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Approaches to Creation of Cryoprotective Media
for Cryopreservation of Avian Sperm

IIpencrasien 0630p IUTEpaTypHBIX U COOCTBEHHBIX UCCIIEIOBAHUNI COCTaBa U PH3UKO-XHMUYECKUAX CBOMCTB KPHO3AIIUTHBIX CPE/T
P KPUOKOHCEPBUPOBAHUH CIIEPMBI ITUIL. [IpeiokeH 0CHOBHOM MPUHIHIT (YOPMHUPOBAHUS CPEABI N3 KOMIIOHCHTOB, BHITIOTHSFOIITIX
OTIpEETICHHYI0 (PYHKIHUIO B IIUKJIE 3aMOpPaXHUBaHUA-0TTanBaHus. OOCYKTaeTCs TOI0KUTENBHAS POJIb BKIFOYCHHUS B COCTAB CPEIbl
0EJKOBBIX J0OABOK BMECTO JIHITUIOB (SIMYHBIH KEITOK). PaccmaTprBaeTcs epCrieKTHBHOCTh MPUMEHEHHS CIIOKHBIX KOMITO3ULIUI KPHO-
MIPOTEKTOPOB Ha OCHOBE JHOJIOB M aMHUJIOB B COUYETAHUHU C HEMPOHUKAIOUIMMHU BOJOPACTBOPUMBIMH mosmMmepamiu. [Ipemnaratworcs
MpaBwjia COCTABJICHUS CMECH KPHOIPOTEKTOPOB, OCHOBAaHHBIC HA CHIKCHUU WX HUTOTOKCHYHOCTH, CKOPOCTH M MEXaHH3MaxX HX
MIPOHHUIIAEMOCTH Yepe3 MeMOpaHy CIIepMaTO30H 0B, BIMSIHUN Ha IIPOLIECCH] BHE- U BHYTPUKJICTOYHOH KPUCTAIUIH3AUU OCMOTHIECKU
AKTUBHOM BOJBI.

Knroueswie cnosa: ciepma ntuil, KPHOKOHCEPBUPOBAHUE, KPUO3AIUTHAS CPEIA, KPHOIIPOTEKTOPBI, HUTOTOKCUYHOCTD, IOJIBI, AMUIBL.

[IpencrapneHo oS iTEpaTypHUX 1 BIACHHUX JOCITIIKEHb CKIIaay Ta (i3UKO-XIMIYHUX BIIACTHBOCTEH KPi03aXUCHHUX CEPEIOBHUII
IIpH KPiOKOHCEPBYBaHHI CIIEPMH NITaXiB. 3apONOHOBAHO OCHOBHUI NIPUHIMIT ()OPMYBAHHS CEPEOBHILA 3 KOMIIOHEHTIB, 110 BAKOHYIOTh
neBHY (QYHKIIIO y IIUKJI 3aMOPOKyBaHHS-BinTaBaHH:A. OOTOBOPIOETHCS TO3UTUBHA POJIb BKIIOUCHHS JI0 CKJIay CEPEIOBUINA OLTKOBUX
00aBOK 3aMICTh JIIMIIIB (I€YHUH KOBTOK). PO3TIIsAHaeThCs MEPCIEKTHBHICT 3aCTOCYBAaHHS CKIIaJHIX KOMITO3HIIH KPiOIPOTEKTOPIiB
Ha OCHOBI JIiOJIIB Ta aMiJiB y MO€AHAHHI 3 HEMPOHUKAIOYUMH BOJIOPO3YMHHUMH ToiMepaMu. [IpONoHyIOThCS paBuiia CKIIaIaHHs
CyMiIlIi KpiOMpPOTEKTOpiB, 3aCHOBaHI Ha 3HIDKEHHI 1X MUTOTOKCHYHOCTI, MIBUAKOCTI 1 MEXaHi3Max iX MPOHUKHOCTI Yepe3 MeMOpaHy
CIIepMaTo30i/iB, BIUIMBY Ha HPOLIECH 032~ BHY TPIIIHBOKIITHHHOT KPUCTAI3aLlii OCMOTHYHO aKTHBHOI BOJH.

Knrouoei cnosa: ciepma nTaxis, KpiOKOHCEPBYBaHHS, KP103aXHCHE CEPEIOBUILE, KPIOMPOTEKTOPHU, IUTOTOKCHYHICTb, JIOJIH, aMiIH.

A review of the literature and our own studies of the composition and physico-chemical properties of the cryoprotective media
during cryopreservation of avian sperm is presented. Basic principle of forming media from components that perform specific
functions in a cycle of freeze-thawing is proposed. We discuss the positive role of inclusion in the composition of the medium of
protein supplements instead of lipids (egg yolk). We consider the prospects of complex compositions of cryoprotectants on the basis
of diols and amides in combination with non-invasive water-soluble polymers. There are proposed rules of making a mixture of
cryoprotectants based on the reduction of their cytotoxicity, the rate and mechanisms of their permeability through the membrane of

spermatozoa, the impact on the processes of extra- and intracellular crystallization of osmotically active water.
Key words: avian sperm, cryopreservation, cryoprotective medium, cryoprotectants, cytotoxicity, diols, amides..

3a 200 et ucciae10BaHuUs YCIOBHIA XpaHEHUS CTIep-
MBI i71 Vif¥0 HaKOILJIEH OT POMHBII MaTepral, KACAFOLLUNCS
Pa3MYHBIX aCMIEKTOB ATO mpobemsl. K HacTosmemy
BPEMEHH CITMCOK BHIOB, HA KOTOPHIX MPOBOIUIIUCH
SKCTIEPUMEHTHI [0 3aMOPaKUBAHHIO CIIEPMBI, BKITIOUAET
0oJee JByX COTEH Pa3/IMYHbIX MTHII, PENITUINHN, PhIO,
0eCr03BOHOYHBIX (MIJIOKOKHX U MOJUTIOCKOB), & TAKXKE
MJICKOITUTAIOIIIMX U YesioBeka [3, 6, 13, 17-20,23,27,32,
45]. Y G0oNbIIMHCTBA U3 HUX [TOTyYEHO BOCCTAHOBJICHUE
OILJIOIOTBOPSIIOLICH CIIOCOOHOCTH CIIEPMAaTO30MA0B
[oCJIe 3aMOPAKUBAHUS-O0TTauBaHus. CoBpeMEHHBIE
METOJbI KPHOKOHCEPBUPOBAHUS CIIEPMBI CEIBCKOXO-
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Enormous information concerning different
aspects of sperm in vitro storage conditions has
been accumulated for 200 years of studying this
problem. By now the list of species, in which expe-
riments on freezing sperm were carried out, includes
more than 200 different birds, reptilians, fish, inver-
tebrates (echinoderms and molluscs) as well as
mammals and the human [3, 6, 13, 17-20, 23, 27,
32, 45]. Restoration of fecundating ability of sperma-
tozoa after freeze-thawing was achieved in most of
these species. In general modern methods for cryo-
preservation of breeder animals’ sperm provide
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3STMCTBEHHBIX )KUBOTHBIX H ITTHII B IIEJIOM 00ECTICIMBAIOT
YAOBIETBOPUTENHHOE IOy YeHHE TOTOMCTBA, HO BCE XKe
HE TI03BOJISIOT 3P (PEKTHBHO HCITOIH30BATh TeHETHYEC-
KHIi Marepran BEICOKOIIPOLYKTUBHBIX IPOU3BOAUTENICH
B CEJICKIMOHHO-TNIEMEHHOU MPAKTUKE, TAK KaK MOCIe
3aMOPAXKUBAHUS-OTTAUBAHUS CIIEPMBI IPAKTUYECKHU
BCEX BHUJIOB, BKIIIOYAs U CIIEPMY IITHULI, YAAETCA COXpa-
HUTH He Oonee 50% (QyHKIMOHATBEHO MOJTHOIIEHHBIX
xiretok [ 13, 18,27, 34,45-47]. KpnokoHcepBUpOBaHUE
CIIEPMBI HEKOTOPBIX IITHUII, B YACTHOCTH MH/IIOKA, IO CUX
TIOp OCTAETCS HEPEIIEHHOU ITPOOIIEMOA.

Paz0ariieHune criepMbl KPHO3AIUTHOM CPeI0N — OJIMH
13 Han0oJee BaYKHBIX ATATIOB B ITUKJIE €€ KPHOKOHCEPBH-
poBaHus. VIMeHHO cocTaB 1 PU3UKO-XUMHYECKHIE CBO-
CTBA 3aLUTHOU CPEbI SIBISIOTCS ONPEACISIIOIIUMU IPU
ITOJITOTOBKE CIIEPMBI K 3aMOPaKUBAHHIO F 00YCIIOBIIH-
BaroT 3P (heKTUBHOCTH KPHOKOHCEPBUPOBaHUs. Omyomu-
KOBaHBI pPe3yJbTaThl UCNIBITAHUI OTCPOMHOIO YHUCIa
Pa3HBIX cpell A pa30aBlIeHUS U 3aMOPAKUBAHUS
cnepmbl Tul [2, 6, 10, 13,22,32,35-40, 44]. [Ipennara-
JIUCH Pa3HOOOPa3HBIE TTOAXO/BI K CO3AAHHUIO 3AIUTHBIX
cpel, HO MOATBEPANIIA CBOIO (P (PEKTHBHOCTD U B
OCHOBHOM TIPUMEHSIFOTCS /1Ba: (hOPMUPOBAHUE CPEIHI,
MaKCHMAaJIbHO MPUOIMKEHHOU 10 COCTaBY K CIIepMalib-
HOM a3me [32, 35-39]; cocraBnenne cpenbl U3 KOMIIO-
HEHTOB, KOTOPBIE BBIIOJIHSIIOT OIPEACIICHHYIO (YHK-
LIUIO — KOMIICHCHUPYIOT WK IPEIOTBPAIIAI0T U3MEHEHUS
B CIIEPMUSIX, BOSHUKAIOILE HA PA3HBIX CTAAUSIX KPUOKOH-
cepBupoBanusi [6, 13, 18,47]. Onun u3 Haubosnee nHTE-
PECHBIX TOAXOMIOB K pa3paboTKe cpen Oazupyercs Ha
Ujee — He KOIMMPOBATh COCTAB IUIa3Mbl, & HEUTPaJIU30-
Barh "BpeIHbIC KOMIIOHEHTHI" CEKPETOB MOJIOBBIX JKEJIE3,
AKTUBUPYIOUIUX CIIEPMATO30U/IbI BO BpEMS DAKYIIALIUY,
TOPMO3UTH META0OINIECKHUE ITPOIIECCH], MAKCUMAIILHO
[IEPEBOIUTH CIIEPMATO30U/IbI B COCTOSIHHE TIOKOS €I1Ie
Ha 3Tare pa3daBieHusa 1 THKyOanuu. M3BectHo [4], 9To
MpUpoJia HAJIETMIIa MHOTHE OUOJIOTHYECKUE OOBEKTHI
Pa3TUYHOTO yPOBHS OPraHM3aIyy (OT KJIETKH JIO IIEIOTO
OpraHn3Ma) CBONCTBOM IIEPEXOANTH B COCTOSHHE ITOKOA,
COXpaHss P 3TOM JKU3HECTIOCOOHOCTh M 3HAYUTEITHHO
MTOBBIIIASL CBOIO YCTOWYMBOCTH K HEOJIArOMPUSTHBIM
BHEILIHUM BO3AecTBUsIM. HakorieHbsl MHOTOYUCIIEH-
HbIE (DAKTHI B ITOJIB3Y TOT'O, YTO SK30I'€HHOE HITH SH]IOT€H-
HOE TOPMOXKECHHE MeTab0IM3Ma KJIETOK B YCIOBUIX
cTpecca MOXKET UMETh 3alUuTHOE 3HaueHue [16]. [Ipu
BCEUl MPUBIIEKATEILHOCTH U BHEILIHEN TIPOCTOTE 3TOT0
[IOJIX0/Ia B TIOJTHOM Mepe pean30BaTh €ro B MIPAKTHKE
KPHUOKOHCEPBUPOBAHISI CTIEPMBI He ynaercs. OmHoi u3
OCHOBHBIX IIPUYWH SIBJIETCS HETOCTATOYHOCTE 3HAHHIA
0 METa0OIMUECKHUX ITy TSIX KU3HEHHOT O IIMKJIA CIIEPMaTo-
30H/IOB.

Crnemyer 0OpaTHTh BHUMaHUE HA IEPCIIEKTUBHOCTh
ellle OJJHOTO TOIX0/Ia K pa3padoTKe Cper sl CIIePMbl
rrrrtl. J[aBHO 0OHapy»keH U OATBEPKICH (peHOMEH JTH-
TEJEHOTO MEPEKUBAHUS CIIEPMATO30UI0B NTHII (TIPH-
Oonmu3uTenbHO T 30 BUOB) B TIOJIOBBIX MYTSAX CAMOK,
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satisfactory obtainment of progeny, but still do not
allow efficient usage of genetic material of heavy
yielders in selection and pedigree practice, since they
succeeded in saving not more than 50% of functio-
nally adequate cells after freeze-thawing of sperm
of almost all species including avian sperm [13, 18,
27, 34, 45-47]. Cryopreservation of sperm of certain
birds species, for example turkey, still presents an
unsolved challenge.

Dilution of sperm with a cryoprotective medium
is one of the most important steps in a cryopreser-
vation cycle. It is the composition and physico-che-
mical properties of a medium that are determinants,
when sperm being prepared for freezing, and that
condition cryopreservation efficiency. The results of
testing a great number of various media for dilution
and freezing of avian sperm have been published [2,
6, 10, 13, 22, 32, 35-40, 44]. Omnigenous approa-
ches to creation of protective media were sugges-
ted, but only two confirmed their efficiency and are
generally applied: formation of a medium maximally
similar to sperm plasma by its composition [32, 35-
39]; concoction of a medium from components,
which perform a certain function — compensate or
prevent changes occurring in spermatozoa at diffe-
rent cryopreservation stages [6, 13, 18, 47]. One of
the most interesting approaches to elaboration of
media is based on the idea of not copying plasma
composition, but neutralising gonad secretion “harm-
ful components” activating spermatozoa during eja-
culation, inhibiting metabolic processes, maximal
shifting spermatozoa to quiescence as early as at
the stages of dilution and incubation. It is known [4]
that nature endued a lot of biological objects of
different levels of organisation (from a cell to the
whole organism) with the property of shifting to
quiescence and at the same time maintaining viability
and significantly increasing their tolerance to
unfavourable environmental impacts. Numerous
facts attest to the protective role of exogenous or
endogenous inhibition of cell metabolism under stress
conditions [16]. Although this approach is rather
attractive and seemingly easy, nobody has suc-
ceeded in bringing it into effect in cryopreservation
practice to the full. Insufficiency of our knowledge
on metabolic ways of spermatozoa life cycle is one
of the essential reasons.

One should pay attention to prospectivity of
another approach to elaboration of media for avian
sperm. The phenomenon of long-term survival of
avian spermatozoa (approximately of 30 species) in
females’ germ tracks, which is called “physiological
preservation”. Its duration varies from 6 to 90 days
for different species [6, 15, 19, 30]. The place for
spermatozoa survival in birds is glands of uterus-
vagina commissure; they are called sperm-nests or
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Ha3bIBaeMOT0 " (PU3HOTIOTTIECKOM KOHCEepBaIMeH ', -
TEJIEHOCTh KOTOPOH AJIS Pa3HBIX BUAOB KOJEOIeTcs OT
6 10 90 cyTok [6, 15, 19, 30]. Mectom nepexuBaHust
CIIEpMAaTO30M0B y NTHUIL SABISIOTCA JKEJe3bl MaTKoO-
BJIATaJIMIHOTO COEAMHEHM, UX Ha3bIBAIOT "CIIEpMO-
xpassmmu'” (sperm-nests wnu sperm-hosts glands) [ 15,
30], B KOTOPBIX CIIEPMATO30MIbI HAXOIATCS B 3aTOPMO-
KEHHOM COCTOSIHUH, THTEHCUBHOCTb META00IMYECKUX
mporeccoB Hu3Kas. [103ToMy ecTecTBeHHO IPeAToIio-
KHUTh, YTO UJCAIBHBIMH JIJISl JTUTETFHOTO XPaHEeHUS
CHEPMBI i71 Vitro TIpU TUTIOTEPMHH WK B TITyOOK03aMO-
POXKEHHOM COCTOSIHUH, MOTYT OBITh CPEJIbl, OJI3KHE 110
COCTaBy M CBOMCTBaM K CEKpeTy '"criepMoxpaHsmux"
JKeJe3 TOJI0BOTO TPaKTa CaMOK, HalpuMep K cpene
TpyOuaThIX >keJie3 XpaHEeHHUs CIIEPMaTo30HI0B B siiflie-
BoJie Kyp. OTHAKO B TAKOM ClTy4yae IpUIETCA IPUMEHSTh
B COCTaBEe CpeIbl aKTUBATOPBI META00IN3MA, KaKHE U3
HUX Hanbosee NPUroIHBI IPU 3aMOpPaKUBaHUH, HE
n3BecTHO. He scHO TakXke, Ha KakoM 3Tare B LIUKJIE
KPHOKOHCEPBHPOBAHUS UX BBOJUTD, BEPOSATHEE BCETO
ocyie OTTaNBaHUS Iepe]] oceMeHeHrneM. B murepatype
OITyOJTMKOBAHBI HEKOTOPBIE TAHHBIE O COCTABE M CBOMCT-
Bax CEKpeTa MOoJ0BOro Tpakra caMok. [lokazaHo, 4uTo
coZiepKaHue KaJIrs B CEKPeTe MaTKH Kyp B 4 pa3a BhIIIIE,
4eM B IuTaszMe criepmel [21, 24], oOHapy>keHO 3HAYHUTENb-
HO€ KOJIMYECTBO MHO3UTOJIA B OKCTPAKTE U3 PA3INIHBIX
obJacteil sifLieBoJa Kyp, HanOoJIbIIee — B BOPOHKE U
JKelie3aX MaTKOBJIArajMIHOIo coeauHeHus [6, 29].
OTMe4eHO MOBBIIICHHOE COJePIKaHNe HOHOB Zn*' B
"cnepMoxpaHsIKX " xKene3ax caMok Tyt [26]. Ilpu srom
YCJIOBHS XpaHEHUsI CIEPMaTO301A0B aHaspoOHble, pH
konebneTcs B npeaenax 6,5-6,9. [locnennue 25 ner
HWHTEHCHUBHO Be/IETCS TOUCK (PaKTOPOB, 00eCTIeUnBa0-
X " (GU3HOTIOTUECKYTO KOHCEPBAITHIO" CIIepMAaTO301-
JIOB B ITOJIOBBIX MY TSIX CAMOK M ITAPAJIIETIHbHO H3Y9aeTCs
Ononornveckas akTHBHOCTb KOMITOHEHTOB CEMEHHOM
maa3Mbl criepMbl. UHKYOUPYIOT cliepMaTO30UIbI C
SMUTETNATFHBIMU TKaHIMH Pa3IMYHBIX YUYaCTKOB SIHIIE-
BO/Ia IITHII, BBIJIEIISIOT U ITBITAIOTCS HACHTUQUIMPOBATH
Ononornyecky akTuBHbIEe hpakuun [24, 46]. Ilpu sTom
JAHHBIE O MOJIEKYJIIPHON Macce U XUMUYECKOM pUpoze
BBIJIENICHHBIX (DPAKLIUI, KOTOPBIM OTBOAMTCS POJIb CTa-
OUIM3aTOPOB, Y Pa3HBIX aBTOPOB YAaCTO OTIMYAIOTCSL.
HckyccTBeHHO MOIENUPYIOT yCinoBus "(Gu3nonoru-
YecKol KoHcepBaluuu" CIepMbl, TOI0Mpast ra30BbIi
COCTaB B KamMepax MHKyOaIiy 1 OTHOBPEMEHHO BapbUPYS
KOMITO3HUIHIO cpenbl. KoHCepBHUPYIOT criepMy € 3KCTpaK-
TaMH KJIETOYHBIX KYJIBTYyp, OITYY€HHBIX U3 TOYEK ITTHII,
CKeJIETHBIX MBIIII] AMOpHOHOB nTHIl [25]. Onpenenen-
HBIE YCIIEXH JJOCTUTHYTHI, HO OCTAalOTCS] HEBBIACHEHHBIE
ACTIEKTBL, YTO 3aTPYy/AHSET LIeJICHAPaBIEHHOE UCIIONb30-
BaHME PE3yJIbTaTOB 3TUX UCCIIEN0BaHMUI Ha ITpakTuke. K
OCHOBHBIM M3 HUX OTHOCSITCS: IPOTUBOPEUYNBOCTD JaH-
HBIX pa3HbIX aBTOPOB O COCTaBE CEMEHHOM IIa3Mbl U
SMUTENHATBHBIX CEKPETOB "CIEpMOXPaHSIIUX " KENE3;
OTCYTCTBHE, KaK MPAaBUJIO, YETKOW HACHTH()HUKALINH
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sperm-host glands [15, 30]. Spermatozoa are in an
arrested state in them; intensity of metabolic proces-
ses is low. That is why it is logical to assume that
media similar by their compositions and properties
to secretion of females’ germ track sperm-host
glands, for example to the medium of tubular glands
of the hen’s oviducts, may be ideal for long-term in
vitro storage of sperm under hypothermia and deep
freezing. However in this case one has to add meta-
bolism activators to media. It is unknown which of
them are the most suitable for freezing. It is also
unclear at which stage of cryopreservation they
should be included, probably after thawing and prior
to insemination. Some data on the composition and
properties of females’ germ track secretion are pub-
lished. It was shown that in the hen’s uterus sec-
retion potassium content was 4 times as much as
that in sperm plasma [21, 24]; a considerable inositol
amount was found in humor from different areas of
the hen’s oviducts, it was the highest in the infundi-
bulum and uterus-vagina commissure glands [6, 29].
An increased ion Zn?' content in bird females’
sperm-nests was registered [26]. Here the condi-
tions of spermatozoid storage are anaerobic; pH
varies within the range of 6.5-6.9. Factors determi-
ning “physiological preservation” of spermatozoa in
females’ germ tracks have been intensively sought
after over the last 25 years; in parallel with that
biological activities of sperm plasma components
have been investigated. Spermatozoa are incubated
with epithelial tissues from different parts of birds’
oviducts; there are attempts of extracting and iden-
tifying biologically active fractions [24, 46]. Here-
with the data by different researchers on molecular
weights and chemical nature of the fractions extrac-
ted, which are considered to be stabilisers, often va-
ry. With gas composition in incubation chambers
being selected and simultaneously medium composi-
tion being counterchanged, conditions of “physiologi-
cal preservation” of sperm are artificially modelled.
Sperm is preserved with cell culture extracts obtai-
ned from avian kidneys, embryonic skeletal muscles
[25]. A certain success has been achieved, but a
lot of aspects remain unclear, which hinders purpo-
seful introduction of results of these investigations
into practice. Among the main aspects there are
inconsistencies of data by different researchers on
sperm plasma and sperm-nest epithelial secretion
compositions, usual lack of clear identification of
biologically active fractions extracted from them and
finally technological intricacies of the many approa-
ches above-mentioned.

As it was noted above, a lot of compositionally
various cryoprotective media were suggested for
cryopreservation of fowl sperm. Besides penetrating
and non-penetrating cryoprotectants more than 50
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BBIJICICHHBIX M3 HUX OMOJIOTYECKH aKTHBHBIX (DpaKImii
1, HAKOHEIl, TEXHOJIOTHYECKask CI0KHOCTh MHOTHX U3
BBIIIENIEPEUHNCIIEHHBIX IPUEMOB.

Kaxk ormeuanocs Belie, 1151 KPHOKOHCEPBUPOBAHUS
CIIEpMBI IIETYXOB MPEATI0KEHO MHO)KECTBO PA3TUUHBIX
10 COCTaBy KpPHO3ALUTHBIX cpell. B cocrase cpen, uc-
KJTFO4asi IPOHHKAOLIIE X HEMPOHUKAIOIINE KPUOTIPOTEK-
TOPBI, U3y4eHo Oonee 50 pa3IMYHbIX BEIIECTB, BKIIIO-
Yas yriieBop! (MOHO-, AW~ M TIOJTCAaXapH/Ibl), AMHHOKHC-
JIOTBI, OpraHUYecKue (TITyTaMaThl, JaKTaThl, IUTPaTHI,
areTarbl) 1 HeOpraHudeckue (XJIOPUIb, CyIb(arsl,
(hocdarbl, kKapOOHATHI) COIH, HEKOTOPBIE OMOIOTHIECKU
AKTUBHBIE COSAMHEHHMS (ATLOYMUHBL, JIUTTH/IBL, (hepMeH-
TBI, TOPMOHBI, AHTUOKCHIAHTHI U T. 11.). O4eBUIHO HETle-
J1eco00pa3Ho OBLIO UCTIBITHIBATH TAKOE OOJIBIIOE KO-
YECTBO MHOTOKOMIIOHEHTHBIX Cpell, TOCKOIBbKY 4acTo
Y Pa3HBIX aBTOPOB OHM MAJIO OTJIMYAIOTCS JPYT OT JIpyTa.

AHanu3 IMTepaTypHBIX M COOCTBEHHBIX JaHHBIX [ 5,
10, 13, 22, 32, 3540, 44] no3BoJISET YTBEPKIAATh, UTO
pH (YOPMUPOBAHUHM MHOTOKOMITOHEHTHOM KPHUO3aILUT-
HOW Cpezbl A1l KPHOKOHCEPBUPOBAHMS CIIEPMBI IITHIT
HanboJee ONTUMaJIbHBIM SBISETCS MOAX0, CXeMa
KOTOPOTO Ipe/icTaBsieHa B Tabiuie. OCHOBHOW ITPHHIIHIT
(hopMrpoBaHNs OCHOBBIBAETCS Ha BKIIFOUYEHUH B COCTaB
Cpeabl KOMIIOHEHTOB, BBIMOIHSIOMINX ONPEAETICHHYIO
(byHKLIMIO B IMKJIE KPUOKOHCEPBUPOBAHKS CTIEPMBI IITHII.

[Ipumenenne 3amuTHON cpensl A pa30aBIeHUs
CIePMBI TpecienyeT KaKk MUHUMYM TpH nenu. llep-
Basi — OTHOPOJHO pacIpeAeInTh CIEPMaTO30HIbI TaK,
YTOOBI TOYYUTH HEOOXOAUMYIO U I0CTATOYHYIO KOH-
LEHTPALHIO KJIETOK IpU oceMeHeHn!. Bropas — mox-
JeP>KUBATh KU3HECTIOCOOHOCTh CIIEPMAaTO30HMI0B B
TEYEHUE KPATKOrO WM JUTUTEIBHOTO TUIIOTEpMUYEC-
KOTO XpaHEHUs in Vitro, 9T0 HEOOXOANMO Ha 3Tarle Mo-
TOTOBKH K 3aMopakuBaHuio. CiemyeTr OTMETUTh, Y4TO
XpaHeHHe CIIEPMBI ITTHII i1 Vitro B YCIIOBHUSX THIIOTEPMHUN
(0...5°C) sBsieTcst BOXKHOM CaMOCTOSTEIIBHOM 3a/1a9eH,
TaK KaK IHUPOKO UCTIONB3YETCSI B CEIEKIIMOHHO-TIIIE-
MEHHOMU MPaKTHUKE JJIS1 UCKyCCTBEHHOTO OCEMEHEHHS
[35-39,45].

Tperhs nens — NpeAOTBPaTUTH UM MAKCUMAIIBHO
YMEHBIIUTh ACWCTBUE HU3KHUX TeMIepaTyp (BHE- U
BHYTPUKJIETOYHOM KPUCTAJUTU3ALIMH, TIOBBIILICHUS KOH-
LIEHTPALMH COJIEH U T. [1.) Ha 3TaIle 3aMOpaKHBaHUs CIIEp-
MAaTo30HJI0B, a TAKXKE N30eKaTh OCMOTHYECKOTO AMC-
Oananca B MOMEHT OTTalBAaHUS B COUYETAHUH C COOTBET-
CTBYIOIIMMH CKOPOCTSIMU OXJIQXKICHHUS U OTOI'PeBa
KJIeTO4HOH cycnien3nu. [loaromy TpeOoBaHMS K cCOCTaBy
KPHO3AIIUTHBIX CPEJ] B 3aBUCUMOCTH OT IIOCTABJICHHON
3aJlaqyd MOTYT CYLIECTBEHHO OTiIn4aThest. Hampumep,
JUTs 00eCTICUeHU S ’KU3HECTIOCOOHOCTH CIIEPMATO30HI0B
Ha 3Tare MOArOTOBKHU K 3aMOPaKMBAHUIO B YCIIOBUAX
THIOTEPMHUN HEOOXOAMMBI KOMITOHEHTBL, TIO[IEPKHUBAIO-
e OCMOTHYECKU OanaHc, Oy(hepHYI eMKOCTh, UX
SHEpProcHabXeHue AJsl COXpaHeHHsT MeTadonu3Ma Ha
OIIpeIeTICHHOM YPOBHE, a TAK)Ke aHTHOKCHIAHTBI JUIS
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different substances including carbohydrates (mono-,
di-, and polysaccharides), amino acids, organic (glu-
tamates, lactates, citrates, acetates) and inorganic
(chlorides, sulphates, phosphates, carbonates) salts,
some biologically active compounds (albumin, lipids,
enzymes, hormones, antioxidants efc.) were studied
as parts of media. Apparently it is inexpedient to
study such a great number of multicomponent media,
as they differ little from one another in different
works.

Analysis of literature and our own data [5, 10,
13, 22, 32, 35-40, 44] allows asserting that the ap-
proach, a scheme of which is presented in the Table,
is the most optimal for the development of a multi-
component cryoprotective medium for cryopreser-
vation of avian sperm. The fundamental principle of
the development is based on the inclusion of compo-
nents performing certain functions in the cryopre-
servation cycle of avian sperm into media.

Application of cryoprotective media for dilution
of sperm pursues 3 objectives at least: the first one
is homogenous distribution of spermatozoa so that
to obtain required and sufficient concentrations of
cells for insemination. The second objective is sup-
porting spermatozoa viability during short- or long-
term hypothermic in vitro storage, which is neces-
sary at the preparative stage prior to freezing. It
should be noted that in vitro storage of avian sperm
under hypothermic conditions (0...5°C) is a deta-
ched vital task, as it is widely used in selection-pedi-
gree practice for artificial insemination [35-39, 45].

The third aim is to prevent or to weaken maxi-
mally low temperature impact (extra- and intracel-
lular crystallization, increased concentration of salts
etc.) at the stage of freezing spermatozoa as well
as to avoid osmotic dysbalance at the moment of
thawing by combining appropriate cooling and
heating rates of cell suspensions. That is why requi-
rements to cryoprotective media compositions can
vary considerably depending on an assigned task.
For example, components supporting osmotic balan-
ce, buffer capacity, energy production for mainte-
nance of metabolism on a certain level as well as
antioxidants for weakening repercussions of oxida-
tive stress occurring during sperm ejaculation and
in vitro storage are necessary to provide viability
of spermatozoa under hypothermic conditions at the
preparative stage prior to freezing [2, 31, 34]. One
should take into account that reactive oxygen spe-
cies and free radicals of unsaturated fat acids being
a damaging factor, at the same time perform a
regulatory role in physiological processes in cells:
signal transduction and fertilization [32].

In the first place a cryoprotectant with suffi-
ciently high cryoprotective activity is needed as a
part of media to prevent repercussions of water-ice
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CHIDKEHHIS TTOCIIEACTBHI OKUCIIUTEHFHOTO
CTpecca, BOSHUKAIOIIETO MTPH ISKYIISIIN
CIEepMBI M XpaHEHMH in vitro [2, 31, 34].
Crnenyer y4uThIBaTh, YTO aKTHUBHEIE
(hopMBI KHCTIOpo1a U CBOOOIHBIE Paau-
KaJIbl HEHACBIICHHBIX )KUPHBIX KUCJIOT,
SIBJISISICH TIOBPEXKAIOIMUM (PaKTOPOM,
OZHOBPEMEHHO BBITIOHSIOT PETYISTOp-
HYIO POJIb B (PH3HOJIOTMYECKHX ITPOLIECCaX
KJIETKU: CUTHAJIbHOM TPaHCTyKIIUH, aKpO-
COMAaJIbHOW PEeaKIuy, KanaluTalud u
OIIIOAOTBOpEHNUH [32].

s npenoTBpallieHys Mocie1CTBUMA
(haz0BBIX TIEPEXO0B BOAA-JIE] TIPH 3a-
MOpaKMBaHUH-OTTANBAHUH KJIETOYHBIX
CYCII€H3UH B COCTaBE CPEAbI MPEKIe
Bcero TpeOyeTcst IPUCYTCTBHE KPHOIIPO-
TEKTOpa € IOCTaTOYHO BHICOKOM KpHO3a-
IATHOM aKTHBHOCTHIO [8, 9, 12, 13].
W neansHbIA BApHUAHT, KOTa KOMIIOHEHTBI
KpHO3aIIUTHOW CPeIbl OTHOBPEMEHHO
BBIIOJIHAFOT HECKONIBKO (pyHKIHH. Tak, Ha-
MIPUMED, YIIIEBOJIBI MOTYT 00ECTIEUHTh
HE00XOTUMYI0 OCMOTHYHOCTH BO BHE-
KJIETOYHOM cpefe, SBISIIOTCS JHEPTo-
cyOcTpaTamu ISl KJIETKA B aHA3POOHBIX
1 a3pOOHBIX YCIOBUSIX, CTAOMIN3ZUPYIOT
OEIKOBO-TUITUIHBIE KOMILIEKCH MEM-
OpaH cIIepMaTO30MUI0B U CTPYKTYPY
LUTOCKENETa U MPOSBISIIOT KPUO3a-
LIUTHYHO aKTHBHOCTB B OTHOIIICHUH CIIEP-
MaTO30U0B, OTHOCTHIO UIIK YACTUYHO
3aMeHsIsl OOBIYHBIE KPHOIIPOTEKTOPHI.
Job6aBka OMONOTHYECKU aKTHBHBIX BE-
IIECTB, KaK MPaBMJIO, UMEET BCIIOMO-
raTeJIbHbIN XapaKkTep 1 He0OX0auMa Ipu
BBIPKEHHOM HapyIIEHWH TOMEO0CTasa
KJIeToK. Hanmpumep, aHTHOKCHIAHTHI
11e71eco00pa3HO HCTIOIB30BATh AT MPE/I0-
TBpPAIEHHs TEPEKUCHOTO OKHUCIICHHS
s ioB (I10JT) memOpaH ciepmaro3ou-
JIOB, Y KOTOPBIX (DEPMEHTBI, PEryUpYyIO-
mue I1OJI, oTmuyaroTcst HU3KOH aKTHB-
HOCThIO [2]. Mnu, Hanmpumep, npumMe-
HEHUE B cpefie IPU KPHOKOHCEPBHUPO-
BaHHUHM CIICPMBI IITUL] KHTHOUTOPORB (oc-
dboamdcTepassl — pepmMeHTa pacnaia
TAM®O. YcTaHOBIIEHO, YTO HAIIPABICH-
Hoe Bo3zeiicTBre Ha TAM® —onHOro 13
OCHOBHBIX HYKJICOTHJIOB, 00ECIICUHBAIO-
IIMX OMODHEPTEeTHKY KIIETKU U 00YCIIOB-
JIUBAIOIINX TOJBMKHOCTh U BEDKHBae-
MOCTh CIIEPMATO30HJI0B, OKa3bIBACT
TTOJIOKHUTENBHBINA APPEKT HA pe3ybTar
KpHOKOHcepBUpoBaHusi criepMbl [42]. Tlo
XapakTepy NeWCTBUS OMOJOTHYECKH
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Cxema (opMHUPOBAHUS COCTaBa KPUO3AIMUTHON CPEIbI TSI CIIEPMBI IITHII
KOMITOHCHTaMH, BBITTOJTHSIOMIMMH OTIPEICICHHYIO (DYHKIIHIO B ITHKIIC
KPHUOKOHCEPBUPOBAHUS

Scheme of the development of a cryoprotective medium for avian
sperm with components performing certain functions in the
cryopreservation cycle

Brimoansiemast pyHKIMs
Function

BermrectBa
Substances

OCMOTHYECKOTO H6araHCca
osmotic balance

Opranuyeckre 1 HeOpTaHUYeCKue
COAM: TAyTaMaTHL,IIUTPATHI,alleTaThl
KaAWs HaTpUs U MarHusl. YTA€BOABIL.
Hemnponukatomue KpUOIPOTEKTOPLL
Organic and inorganic salts:
potassium,sodium and magnesium
glutamates,citrates,acetates.
Carbohydrates.
Non-penetrating cryoprotectants

TToppep>RKUBaHUE
Supporting KHUCAOTHO-OCHOBHOTO
paBHOBeCHs

acid-base equilibrium

Heoprannveckue 6ydepHbie
cucreMbl,0pranndyeckue 6ydepst:
TES, TEST, TRIS u T.A.
Inorgani ¢ buffer systems,organic
buffers: TES, TEST, TRIS etc.

MOHHOU CHABI
ionic strength

Opranuyeckye U HeOpraHUYeCcKue
COAM II[EAOYHO-3€MEABHBIX METAAAOB:
HaTpWs, KaAWs, MarHUS, KaAbIIAsS
Organic and inorganic salts of
alkaline-earth metals: sodium,
potassium,magnesium,calcium

OHeprocHaOkeHNe
Energyproduction

YTAeBOABI, TAyTaMaT HATPUS
Carbohydrates,sodium glutamate

Kommaekcoobpasyionjasi akTUBHOCTh
Chelating activity

MOAOKO,CHIBOPOTKH,IIPOTEHHE,
TAyTaMarhl, IPOTaMUH CyAbdar,
OATAu T.A
Milk,sera,proteins,glutamates,
protamine sulphate, EDTA etc.

KpuonporekropHasi akTUBHOCTE
Cryoprotective activity

TMoAOABLAMUABL CYAB(DOKCUABL,
BOAOPACTBOPUMEIE TIOAUMEPhI —
IBITu Ap.
Polyols,amides,sulfoxides,
water-soluble polymers: PVP etc.

MoauduKkaTopbl KpUCTAAO0Opa30BaHUs
Crystal formation modifiers

CuHTeTuYeCKue BOAOPACTBOPUMBIE
noaumepst: I1BIT, TIBC u Ap.,
IIPOTENHBI, IPUPOAHBIE aHTU(PPU3L
Syntheti c water-soluble polymers:
PVP PVA etc., proteins,
natural antifreezes

membrane-stabilising

aHTHOaKTepHaAbHAasT T'eHTaMUIUH,CTPEITOMUIIAH 1 T.A,
antibacterial Gentamycin,streptomycin etc.
TTpOTeHHBI AMTTUABL AMUHOKHCAOTEL
MeMOpaHo- p ' ARl . '
yraeBoabl, BAC
CTaGUAM3UPYIOIast

Proteins,li pids,amino acids,
carbohydrates, BACs*

Broaormyeckas
aKTUBHOCTH
Biologi cal activity

AHTHUOKCHUAQHTHAs
antioxidative

Heoprauuueckue u opranudeckue
THOAOBBIE COEAUHEHUS —
WCKYCCTBEHHBIE UAM IPUPOAHOTO
MIPOUCXOKAECHUS U AD.
Inorgani c and organic thiol
compounds of artificial or natural
origin efc.

UHTHOUTOPHI UAU
AKTUBATOPLI ADYIUX
depMeHTaTHBHBIX
cucreM,MeTaboAYecKre
PEryAsiTOpPBI
inhibitors or activators of
other enzyme systems,
metabolic regulators

BAC,bepMeHTHI, TOPMOHBL: aACHO3HH,
Teo(PUANH AMOYKauH,MOHEHCHH,
AUTIMPUAGMOA U AD.
BACs,enzymes,hormones: adenosine,
theophylline,dibucaine,monensin,
dipyridamole etc.

Ipumeuanne: BAC — 61oI0rHUeCKH AKTUBHBIC COCAMHCHHS.
Note: BACs — biologically active compounds.
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AKTUBHEIC JJ0OABKH MOYKHO Pa3IeIUTh Ha JBE TPYIIITHL:
K IIEPBO OTHOCSITCS BEIIECTBA, HETIOCPEICTBECHHO BIIHSI-
oIIMe HA PYHKIIMOHAIBHBIEC XapaKTePUCTUKHU CIIepMa-
TO30UJIOB: aHTHOKCH/IAHTBI, CTAOMITN3aTOPBI SHEPTeTH-
YeCKOro 0ajlaHca, HHTMOUTOPHI HITH AKTUBATOPHI IPOHU-
aEMOCTH MeMOpaH I MOJICKYJI BOJIbI, HIOHOB COJIEH,
HERIIEKTPOJIUTOB U APYTUE METAOOINIECKUE PETYIIsI-
Topbl. Ko BTOpoii oTHOCSTCS cCoemMHEH S, ISUCTBYIOIIME
Ha OPTaHU3M CAMKH — CTUMYJIUPYIOT MOTOPHKY PEIpo-
JYKTUBHOT'O TPaKTa, 00yierdast poIBIKEHIE CIIepMaTo-
30UJI0B, YCKOPSAIOT OBYJISLIMIO SIMIIEKIIETOK U T. 1. Kak
MIPaBUIIO, 3TO JINOO hepMEHTHI (HApHUMED, MyIIHAa3a),
J100 TOPMOHBI (3CTpodhaH, OKCUTOLMH | Ap. ). B kpro3a-
ITUTHBIX CPEIaxX JIsl CIIEPMBI IITHI] OHY HCIIONB3YIOTCS
peaKo, HO UX MOJOKUTEIbHOE BIUSAHUE HA KOHEUHBIN
PpE3yIBTaT KPHOKOHCEPBUPOBAHKUS CIIEPMBI APYTHX BUIOB
’KUBOTHBIX U YEJIOBEKA MMOATBEPHKAATIOCH HEOAHOKPATHO
[6,17,45].

PaccMoTpuM KOMITIOHEHTHI, IPUCYTCTBUE KOTOPBIX
HEOOXOIMMO B 3aIIIUTHOM CPEZIC U B TPUHIIUIIC IOCTATOY-
HO I YCIIEIIHOTO XPAHEHUs CIIEPMBI IITHULL i71 VIIFO.

Yenesoovl. BOMTBIIMHCTBO KPHUO3ANTUTHEIX CPE,
WCIOJIB3YEMBIX [T HU3KOTEMIIEPaTypHOTO XpaHEeHUS
CIEepMBI IITUI], TOA00paHO IMIHpHUEcKU. B cocrase
MHOTOKOMITOHEHTHBIX Cpe/ [PH KPHOKOHCEPBUPOBAHIU
CIIEPMBI ITUL HCIIBITAHO OKOJIO 10 pa3iuuHbIX yIIeBO-
JIOB —MOHO-, T1- U TPACAXapUI0B. YIIIEBO/IBI SBIISIOTCA
3HEprocyOCcTpaTaMu IS CIEPMaTO30HI0B, UMEHHO TO
omnpenesseT HeoOXOIUMOCTh UX BBEICHHUS B COCTaB
Cpelbl KaK I THIIOTEPMUYECKOTO XpAaHEHHS, TaK U JUIs
Hu3KotemneparypHoro (—196°C). YcranoBieHo, 4To
MOHOCaxapuIbl yCBauBalOTCsl OBICTpEE, MO3TOMY UX
WCIIOJIb30BaHUE TIpeanouTuTenpuee [6, 13, 17, 47]. K
TOMY JK€ YIJIEBOIBI SIBISIOTCS MOIIHBIMH OCMOTHYEC-
KHMU PETYIATOPaMH BHE- U BHY TPHUKJICTOYHON CPEJIBL.
HHTepec BBI3BIBACT CITIOCOOHOCTH YTTIEBOIOB (0COOCHHO
JIFICaXxapHJI0B ) TPOSBIIATH KPHO3AIUTHYIO aKTHBHOCTD
B OTHOIIICHHH CTIEPMBI HEKOTOPBIX BUJIOB )KUBOTHBIX TIPH
OTCYTCTBHUH OOBIYHBIX KpronpoTekTopoB [41,42]. [pen-
[oJIaraeTcsi, YTO YIJIEBOAbl OKa3bIBAIOT CTAOUIN3H-
pylolliee BIMsSHUE Ha MeMOpaHbl KIETOK 3a c4eT o0pa-
30BaHUS CUJIbHBIX BOJIOPOAHBIX CBA3EH MEXIYy THAPO-
KCHJIBHBIMH I'PYTIIIAMH CaXapOB U HOJISIPHBIMU TPYIIIIAMH
¢ochomumunos. [Ipr3tom cunrtaercs, 4To AUCaxapuibl
6onee 3 heKTHBHBL, YeM MOHOCaXapHJIbL, & UX KPUOTIPO-
TEKTOPHASI aKTHBHOCTb, OJIaro1apsi BIFSIHUIO Ha OMCII0MH
LUTOIIIa3MaTHYIECKOI MEMOpPaHbI, MOXKET UMETh CIICIIH-
(udeckuit xapakrep U He OBITH 00YCIIOBJICHA TOIBKO
"KOJUTHTaTHBHBIM 3(dekToM" UM BHOCUTH JIOTIOJIHH-
TEJILHBIN aCIIeKT B OOIIMA MEXaHNU3M HUX HEHCTBUI.
[NonoxuTensHBIN KPHO3aIIUTHBIHN 3(h(PEKT yIITeBOI0B 0e3
OOBIYHBIX KPHOMPOTEKTOPOB B OTHOIICHHUH CIIepMa-
TO30U10B [48] BBISBICH NpU KOHUEHTPALMH B CPELE,
rurtepToHuIHOH (450—550 MOCcMOITH) TIO OTHOIIICHHUIO K
CIIepMabHOM IIa3Me, | JOCTaTOYHO BHICOKHX CKOPOC-
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phase transition during freeze-thawing of cell sus-
pensions [8, 9, 12, 13]. The situation when compo-
nents of a cryoprotective medium perform several
functions simultaneously is ideal. For example,
carbohydrates can provide required osmoticity in
extracellular medium, they are energy substrates for
cells under anaerobic and aerobic conditions,
stabilize protein-lipid complexes of spermatozoid
membranes and cytoskeleton and have cryopro-
tective activity towards spermatozoa completely or
partially substituting conventional cryoprotectants.
Addition of biologically active substances, as a rule,
is accessory and needed when cell homeostasis is
conspicuously distorted. For example, it is wise to
use antioxidants to prevent lipid peroxidation (LPO)
of spermatozoid membranes, whose LPO-regulating
enzymes are characterized by their low activities [2].
Or, for example, application of phosphodiesterase
(an enzyme of cAMP decomposition) inhibitors in
media for cryopreservation of avian sperm. Directed
influence on cAMP, one of the basic nucleotides
providing cell bioenergy and determining motility and
survival of spermatozoa, was discovered to affect
positively the yield of sperm cryopreservation [42].
Biologically active additives can be sorted into two
groups by nature of their action: substances directly
influencing functional parameters of spermatozoa
belong to the first group: antioxidants, energy ba-
lance stabilizers, inhibitors or activators of membrane
permeability for water molecules, salt ions, non-
electrolytes and other metabolic regulators. Subs-
tances affecting the female organism belong to the
second one: they stimulate motor activity of germ
track facilitating spermatozoa propulsion, accelerate
ovulation of ova efc. Generally these are either
enzymes (for example, mucinase) or hormones
(estrophan, oxytocin and others). They are rarely
used in cryoprotective media for avian sperm, but
their positive effects on the final results of sperm
cryopreservation in other animal species and human
sperm were confirmed more than once [6, 17, 45].
Let us discuss components that are necessary in
protective media and essentially sufficient for
successful in vitro storage of avian sperm.

Carbohydrates. Most of cryoprotective media
used for low temperature storage of avian sperm
were selected empirically. Nearly 10 different carbo-
hydrates: mono-, di-, and trisaccharides, were tested
in multicomponent media for cryopreservation of
avian sperm. Carbohydrates are energy substrates
for spermatozoa, namely this dictates the necessity
of their introducing in media both for hypothermic
storage and for low temperature one (—196°C).
Monosaccharides were established to digest faster,
that is why it is preferable to use them [6, 13, 17,
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Tsix oxaaxaenus (100-300°C/mun). [IpakTudecku Bce
YIJIEBOABI UMEIOT HU3KYIO 9BTEKTHKY, BBICOKYIO BSI3-
KOCTb UX pPacTBOPOB IpU TeMieparypax Hike 0°C,
3HAUUTETILHO BIUSIOT HA (OPMY M pa3Mephl KaHAJIOB
He3zaMep3aroeil ppakuuu BoAbl. YIIEBOIbI, B 4acT-
HOCTH IVTIOK034, SIBISIIOTCS CTa0MIM3aTopaMuy OEIKOBBIX
resel, clIe0BaTeNnbHO, MOTYT CYIIIECTBEHHO MTOBHIILIATh
CTPYKTYPHYIO CTaOUIBHOCTB LIMTOCKENETa K ACHCTBHIO
MOBPEXKIAIONINX (PaKTOPOB B IPOIiecce KPUOKOHCEPBU-
poBaHMsI. YCTaHOBIEHO [ 13], 9TO 1O CTETIEHH TOT0XKH-
TEJIBHOTO BIUSIHUA HA )KU3HECTIOCOOHOCTH CIIEpMAaTo-
30M0B IITHUI] (B 9aCTHOCTH, IETYXOB) C YIETOM BCEX
MoKa3aTesyiel COXpaHHOCTH JI0 M ITOCTIe 3aMOPaKUBa-
HUS-OTTauBaHUSI U3y4YE€HHBIE YIIIEBOIBI PACTIONOKHITICH
B CJICAYIOLIMH psia: PPYKTO3a = TIIIOKO3a > JIaKTo3a >
caxaposa>>MaJibTo3a > Tperajosa > paddunosza. MoHo-
caxapupl BOCCTaHABIMBAIOT MOCJIE 3aMOPAKUBAHUSA-
OTTaWBaHUA NOABKHOCTH 110 45—50% Ki1eToK 1 moaaep-
KHBAIOT X aKTUBHOCTH B T€UEHHE O0JIee ATUTEIEHOTO
BPEMEHH, COXPaHsS IPU 3TOM OOJIbIIee KOJTUIECTBO
CIepMaTo30M/I0B C LIETBIMH aKkpocoMamu. B To Bpemst
KaK Iucaxapuabl OKa3bIBAIOT, B OCHOBHOM, ITOJIOXKH-
TEJIbHOE BIIHMSIHYE Ha IEJIOCTHOCTH MEMOpPaH T'OJIOBOK C
HE3HAuYMTEIHHBIM IIPENMYIIIECTBOM IIepe] MOHOCaxa-
punamm.

benkosuiii komnonenm. PazdaBiieHne 35KyIMpoBaH-
HOM cIiepMBbI UCKYCCTBEHHON KPHO3AIUTHON Cpenon
4aCTO IPUBOAUT K HEXKEJIATEIbHBIM IIOCIEICTBUSIM: OT
arnIIOTHHALAY CIIEPMATO30U10B 10 IPEKIEBPEMEHHON
aKpocoMHoH peakuuu. [Ipeanonaraercs, 4To BO3MOX-
HOM MPUYKHOMN 3TOTO SIBIAETCS CHIKEHHE KOHLIGHTPALH
MOJIOXKUTENBHO 3apsKEHHBIX KATHOHHBIX OCJIKOB B
IU1a3Me CIepMBbl, KOTOpbIe, acOpONPyYACh Ha MTOBEPX-
HOCTH KJIETOK, HECYIIIeH OTpUIIaTEeIbHBIN 3apsi]l, BHITOJI-
HSIOT OTPEIENEHHYIO 3aIIUTHYIO (PYHKIIHIO, HAITPUMED
MIPEIOTBPAIIAIOT CIIEPMATO30M/IbI OT IPEXKIAEBPEMEH-
HO# akTuBarmu [24, 46]. [Ipeamnonaraercs, 9to OenKu
MOT'YT BO3/ICHICTBOBATh Ha arperaTHoe cocTosHue oc-
¢onunuoB MeMOpaH, BKIIOYaThCSA B UX PACTBOPEHHE,
MOJIEP’KUBaTh KOH(UTYPALHIO JIMIHAHON IIOBEPXHOCTH
1 TEM CaMbIM CTaOWUIN3UPOBATH U IPEIOXPAHSTH LIUTO-
IUIa3MaTH4YeCcKHe MeMOpaHbl OT HOBPEXKICHHUH B IIUKJIIE
KpHOKoHcepBHpoBaHus. Panee [17] 3Ta ponb oTBOAMIACH
TUnuAaM, 0043aTeIbHBIM KOMIIOHEHTOM CPEIbl IS
3aMOPaKUBAHUS CIIEPMBI CUUTAJICS TUYHBIH JKEITOK.
Ero npumMeneHne nmpyu KpHOKOHCEPBUPOBAHUH CIIEPMBI
MMEET CYIIECTBEHHBIE HEJJOCTaTKN: HEBO3MOXXHOCTh
CTepHIIN30BaTh CPey W CTAHIAPTU30BaTh JIUITHIHBIN
COCTaB XKeJTKa, CII0KHOCTH MPH OLIEHKE COXPAHHOCTH
CIIEpPMAaTO30HI0B MIOCIIE OTTAaNBAHUS SKCIIPECC-METO A~
MU U yJaJIeHHe Iepes oceMeHeHueM. Vcnomnp3oBanue
OTZAENBHBIX, BBIICJICHHBIX U OUMILECHHBIX JIUITHUIOB (Ha-
npuMep hochaTuanIXonuHa) TaeT TOI0KHUTEIbHBIN
3¢ deKT, HO SKOHOMUYECKH HEBBITOHO. [ToTOMY OBLIT
MPEIIPUHAT MOUCK 3PPEKTUBHON 3aMEHBI SIMYHOTO
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47]. Besides, carbohydrates are powerful osmotic
regulators of extra- and intracellular media. Capacity
of carbohydrates (especially disaccharides) for
exerting cryoprotective effect towards sperm of
some animals without conventional cryoprotectants
is of great interest [41, 42]. It is assumed that carbo-
hydrates stabilize cell membranes owing to formation
of strong hydrogen bonds between saccharide
hydroxyl groups and phospholipid polar groups.
Herewith disaccharides are considered to be more
efficient than monosaccharides, and their cryopro-
tective activity due to the influence on cytoplasmatic
membrane bilayer can be of specific nature and
cannot be attributed only to “colligative effect” or
contribute additionally to the general mechanism of
their action. A positive cryoprotective effect of car-
bohydrates without conventional cryoprotectants
towards spermatozoa [48] was registered in a
medium, which was hypertonic (450-550 mOsmol)
related to sperm plasma at rather fast rates of
cooling (100—300°C/min). Almost all carbohydrates
are characterized by low eutectics, high viscosity of
their solutions at temperatures below 0°C, affect
significantly shape and size of unfrozen water canals.
Carbohydrates, in particular glucose, are stabilizers
of protein gels, consequently, can considerably en-
hance structural stability of cytoskeleton against
damaging factors in the course of cryopreservation.
It was revealed [13] that the carbohydrates investi-
gated according to the extent of their positive in-
fluence on avian (in particular fowl) spermatozoa
viability were ranked in the following manner taking
into account all the indices of safety prior to and af-
ter freeze-thawing: fructose = glucose > lactose >
sucrose > maltose > trehalose > raffinose. Mono-
saccharides restore motility of up to 45-50% of cells
after freeze-thawing and support their activity for
a longer period, at the same time saving more sper-
matozoa with intact acrosomes, whereas disaccha-
rides exert a positive effect on head membrane
integrity mainly with imponderable advantage over
monosaccharides.

Protein Components. Dilution of ejaculated
sperm with an artificial cryoprotective medium often
results in undesired consequences: from sperma-
tozoid agglutination to preterm acrosome reaction.
It is assumed that a possible cause of it is a reduction
in positively charged cation proteins’ concentration
in sperm plasma, which, absorbing on negatively
charged cell surface, perform a certain protective
func-tion, for example, prevent spermatozoa from
preterm activation [24, 46]. It is surmised that pro-
teins can affect aggregate state of membrane phos-
pholipids, participate in their solubilisation, support
lipid surface configuration and therethrough stabilize
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JKeNTKa B cocTaBe cpell. MHOTOUYHCIIEHHbBIE SKCIIEepH-
MEHTBI IOJITBEPIUIIH, YTO OEJIKH (B YACTHOCTH abOyMH-
HBI), BBEICHHBIE B COCTAB KPUO3ALIUTHBIX CPE]l BMECTO
SIMYHOTO JKEJTKA, OKa3bIBAIOT MOJIOKUTENILHOE JICHCTBHE
[7,22,32,45]. Ocobo ciemyer OTMETUTH OOHAPY>KEHHBII
(heHOMEH CYIIECTBEHHOTO CHIKEHHSI [IUTOTOKCHYEC-
Koro aeicteus aumetuinpopmamuna (JIM®PA) va criep-
MAaTOo30H bl IETYXa TP TOJI0KUTENBHBIX TEMIIEPaTypax
B TIPHCYTCTBHUH ONIKOBBIX J00aBoK. Hamprmep, momsrk-
HOCTb CIIEpPMHEB IIeTyXa B Cpe/iax ¢ OeTKOBBIMHE J00aB-
KaM# 0€3 KpHOTIPOTEKTOPA ITPU THIIOTEPMHHU COXPaHsI-
nack B Teuenne 180 4 (B 1,5 paza mosnbirie 00BIYHOTO),
¢ AM®A — 10 72 4, 910 B 5 pa3 NpeBbIMIAET BpeMSs
TIEPEKUBAEMOCTH CIICPMHUEB B €T0 MPUCyTCTBUH [7, 13].
Cpenu 13y4eHHBIX OETIKOBBIX 100aBOK Hanboee s dex-
TUBHBIMH OKa3aJICh MYKOIPOTEUAbI (OBOMYKOH) U
ansO0ymunsl (BCA, CAY, stmunslii ansOymun). OgHako
cieayeT o0paTUTh BHUMaHUE HA TO, YTO COXpaHEHHE
OIJIOIOTBOPSIIOLICH CIIOCOOHOCTH CIIEPMAaTO30MA0B
TOCJIe KPUOKOHCEPBUPOBAHUS O€3 y1aJIeHUs KpHOIIPOTEK-
TOpa B IPUCYTCTBHHU OSITKOBBIX JOOABOK 3aBUCHT OT UX
KOHIICHTPAIIMH B CPEIe, KOTOPAst TSI IOy IEHUS BRICOKHX
pe3yabTaToB HE JODKHA MpeBbimath 0,5% .

Opeanuueckue u Heopeanuueckue coau. B cocra-
B€ CpeIl UCIIBITAHBI IECATKH COJIEBBIX KOMITOHEHTOB |2,
6,17,32,35-40], BEIMOTHSAIOUINX PA3IHYHbIE ()YHKIHH.
OCHOBHBIE U3 HUX — MOAACPKUBATh OCMOTHYECKUIMA
Oananc, OyepHy10 eMKOCTb, COXPaHSTh (PU3HOIOrHIec-
koe cootHoueHue K, Na'™-MoHOB U MUKPOAJIEMEHTOB.
[ToTHOCTBIO OCBETUTH OIYOIMKOBAaHHBIN MaTepHal o
JAHHOMY aCIIeKTy B PAMKaX OJHOM CTaTbU HE PECTaB-
JII€TCS BO3MOXHBIM, IO3TOMY OCTAaHOBHMCSI TOJILKO Ha
IJIaBHBIX MOMEHTaX. BO-TIepBBIX, OITBIT TOKA3EIBACT, UTO
HCIIONTF30BAHIE OPTAHMYECKUX COJICH MPEAOITHTEb-
Hee, BO-BTOPBIX, HET HEOOXOMUMOCTH PUMEHSATH Oyde-
PbI, TaK Kak OydepHast eMKOCTb CIIepMajIbHOM I1a3MbI
IITUI] YCTOHYIHMBA U TOJIBKO ITPH Pa30aBIeHUH HE MEHEE
1:5 wm 1:6 pe3ko camxaercs [23, 31]. Kpome Toro, u3-
BecTHO [47], uto B peaenax pH ot 6,0 go 8,0 oruio-
JOTBOPSIONIAs CIOCOOHOCTh CIIEPMHEB MITHUI] COXPa-
HSIETCSl Ha BHICOKOM YPOBHE IIPU XPaHEHUH in Vitro.
[IpakTrueckn BO Bce KOMMEPYECKHUE Cpelibl (KaK MpaBu-
110, 3apyOekHbIe) 0053aTeIbHO BXOAUT TIIyTaMar HaT-
pus, Tak Kak yCTaHOBIIEHO [6, 32], 4yTo conepkaHue
Iy TAMHHOBOM KHUCJIOTHI B CIIEpME IITHI] BO MHOTO pa3
BBIIIIE TT0 CPABHEHUIO CO CIIEPMOM IPYTHUX BUIIOB JKUBOT-
HEIX. [IprCyTCTBHE ITyTaMIHA B TAKOM KOJIIMYECTBE B
CIIiepMe ITHI] OOBSICHAETCS €0 YIaCTHEM BO MHOTHX
MeTa0OTUIECKUX MPOIIeCCaX, OCHOBHBIM M3 KOTOPBIX
ABIILETCS HEepreTuueckuil UK. [Iupoko npumeHse-
MBIMU KOMIIOHEHTaMU CpPEJl SIBJISIOTCS TAKXKe alerar
win tutpat K, xmopumst Mg?* u Zn*', 3¢ ek TuBHOCT
HCIONIb30BaHMsI KOTOPBIX J0Ka3aHa. BBeneHue B cpeny
MEPEUYHUCIECHHBIX COJIEH TOCTATOYHO JJIsl COXPaHEHUS
YKU3HECTIOCOOHOCTH CIIEPMHUEB ITHII i1 Vitro B TSUCHHE
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cytoplasmic membranes and protect them against
injuries in the cryopreservation cycle. Earlier [17]
this role was assigned to lipids; egg yolk was thought
to be an indispensable component of media for cryo-
preservation of sperm. Its usage for cryopreserva-
tion has significant disadvantages: it is impossible to
sterilize the media and to stardardize the yolk lipid
composition, spermatozoa integrity is difficult to
estimate by express-methods after thawing and re-
moving cryoprotectants prior to insemination. Appli-
cation of individual isolated and purified lipids (e.g.
phosphatidyl choline) exerts a positive effect, but is
economically unsound. That is why an efficient
substitute of egg yolk was searched for. Numerous
experiments confirmed that proteins (in particular,
albumins) introduced in cryoprotective media instead
of egg yolk exerted positive effects [7, 22, 32, 45].
The phenomenon of a considerable reduction in
dimethyl formamide (DMFA) cytotoxicity for the
fowl spermatozoa at positive temperatures in the
presence of protein additives should be noted speci-
fically. For example, the fowl spermatozoa motility
in media containing protein additives, but without
cryoprotectant, remained unchanged for 180 hrs
(half as much as the usual term). When DMFA was
added to such media, the spermatozoid motility
remained unchanged for 72 hrs, which was 5 times
longer than the time of their survival in its presence
[7, 13]. Among the protein additives investigated
mucoproteins (ovomucoid) and albumins (BSA,
HSA, yolk albumin) turned out to be the most effi-
cient. Nevertheless one should pay attention to the
fact that maintenance of spermatozoa fecundating
ability after cryopreservation without removing
cryoprotec-tants and with protein additives depends
on their concentrations in media, which are not
supposed to exceed 0.5%.

Organic and inorganic salts. Dozens of salts
[2,6,17,32, 35-40] performing different functions
were tested as parts of media. Their basic functions
are supporting osmotic balance, buffer capacity,
maintaining physiological ratio K*, Na* ions and
microelements. It is impossible to give a complete
coverage to all the published results on this matter
within a single article, so we shall only dwell on the
main moments. Firstly, experience shows that the
usage of organic salts is more preferable, secondly,
there is no need to use buffers, as buffer capacity
of avian sperm plasma is tolerant and decreases
sharply only being diluted not less than 1:5 or 1:6
[23, 31]. Besides, it is known [47] that avian sperma-
tozoa fecundating ability remains high in the pH
range from 6.0 to 8.0 during in vitro storage. Almost
all commercial media contain sodium glutamate,
since it was discovered [6, 32] that glutamic acid

problems
of cryobiology

Vol. 20, 2010, Ne2



JUTUTEIBHOTO BPEMEHH MPU THIOTEPMHUU, a TAKXKE MPU
KPHUOKOHCEPBUPOBAHUH.

CriepMaTO30U 161 B IPOLIECCE TOATOTOBKH, OXJIAXK/IE-
HUS1, 3aMOPa’KUBAHUS, OTTAUBAHUS U OCEMEHEHUS MO/~
BEPraroTCs 3HAUNTEIBHBIM KOJICOAHUSIM MOHHOM CHITBI
1 OCMOTHYECKOTO JTABJICHUSI BHEKJIETOUHOTO OKPY>KEHHS,
1 WX BBDKUBAEMOCTh B UTOTE 3aBUCUT OT TOTO, KaK OHHU
CIIOCOOHEBI IEPEHOCUTH PE3KO U3MEHSIOIIHECS Y CITOBHSI
Ha dTanax HU3KOTeMIIEpaTypPHOTO KOHCEPBUPOBAHUSL.
OCMOTHYHOCTE MPEIIOKCHHBIX JJ11 KPHOKOHCEPBUPO-
BaHUs CIEPMBI NTHUL cpef BappupyeT oT 290 mo
450 mOcmoms [2, 6, 13, 17, 32, 35-40]. UzectHO [31,
47], 9T0 OTUIOAOTBOPSIOIIAS CIIOCOOHOCTh CIIEPMUCB
COXPAHSIETCs in Vitro B yCIOBUSAX TUIIOTEPMUU B 3AILIUT-
HBIX CpeAax ¢ 0CMOTHYHOCTEIO 0T 250 10 400 MOcMmomb
(A 0,455-0,736°C) B TeUeHUE ATUTEIBHOTO BPEMEHH,
HauMHAET CHIDKAThCS Tociie 24 1 xpanenus. [loatomy
TIpH pa3pabOTKe COCTaBa CPEIIBI K OITUMATBEHOTO COOT-
HOIIIEHHSI KOMIIOHCHTOB HE CJIETyeT BEIXOAUTH 3a IIpeIe-
JIBI ATOTO TAAIIA30HA, TOCKOJIBKY OCMOTHIHOCTD SIBIISICT-
Csl OJTHOM M3 CaMBIX BaXHBIX €€ (QHU3UKO-XUMUIECKUX
xapakTepucTuk. [Ipr KpHOKOHCEPBUPOBAHUH CIIEPMBI
MeTyXa ONTUMAaJIbHOE 3HAYEHUE OCMOTUYHOCTH KpPHO3a-
IIUTHBIX CPEJ HAXOAUTCS B O0JIACTH THIIEPTOHUH TI0
OTHOIIEHUIO K CEMEHHOMH IJIa3Me CTIEpMBI ¥ paBHO 395—
400 MOcmonb pu pH 6,7 £0,5, onTuMansHOE 3HAYCHUE
HOHHOM cuJtbl cpeabl paBHo 0,200 + 0,025 momns/n [13].

Kpuonpomexmopei. Bemectsa, koTopbie obecrie-
YUBAIOT 3aIIUTY CIIEPMATO30UJIOB OT JIEHCTBUS HU3KUX
temneparyp (—196°C), cnemyer mpuMEHSITh TOIBKO TPH
KPHUOKOHCEPBUPOBAHUH CIIEPMBI, HO HE IIPU TUIIOTEPMHU-
YECKOM XpaHCHUM. BonpmmuacTBO HCIIOJIB3YEMBIX KPHUO-
MIPOTEKTOPOB Yy>KEPOTHEI M HeMHAU(()EPEHTHBI [0 OTHO-
IICHUIO K KieTkam. [ToBperkaatoriiee qeiicTBre, KOTOPOe
OKa3bIBAIOT KPHOIPOTEKTOPHI SIIIE 10 3aMOPaKUBAHUS,
CYIIECTBEHHO OTPaHUYMBACT UX HCIIOIb3YEMYHO KOH-
LICHTPALIHIO U TIPOTYIMPYET KPHOTIOBPEIKICHHS HA TIOCITe-
JIYFOIIHX 3Tarax KpUOKOHCEPBUPOBAHMSI, CIICIOBATEIHHO,
CHIDKAET MX KPHO3AIMUTHYIO aKTUBHOCTH [ 14, 28]. Pac-
CYMTaHO, 9TO HEOOXOIMMAas! KOHIIEHT AL KPUOTIPOTEK-
Topa s 3 HEKTUBHON KPHO3AITUATH Ha KOJUTATAaTHBHOMN
OCHOBE JIOJDKHA OBITH HEe MeHee 2,9 M, mpu 3aMopau-
BaHWMH METOIOM BUTPHU(PHUKAITIH CO CKOPOCTSIMHU OXJIaXK-
JICHHS, JIETKO pean3yeMbIMH Ha TIPAKTHKE, — HE MEHEe
5SM[13,28]. CiepmaTo304/bI HE BHIACPKUBAIOT TAKUX
KOHIIEHTPAIIWiA ¥ THOHYT ITPEKIE BCETO OT OCMOTHYEC-
KOTO cTpecca. PealibHO MpuMeHsieMble KOHIIEHTPAIHH
KPHOMIPOTEKTOPOB IPHU KPUOKOHCEPBUPOBAHUHU CIICPMbI
vt He ripeBbimarot 0,5—-1,0 M [6, 13,30]. [Jaxe 3Tu KoH-
LIEHTPAIMH KPUOITPOTEKTOPOB HE SBJISIOTCS Oe301ac-
HBIMH, MOT'YT BBI3BIBATh CTPYKTYPHBIE M (DYHKITHOHAIT-
HBIE IOBpekaeHns1 ciepMaro3oua0B (0T 10 10 30 %) ere
Ha JTare MHKyOaIiy 10 3aMOPKUBAHUS B 3aBICHMOCTH
OT ee TIPOJOKUTETHFHOCTH ¥ TeMITepatypsl [ 14, 28].
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content was manifold higher in avian sperm than in
sperm of other animals. Such high content of glutami-
ne in avian sperm is attributed to its participation in
many metabolic processes including energetic cycle.
Potassium acetate and citrate, magnesium and zinc
chlorides, which proved their efficiency, are also wi-
dely used components of media. Addition of the salts
indicated to media is sufficient for maintenance of
avian spermatozoa viability in vitro both for a long-
term hypothermic storage and upon cryopreservation.
Spermatozoa in the process of preparing, cool-
ing, freezing, thawing and inseminating are subjected
to significant fluctuations of extracellular environ-
ment ion force and osmotic pressure, and eventually
their survival depends on how well they are able to
endure drastically changing conditions at the stages
of low temperature preservation. Osmoticity of the
media suggested for cryopreservation of avian
sperm varies from 290 to 450 mOsmol [2, 6, 13, 17,
32, 35-40]. Fecundating ability of spermatozoa is
known [31, 47] to remain unchanged under hypo-
thermic conditions in vitro in protective media with
the osmocity from 250 to 400 mOsmol (A0.455—
0.736°C) for a long time, then it starts decreasing
after 24-hour storage. That is why when media
compositions and optimal ratios of components being
elaborated, one should not fall outside the limits of
this diapason, since osmocity is one of the most im-
portant physico-chemical parameters of media. For
cryopreservation of the fowl sperm the optimal
values of cryoprotective media osmocity lie in the
range of 395-400 mOsmol, which is hypertonic
related to sperm plasma, at pH 6.7 = 0.5, the optimal
value of ion force is 0.200 + 0.025 mol/l [13].

Cryoprotectants. Substances protecting sperma-
tozoa against low temperature (—196°C) should be
applied for cryopreservation of sperm, but not for
hypothermic storage. Most of cryoprotectants in use
are alien and unindifferent for cells. Damaging im-
pact exerted by cryoprotectants already prior to
cryopreservation considerably limits their concen-
trations. It results in cryoinjuries at the following
stages of cryopreservation and, consequently redu-
ces their cryoprotective activity [14, 28]. The requi-
red concentration of a cryoprotectant was calcula-
ted to be not less than 2.9 M for efficient cryoprotec-
tion on the colligative basis, and not less than 5 M
upon vitrification at cooling rates easily achieved in
practice [13, 28]. Spermatozoa do not withstand such
concentrations and die first of all because of osmotic
stress. Cryoprotectants concentrations applied in
reality for cryopreservation of avian sperm do not
exceed 0.5-1.0 M [6, 13, 30]. Even these concen-
trations are not innocuous and can cause structural

problems
of cryobiology

Vol. 20, 2010, Ne2



Ha xpro3amuTHy10 aKTUBHOCTG ISl CIEPMBI TITHIT
WCIIBITAHBI IECATKA HU3KOMOJIEKYJISIPHBIX BELIECTB,
OTHOCAIIMXCS K Pa3INYHBIM KJIACCAM XUMHUYECKUX CO-
€IMHEHUH — OTHOATOMHBIE 1 MHOTOaTOMHBIE CITUPTHI,
amMuabl, CyIb()OKCHIBI, STAHOJIAMUHBI, AMUHOKHUCIIOTHL,
HO IIMPOKOE IPUMEHEHHE B ITHLIEBOICTBE MOy YHIIN HE
Oonee 5 coenunenuti [2, 6, 10, 13,22, 30,32,35-40,44].

Pa3paboTaHbl 1 yCcHemHO MPUMEHSIOTCS METOABI
3aMOpaXUBaHHUS-OTTauBAHUS CIIEPMBI IITHUI] (TIETYXOB,
r'ycei ¥ yTOK) ¢ alu(aTiIecKuMK aMHJIaMH B Ka4eCTBE
OCHOBHOT'O KPHOIIPOTEKTOPA, 00ECTIEYMBAIOIIHE BBIBOT
MostoaHsIKa Ha ypoBHE 60—80% OT umcITa 3a105)KEHHBIX
sutt [6, 813, 30, 43]. Ho mpu 5TOM TOCiIE OTTauBaHUS
CIIEpPMBI IPUXOANTCS YBETNYNBATh KOINYECTBO KJIETOK
B CIIEPMOJI03€ U KpaTHOCTh oceMeHeHus. Cienyer oT-
METHTB, YTO 10 CUX IIOP HE YIaeTCs OITY4YHUTh BBICOKHE
U cTaOMIIbHBIE PE3YBTaTh TP KPHOKOHCEPBUPOBAaHUH
CIIepPMBbI UHJTFOKOB [46, 47]. YHUKaIbHBIE (PU3UKO-XUMH-
YyecKue CBOMCTBa nu3aMerieHHbIX aMuioB (N,N -nume-
tunpopmamuia, N,N-quMeTnnaneTraMuza), 2 IMEHHO:
CIIOCOOHOCTH K CHIIBHBIM THIPOQHIBHBIM H OJJHOBpE-
MEHHO K ruipo()OOHBIM B3aHMOJICHCTBUSIM, a TAKIKE
BBICOKasI IPOHUIIAEMOCTh BHYTPh KIIETOK 00YyCIIOB-
JIUBAIOT UX KPHO3AIUTHYIO aKTUBHOCTE [ 8, 13]. B 60116~
LIMHCTBE CTPaH C Pa3BUTHIM IITHIIEBOJICTBOM TSI KPHO-
KOHCEPBHPOBAHUS CTIEPMBI IITHUI] TPOIOIKAIOT TIPHUMe-
HATHh TPAJULMOHHBIE KPUONPOTEKTOPHI: ITTULEPHUH,
JAMCO, 3THIEHIINKOIIb, HECMOTPS Ha CYLIIECTBEHHBIE
HeJI0CTaTKU Kaknoro u3 Hux [30,32,35-39]. C AMCO
1 STWICHIVIMKOJIEM He yllaeTcs OIy4arh CTAOMIILHO BbI-
COKHE PE3YNBTATHI, OIJIOA0TBOPSIEMOCTD UL CIEPMOH,
3aMOPO’KEHHOH C 3TUMH KPHOIIPOTEKTOPAMH, HE IPEBBI-
maeT 50-60%. I'munepuH oka3bIBaeT Ha CIEPMAaTO30H-
Il TITUI] KOHTpauenTuBHoe neicteue. Comepxanne
DIMLIEPUHA B KPHO3AIUTHOM Cperie, Aake B KOHIICHT AN
1-3%, 3HAYUTEITHHO CHIYKAST OTUIOIOTBOPSIOIIYIO CIIO-
cobroctb ciepmueB nrutt [30]. {5t coxpaHeHns BBICO-
KOH OTIIONOTBOPSIIONIEH CIIOCOOHOCTH CIIEpMAaTO30HI0B
€ro cojJiepXaHnue B cpene JoKHO ObITh B 10-20 pa3
HIKE, YeM PUMEHSIEMOE IIPU KPHOKOHCEPBUPOBAHUH
(10-15%). K Tomy ke MpOHMLIAEMOCTh IIULIEPUHA YePe3
MeMOpaHy CIIepMaTO30MI0B camasi HU3Kasl 10 CpaBHe-
HUIO C IPYTUMH KpronpoTekropamu. [loatoMy TexHOI0-
M 3aMOPaKUBAHHS-OTTAUBAHHS CIIEPMBbI IITHLI C IIIHLIE-
PHHOM CIIOXKHAs1: IPUMEHAIOT MHOTOCTYIIEHYATOE BBE-
JEHUE B CYCIEH3UIO KIETOK BO M30€KaHNe OCMOTH-
YECKOT0 CTPecca, a NaBHOE — 00s3aTeIbHOE eT0 y/aje-
HUE TIepe] 0CEMEHEHUEM.

151 CHUKEeHH s TUTOTOKCUYECKOTO AU CTBUS KPUO-
IIPOTEKTOPOB Ha 3Tare MOATOTOBKH CIIEPMBI K 3aMOpa-
YKUBAHUIO JTyYIlle BBOJUTH UX TOJIBKO B PACTBOPE CPE/I.
[IpubaBneHue BewecTB B YUCTOM BUE HEXKETATEIBHO,
TaK KaK 3K30TepMUYecKuil 3P PeKT nx cMemmBanus ¢
BOJIOH, COCTaBJIAIONIEH OCHOBHYIO YacTh CYCIIEH3UI
KJIETOK, MOKET IPUBOJUTH K JIOKAIBbHBIM IIEPErpeBam,
MOBBILIATH TEMIIEPATYPy HHKYOALMH U BBI3BIBATH MOB-
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and functional injuries of spermatozoa (from 10 to
30%) already at the incubation stage prior to freez-
ing depending on the incubation duration and tempe-
rature [14, 28].

Dozens of low-molecular substances belonging
to different chemical groups — monoatomic and
polyatomic alcohols, amides, sulfoxides, ethanol ami-
nes, amino acids were tested for cryoprotective acti-
vity on avian sperm, but not more than 5 compounds
became widely used in poultry industry [2, 6, 10, 13,
22,30, 32, 35-40, 44].

Methods for freeze-thawing of avian (fowl,
goose, duck) sperm with aliphatic amides as a basic
cryoprotectant were developed. They are applied
successfully and provide hatching of offspring on the
level of 60—80% related to the number of the eggs
laid [6, 8—13, 30, 43]. However, the cell number in
a sperm dose and number of insemination events
within a week have to be increased after thawing
sperm. It should be noted that high and stable yield
of cryopreservation of the turkey sperm is still bey-
ond attainment [46, 47]. Unique physico-chemical
properties of disubstituted amides (N,N-dimethyl
formamide, N,N-dimethyl acetamide), namely capa-
city for strong both hydrophilic and hydrophobic
interactions as well as high permeability into cells
precondition their cryoprotective activity [8, 13]. In
most countries with advanced poultry industry they
continue to apply traditional cryoprotectants for cryo-
preservation of avian sperm: glycerol, Me,SO, ethy-
lene glycol despite significant disadvantages of each
of them [30, 32, 35-39]. Neither Me,SO nor ethyle-
ne glycol gives steadily good results, the rate of fer-
tilisation of ovicells with sperm frozen with these
cryoprotectants does not exceed 50-60%. Glycerol
exerts an contraceptive effect on avian spermatozoa.
Glycerol even at the concentration of 1-3% in a
cryoprotective medium reduces avian spermatozoa
fecundating ability [30]. To maintain spermatozoa
fecundating ability high enough glycerol content in
medium must be 10-20 times as little as that applied
for cryopreservation (10—-15%). Besides, glycerol
permeability through spermatozoon membrane is the
lowest as compared to other cryoprotectants. That
is why the technology of avian sperm freeze-thaw-
ing with glycerol is complicated, multi-step introduc-
tion is used lest osmotic stress occur, and it is impe-
rative that it should be removed before insemination.

It is better to add cryoprotectants only in media
solutions to decrease their cytotoxic impacts. It is
undesirable to add pure substances, as exothermic
effect from their mixing with water, which is the
major portion of cell suspensions, can lead to local
overheating, increase incubation temperature and
cell injuries. It is necessary to make the duration of
the contact of cryoprotectants with cells at all of the

problems
of cryobiology

Vol. 20, 2010, Ne2



pexnenue kieTok. HeoOxommmo CoKpaTiTs 10 MUHHUMY-
Ma MPOAOJKUTEIFHOCTh KOHTAKTa KPHOTIPOTEKTOPOB C
KJIETKAMH Ha BCEX ATarax LUKJIa KPUOKOHCEPBUPOBAHMS,
BKJIFOYAIOIIET0 OITOTOBKY CIIEPMBI K 3aMOpPayKUBaHMUIO,
BpeMs OT Hayajia KPUCTAILTU3aLUK BHEKIETOUHOM Cpebl
1 JT0 UICYE3HOBEHUS KHIKOH (ha3bl, MHTEPBaI C MOMEHTA
OTTaWBaHUs U 10 BBEJCHUS B PEPOTYKTUBHBIN TPAKT
camok. [Ipubasnenue 1 MHKYOaLMIO CIIEPMATO30UI0B C
KPHOIIPOTEKTOPaMH (KpOME ITIHIIEPUHA) 10 3aMOPAKH-
BaHMS CIIEAYET MPOBOAUTE ITPY OKOJIOHYJIEBBIX TEMITEpPa-
Typax.

CymecTByeT elie OAuH CIIocod CHIKESHNUS IINTOTOK-
CHYHOCTH KPUOTIPOTEKTOPOB, IPAMEHSIEMBIN IJIs 3aMO-
paKUBaHUSI OMOJIOTHYECKIX 0OBEKTOB METOZIOM BUTPH-
(hmKanuy, a UMEHHO: HCIIOJIb30BAHUE CMECH Pa3HBIX
KPHIIPOTEKTOPOB, 3P (PEeKTHBHOCTH KOTOPOT'0 I0KA3aHa
[1,30]. IIpu 3TOM CHIKAETCS KOHIIEHTPALUS OTACTbHBIX
KpPHOIPOTEKTOPOB B CYCIEH3UH KJIETOK, CIIE0BATENBHO,
yMEHbIlIaeTcsl uX noBpexaaruiee neiicreue. Ilpu
oabope CMecH PEKOMEHIYETCs HCTIONB30BaTh COYeTa-
HHE BEILIECTB C PA3IMIHON CTPYKTYPOi M (PH3UKO-XUMH-
YyecKUMH cBoMcTBaMU. MeambHBIMHA  JJTIS1 DTOTO SIB-
JISTFOTCSI AU3aMeIIeHHbIe aMU/IbI ¥ AMOJIBI, TaK KaK OHH
OTHOCSITCS K BRICOKOTUAPO(UIIEHBIM BEIIeCTBaM, 00pa-
3yIOT CHJIbHBIE BOAOPOIHBIE CBSI3H C MOJIEKYJIaMHU BOJIBL,
TIPEBOCXOASAIIMMHU 110 YHEPTHH CBSA3b Boza-Boza. Ho mpu
STOM aMUJbI SIBISIFOTCS aKLIEITOPaMU IPOTOHOB, JHO-
JIbl — TOHOPAMH, BSI3KOCTb BOJHBIX PACTBOPOB aMHUI0B
B HECKOJIBKO pa3 HIKE, 4YEM B pacTBOpax 11oioB. B cury
STOr0 AMH/IBI U IUOJIBI [TO-PA3HOMY BIIMSIFOT HA IPOLIECC
KpUCTAJUTM3ALMK BHEKJIETOYHOT'O paCTBOPA U IPEJOTB-
palarT BHYTPUKIETOYHYIO KPUCTAIUIH3AIINIO, TYOH-
TEJIbHYIO JJI51 aKPOCOM CIIEPMATO30MA0B. AMUJIBI U TUO-
JIBI OTHOCATCS K TPOHHUKAIONIM KPHOIIPOTEKTOpaM, HO
CKOpPOCTh U MeXaHu3M ux quddy3un uepe3 memMOpany
KJIETOK OTINYaioTCA. [[npuIbHOCTh AM3aMeIeHHBIX
aMHI0B 00eCTIeInBaET CBEPXOBICTPYIO IPOHUIIAC-
MOCTb B KJIeTKy. IX TpaHcmopt uepe3 MeMOpaHy ocy-
LIECTBIIAETCS TPENMYIIIECTBEHHO Yepe3 IUHUIHBII OH-
CIIOH, U TOJBKO 0K0JI0 20% MPOHMKAET Yepes3 OCIKOBbIE
BOJIHBIEC KaHAJBI (OSIIOK MOJIOCH! 3 U aKBaIIUIIEPOIIO-
pussbl). B TO Bpems Kax 111 IM00B TOMUHUPYIOLINM ITy-
TeM AudPy3un B KIETKY SBISETCS THAPOGUITBHBIN — 110
OeJIKOBBIM BOJHBIM KaHajaM [5]. Mcnons3ys cMech
aAMHUJIOB U TUOJIOB B COCTaBE KPUO3AIIUTHBIX CPEJT, MOXK-
HO CYIIECTBEHHO COKPATUTh BPEMs HACBIIIICHHS CIIEp-
MaTO30H/I0B KPHOIPOTEKTOPAMH A0 3aMOPaKUBAHUS U
HE yIaJSITh UX U3 CYCIEH3HH MTEPE] OCEMEHEHUEM.

Henponukaromye KpruonpoTeKTOpsI, KaK MPaBUIIO
BOZOPACTBOPHUMEBIE TIOJTUMEPHI, CAMOCTOSATENBHO IS
KPHOKOHCEPBUPOBAHUS CIIEPMBI IITUIT HE PUMEHSFOTCH,
HICTIONB3YIOTCS TOJTBKO B KOMITOZUIIMH C IPOHUKAFOIIMH.
JobaBiieHrie B KpUO3AIIUTHYIO Cpeay moaumepa (B
gactHocTH [IBII ¢ M. M. 12000) oka3bIBaeT MOJIOKH-
TEIIbHOE ACUCTBHE, HO TOJIBKO B CMECH C KPHUOIIPOTEK-
TOpaMH, BOAHBIE PACTBOPHI KOTOPHIX UMEIOT OYEHb
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cryopreservation stages, including preparation of
sperm for freezing, the time between extracellular
medium nucleation and liquid phase disappearance
and period from the thawing moment to injection of
sperm into female germ tracks, as short as possible.
Addition of cryoprotectants (except glycerol) and
incubation of spermatozoa with them prior to free-
zing should be carried out at subzero temperatures.

There is another way of reducing cryoprotectants
cytotoxicity applied for freezing bioobjects by vitri-
fication, namely using mixtures of different cryopro-
tectants. The efficiency of this method was proved
[1, 30]. Herewith concentration of each cryopro-
tectant in cell suspension is decreased, therefore
their damaging impacts are weakened. It is recom-
mended to use combinations of substances with
different structures and physico-chemical properties.
Disubstituted amides and diols are ideal for these
purpose, as they are referred to highly hydrophilic
substan-ces, form strong hydrogen bonds with water
mole-cules energetically exceeding water-water
bonds. At the same time amides are acceptors of
protons, diols are donors; amide aqueous solution
viscosity is several times as little as diol solution vis-
cosity. By virtue of this amides and diols affect
crystallisation of extracellular solution in different
manner and prevent intracellular crystallisation lethal
for spermatozoa acrosomes. Amides and diols be-
long to penetrating cryoprotectants, but rates and
mechanisms of their diffusion through cell membra-
nes differ. Diphility of disubstituted amides provides
their super-rapid penetration into cells. Their trans-
membrane transport is realised predominantly
through lipid bilayer, and only about 20% penetrate
through protein water channels (protein of band 3
and aquaglyceroporins), while for diols the domina-
ting way of diffusion is a hydrophilic one, through
protein water channels [5]. Using mixtures of ami-
des and diols in cryoprotective media, one can signi-
ficantly reduce the time of saturation of spermatozoa
with cryoprotectants prior to freezing without re-
moving them from suspension before insemination.

Non-penetrating cryoprotectants, which, as a
rule, are water-soluble polymers, are not used for
cryopreservation of avian sperm alone, but only in
combination with penetrating ones. Adding a polymer
to a cryoprotective medium (in particular PVP with
the molecular weight of 12,000) exerts a positive
effect, but only in combinations with cryoprotec-
tants, which aqueous solutions have very low visco-
sity at subzero temperatures. Usage of polymers
allows considerable increasing in extracellular me-
dium viscosity as temperature declines, therefore
active influencing “water-ice” phase transition. It is
known [13] that water-soluble polymers are good
modifiers of crystal formation. Nevertheless their

problems
of cryobiology

Vol. 20, 2010, Ne2



HU3KYIO BSI3KOCTH TpH TeMreparypax okono 0°C. Uc-
MOJI30BAHKE TIOJTUMEPOB MO3BOJISET CYIIECTBEHHO
TMIOBBICUTb BA3KOCTh BHEKJIETOUHOM CPEBI ITPY CHIDKEHUH
TEMIIEpPaTyphl, CIEIOBATENbHO, aKTHBHO BIMATH Ha
(hazoBsrit mepexon "Boga-nen". Uzsectro [13], uro
BOJIOPACTBOPUMBIE MOJTMMEPHI SBISIOTCS XOPOIIUMH
MoIudHKaTOpaMH KpUCTauI000pa3zoBanus abaa. Ho
MOJIOKUTENbHBIN 3¢ ekt monuMepoB HabmMOgaETCS
TOJIBKO MPY O4Y€Hb HU3KKX KoHIeHTpanusix (0,1-0,3%),
YTO 0OYCIIOBIICHO, BO3MOXKHO, HX JIECTA0MITH3UPYIOIIAM
BIIMSIHUEM Ha MEMOpaHbI CIIEPMaTO30HI0B TIpH OoJiee
BBICOKOM COJIEp)KaHHH B Cpejie.

Takum 00pa3om, IpEMEHsIEMbIE B HACTOSIIIEE BPEMS
3aIllUTHBIE Cpelibl, pa3padoTaHHbIe HA OCHOBE BHIIIICOIH-
CaHHBIX IPUHLMIIOB X CO3JaHUs], TO3BOJISIIOT COXPAHATD
CrepMy IITHIL i1 Vitro TIPU TOJIOKHUTENBHBIX TEMIIepa-
Typax u B TIIyOOK03aMOPOXEHHOM COCTOSIHUU 0e3
yTpaThl OCHOBHOW (PYHKIIMH CTIEPMATO30H 0B — OIIJIOIO-
TBOpsitomie cnocooHoctn. Ho mouck 3¢ exTHBHBIX
KPHO3AIUTHBIX CPET] IPOIOIKACTCSI, TAK KaK 10 CUX ITOP
HE yJaeTcs YCHEIHO KPHOKOHCEPBUPOBATh CIIEPMY
HEKOTOPBIX BUJIOB IITHII, HAITPUMEP HHIIOKOB.
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positive effects are only observed at very low con-
centrations, which is likely to be attributed to their
destabilising influence on spermatozoid membranes
at higher concentrations in media.

Thus applied at present cryoprotective media
developed on the ground of the principles above-
described allow in vitro storage of avian sperm at
positive temperatures and in deeply-frozen state
without loss in the main function of spermatozoa:
fecundating ability. But search for efficient cryopro-
tective media continues, since successful cryopre-
servation of sperm for some avian species (e.g.
turkey) still posses a challenge.
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