 53,6 + 6,5**
Non-mating

MpUMiTKN: * — pi3HULS 3HaYyLLa NOPIBHSAHO 3 YAaCTOTO PO3BUTKY €MOpIOHIB Y NapyBanbHWUI CE30H Nicrns 3annigHeHHs
cnepmatosoigamu rpynu 1A (p < 0,01); #— pi3HMUA 3HaYyLLa NOPIBHSIHO 3 YAaCTOTOK PO3BUTKY eMOpIOHIB Y HenapyBarb-
HWIA Ce30H Micnsa 3annigHeHHst cnepmaro3oigamu rpynu 1B (p < 0,01).

Notes: * — difference is significant compared to the embryo development rate during mating season after fertili-
zation with group 1A spermatozoa (p < 0.01); # — difference is significant compared to the embryo development rate

during non-mating season after fertilization with group 1B spermatozoa (p < 0.01).

2A (puc. 6) ta 44 ((57.9 £+ 9,7)%) — rpymu 2B. Ilic-
JIS1 3aIUTIAHCHHS OOLMTIB Y HerapyBaJbHUM Ce30H OYII0
orpumano 42 em6pionn, 10 ((69,6 + 9,6)%) 3 sKUX —
MCIs 3allIiIHEHHS crepMaro3oinamu rpynu 1B,
18((68,2+11,2)%)—rpymu2Atal14((53,5+6,5)%)—
rpymm 2B.

AHali3 CTymeHsi pO3BHTKY OTPHUMAaHHX €M-
OpioHiB Ha 7-my 100y KylIbTHBYBaHHS (TaOMuUIIs)
BHUSBHB, IO IICJIS 3aIUTiTHCHHS OOIMUTIB, OTPH-
MaHMX Yy NapyBaIbHUH CE30H, CIEpMaTO30igamu
rpymu 1A gacrora Onactynsmii ckiagana Oiibiie
80%. Haiimenmia kinmbKicTh eMOpioHIB Ha cramil
Onacrorctd a6o Mopynu (menmre 60%) crnocre-
pirajacst TICIS 3aIUTiTHEHHS OOIUTIB, OTPHMAHHX
Yy HemapyBaJIbHUH C€30H, CIepMaTo30igaMu TIpy-
i 2B.

VY poboti He OyJa0 BHSBICHO 3HAYYIIOI PI3HHUII
MDK 9aCTOTOIO PO3BUTKY €MOpIOHIB y TapyBadbHUH
CE30H TMIiCIs 3alUTiIHEHHS OOIMTIB CIIEPMATO30i-
namu rpyn 1A ta 2A, npote Lel MOKa3HUK 3HAYyIIEe
3MEHIIYBABCS MicCIsl BUKOPUCTAHHS CIIEPMaTO30idiB
rpymu 2B. AHami3 po3BHTKY eMOpiOHIB micis 3ar-
JIAHCHHS OOINTIB, OTPUMAaHHUX Yy HEMapyBaJIbHUL
CE30H, IMOKa3aB CXOXi pe3ylbTaTH, L0, MOXIJIUBO,
IOB’S13aHO 3 TIOPYIICHHSM EKCIpecii TeHiB OLIKiB,
SKi BIATOBINAIOTH 3a 3[aTHICTH O 3arUliJHEHHS
(mampukman, MO6P/IGF2R ta LOC101123268, ski
3a0isiHI Y PO3Mi3HABaHHI SIMIICKIITHHH CIIEPMaTO30i-
mom [20]) ta mimicaocti JIHK [2, 18].

P.V. Pereira ta cmiBaBt. [19] mokazamm, mo mop-
(OKIHETHYHI XapaKTEepPUCTUKU eMOpPIOHIB HIK4i B
a"ectpyci (HaBecHi) — 51% moOpiBHSAHO 3 TEepiogoM
po3MHOXKEHHS (BoceHn) — 72% abo mepexigHuM
nepionoM (Biitky) — 71%, Toxi sIK pe3ynbTarH, oT-
pUMaHi B3UMKY — 66%, MaloTh IPOMI>KHE 3HAYCHHSI.
ABTOpH BHUCIIOBIIOIOTH Pi3HY OYMKY LIOAO BIUIHBY
CE30Hy Ha eMOpIiOJIOTiUHI XapaKTEPHUCTUKH BHJIIB

40
#

E

differ from the data of Z. Wang et al. [31] probably
because they used oocytes of different degrees of
maturity, which negatively affected the number of
zygotes obtained.

On day 7 of in vitro culture, 86 fertilized oocytes
obtained during mating season reached the blastocyst
stage, among which 27 (82.6 + 3.7%) were formed
after fertilization with the group 1A spermatozoa,
15 ((71, 9 £ 9.2)%) with group 2A (Fig. 6) and 44
(579 £ 9.7)%) with group 2B. After fertilization
of oocytes in non-mating season, 42 embryos were
obtained, 10 ((69.6 = 9.6)%) of those after fer-
tilization with sperm group 1B, 18 (68.2 + 11.2%)
with group 2A and 14 (53.5 + 6.5)% with group 2B.

Analysis of the degree of development of the
obtained embryos on day 7 of cultivation (Table)
revealed that after fertilization of oocytes with
the group 1A spermatozoa obtained in mating sea-
son, the blastulation frequency was higher than 80%.

150 um
Puc. 6. EmMG6pioHM k03u nicns 3annigHeHHs oouuTis,
OTPUMaHMX Yy napyBanbHUIA CE30H, cnepmaTto3oigamu
rpynu 2A Ha 7-my o6y pO3BUTKY.

Fig. 6. Goat embryos after fertilization of oocytes obtai-
ned during mating season with spermatozoa of group 2A
on day 7 of development.
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TBapHUH, SIKUM NpUTaMaHHi (OTONepioJuyHi peakiii.
Tak, Temnu qpoOICHHS eMOPiOHIB y TIEPioJT PO3MHO-
KCHHSI TIPUCKOPIOIOTHCA y BepOmtoniB [3], Oi3oHIB
[14], 6yitBomiB [24].

TakuM YMHOM, CE30H BIUIMBA€ HAa KUIBKICHI Ta
SIKICHI XapaKTePUCTHKH CIIEpPMAaTO30i/liB IIaIliB 3a-
AQHEHCHKOI TopoAu (KOHIICHTPAIliS, PYXJIHUBICTH Ta
KUTTE3MaTHICTE). KpiokoHCEepByBaHHS 3HIKYE PyX-
JIUBICTh Ta JKUTTE3MATHICTh KIITHH Yy OyIb-sSKAN
CE€30H, POTE 3HAYYIIE Y HENapyBaJbHUIN. 3MaTHICTh
70 3alUliIHEHHS CIEpMAaro30idiB, KpPiOKOHCEPBO-
BaHUX Y MapyBaJbHUU CE30H, BIANOBia€ TaKii y
cBixkoBuieHUX. KiiTHHH, KpIOKOHCEPBOBaHI y He-
MapyBaJbHUN CE30H, MPOSIBIISAIOTH HAWHWKYY 311aT-
HICTh JIO 3aIUTiHCHHS. Y MapyBaJbHUN CE30H KOM-
MIETEHTHICTh PO3BUTKY €MOpPIOHIB BHIIA, HIK y He-
MapyBaJIbHAN, 10 30UTBIIY€E MMOKA3HUK OJACTYIISIIIT
Ta MO3UTHBHO BIUIMBAE HA AKICTh EMOPIOHIB.

Pesynbratu  OCHi/KEHHST  J03BOJSTH  PO3PO-
OUTH CTpaTerilo BIATBOPEHHS CLIBCHKOTOCIIONAPCH-
KHUX TBAPHUH 31 IPOJOBOIBIOI OC3IIeKH YKpaiHH.

BucHoBku

3a pesynapTaTaMu JOCIIIPKEHHS BCTaHOBJICHO,
IO PEMPOAYKTUBHI XapaKTEPUCTUKH IAIliB 3aaHCH-
CHKOI TIOPOAM XapaKTEPU3YIOThCS 3HAYYIIO BHUIIUMHU
MOKa3HUKAMU 3arajibHOi KiJIBKOCTI CIepMaro30i/iB
1 30UTBIIIEHHSAM X PYXJIMBOCTI y TIapyBaJIbHUN CE30H
MTOpiBHSAHO 3 HenapyBaiabHuM (y 1,8 Ta 1,3 pasa Bin-
moBigHO) (p < 0,05).

YacToTa BIKMBAHHS CIIEPMATO301MiB AIlIB ITiCIISA
KPIOKOHCEPBYBaHHSI € CE30HHO3AJISKHOIO — Y TTapy-
BaJlbHUH CE30H KITBKICTh HEYIIKOHKCHHX CIepMa-
To301xiB ((72,86 £ 4,91)%) Oyna 3Ha4yIIO OUIBIIOO
nopiBHsiHO 3 HemapyBanbHUM ((58,16 + 6,91)%)
(» <0,05).

Yacrora 3aruiTHEHHS OOLUTIB IMiCIs BUKOPUCTAH-
Hs cBixoBuAUTeHNX ((94,8 + 1,3)%) Ta KpioKoHCEp-
BoBaHuX ((85,7 + 2,4)%) cnepmaTo30iaiB mapyBaib-
HOTO CE30HYy Oyjia 3HadyIle BUIIOI IOPIBHIHO 31
CIiepMaTo30iaMi, OTPUMAHUMH Yy HeNapyBaJbHUU
cesoH (p < 0,05).

KinpkicTe eMOpiOHIB, SIKI PO3BUHYJIUCS IO CTamil
Omactonmctr, Oyiga HAWMEHINOIO TIICIIS 3aruligHEH-
HA OOITUTIB KPIOKOHCEPBOBAHMMHM CIIEPMAaTO30i/1a-
MU, OTPUMaHUMH y HemapyBaibHHUH ce3o0H ((53,5 +
6,5)%) (p < 0,05).

NMitepartypa
1. Konenka E®, Metpywko MIT, MNMuuses BU, n gp. KpnokoHcep-
BUpOBaHWe penpoayKTUBHbLIX KNETOK 1 aMBproHoB nabopartop-
HbIX, CeNlbCKOXO3ANCTBEHHbIX U AWKUX XMUBOTHbIX. Npobnemu
kpiobionorii i kpiomeguumHmn. 2019; 29(1): 3-18.
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The lowest number of embryos at the blastocyst
or morula stage (less than 60%) was observed
after fertilization of oocytes obtained in non-mating
season in group 2B spermatozoa.

There was no significant difference between
the embryo development rate in mating season
after fertilization of oocytes with spermatozoa of
groups 1A and 2A, but this value decreased strongly
when using the group 2B ones. Analysis of the
development of embryos obtained after fertiliza-
tion of oocytes procured in the non-mating season
showed similar results, possibly due to impaired
expression of genes of proteins responsible for fer-
tility (e. g. M6P / IGF2R and LOC101123268, which
are involved in recognition of oocytes by spermato-
zoon [20] and DNA integrity [17, 18].

P.V. Pereira et al. [19] showed that the morpho-
kinetic characteristics of embryos were lower in anestrus
(spring), i. e. 51% compared to the reproductive period
(fall) making 72% or the transition period (summer)
being 71%, while the results obtained in winter
demonstrating 66%, had an intermediate value.
The authors suggest differently on the influence
of the season on embryological characteristics of
animal species characterized by photoperiodic
reactions. Thus, the cleavage rate of embryos during
reproduction is accelerated in camels [1], bison [13],
buffaloes [24].

Thus, the season affects the quantitative and
qualitative characteristics of the Saanen goats sper-
matozoa (concentration, motility and viability). Cryo-
preservation reduces cell motility and viability in
any season, but significantly in non-mating. The
ability to fertilize spermatozoa, cryopreserved during
mating season, corresponds to that of freshly relea-
sed. Cryopreserved cells in non-mating season show
the lowest ability to fertilize. During mating sea-
son, the competence of embryo development is hig-
her than in non-mating one, that increases the
blastulation rate and positively affects an embryo
quality.

The research results will allow to develop a
strategy for the reproduction of farm animals for food
security of Ukraine.

Conclusions

In line with the research results, the reproductive
characteristics of Saanen goats are characterized
by significantly higher indices of total sperm count
and increase in their motility in the mating season
compared to non-mating one (1.8 and 1.3 times,
respectively) (p < 0.05).

The survival rate of goat spermatozoa after
cryopreservation is seasonally dependent, i. e. in
mating season the number of intact spermatozoa
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((72.86 = 4.91)%) was significantly higher than in
non-mating ((58.16 £ 6.91)%) (p < 0. 05).

The frequency of oocyte fertilization when using
the freshly isolated ((94.8 + 1.3)%) and cryopreserved
((85.7 = 2.4)%) spermatozoa in mating season
was significantly higher compared to spermatozoa
obtained in non-mating season (p < 0.05).

The number of embryos that developed to the
blastocyst stage was the lowest after fertilization of
oocytes with cryopreserved spermatozoa obtained in
non-mating season ((53.5 = 6.5)%) (p < 0.05).
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