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Pedrepat: B npeacraBneHHoM 0630pe onucbiBaeTCcs TeKyLee COCTOsiHME Mpobrembl KpMOKOHCEPBUPOBAHMUS! CepMaTo30U0B,
OOLMUTOB N 3IMOPUOHOB XMBOTHBIX. [TpoaHanM3npoBaHbl METOAMYECKME NoaXoabl A4S 3 MEKTUBHOIO HU3KOTEMMEPaTypPHOro coxpa-
HEHVS FeHETUYECKNX PECYPCOB KMBOTHOIO MUPa, ONUCaHbl 3Tarnbl KPUOKOHCEPBUPOBaAHUS raMeT 1 3MOPMOHOB XXMBOTHbIX. [TokasaHa
pe3ynbTaTUBHOCTb NMPUMEHEHUSI TEXHONOTUM KPUOKOHCEPBUPOBAHMS PEMNPOAYKTUBHBIX KIETOK U SMOPUOHOB KMUBOTHbIX. OTMEYEHO,
YTO Ha AaHHbIi MOMEHT YCMNELHO KPUOKOHCEPBUPOBaHbI MOMOBbIE KMETKM U 3MOPMOHBI MHOTUX BUAOB NabopaTopHbIX, CElbCKOXO-
3ANCTBEHHbIX M OWKUX KMBOTHbIX, OIHAKO OCTalTCS HepeLleHHbIMY BONMPOCHI KPUOKOHCEPBUPOBaAHUS OOLMTOB Y 9MOPUOHOB HEKO-
TOpbIX BMOOB NTUL, pbiG 1 MrekonuTalwmx. B paboTte obeyxaatTcsa nogxodbl K pa3paboTke METOAOB COXPaHEHUS TEHETUYECKOTO
mMaTtepuarna Tex BUOOB, KOTOpPblE Ha CEroAHSALWHUI AeHb KPMOKOHCEPBMPOBATbL He yaarnoch.

KniouyeBble crioBa: KpYOKOHCEPBUPOBaHKE, CepMaTo3onabl, 0OLUTbI, SMOPUOHbI, BUTPUGMKALUS.

Pedbepar: Y npencrasneHomy ornsai ONUCyETbCA NOTOYHUIA CTaH NPo6neMu KpioKOHCEPBYBaHHSA CMepMaTto30iAiB, OOUMUTIB i eM-
6pioHiB TBapuH. [MpoaHanizoBaHO METOAMNYHI NiAX0AN ANA e(PEKTUBHOIO HM3bKOTEMMNEPATYPHOTO 36epeXXeHHs reHETUYHUX PecypciB
TBapPUHHOTO CBITY, ONMCAHO eTanu KPioKOHCEpBYBAHHSA rameT i eMOpioHiB TBapuH. MNokasaHa pe3ynbTaTUBHICTb 3aCTOCYBaHHS TEXHO-
norii KpioKOHCepPBYBaHHS PENPOAYKTUBHUX KIiTUH | emMBpioHiB TBapvH. BiaaHaveHo, Lo Ha AaHUI MOMEHT YCMiLLHO KPiOKOHCEePBOBaHi
cTaTeBi KMiTUHKU | eMBpioHN GaraTbox BUAIB NabopaTopHMX, CiNMbCbKOrOCMOAAPCLKMX | AKX TBApWH, NPOTE 3anvLIalTbCs HEBUPI-
LUEHVMM MUTaHHSA KPiOKOHCEPBYBAHHA OOUMTIB i eMOpioHiB Aesknx BuaiB ntaxis, pub i ccasuiB. Y poboTi o6roBoptooTbCs nigxoan
[0 po3pobkn MeToAIB 36epeXeHHA reHeTUYHOro MaTtepiany TMx BUAIB, SKi Ha CbOrOAHILLHIN AeHb KPIOKOHCepByBaTV He BAANocs.

Kno4yoBi crnoBa: KpiokOHCEpPBYBaHHS, CNepMaTo30iamn, 0oumMTy, eMOpioHu, BiTpudikauis.

Abstract: This review describes the state of the art in cryopreservation of animal spermatozoa, oocytes and embryos. We have
analyzed methodical approaches for the effective low-temperature preservation of the genetic resources of animal world and specified
the procedures of cryopreservation of animal gametes and embryos. The history of efficient cryopreservation for animal reproductive
cells and embryos was described. To date the germ cells and embryos of many laboratory, agricultural and wild animals have been
successfully cryopreserved, nevertheless there is still pending the issue with the oocytes and embryos of some species of birds,
fishes and mammals. The paper discusses the ways for developing the methods to preserve the genetic material of those species
that have not been successfully cryopreserved yet.

Key words: cryopreservation, spermatozoa, oocytes, embryos, vitrification.

Ha Tepputopun Ykpaunsl oouraer 6oiee 45 000
BUJIOB JKMBOTHBIX, U3 KOTOPBIX 542 BUIa HAXOIUTCS
mon yrpo3oit mcuesHoenus [3]. msa coxpaHeHuUs
LIEHHBIX MHPOBBIX T'€HETHYECKUX PECYPCOB >KUBOT-
HbIx KomuteT OOH mo Bompocam Mpoa0BONBCTBUSA
U CeIbCKOIO XO34HCTBAa PEKOMEHIYET MPOBOAMTH
MEpOIpUATHS, HalpaBI€HHbIE Ha BOCCO3JIaHHE MX
nomyssiuit [71].

B Vkpaune onuH 13 NpHOPUTETOB IrOCYNapPCTBEH-
Hoii monutuku Ha 2005-2025 rr. B cdepe mpupo-
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More than 45,000 animal species inhabit Ukraine,
among those 542 are endangered ones [18]. In order
to conserve the world’s valuable animal genetic
resources, Food and Agriculture Organization of
the United Nations recommends the activities to be
undertaken to recreate their populations [71].

Biodiversity conservation is one of the Ukrainian
state policy priorities for 2005-2025 in nature
management, environmental safety and environ-
mental protection [61].
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JIOTIONB30BaHMs, YKOJOTHYECKOH Oe30MacHOCTH U
OXpaHbl OKPY’KaloIIel Cpebl — COXpaHeHHe Onopas-
HOOOpazus [12].

Hawmnyumum crocoboM mopaepaHusi OIS
MU JKUBOTHBIX SIBISETCS WX pa3BelCHHE ITyTeM
€CTeCTBEHHOTO crnapuBaHus. OJHAKO B pe3ynbTare
BIUSIHUSI aHTPOIOTEHHBIX (DaKTOPOB COKPAIIAFOTCS
MIPUPOJIHBIE apealibl OOUTAaHUS KUBOTHBIX, YTO yC-
JIOXKHSIET MX Pa3MHOKEHHE M IMPEISTCTBYET BOCCTA-
HOBJICHUIO TOMYJISIMNA: B MHUpe Toj0BHHA u3 6379
MIOMYJISALUI HaXOIUTCS Ha TpaHH ncue3HoBeHus [71].
CoxpaHeHue BUJOBOTO pa3HOOOpa3us BO3MOKHO
B 3aloBeAHUKaX (in situ), TP STOM CIENyeT Y4H-
TBIBaTh TOT (DAKT, UYTO B €CTECTBEHHOH cpene oOuTa-
HUS TIOPOJIBI KUBOTHBIX MOTYT 3BOJIOIMOHUPOBATH
Y aJanTHpPOBAThCS K W3MEHSIOMIUMCS YCIOBHUSIM.
CymecTBylOT U JIpyTue crocoObl COXpaHEHHUS BH-
JIOBOTO PA3HOOOpa3ws: cojfiepKaHNEe BHE €CTeCT-
BEHHBIX YCIIOBHH pa3MHOXKEHUS W oOuTaHusa (ex
Situ); KPHOKOHCEPBHPOBAaHHE TaMeT M 3MOPHOHOB
(ex situ in Vvitro), TO3BOJSIOIINE CO37aBaTh KOJ-
JIEKIMK HauboJee TIOJIHOTO aJuIeIbHOTO pa3Hoo0pa-
3Us JUISL KQKIOTO BUJA M IOPOIBI C LIEIbI0 TOCie-
ayroniero  BocnpomsBonacTBa. Crparerust  coxpa-
HEHUs JKUBOTHBIX ex Sifu in Vvitro OCHOBBIBAETCS Ha
JOCTIKCHHUAX KPHOOHOJOTHMH W Peau3yercsi C II0-
MOIIBIO BCIIOMOTATENTbHBIX PENPOIYKTUBHBIX TEXHO-
noru#i (BPT). B mocnenaee BpeMst BO MHOTHX CTpaHax
MHpa BBIJIEISIOTCS 3HAYUTENIbHBIE CPEACTBA JIIS CO3-
TaHUST KPHOOAHKOB PENPOAYKTHBHBIX KJIETOK W OM-
OpPHOHOB JWKWX, MyTaHTHBIX M TPAHCTEHHBIX BHJIOB
T1a00OpaTOPHBIX JKUBOTHBIX, IOPOJ] JOMAIIHETO CKO-
Ta, a TAKXKE TMpeJCTaBUTENCH nukoit gaynsi [14].

B cBsi3u ¢ 3TMIM HeoOxonuMa pa3paboTka 3dek-
TUBHBIX CIIOCOOOB KPHOKOHCEPBHUPOBAHHUS, KOTOPOE
SIBIISIETCSL ONHUM M3 JTAaroB OMOTEXHOJIOTMYECKOTO
mporecca AO0JTOCPOYHOTO XPAaHEHUS! T€HETHYECKO-
ro Marepuayia IIEHHBIX W HCYE3aIOIIUX BUIOB KU-
BOTHBIX [2]. IlepCeKTUBHBIM B 3TOM HaIlpaBICHUU
SIBIISIETCSl COXPAaHEHHWE TEeHETHYECKOTO Marepuaia B
YCJIOBUSAX N Vitro, TOCKOJIBKY JUIsl €70 pealln3aluun
TpeOyroTcs HeOombiue (PUHAHCOBBIE 3aTPAThl U TEX-
HOJIOTHYECKH MPOCTHIC METOAUKHU [56]. Jls Boccos-
JIaHWST OPraHU3MOB M3 TIOJIOBBIX KJIETOK, XPAHSIIIUXCS
B KpHOOAHKaX, UCIIONB3YIOTCSl TOJILKO T€HOMBI OCO-
Ocii ObankoBckoro pesepsa. [loaToMy ams moaaepxa-
HUSL OMOpa3HO0Opa3Hs Ba)KHO YBEIUYMBAThH 3aIlachl
PENpPOAYKTHBHOTO MarepHajia ocoleil B mpernenax
oxHoro Buaa. Kpome Toro ciemyer yuyuThIBaTh, YTO
[IPH PEUHTPOAYKIIMU BOCCTAHOBJICHHBIX BHJIOB B
€CTECTBEHHYIO TOIYJISIIHI0 N3MEHSETCS €€ TeHEeTH-
Yyeckasi CTPYKTypa, 4TO MOXKET ObITh MPUYMHON He-
PETYIUPYEMBIX «BCTIBIIICK» Pa3sMHOKEHUS, Hapy-
meHns OWONIOTHYECKUX CBS3€H B COOOIIEecTBax M
AHOMAJILHOTO TIOBE/ICHUSI JKUBOTHBIX.
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The best way to maintain a population of ani-
mals is to breed them via natural mating. Howe-
ver, influence of anthropogenic factors results in a
reduction of natural habitats of animals, that com-
plicates their reproduction and prevents the res-
toration of populations: half of the 6,379 world po-
pulations are on the extinction verge [71]. Conser-
vation of species diversity is possible in wildlife
sanctuaries (in situ), and it should be borne in mind
that animal breeds can evolve and adapt to changing
conditions in their natural habitat.

There are other ways to preserve species di-
versity: keeping beyond the natural conditions of
reproduction and habitat (ex situ); cryopreservation
of gametes and embryos (ex situ in vitro), allowing
to establish the collections of the most full allele
diversity for each species and breed with the
aim of further reproduction. The ex situ in vitro
animal conservation strategy is based on the achi-
evements of cryobiology and is implemented
using the assisted reproductive technologies (ART).
Recently, many countries of the world allocated
significant funds for the establishing the cryo-
banks of reproductive cells and embryos of wild,
mutant and transgenic species of laboratory ani-
mals, livestock breeds, as well as representatives
of wild fauna [2]. In this regard, the develop-
ment of effective cryopreservation methods, that
is one of the stages of the biotechnological process
of long-term storage of genetic material of valu-
able and endangered species of animals, is vital
[27].

Prospective direction is the preservation of ge-
netic material in vitro, since its implementation
requires quite a low funding and simple techno-
logical appoarch [49]. To get organisms from germ
cells stored in cryobanks one can use only geno-
mes of individuals being a part of the bank re-
serve. Therefore, to maintain biodiversity, it is
important to enhance the stocks of reproductive
material of the individuals within the same spe-
cies. In addition, it should be taken into account
that the reintroduction of the ‘restored’ individuals
into natural population changes its genetic struc-
ture, which may be the cause of unregulated
‘outbreaks’ of reproduction, disruption of com-
munity networks and abnormal behavior of ani-
mals.

An important cryobiological task is to pre-
serve not only the biodiversity of gametes and
embryos, but also their morphofunctional integ-
rity, as well as genetic stability [27]. It is known
that the genetic apparatus of reproductive cells and
embryos can be damaged during cryopreservation
and long-term storage [40]. To uncover the mecha-
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BaxHo#l kpuoOHonornueckol 3anadeil sBIsETCS
COXpaHEHHE HE TOJBbKO OMOpazHoOoOpa3us ramer H
SMOPHOHOB, HO U MX MOPPODYHKIHMOHAIBHOU Lie-
JIOCTHOCTH, a TaKKe€ TI'€HETHYEeCKOH CTaOMIIBHOCTH
[2]. W3BeCTHO, YTO I€HETHYECKUU ammapar pernpo-
OYKTUBHBIX KJIETOK M 3MOPHOHOB MOXKET IOBPEXK-
JlaThCsl B IIPOLIECCE KPUOKOHCEPBUPOBAHMS M AOJI-
rocpounoro xpaHeHust [48]. [nsg ycraHoBiICHUS
MEXaHU3MOB KPHOIIOBPEKACHUH TeHOMa TaMeT W
SMOpPHOHOB HEOOXOIMMO TIpoBelcHUE (yHIaAMEH-
TaJbHBIX MCCIEOBAHMMN, HaNpaBIEHHBIX Ha H3yde-
HUE MOP(OIOTUIECKUX, [IUTOTOTUIECKUX U LIUTOTe-
HETHYECKUX XapPaKTEPUCTHK KJIETOK, YTO MO3BOJIUT
COXPaHUTb HE TOJIBKO CTPYKTYpY, (QYHKIHOHAJb-
HBIC XapaKTEPUCTHKH, HO U TEHOM PENPOLYKTUBHBIX
KJIETOK ¥ SMOPUOHOB KMBOTHBIX.

enms paboTrel — 000OmIEHNE CBEACHHH, Kacaro-
muxcs HpoOsieMbl KPUOKOHCEPBUPOBAHUSI PETPO-
IOYKTUBHBIX KJIETOK M 3MOPHOHOB IJISI COXPAHEHMS
TeHETUYECKOTO Marepuaia JabopaTOpHBIX, JTOMAIll-
HUX ¥ TUKUX JKUBOTHBIX.

Omanvl KPUOKOHCEPBUPOBAHUSL 2amem U 9MO-
puonos. KpHOKOHCEPBHUPOBaHHE KaK CIOCOO Co-
BEPLLECHCTBOBAJICA MapajulesibHO ¢ pa3zButhuemM BPT,
HanpaBJICHHBIX Ha JieueHUe OeCIIoNAHs YeloBeKa
[10], KoTOpbIe BKIFOYAIOT B ce0si: KPHOKOHCEPBHUPO-
BaHME CIIEPMATO30UJOB YEJIOBEKa [8] U mOIrocpou-
HOE HHU3KOTEMIIepaTypHOE XpaHEHHE OOIUTOB U AM-
opuonos [1, 9].

KpuokoHncepBupoBaHue OOIBITUHCTBA OHOOOBEK-
TOB, B TOM YHCJI€ TaMET U YMOPHUOHOB Pa3HBIX BUIOB
JKUBOTHBIX, COCTOUT U3 HECKOIBKUX TEXHOJIOTUYEC-
KHX 3TallOB: TOJyYCHHUE OMoMarepuasa; TPaHCIOp-
TUPOBKa OMOO0OBEKTOB, TUIIOTEPMUYECCKOE XPAHCHHUE;
AKCIO3UIIMS OMoMarepualia ¢ KpHO3alIUTHBIMH Cpe-
JaM¥; BBIOOp KOHTEHHepa NIl KPHOKOHCEPBUPOBA-
HUs OWomarepuana; OXJaxkJIeHHe OHOOOBEKTOB JI0
TEMIEepaTyphl JKUAKOTO a30Ta W TOCIEIyrolee X
XpaHeHHe B KpHoOaHKe; HarpeB OMO0OBEKTOB U yia-
JIEHNE KPUOTPOTEKTOPa; OIlEHKA KU3HECTIOCOOHOCTH
OmomMarepwuana.

Jns cHuKeHUs MOBPEXKIAIONIET0 JEUCTBUS HU3-
KX TeMIeparyp Ha OMOOOBEKT BaKEH MOAOOP KpHO-
MIPOTEKTOPOB ISl CPEIbl, 00CCIIEUUBAIOIICH 3alUTy
U obmagaroreil Hu3Kkoi TokcumuHocThio [15]. Ilpm
9TOM JIOJDKHBI YYHMTBIBATHCS CTPYKTypa M CBOMCTBa
3aMOPaKUBACMOTO Marepualia, a TaKXKe BHUJIOBBIC
OTIIMYMS KXKAOTO TUNA KIETOK. [IpoHMKaromne
KPHUOIIPOTEKTOPHI (TIUICPUH, JTUMETHUICYIb(OKCH]T
(AMCO), ostunenrmukons (3I), 1,2-mponanmnon
(1,2-I11), mumernnaneramug (JIMAA), mumerundop
mamun (IM®PA) u 1p.) CHIKAIOT TOUYKY 3aMep-
3aHUS PAcTBOpa, B3aMMOJCHCTBYIOT C MEMOpaHHBI-
MH CTPYKTypaMH KJIETKH, MPEIOTBPAIIAIOT POCT
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nisms of cryogenic damage in the genome of ga-
metes and embryos, it is necessary to perform fun-
damental studies of morphological, cytological
and cytogenetic characteristics of cells, which will
help to preserve not only the structure and func-
tional characteristics, but also of the genome of
reproductive cells and animal embryos.

The purpose of the work was to compile in-
formation on the cryopreservation of reproductive
cells and embryos used for the conservation of the
genetic material of laboratory, domestic and wild
animals.

Stages in cryopreservation of gametes and emb-
ryos. Cryopreservation as a method was developed
simultaneously with the improvement of ART in
terms of human infertility treatment [67], and in-
cluded human sperm cryopreservation [65] and
long-term low-temperature storage of oocytes and
embryos [7, 66].

Cryopreservation of most biological objects, in-
cluding gametes and embryos of various animal
species, consists of several technological steps: bio-
material obtaining; transportation of biological ob-
jects, hypothermic storage; exposure of biomate-
rial with cryoprotective media; selection of the
container for biomaterial cryopreservation; cooling
of biological objects down to the temperature of
liquid nitrogen and their subsequent storage at
cryobank; warming of biological objects and cryo-
protectant removing; assessment of the biomaterial
viability.

To reduce the damaging effect of low tempera-
tures on a biological object, the selection of proper
cryoprotectant medium, providing the protection and
having a low toxicity is important [3]. This should
take into account the structure and properties of the
specimens which is planned to be frozen, as well as
the species differences for each cell type. Penetra-
ting cryoprotectants (glycerol, dimethyl sulfoxide
(DMSO), ethylene glycol (EG), 1,2-propanediol (1,2-
PD), dimethyl acetamide (DMAA), dimethylforma-
mide (DMF), etc.) reduce the freezing point of the
solution, interact with membrane structures of cells,
prevent the growth of concentrations of intra- and
extracellular electrolytes resulting from the water
transport, in particular during its freezing. Non-
penetrating cryoprotectants (sucrose, trehalose, po-
lyvinylpyrrolidol (PVP), polyethylene glycol (PEG),
etc.) protect cells against osmotic pressure changes
during cryopreservation [70].

Depending on the applied cooling rate of a bio-
object cooling there are the following types of free-
zing regimens: very slow (less than 1 deg/min),
slow (1-10 deg/min), rapid (10-100 deg/min), very

5
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KOHUEHTPAaLUUH BHYTPU- U BHEKJIETOYHBIX 3JIEKTPO-
JIMTOB B pe3yJbTaTe TPAHCIOPTa BOJBI, B YACTHOCTH
Ipu € BhIMEp3aHWu. HenpoHWKaromme KpUompo-
TEKTOPBI (Caxapo3a, Tperano3a, IMOIUBHHUIIHNPPO-
mupon (I1BI1), mommstunenrmmkons (11900 u mp.)
3alUIIAIOT KIETKH OT IepernagoB OCMOTHYECKOTO
TaBJICHUS B TIpoIiecce KpruokoHcepBupoBanus [11].

B 3aBucuMocTH OT IPUMEHSIEMOM CKOPOCTH OX-
JaXIeHUs] OM00OBEKTA BBIACISAIOT OY€Hb MEJICHHBIE
(menee 1 rpan/mun), memienusie (1-10 rpag/mun),
ovicTprie (10-100 rpaa/muH), Oo4eHb OBICTpPBIC
(100-1000 rpam/mmuu) u cBepxObicTphie (1000—
10 000 rpam/mMun u Oonee) pexumbl. s Kpuo-
KOHCEPBUPOBAHUSI TaMEeT U SMOPHOHOB >KHBOTHBIX
OOBIYHO WCIIONB3YIOT MEIJICHHOE OXJIaXJCHHUE, pe-
aMM3yeMoe C TOMOIIBI0 TPOTPAMMHBIX 3aMOPaKh-
Barenieid. OJHaKO JOPOTOBM3HA U CIIOXKHOCTh HC-
MOJTE30BaHMSI JTAHHOTO OOOpPYHOBaHUS B ITOJIEBBIX
YCIIOBHSIX ABIISIOTCS CYIIIECTBEHHBIMH €T0 HEAO0CTaT-
KaMU. AJIBTEpHATUBOW CTAHIAPTHOMY 3aMOpPakKUBa-
HUIO Pa3UIHBIX OMO0OBEKTOB MOKHO CUMTATh BUT-
pUQHKALUIO, KOTOpas IIUPOKO HPUMEHSETCS s
KPHOKOHCEPBUPOBAHUSI OOLIUTOB M SMOPHOHOB [45].
Butpudukanus npennonaraeT CTEKIOBaHUE BCETO
o0bema o0Opasla 3a CUeT HCIOJIb30BAaHMS BBICOKUX
KOHILEHTPAaLUi pacTBOPOB KPHUOMPOTEKTOPOB H/MIIH
CBEPXBBICOKHUX CKOPOCTEH OXJIaXICHHUS, YTO TI03BO-
JeT M30eKaTh MOBPEKICHUS KIETOYHBIX CTPYKTYP
KpHUCTAIJIAMH JIb/IA.

Jis  KpHOKOHCEPBUPOBAHHS  PETPOAYKTUBHBIX
KJIETOK, SMOPHMOHOB W TKaHEH HCHONB3YIOT CIEIH-
anbHbIe KOHTeHepbl. OHU JIOJDKHBI ObITH OHO0E30-
MaCHBIMU M COXPAHATH MPOYHOCTh MPU JITUTEIEHOM
HU3KOTEMIIEPAaTYpHOM XpaHeHuH. J[i1s 3aMopaxu-
BaHUS CIIEPMATO30MOB MPUMEHSIOT IIACTHKOBBIE
kpuoBuansl [49], comomunku [92], nas OOLUTOB U
SMOPHOHOB — MPEHMYIECTBEHHO COJOMHHKH (3a-
KpBITasi CHCTEMa 3aMOPAYKUBAHMSI) M HOCUTEIIH THIIA
MUKPOIJIACTHH, KPUOTEKH W KPHOTOMBI (OTKPBITAS
cucreMa 3amopaxuBanus) [41, 57].

BrpkuBaeMoCTh TaMeT ¥ SMOPHOHOB TIOCIIE JIOJT-
TOCPOYHOTO HHM3KOTEMIIEPATypHOTO XpaHEHHS BO
MHOTOM 3aBHCHT OT IapaMeTpoB TpoIiecca Harpe-
Ba. s KJIETOK, OXJIaXKIEHHBIX C KOHTPOIHPYEMOU
HU3KOM CKOpOCTBIO, TOKa3aH MeEJIEHHBI Harpes
C IIeJIBI0 PEeruapaTaly M BBIXOJA M3 HUX KpHO3a-
LIMTHOTO BemiecTBa. llpu OBICTPOM OXJaXKACHUH
HEOOXOOUM OBICTpPBI HarpeB, KOTOPBIM NpenoTB-
pamaer pa3BUTHE IIpollecca pPEKPUCTAITU3ALIY.
Br16op pekrMa HarpeBa 3aBUCHT OT 00BEKTa KpHO-
KOHCEPBUPOBAHMUsI, CII0C00a 3aMOpakKUBaHUS U THIIA
KpHOTIpOTeKTOpa. B Hacrosmiee BpeMs TEXHOJIOTHS
HarpeBa raMeT ¥ SMOPHOHOB HE CTaHAaPTH3MPOBAHA.

CrnenyrommM 53TaroM TIOCTe HarpeBa SBISETCS
yaalleHue KPHOMPOTEKTOPOB, KOTOPHIE MOTYT OKa-
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rapid (100-1000 deg/min) and ultra-rapid (1,000—
10,000 deg/min and higher). Cryopreservation of ga-
metes and embryos of animals usually involves
slow cooling, which is performed with program-
mable freezers. Nevertheless it has significant draw-
backs like, high operation costs and complexity
of using this equipment in the field. An alternative
to the conventional freezing of various biological
objects is vitrification, which is widely used for
cryopreservation of oocytes and embryos [36].
Vitrification is basically the glass transition of
the entire volume of the sample due to the use of
high concentrations of cryoprotectant solutions and/
or ultra-high cooling rates, and allows the avoi-
ding of damage to the cell structures by ice crys-
tals.

Special containers are used for cryopreservation
of reproductive cells, embryos and tissues. They must
be biosafe and retain strength during long-term low-
temperature storage. Plastic cryovials [41], straws
[92] are applied for freezing sperm, for oocytes and
embryos — mainly straws (closed freezing system)
and microplate type carriers, cryotecs and cryotops
(open freezing system) [32, 50 ].

The survival of gametes and embryos after long-
term low-temperature storage depends largely on the
parameters of the heating process. For cells cooled
at a controlled low rate, slow heating is recom-
mended for rehydration and removal of a cryo-
protectant from them. In case of rapid cooling,
rapid heating is necessary, which helps to prevent
the recrystallization. The choice of heating regimen
depends on the nature of cryopreserved object,
freezing method and type of cryoprotectant. At
present, the warming techniques for gametes and
embryos are not standardized.

The next stage after heating is the removal of
cryoprotectants, which can have a cytotoxic effect
on gametes and embryos. In the case of sperm
cryopreservation, this is usually achieved by a
single dilution of the cell suspension with culture
medium and centrifugation followed by removal
of the supernatant [79]. Reduction of osmotic
shock in cryopreserved oocytes and embryos could
be achieved by stepwise wash-out of penetrating
cryoprotectant from the cells using a non-penet-
rating osmotic component, e. g. sucrose.

To date, many stages of cryopreservation are
standardized, which allows to improve the repro-
ducibility of the results and to achieve high pre-
servation rate of gametes and embryos of many
species of animals (Table).

Cryopreservation of animal sperm. The first at-
tempt for cryopreservation of sperm of some spe-
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3bIBaTh IIMTOTOKCUYECKOE JCHCTBUE HA TaMeThl U
SMOpHOHEI. B ciyuae KpHOKOHCEPBUPOBaHUS CIIEp-
MaTO30HJIOB ATO JIOCTHTAETCsl, KaK MPaBUIIO, MyTEM
OJTHOKPATHOTO pPAa3BElCHUS KJICTOYHOH CYCHE3UH
KYJIBTYPaIbHON cpefiol W HeHTpudyrupoBaHueM
C TIOCIEAYIONIMM YJaJeHHWeM cyrepHaraHta |[79].
[Ipu KPHOKOHCEPBUPOBAHUK OOLIUTOB M 3MOPHOHOB
JUISI CHHOKEHHUSI OCMOTHYECKOTO III0KA OTMBIBKY KJIe-
TOK OT MPOHHUKAIOILIETO KPHOIMPOTEKTOPa MPOBOIST
CTYINIEHYATO C HCIIOJb30BAaHUEM HEIPOHHUKAIOIIETO
OCMOTHYECKOT0 KOMIIOHEHTA, HAlTPUMEP, CaXapo3bl.

Ha ceromusimiauii JeHP MHOTHE STaIlbl KPHOKOH-
CEPBUPOBAHUS CTAHJIAPTU3UPOBAHBI, YTO ITO3BOJIIET
VAYYIIATE BOCHPOU3BOIUMOCTD PE3yJIbTaTOB H JI0-
OWUTBCST BBICOKOW COXPAaHHOCTH TaMeT W SMOPHOHOB
MHOTHX BHJIOB >KHBOTHBIX (Ta0IHIIA).

Kpuokoncepsuposanue cnepmamozoudog xicu-
somuuix. llepBast TOMBITKAa KPHOKOHCEPBUPOBAHUS
CIIEPMATO30UI0B HEKOTOPHIX BHIOB CEJIBCKOXO3SIACT-
BEHHBIX JKMBOTHBIX ObUTa mpeanpuHsita B 1949 1.
TIOCJIC OTKPBITHUS 3alIUTHBIX CBOMCTB ImiepuHa [69].
B nHacrosimee Bpemsi pa3paboTaHbl CIIOCOOBI HH3-
KOTEMIIEPaTyPHOTO XPAHEHUs CIIEPMATO30HIOB ISt
6omee 80 BHIOB MiICKOMUTAMOMMX, 10 BUIOB MTHII,
MHOKECTBa BHJIOB PENTHIMH, aMmpuOMii, ppIO U He-
KOTOPBIX OECTIO3BOHOYHBIX (MIIIOKOKUX, MOJIITIOCKOB,
pakooOpa3Hbix). Bo MHOTHX cTpaHax mMupa Juis pas-
BEJICHHUS JIOMAITHUX >KHUBOTHBIX HCIOJB3YIOT UCKYC-
CTBEHHYIO HMHCEMWHAINIO KPHUOKOHCEPBUPOBAHHOMN
criepMoii. Hambosnpiee mpakTHIecKoe MPUMCHCHHEC
TEXHOJIOTHSI UMEET MPHU Pa3BEJCHUU JIOIIAJICH, CBH-
HEH, OBEIL, KO3, KPOJIHMKOB, ITUIT U PBIO [69, 80]. [Tomy-
YCHHE ISKYJISITOPHBIX CIIEPMATO30UIOB MOXKET OBITh
3aTPY/IHEHO Y HEKOTOPBIX BUIOB KUBOTHBIX, HAIIPH-
Mep, Y TIMKUX CTaJIHBIX KHUBOTHBIX, OBEI[ U JOMAIITHEH
nruisl [78]. TlosTomMy B mocnenHee BpeMs pa3pada-
THIBAIOTCS HOBBIE CIIOCOOBI KPUOKOHCEPBHPOBAaHUS
CIIepMaTO30M/I0B, MOJYUYSHHBIX NP aCIUPALIUU TN
AKCTPAKIMKA CIIEPMATO30MA0B M3 SUYKA WIIN IIPH-
nmatka simdka [44]. OgHa U3 0COOCHHOCTEH ISKYIIs-
TOPHBIX W SIUAWANMAIBHBIX CIEPMATO30HI0B — BBI-
COKOE CONIepKaHhe B MX IUTa3MaTH4ecKoll MeMmOpaHe
MTOJIMHECHACHIIICHHBIX KUPHBIX KuciaoT [85]. Ompe-
JICJICHHBINA JIMIHUIHBIA COCTAB 3SKYJIATOPHBIX CIIEp-
MaTO30HJIOB JIOCTUTAETCSl TOJIKO IOCIE ATHINIIH-
MaJbHOTO CO3PEBaHMSI M CIHCIU(PUUECH HE TOJBKO
it kinaccoB [70], HO U 471 BUIOB KUBOTHBIX [61,
86], a Taroke mns (QEpTHIBHBIX U CyO(QepTHIBHBIX
MNONYJISIUI oHOTO U TOro e Buaa [13]. BunoBbimu
Pa3TUUUSIMU COCTaBa KUPHBIX KHUCIOT U COOTHOIIICHU-
€M IJTUIHIOB B CIIEPMATO30M/1aX, KOTOPBIE OMPEIETISIIOT
KPHOPE3UCTEHTHOCTh TIPH 3aMOPaKMBaHUH-OTTaNBa-
HUU [68], 00OBsCHsETCS pazHOoOOpa3ne MPUMEHIEMBIX
KPHO3ALIUTHBIX CPEI U PEKUMOB OXJIKICHHUS TaMeT
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cies of farm animals was undertaken in 1949 after
the discovery of the protective properties of gly-
cerol [69]. Currently, there are the methods for the
storage of low temperature spermatozoa for more
than 80 species of mammals, 10 species of birds,
many species of reptiles, amphibians, fish, and
some invertebrates (echinoderms, mollusks, crusta-
ceans). In many countries of the world, artificial
insemination with cryopreserved sperm is used
for breeding domestic animals. The technology
has the greatest practical application for breeding
horses, pigs, sheep, goats, rabbits, birds and fish
[69, 80]. The production of ejaculatory spermatozoa
can be difficult in some animal species, for exam-
ple, wild herd animals, sheep and poultry [78].
Therefore, recently, new methods of cryopreser-
vation of spermatozoa obtained by aspiration or
extraction of sperm from the testicle or epididymis
have been developed [35]. One of the features of
the ejaculatory and epididymal spermatozoa is the
high content of polyunsaturated fatty acids in their
plasma membrane [85]. A certain lipid composi-
tion of ejaculatory spermatozoa is a result of
epididymal maturation and is peculiar not only for
taxonomical classes [69], but also for species
[56, 86], as well as for fertile and subfertile po-
pulations [1]. The species specific differences in
fatty acid composition and lipid ratios in sperma-
tozoa, which may determine cryoresistance du
ring freeze-thawing [64], explain the diversity of
cryoprotective media used as well as the cooling
regimens applied for gametes of various animal
classes (mammals, birds, fish) and species within
the class.

For cryopreservation of spermatozoa of most
mammalian species one uses 5-10% glycerol as a
protective solution and slow cooling: from room
temperature to down —5°C at a rate of 0.3—1 deg/
min, initiation of crystallization and subsequent
cooling down to —80°C at a rate of 1-10 deg/min
with following immersion into liquid nitrogen.
During rapid cooling, the biological object is kept for
12-30 min in nitrogen vapor (e. g. 8 cm above
the nitrogen surface), then it is immersed into liquid
to nitrogen (cooling rate 100-150 deg/min) [17].
It should be noted that these regimens are not ap-
plicable to all bioobjects. For example, the buf-
falo sperm are the most susceptible to damage
during slow cooling (due to the low content of
phospholipids in the membranes and lipid loss
during freezing-heating) [77]. Adding of egg yolk
to cryoprotective media stabilizes the spermato-
zoan phospholipid membrane and increases its re-
sistance to the damaging factors of freezing due
to the low density lipoproteins contained in it [62].
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Pa3NUYHBIX KJIACCOB XMBOTHBIX (MJICKOITH-
TaloUINe, NTHLL, PHIObI) U BUIOB B Ipe/e-
Jax Kiacca.

i KpHOKOHCEPBHPOBAHUS CIEpMa-
TO30M10B OOJBIIMHCTBA BHJIOB MJICKOIH-
TAIOIIMX B KAaueCTBE 3AIMUTHOTO PacTBOpa
npuMeHsroT 5—10%-1 runepuH u MeasieH-
HOE€ OXJIAKICHHUE: OT KOMHATHOM TemIepa-
TypbI 10 —5°C co ckopocTthio 0,3—1 rpaj/muH,
VHHULUALUIO KPUCTAIUIM3ALNN U TTOCTEyIO-
miee oxyaxaeHue 10 —80°C co CKOpOCThIO
1-10 Tpam/MHH C TOTpyKEHHEM B KHI-
kuii a3oT. [Ipu OBICTpOM OXJIAXKICHUU
OMOOOBEKT BBIICPKUBAIOT B TeUeHHE 12—
30 muH B mapax azora (8 cM Haj MoBepX-
HOCTBIO a30Ta), 3aT€M €ro IMOrpyXaroT B
KHUIKAA a30T (CKopocTh oxnaxkaeHus 100—
150 rpan/mun) [28]. CremxyeT OTMETHTb, YTO
YKa3aHHbIE PEXHUMBbl IPUMEHUMBI HE VI
Bcex OmooObekToB. Tak, Hamboyiee BOC-
MPUAMYUBBI K TIOBPEKICHHUSIM IIPH MeEJI-
JICHHOM OXJIQKJICHUH CIIEPMaTO30U/IbI Oyii-
BoJIa (M3-32 HU3KOTO conepkanusi docdo-
JUMKAJO0B B MEMOpaHax ¥ MOTEPU JIUMUIOB
TIPY 3aMOpaKUBAaHUK-HArpese) [77]. SIuuHbIi
KEITOK B COCTaBE€ KPHO3AIIUTHBIX Cpel
Onaromapsi COAEPKAIUMCSI B HEM JIMIIONPO-
TeUHAaM HHM3KOH IUIOTHOCTH CTaOWIM3HpYeT
(hochommmmHyto MeMOpaHy —CHepMaTo30H-
JIOB U IIOBBIIIAET €€ YCTOWYMBOCTH K TIOBPEXK-
TaroImuM (pakTopaM 3aMopakuBaHus [66].

[lpu KpHOKOHCEPBHPOBAHUH CIiepMa-
TO30M/IOB KO371a HEOOXOAWMO TIpeaBapu-
TENTbHOE OT/EJEeHHE KJIETOK OT CEeMEHHOM
TUIa3MBI, TOCKOJIBKY OHA COZICPXKHT (DEPMEHT,
M3MEHSIIOIUH TJIa3MaTHYecKue MeMOpaHbl
CIEpPMaTO301I0B IOCJIe B3aUMOJEHCTBHA C
munugaMu 1 Gochomunuaamu [74]. Crep-
My OapaHa yCHEUIHO KPUOKOHCEPBUPYIOT C
HCIIONB30BaleM MEJICHHOTO DEXHMa OX-
JaxaeHus B mpucyTctBuH 5—10%-ro mm-
nepuHa [73]. KpHOpe3suCcTeHTHOCTD CIIEPMBI
3TOTO BUJIA )KUBOTHOIO 3aBUCHUT OT BPEMEHHU
roga moiydeHus kietok [25]. Jns kpwo-
KOHCEPBUPOBAHUSI CIEPMbl CBUHEW M-
POKO MPUMEHSIOT MEJIEHHOE OXJIaX/JIEeHUE
U KOMOMHUPOBAaHHYIO Cpely Ha OCHOBE
JIAKTO3HO-SIMYHOTO KOHCEPBAaHTa W TIHUIE-
puna [91].

[Ipn wCHONB30BaHUKM  KPHUOIPOTEKTOPOB
mmnepuHa 1 Ol criepMaro3ouabl KPOJIHKa
HUMEIOT HU3KYIO KPHOPE3UCTEHTHOCTh. Mc-
[OJIL30BAHUE 3alUTHBIX Cpell Ha OCHOBE
COYETaHMsA MPOHUKAIOIIHUX MU HEIPOHU-
KaIOIIUX KPHUOIPOTEKTOPOB (aLeTaMuia,
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PesynsraTtMBHOCTb KPUOKOHCEPBUPOBAHUS PEMPOAYKTUBHBIX
KNeTOK 1 3MOPUOHOB XMBOTHbIX
Efficiency of cryopreservation of reproductive cells
and embryos of animals

Coepuaresoniu | Do | Scpuas
JNa6opaTtopHble xuBoTHbIe / Laboratory Animals
Mbiwb / Mouse + + +
Kpbica / Rat + + +
Xowmakn / Hamsters + + +
Kponuku / Rabbits + + +
CenbCcKoX03ANCTBEHHbIE ®MBOTHbIE /| Agricutural Animals
KpynHbiin poraTteiii ckoT / Cattle i n 4
(Bos sp., var. dom.)
Osua / Sheep (Ovis sp., var. dom) + +* +
Kosa / Goat (Capra sp., var. dom) + + +
Nowagb / Horse (Equus sp., var. dom) + + +
CsuHbAa / Pig (Sus sp., var. dom) + + +
Kypuua / Chicken i _ _
(Gallus sp., var. dom)
l'yck / Goose (Anser sp., var. dom) + - -
I/IHmpK / Turkey " _ _
(Meleagris sp., var. dom)
Ocertp / Sturgeon i _ _
(Acipenser sp., var. dom)
dopens / Trout (Salmo sp., var. dom) + - -
Kapn / Carp (Cyprinus sp., var. dom) + - -
Aukune wueoTtHble / Wild Animals
Onexb / Deer (Cervus sp.) + + +
Focsper | Snoceos E s |-
AnTtunona / Antelope (Antilope sp.) + + +
Bonk / Wolf (Canis sp.) + + +
Jncuua / Fox (Vulpes sp.) + + +
MenBenb / Bear (Ursus sp.) + + +
Turp / Tiger (Panthera tigris) + + +
Myma / Puma (Puma sp.) + + +
INeonapa / Leopard (Panthera pardus) + + +
Fopunna / Gorilla (Gorilla sp.) + + +

MpumeyaHmsa: «+» — BbICOKME pe3yrnbTaTbhl B MPaKTUKE; «+» — noso-
XUTErbHbIE pe3ynbTaThl, B NPaKTUKE HE UCMOMb3YIOTCS; «—» — OTCYT-
CTBUE CMOCOOOB KPMOKOHCEPBUPOBAHWUS; * — CYLLECTBYKT Cnocobbl
KPUOKOHCEPBUPOBAHUSI TKAHU ANYHUKOB.

Notes: «+» — high results in practice; «+» — positive results, but not
used in practice; «—» — lack of cryopreservation methods; * — existing
methods of cryopreservation of ovarian tissue.
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Tpeajgo3bl M METWILEIUTIONO03bI) MOBBIMIACT KU3HE-
CMOCOOHOCTh KPUOKOHCEPBUPOBAHHON CIIEPMBI yKa-
3aHHOrO BHJA [26].

B HacTosmiee BpeMs s KPUOKOHCEPBHPOBa-
HUSl CIIEpPMATO30UI0B HEKOTOPHIX BHIOB 00€3bsH,
ONIEHeW W JIPyrMX BHUAOB JXUBOTHBIX MPHUMEHSIOT
MEIUICHHOE OXJIAKIEHHE, pacTBOp Tpuc-Oydepa c
SIMIHBIM JKEITKOM U 5%-M TuriepuaoM [24].

KprnoxoHcepBHpOBaHHYIO CIIEPMY HCHOJIB3YIOT,
KaK TpaBWIO, MPH HCKYCCTBEHHOW HWHCEMUHAIIUU
C LENbI0 TOJY4EHHUs MOTOMCTBAa OT IIEHHBIX IUIE-
MEHHBIX CaMIIOB MHOTHX BHJIOB IOMAIIIHUX U CEJIbC-
KOXO3SIUCTBEHHBIX KUBOTHBIX [18]. Ilo cpaBHEeHMUIO C
€CTECTBEHHBIM PAa3MHOKEHHEM HCKYCCTBEHHas WHCE-
MUHAIUS TO3BOJSET MaKCHMU3HPOBATH PETPOIYK-
TUBHBIA TOTEHIUAI, Pa3eisisi HA TIOPIHUA DSIKYIIAT,
OCEeMEHSTh cpa3dy HECKOJIBKHX CaMOK, YIydIIaTh
TeHETUYECKUE XapaKTePUCTHKH TIOPOJ CEIbCKO-
XO3AWCTBEHHBIX JKUBOTHBIX. VMCKYCCTBEHHYIO MHCe-
MHHALMIO KPUOKOHCEPBUPOBAHHOM CIIEPMOW MNpH-
MEHSIOT B 300MapKax IpHU OTKa3e >KUBOTHBIX OT
cnapuBaHus. Kpome TOro, MHCEMUHAIMIO MOKHO
[IPOBOJIUTH B OJIATONIPUSTHBIN JIJISl PEIUITUCHTA JICHb
U TPaHCHIOPTHPOBATh KPUOKOHCEPBHPOBAHHBIN 00-
paser cnepMbl B OTAAJICHHOE X03saicTBO. B 1973 1
BIIEPBBIC YCIIEIIHO ObLJIa MPOBEJICHA NCKYCCTBEHHAS
WHCEMUHAIUS KPUOKOHCEPBUPOBAHHOM CIIEpPMBI BOJI-
yuue B IUKoi mpupone [32], 3aTeM ycCHellHoe oce-
MeHeHHe ropwuibl [36]. OgHAKO HOMBITKH HCKYC-
CTBEHHO OIUIOIOTBOPHUTH HEKOTOPHIE BHIBI JUKHX
KOIIIEK OKA3aJINCh HEyJadHbIMH.

B nruneBoncTBe KpHOKOHCEPBUPOBAHUE CIIEPMBI
JI0 HACTOSIIIIET0 BPEMEHH HaXOAWTCA Ha CTaJAUM pas-
paboTku. B Hay4yHOI nuTepaType onrcaHbl METO/bI,
[TO3BOJISOLINE COXPAHATH MOJABMKHOCTH CIIEpMaro-
30M0B NTHUI (IIETyX, T'yCh, MEpemnen) Mocie Kpho-
KOHcepBUpoBaHUs. [Ipn 3TOM He Bce KIIETKH IOCIe
OTTauBaHUsI MOTYT OBITh (YHKIIMOHAIBHO-IIOIHO-
LIEHHBIMH, TI0ATOMY YacTOTa OIUIOJOTBOPEHHS OCTa-
ercst Hu3Kol u coctapisieT 1-30% [5]. IloBpexaenus,
BO3HHKAIOIIAE B MPOIECCe KPUOKOHCEPBUPOBAHUS
CIepMaTO30MI0B MTHUI, B OCHOBHOM 3aTparvBaioT
KJIETOYHbIE MEMOpaHBI ¥, TIPEXK/IE BCETO, MUTOXOH/I-
puanbHbie. KuHeTnuyeckas aKTHBHOCTH CIEpMaro-
30M/I0B, KOTOPbIE JOJDKHBI JUIMTEIBHO XPAHWUTHCA B
Maro4yHO-BarMHAJBHBIX JKeJe3aX CaMKH, CHIDKaeT-
Csl, YTO HEraTMBHO BJIMSIET HA YacTOTy OIUIOZOTBOpE-
Hus [54].

B cnayyae BO3HUKHOBEHHUS HHUACMHUN MNTHUYbE-
ro rpumma HeoOxomuma pa3padoTka 3(h(EeKTUBHBIX
METOZI0B KPHOKOHCEPBHUPOBaHUS criepMbl. Hanmnuane
0aHKa criepMBbl BBICOKOTIPOIYKTHBHBIX TOPOJ] TT03-
BOJIUT TIOBBICHTH PE3YJIbTATUBHOCTH CEJIEKIMOHHO-
TeHETUYECKOW PabOThl W BOCCTAHOBIICHHE TIOPOA TPH
yTpare uX OTIUIUTEIBbHBIX aJalTHBHBIX TCHOB.
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Cryopreservation of goat spermatozoa requires
a preliminary separation of spermatozoa from se-
minal plasma, because it contains an enzyme that
changes the plasma membranes of spermatozoa
after interacting with external lipids and phospho-
lipids [74]. Ram semen is successfully cryopreser-
ved using a slow cooling regimen in the pre-
sence of 5-10% glycerol [73]. The cryoresistance
of sperm in this species depends on the season
of year when the cells were obtained [14]. For
cryopreservation of pig sperm one uses a com-
bination medium based on lactose-egg preser-
vative and glycerol and slow cooling is applied
[91].

Rabbit spermatozoa show low cryoresiatnce if
glycerol and EG are used as cryoprotectants, rabbit
spermatozoa have low cryoresistance. The use of
protective media based on a combination of penet-
rating and non-penetrating cryoprotectants (aceta-
mide, trealose and methylcellulose) increases the
viability of the cryopreserved sperm in this spe-
cies [15].

Currently, cryopreservation of spermatozoa of
some species of monkeys, deer and other animal
species involves the use of a solution of Tris-
buffer with egg yolk and 5% glycerol and slow
cooling [13].

Cryopreserved sperm is used, as a rule, during
artificial insemination in order to obtain offspring
from valuable breeding males of many species of
domestic and farm animals [6]. Compared with
natural reproduction, artificial insemination allows
maximizing reproductive potential by separation
of ejaculate into several portions, insemination of
several females at once, and improving the ge-
netic characteristics of breeds of farm animals.
Artificial insemination with cryopreserved sperm
is used in zoos when animals refuse to mate. In
addition, this method allows an insemination in
the day favorable for the recipient and transpor-
tation of the cryopreserved sperm sample to a
remote facility. In 1973, artificial insemination
with cryopreserved sperm was carried out for the
first time for a wild wolf [22], later a successful
insemination of the gorilla was performed [26].
However, attempts to artificially fertilize some
species of wild cats remain unsuccessful.

In the poultry industry, sperm cryopreservation
is still under development. There are the reports
with the described methods that allow the preser-
vation of birds semen motility (rooster, goose, quail)
after cryopreservation. At the same time, not all
of the cells after thawing can be functionally high-
grade, therefore the rate of fertilization remains
low, i. e. 1-30% [45]. The injuries arising in the
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PaboTbl 1O KPHOKOHCEPBHUPOBAHHUIO CIEPMATO-
30HM10B MPOBOAMINCH Oosee ueM ¢ 200 Bupamu prIo,
B OCHOBHOM C IPECHOBOIHBIMH, KOTOPBIE HCIIOJIb-
3yIOTCS B aKBaKyJIbType. J(P(PEeKTUBHOCTb KPHOKOH-
CEpBUPOBAHUS CIIEPMATO30UA0B PA3HBIX BUJOB PbHIO
OTJIMYAETCsl, IPU 3TOM 00Jiee BBICOKHE PE3yJbTaThl
JOCTUTHYTBl TP KPUOKOHCEPBUPOBAHMM CIIEPMBI
MOPCKHX BHJIOB PbIO, ueM npecHoBoAHbIX [40]. Onu-
CaHbl METOJMKH KPUOKOHCEPBUPOBAHMS TIOJIOBBIX
KJIETOK PBIO, B 9aCTHOCTU OCeTpoBhIX [90] u xapmo-
BbIX [52]. CnepMy pBIO MOXXHO KPHOKOHCEPBHUPO-
BaTh Kak B JIa0OPaTOPHBIX, TaK M TOJIEBBIX YCJO-
BusiX (0€3 MCIONIb30BaHUS CIOKHBIX 3aMOPaKHUBAIO-
LIMX YCTaHOBOK). MeAJIeHHOE OXJIaXIeHHEe, KOTOpoe
MpeArnoaraeT HCIOJIb30BAHME BBICOKOTEXHHYEC-
KOro o0OpyHOBaHMS, Al KPUOKOHCEPBUPOBAHMS
CIEPMbl HCYUE3AIOLIMX BHUIOB PbIO B IIOJIEBBIX YC-
JIOBHSIX HE MPEICTABISIETCS BO3MOXKHBIM. B aToM
CBSI3U aKTyaJIbHOH SBISETCS pa3paboTKa IMPOCTHIX
W JIOCTYIHBIX CHOCOOOB, ITO3BOJIAIONINX 3aMOpPO-
3uTh oOpaser ObicTpo u dddekrtuBHO [16, 40, 42].
B kxauecTBe KpHMONPOTEKTOPOB Hallle BCEro MCIOIb-
sytor IMCO, mmunepun, 21, meranon, 1,2-I1] u
JMAII B xonuentpanuu 5—15% (v/v). Haceimenne
00pa3loB KPHUOMPOTEKTOPHBIM PACTBOPOM IPOBO-
14T B Teuenue 10—-15 mun npu 4°C. Ilponenypa ux
OXJIQKICHUSI OOBIYHO OCYLIECTBISIETCS MEIJICHHBIM
Croco0oM, IpHU 3TOM OHA aHAJOIM4YHA TOH, KOTOpas
MIPUMEHSETCST IJIs1 KPUOKOHCEPBUPOBAHUS CIEpMa-
TO30MJI0B MJekonuTaromux. Harpes criepMelr mpoBo-
JSIT IPEUMYLLIECTBEHHO Ha BOJSIHOM OaHe ¢ Temiepa-
Typoii 1o 40°C, mmoce 4ero ee HeMeUICHHO HCIIONb3Y-
IOT JUIl HCKYCCTBEHHOTO OTIIOJIOTBOPEHHS, TIOCKOJIBKY
C TEUeHHWEM BpEeMEHH TMOJBMKHOCTb W OIUIONOT-
BOpSIFOILAsl  CIIOCOOHOCTh  CIIEPMATO30MI0B  OBICTPO
cHwKaroTcsa. [loBbIIEHHE OCMOTHYECKOTO JIaBJICHHS
Ha MeMOpaHbl CIIEPMaTO30MA0B BO BpEMsl CMEIIHU-
BaHMsI CIIEPMBI C KPHO3ALIMTHON CPEROHl sBIsETCA
OIHMM M3 OCHOBHBIX TOBPEXIAIOMNX (HaKTOPOB, BIIU-
SIFOLIMX Ha pe3ysbTaT KpUOKOHCEepBHpoBaHUs [29].
Kpome Toro, B mpouecce OxjakAE€HUs-HarpeBa cy-
LIECTBEHHO M3MEHSETCS OCMOJIAPHOCTb CPEbl, BbI-
X0l 3a mpenessl (GU3NOTIOTHUECKUX 3HAYCHUN IS
criepmaro3onioB [21]. M3BecTHO, 94TO B aHWU300C-
MOTHYECKHX YCJIOBHUSX CIIEPMATO30UAbI PECHOBO-
HBIX PbI0 HE CcHocOoOHBI K COXpaHEHHI0 o0Obema
KIJIETKH, TO3TOMY HX KpPHUOPE3UCTEHTHOCTH HUIKE,
YeM y CIIepMaTo30M0B MOPCKUX BUJIOB [4, 47].

Kpuoxorncepsuposanue ooyumog Hu8OMHbIX.
OOIWTHI KUBOTHBIX, B OTIMYHE OT CIIEPMATO30HIOB,
XapaKTepU3yIOTCS HU3KOW BBDKHBAEMOCTBIO ITOCIE
3aMopakuBaHUsA-0TTanBaHus. OCHOBHBIC MTPOOIIEMBI
KPHOKOHCEPBHUPOBAHUS OOIUTOB OOYCIIOBIEHBI OCO-
OEHHOCTAMH CTPOCHHMS TUIA3MaTHYeCKO MeMOpaHBl,

10

£d

process of cryopreservation of bird spermatozoa
mainly affects the cell membranes and mainly the
mitochondrial membrane. The kinetic activity of
spermatozoa, which must be stored for a long time
in the uterine-vaginal glands of the female, is re-
duced, which negatively affects the fertilization
rate [47].

Due to repeating avian influenza outbreaks, the
development of effective methods for sperm cryopre-
servation is important. The existence of the sperm
bank of highly productive breeds will increase the
effectiveness of breeding and procedures, as well
as restore the breed if the distinctive genes would
be lost.

Sperm cryopreservation was carried out with
more than 200 species of fish, mainly freshwater,
which are used in aquaculture. The cryopreservation
of sperm of various fish species is different, and
better results (if compared with fresh water spe-
cies) were achieved when cryopreserving semen
of marine fish species [31]. There are numerous
protocols for cryopreservation of gamete cells of
fish, in particular sturgeon [90] and carp [44]. Fish
sperm can be cryopreserved in both laboratory
and field conditions (without using complex devices
freezing). Slow cooling, which involves the use
of complex equipment, to cryopreserve semen of
endangered fish species in field conditions is not
possible. In this regard, the development of simple
and affordable methods to freeze the sample quickly
and efficiently [4, 31, 33] is still relevant. DMSO,
glycerol, EG, methanol, 1,2-PD and DMAC at con-
centration of 5-15% (vol/vol) are most often used
as cryoprotectants. Samples are usually incubated
with a cryoprotectant solution for 10-15 min
at 4°C. The cooling is usually carried out slowly,
similarly to that used in the cryopreservation of
mammalian spermatozoa. Heating of sperm is
carried out mainly in a water bath with a tem-
perature of up to 40°C, and there after it is
immediately used for artificial insemination, due
to a rapid reduction in the motility and ferti-
lizing ability of sperm cells after several minutes.
The increase in osmotic pressure on sperm memb-
ranes during mixing of sperm with a cryoprotec-
tive medium is one of the main damaging factors
affecting the result of cryopreservation [19]. In
the process of cooling-heating, the osmolarity of
the medium significantly changes, going beyond
the limits of physiological values for spermato-
zoa [10].

It is known that under anisosmotic conditions,
freshwater fish spermatozoa are not capable of
keeping cell volume, therefore their cryoresistance is
lower than that of marine spermatozoa [38, 39].
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HAJIMYUEM KOPTHKAIBHBIX TPAHYI U MEHOTHYECKOTO
BepereHa [81]. Kpome Toro, BbICOKOE coaepxaHuE
BHYTPHUKIIETOYHON BOJIBI, KPYIHBIA pa3Mmep, HU3KOE
COOTHOIIICHHE TUIOMIAU MOBEPXHOCTH K 00BeMy —
OCHOBHBIE KpHUTEpHH JUIsI Tog0opa A(PPEeKTHBHOTO
poTokoia kKpuokoHcepupoBauus [50]. Ilpu atom
BaXHO YYWTHIBATh MEKBHJIOBBIE PA3IUYHSI B CTPOE-
HAW OOIUTOB. Tak, y pb10, mtun, ampuodnii u perm-
TWIAKA Pa3Mep OOIMTOB CYIIECTBEHHO MPEBHIIIAET
pa3Mep OOIMTOB MJIEKOIUTAIOMINX, YTO 3Ha4H-
TEJBHO YCIOKHSAET 3aMOpaKUBaHUE KIIETOK.

[Mna3zmarudeckass MeMOpaHa OOIUTOB Ha CTaJUU
MII nmeer HU3KMH KOA(PPHULIMEHT NMPOHUIIAEMOCTH,
IPH 3TOM JIOTIOJIHUTEIBHBIM 0apbepoM  SIBIISETCS
Zona pellucida (ZP), BcnenctBue 3Toro auddysus
BOIBI M KPHUOIIPOTEKTOPOB IIPOHMCXOIUT MEJICH-
Hee, 4eM Y COMAaTHYECKHX KJIETOK M CIIepPMaTO30H-
moB [72]. B pe3ymprare 3amMopakHBaHHUSI-OTTAHWBa-
HUS TIPOUCXOJNUT TPEKIEBPEMEHHBIN KOPTUKAIBHBIN
9K301IMTO3, YTO MNPUBOJUT K 3aTBeplieBaHu0 ZP u
JIeIaeT HEBO3MOXKHBIM ITPOHUKHOBEHHUE CTICPMUS Ue-
pe3 oonemmy [19, 59]. [osToMy Ass OMIIOAOTBOpE-
HUS KPUOKOHCEPBUPOBAHHBIX OOIUTOB MPHUMEHSIOT
TEXHOJIOTUIO HMHTAIUTOIIA3MAaTUIYCCKOH WHBEKIIUU
criepmus B oorut [51].

MeitoTrueckoe BEpeTeHO MICKOMUTAIOIIUX TPe-
CTaBisgeT co00H NMHAMUYECKHI KOHTIIOMepar TyOy-
JIUHA W CBS3aHHBIX C HUM OEJKOB M OOecreyrBacT
pacxokJIeHHe XPOMOCOM K TIOJIOCaM KIETKH TpH
co3peBanun oomuta Ha cramuu MII [27]. Metio-
THYECKOE BEpeTeHO (POPMUPYETCS 3a CUET OTUMEPH-
3aIMi M JCTIOIMMEPHU3AIUN TYOYITHHOBBIX MHKPO-
TpyOOUEK, UYBCTBUTENBHBIX K JEHCTBUIO (PaKTOPOB
KpuoKoHcepBHpoBaHus [22, 43], KoTopble, B CBOIO
ouepelb, MOTYT MPUBECTH K PAa3BUTHUIO aHEYIUIOUI-
HOTO AMOpHOHa [27].

Huskuii ypoBeHb BBIKMBAEMOCTH KPHUOKOHCEP-
BHPOBAaHHBIX OOLMTOB M 3MOPHOHOB CBUHBH, KpPYII-
HOTO POTaTroro CKOTa W JPYTUX BHJOB J>KHBOTHBIX
00yCJIOBJIEH BBICOKHM COfiep KaHueM JHumuaoB [89].
Hanpumep, B oonurax cBuHen couepxurcs 161 Hr
JIATIAZIOB, 9TO B ~2,5 pa3a OOJbIle, 9eM B OOIMTAX
ObIKa, KOTOpbIe cofepkar B 17 pa3 GoJbIie JINMHI0B,
geM 0onUTHI MbIeH [60]. BeposTHO, OTHOCUTEIEHO
HU3KOE CONIEp KaHHe JUMUIOB B OOIUTE MBIIIN CTa-
JIO TIPUYMHOM €ro YCIENIHOro KPHOKOHCEPBHPO-
Banusi (1976 1) [67, 88]. B 1985 . W.F. Rall u
G.M. Fahy coobummnu 00 yga4HOH HOMBITKE BUT-
pUGUKAIMK OOIMTOB KPYIMHOTO pPOTAaTOro CKOTa H
JIpYyrux JOMalIHUX KUBOTHBIX [33, 39, 55, 64].

YdeHbIM ynaioch TOBBICHTh KPHOPE3UCTEHTHOCTh
OOLIMTOB IMMyTEM CHM)KECHUSI COZIEpKaHUs TUIUAoB [35,
76]. Panee 3T0 mOCTHUTANIOCH MEXaHUICCKUM ymase-
HHEM JIMMMAIHBIX Karnenb [63]. K coxkanenuto, mocie
MPOBEACHNSA TaKMX MPOIENyp CHHXKaJach YacToTa
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Cryopreservation of animal oocytes. Unlike the
case of sperm cells the animal oocytes are charac-
terized by low survival after freezing and thawing.
The main problems of cryopreservation of oocytes
are due to the structural features of the plasma
membrane, the presence of cortical granules and
the meiotic spindle [81].The high content of intracel-
lular water, large cell size, low surface-to-volume
ratio are the main criteria for selecting an effective
cryopreservation protocol [42]. It is important
to take into account interspecific differences in
the structure of oocytes. In particular, in fish, birds,
amphibians and reptiles, the size of the oocy-
tes is much larger than in mammals, which
greatly complicates the successful freezing of the
cells.

The plasma membrane of oocytes at stage MII
has a low permeability coefficient, and Zona pellu-
cida (ZP) as an additional barrier because of
which the diffusion of water and cryoprotectants
is slower than that in somatic cells and sperma-
tozoa [72]. Freeze-thawing, results in premature
cortical reaction, which causes ZP hardening and
entails the impossibility of sperm penetration
through the oolemma [8, 52]. Therefore, the fer-
tilization of cryopreserved oocytes often involves
intracytoplasmic sperm injection into the oocyte
[43].

The meiotic spindle in mammals is a dynamic
conglomerate of tubulin and associated proteins
and provides the movement of chromosomes to
the poles of the cell during the maturation of the
oocyte at stage MII [27]. The meiotic spindle
is formed due to the polymerization and depoly-
merization of tubulin microtubules sensitive to the
effects of cryopreservation factors [11, 34], and
unsuccessful outcome could be e. g. the develop-
ment of an aneuploid embryo [16].

The low survival rate of cryopreserved oocytes
and embryos of pigs, cattle and other animal spe-
cies is caused by a high content of lipids [89].
For example, a pig oocyte contains 161 of lipids,
which is almost 2.5 times more than in bull oocy-
tes, which in turn contain 17 times more lipids
than mouse oocytes [60]. It is likely that the rela-
tively low content of lipids in the mouse oocyte was
the reason for its successful cryopreservation (in
1976) [63, 88]. In 1985, W.F. Rall and G.M. Fahy
reported a successful attempt to vitrify oocytes
in cattle and other domestic animals [23, 30, 48,
59].

Scientists were able to increase the cryoresis-
tance of oocytes by reducing the lipid content [25,
76]. Early this was achieved by mechanical re
moval of lipid droplets [58]. Unfortunately, after
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OILIOJIOTBOPEHUSI U APOOIICHUsT IMOPHOHOB i1 Vitro
[34]. ®apmakoIOruuecKue MOAXOAbl K UCTOLICHUIO
JIUNUIHBIX Karelb ObUIH Ooiee MIaslIiMH, IMOC-
KOJIBKY OCHOBBIBAIUCH Ha YCHJIGHHH KaTaOolm3Ma u
WHTHOMpoBaHWU cuHTe3a JMnuaoB [84]. Tlockombky
MpOLECC JENUNUIN3AIMHA  JTOCTaTOYHO JIOPOrOCTOsI-
U, TPYIOEMKUN U JJIUTEIbHBINA, OH HE HAIleN IIU-
POKOTO TIPIMEHEHHUS B MMPAKTUICCKON KPUOOHOIOTHH.

Ha ceronHsmHuii 1eHp yCIEMHbBIX METOA0B KPHO-
KOHCEPBUPOBAHUS OOLIUTOB NTHII, PhIO0 U 3€MHOBOI-
HBIX He cymiecTByeT [23]. SinekneTkn 3TUX >KUBOT-
HBIX XapaKTePHU3YIOTCS KPYIHBIM pa3MepoM, HUMEIOT
BBICOKOE COZACPKaHUE JHUIMUIOB U MOJIAPHYIO Op-
ranuzanuio [37]. [lo-BuaumoMy, mnepeunciICHHbBIC
O0COOCHHOCTH CTPOCHHUSI OOLIUTOB SIBISIIOTCS TPUYH-
HOM UX HU3KOW KpUOPE3UCTEHTHOCTH. [ns cozma-
HUSL SPPEKTUBHBIX TPOTOKOIOB KPHOKOHCEPBUPO-
BaHHUS HEOOXOJIWMO HWCCJIEIOBAaHNE MEXaHHU3MOB
KPHUOPE3UCTEHTHOCTH OOLUTOB KUBOTHBIX U BBISIB-
neHne (PaKTOpOB, BBI3BIBAIOIINX KPHOIMOBPEIKIC-
HUSL.

Kpuoxoncepsuposanue sMOpUOHOE HCUBOMHBIX.
Haunbonee nepcrnekTUBHBIM C TOYKH 3PEHHUSI COXpa-
HEHMs TeHeTH4ecKol MH(opMauuu sBIseTCs 3amMo-
pakuBaHHE SMOPHOHOB, BIIEPBBIC OCYILECTBICHHOE
B 1971 r. na mpimax [87]. K HacTosmeMy BpeMeHU
KPHUOKOHCEPBUPOBaHbI SMOpHOHBI 40 BUIOB >KHUBOT-
HBIX, B TOM YHUCJIE UCUE3AI0ILUX, OECIIO3BOHOYHBIX —
MOPCKHX €€, MOJUIIOCKOB, HACEKOMBIX, paKooOpas-
HBIX, "epBeil. MeTom nMeeT OONbBIoe MPAKTHUSCKOES
3HA4YEHNE, TOCKOIBKY TIO3BOJISIET COXPAHUTH T€HOTHIT
000MX poauTeneil u 3HAYUTETHHO OOJErYUTh TPaHC-
MOPTUPOBKY LIEHHBIX BHJIOB U JIMHUN )KUBOTHBIX.

Y 5MOpHOHOB pBIO, TTHIL, PENTHINK U 36MHOBOJI-
HBIX 0OJIee HU3KOE COOTHOIICHHE TUIOLIaIU MOBEPX-
HOCTH K 00ObeMy M Oosiee HU3KMI KOd(GHULKEHT
MIPOHHULIAEMOCTH MEMOpaHbl. DMOPHOHBI UMEIOT TPH
MeMOpaHHBIE CTPYKTYPBI: CHHLWTHAJBHBIA CJIOH,
IU1a3MaTHYECKyl0 MeMOpaHy M MeMOpaHy XOpHOHa
C OIpeneeHHBIM KOd(PPHUITUESHTOM MPOHUIIAEMOCTH
TUTSE BOABI [75].

[Toxa3arenp BbIXMBAEMOCTH 3MOPHOHOB, HAXO.s-
IIMXCSl HA OJTHOM CTaJIMU Pa3BHUTHS, HO MOJTYYCHHBIX
y Pa3HbIX BHJIOB XMBOTHBIX, OTIIMYAETCS, HO TIPH
9TOM SMOPHOHBI OJHOTO BU/a Ha pa3HBIX CTaAUAX
Pa3BUTHS OTIMYAIOTCS IO YPOBHIO BBDKHBAEMOCTH.
Hanmpumep, y KpymHOro poratroro CKOTa 3UTOTHI
1 SMOPUOHBI HA PAaHHMX CTAAMAX IPOOIECHUS] Kpu-
OKOHCEPBHUPOBAaTh HE YIAeTCs, TOIAA KaK MOPYJIBI
n OnacToMCTBl NEPeHOCAT MpOoLEoypy 3amopa-
XKuBaHUs-oTorpeBa. llokasarenb BBDKHBAEMOCTH
SMOPHOHOB CBMHBH HA CTAIUH BBUTYTUBIIEHCS Oac-
TOLMCTBI BBIIIE, YEM y PaHHUX 3MOpuoHOB. Bo3-
MOXHO, 3TO CBSI3aHO C OTCYTCTBUEM ZP, MHOTOKJie-
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such procedures entailed the drop in fertilization
rate and embryo in vitro development [24]. Phar-
macological approaches to reduce amount of lipid
drops were more benign because they were based
on enhancing catabolism and inhibiting lipid
synthesis [84]. Since the process of delipidiza-
tion is quite expensive, time consuming and long
process, it has not found wide application in prac-
tical cryobiology.

There are no successful methods for the cryo-
preservation of oocytes of birds, fishes, and amphi-
bians so far [12]. The oocytes of these ani-
mals are large in size, have a high content of
lipids and polar organization [28]. Apparently, the
mentioned structural features of oocytes are the
cause of their low cryoresistance. To create ef-
fective cryopreservation protocols, it is necessary
to study the cryoresistance mechanisms of ani-
mal oocytes and to identify the factors causing
cryodamage.

Cryopreservation of animal embryos. The most
promising approach in terms of the preservation
of genetic information is the freezing of embryos,
first carried out in 1971 in mice [87]. To date, emb-
ryos of 40 animal species, have been cryopreserved
including endangered ones, as well as inverteb-
rates: sea urchins, mollusks, insects, crustaceans,
worms. The method is of great practical impor-
tance, since it allows the preservation of geno-
type of both parents and greatly facilitate the
transportation of valuable species and breeds of
animals.

Embryos of fish, birds, reptiles and amphibians
have a lower surface-to-volume ratio and a lower
permeability coefficient of the membrane. Embryos
have three membrane structures: the syncytial la-
yer, plasma membrane, and chorion membrane with
different water permeability coefficients [75].

The survival rate of embryos that are at the same
stage of development, but obtained from different
animal species, is different, but at the same time,
embryos of the same species at different stages
of development have various survival rate. For
example, in cattle, zygotes and embryos cannot be
cryopreserved at the early stages of cleavage,
while morulae and blastocysts undergo the freeze-
thawing procedure. The survival rate of pig embryos
at the hatching blastocyst stage is higher than that
of early embryos. Perhaps this is due to the absence
of ZP, multicellularity and higher surfaceto-volume
ratio of the blastocyst [21].

Early reported attempts to cryopreserve fish eggs
and embryos date back to 1955 [5]. To date, there
have been developed the cryopreservation methods
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TOYHOCTBIO U YBEIIMUEHHEM COOTHOILECHHMS MJIOMIAIH
TTOBEPXHOCTH OJIaCTOLMCTHI K ee 00bemy [31].

Pannue cooOuieHus O MOMNBITKax KPHUOKOHCEp-
BHpOBaHUsI AMOPHOHOB pbIO OTHOCATCS K 1955 T
[17]. Ha cerogusimiHuil A€Hb CYLIECTBYIOT METObI
KPHOKOHCEPBHUPOBAHUS HEOILTOJOTBOPEHHBIX HKPH-
HOK Kymkn [30], sMOpPHOHOB 30JI0TOH pPBHIOKM Ha
CTaJIUsIX Pa3BHTHUS, COOTBETCTBYIOIINX PaHHEH JIH-
Ooie, 0Opa30BaHMIO COMHUTOB, IVIA3HOTO ITy3bIPHKA,
OHeHuIo cep/ilia U Hadyajly MUTMEHTAIH, OTHAKO TI0-
Ka3zarelb BBDKHBAEMOCTH TOCIE HarpeBa OcTaeTcs
Hu3kuM [53]. B cBsi3u ¢ 3THM HeoOxoauma paspa-
00TKa WHAWBUAYAJIbHBIX MPOTOKOJIOB KPHOKOHCEP-
BUPOBaHUsI SMOPHOHOB, HAXOAALIMXCS Ha pa3HBIX
CTaJUsIX Pa3BUTHAL.

B mHacrosimee BpeMs NpeNNPUHUMAIOTCS I10-
IIBITKH KPHOKOHCEPBHPOBATH SMOPHOHBI 1aHuo [38],
Jo)kHOro nanryca [20], nuHs, BbloHa [6, 7], ogHaKo
MONTydeHNe BBICOKMX PEe3yJbTaTOB 3aTPYIHEHO W3-
3a KPYIMHOTO pa3Mepa dMOPHUOHOB, OOJIBIIOTO KO-
YecTBa BHYTPUKIETOYHOM BOJABI M PA3HOM IIpo-
HUIIAEMOCTH O000JOYeK HSMOpHUOHA JUISI MOJIEKYJ
BOJBI M KpuoINpoTekTopoB. IIpobGnema HachlmeHus
KPHO3aIIUTHBIMA ~ PAacTBOPaMH  3apOABIIA  PHIOBI
Obula YaCTHMYHO peElIeHA BBIIOJIHEHHEM MHUKpO-
WHBEKIMN MPONMMJICHITIMKONIS U HAaHOYACTHI 30J10Ta
nepes KpUOKOHCEPBHPOBAaHMEM C KOMOWHHUPOBAH-
HBIM HCIOJB30BaHUEM Ja3epa NIpuU Harpere [46].
[TomyueHHbIe pe3ynbTaThl BaKHBI IS Pa3padOTKH
ONTUMAIBHOTO PEeXHMa HAarpeBa, OAHAKO IPH ITOM
BaXHO yYWTHIBaTh, YTO HA JTalle HACBHIIICHHUS KPHO-
3alIUTHBIE PACTBOPHI W HAHOYACTHIIBI 30JI0Ta OKa-
3BIBAIOT TOKCHYECKOE JICWCTBHE HA SMOPHUOH PHIOHI,
a UCTIOJIB30BAHNE Jla3epa MOXKET MPUBECTHU K 3aTBEp-
JIEBaHUIO XOPHOHA.

AJBTEpHATUBHBIM CIIOCOOOM COXpaHEHUs TepM-
IUTa3MBbl SIBJISIETCS. KPUOKOHCEPBUPOBAaHUE Mpel-
LIECTBEHHUKOB MOJOBBIX KJIEeTOK (primordial germ
cells — PGC), nmeromux cxopHele MOppomMeTpryec-
KHe W (PU3UOJOTHYECKHE TapaMeTphl C KIETKaMH,
KOTOpBIE YCIEIIHO KPHOKOHCEPBUPYIOT. B kadecTBe
BapuanTta no3peBanus PGC in vivo mpemmaraercs
MPOBENICHUE WX TPAHCIDIAHTAIMA B TEPUTOHHAIH-
HYIO TOJIOCTh JIMYMHOK PbIO. [TOCKONBKY MMMyHHas
CHUCTEMa y JIMYUHOK PBIO HE pa3BUTa, 3apOAbIIIe-
BbIC KJICTKH CIIOCOOHBI COXpaHATbCA U TuddepeH-
LUpOBaThcs B 3peiible rametsl [58, 65]. Takum 00-
pa3oMm, B HacTosIee BpeMs HM3BECTHBI MPOCTHIC U
3¢ PeKTUBHBIC METOABI BBIACICHUS OONIBIIOTO KOJIU-
yecTBa ku3HecnocoOHbIXx PGC, crocoOHBIX aud-
(hepeHIIIpOBaTHCS B 3apojbIeBbie [82].

Ha cerognsimiauii 1IeH OTCYTCTBYIOT COOOIIIE-
HUS 00 YCHeIHOM KPHOKOHCEPBUPOBAHHUH AMOpPH-
OHOB TITHUIl. BenyTcs 3KCIepUMEHTHI IO TITyOOKOMY
oxnaxaeHnto PGC mepImuiaT meTomoM BHUTpUDHKa-
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for unfertilized bull-trout eggs [20], goldfish emb-
ryos at stages of early epibole, formation of somites,
eye bubble, start of heartbeat, and onset of pigmen-
tation, but the survival rate after heating remains
low [46].In this regard, it is necessary to develop
individual cryopreservation protocols for embryos
at different stages of development.

At present, attempts are being made to cryo-
preserve the zebrafish embryos [29], false hali-
but [9], tench, and loach [54, 55], but high re-
sults are hard to get due to the large size of the
embryos, significant amounts big amounts of intra-
cellular water and different permeability of the
embryonic membranes for water molecules and cryo-
protectants. The problem of saturation of the fish
embryo with cryoprotective solutions was partially
solved by performing microinjections of propylene
glycol and gold nanoparticles before freezing and
combined application of laser during heating [37].
These findings are important for developing an
optimal warming protocol, nevertheless it is impor-
tant to consider potential toxic effect of gold nano-
particles on fish embryo as well as observed harde-
ning of chorion due to laser irradiation.

Cryopreservation of germ cell precursors (pri-
mordial germ cells — PGC) is an alternative method
of germplasm preservation. PGC are unique bio-
logical objects that have similar morphometric
and physiological parameters with cells that suc-
cessfully cryopreserve. Transplantation of germ cell
precursors into the peritoneal cavity of fish lar-
vae is proposed as an option for PGC maturation
in vivo [51, 60]. Thus, simple and effective methods
for isolating a large number of viable PGCs ca-
pable of differentiating into embryonic cells [82]
are currently known.

To date, there are no reports about successful
cryopreservation of avian embryos. Experiments
on a deep cooling of chicken's PGC using vitrifica-
tion in the presence of 10% EG are underway [57].
Avian PGCs retain their specific germline properties
and proliferative potential after cryopreservation,
as well as after long-term cultivation and genetic
modification [83]. If PGCs can differentiate into
functional gametes in the gonads of xenogenic
recipients, transplantation of cryopreserved PGCs
can be a powerful tool for ex situ conservation
of wild birds, including endangered species.

Conclusions

Collectively, at the moment, germ cells and
embryos of many laboratory, agricultural and wild
animals have been successfully cryopreserved.
However, the issues of cryopreservation of oocytes
and embryos of certain species of birds, fish and
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uuu ¢ 10% 3T [62]. PGC ntui coxpaHsioT crenu-
(hmdyeckue CBONCTBAa 3apOJBIIICBON JIMHUM W TIPO
nudepaTUBHBIA TOTEHIMANl TIOCIe KPHOKOHCEPBH-
pPOBaHUA, a TaKXKe [UITMTEIHHOTO KYIETHBHPOBAHUS
n reHermuecknx Momubukarmuii [83]. Ecmu PGC
cmoryT auddepeHIpoBaTscsi B (QYHKIIMOHAIHHBIE
ramMeTsl B TOHAJaX KCEHOT€HHBIX PEIHITHEHTOB, TO
TpaHCIIJIAHTaNUs KpHoKoHcepBUpoBaHHBIX PGC Mo-
JKET CTaTh MOIIHBIM HHCTPYMEHTOM [JISi COXpaHe-
HUS ex Situ NUKUX TTHI], BKIIOYas BHUIBI, HAXOMs-
LIKEeCs NOJT yTPO30H NCUE3HOBEHUS.

BriBOABI

Ha nanHBIiI MOMEHT yCHENIHO KPUOKOHCEPBHUPO-
BaHBI MTOJIOBBIC KIIETKA W AMOPHUOHBI MHOTHX BHUIOB
Ja00PATOPHBIX, CEIbCKOXO3SHUCTBEHHBIX M JUKUX
KUBOTHBIX. OTHAKO OCTAlOTCS HEPEIIEHHBIMH MTPO0-
JIEMbl KPUOKOHCEPBHUPOBAHUS OOIUTOB W 3MOpHO-
HOB HEKOTOPBIX BHIOB TTHIl, PBI0 M MIICKOIH-
tafomux. st co3ganus KpHOOAHKOB TePMOTLIA3MBI
BCETO JKUBOTHOTO MUPA HAIIeH MIIaHETHI HEOOXOTUMO
JMajgbHEHIIee pa3BUTHE W COBEPIICHCTBOBAHUE METO-
JIOB KPUOKOHCEPBUPOBAHHUS.
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mammals remain unresolved. In order to establish
the cryobanks of the germplasm of the entire fauna
of our planet, it is necessary to further develop
and improve the methods of cryopreservation.
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