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HUccnenosanocs Bausiaue kpuonporekropos (KI1): rmmuuepuna (IJ1), stunenrnukons (3I), sumermncynbdokxcuna (JMCO), N,N-
mumermwidpopmamuna (IMD), 1,2-npomanauona (1,2-I1/1) B korueHTpanuu 1 M Ha )u3HECIocoOHOCTH criepMaro3ouaoB cobak (CC)
JI0 U TOCJIE 3aMOPAXUBAHMUA-OTTauBaHUS B 3-X cpelax, OTIIMYAIOUXCS 10 cocTaBy. B mepsoii cpene (TDIXK) comepxancs xenTox
KypHHBIX siuil, BO BTopoii (TDA) - ssmunblit ans0ymuH, TpeThs cpena (TP) ucnonp3zoBanack 6e3 106aBOK. YCTaHOBICHO, YTO caMast
BBICOKas xku3HecrnocoOHocTh CC Kak 10, Tak H MOCNIe KPHOKOHCEPBUpOBaHHs HaOmonanack mox 3amutoil IM® B cpene TDA.
[Ipennaraercs BO3MOXKHBII MEXaHU3M BIMSHUS SUYHOTO anbOyMuHa Ha xu3HecriocobHocTs CC B coyeranuu ¢ IM®.

Kniouegwie cnosa: ciepMaTto30Hubl, HOABIKHOCTD, KPHOKOHCEPBHPOBAHUE, KPHOIIPOTEKTOPHI, ATbOYyMUH, SIMIHBIN KEITOK.

JocnimxyBaBcs BILTHB KpionporekTopis riminepuny (IJ1), ermnenrnikoiro, numetuicyabpokcuny, N,N-gumetandopmaminy, 1,2-
MpomnaHaiony B KoHUeHTpamii 1 M Ha kuTTE3naTHICTH criepMaTo30iniB cobak (CC) mo i micns 3aMOpOKyBaHHSA-BIATaBaHHS B 3-X
cepeloBHIaxX, Kl Pi3HATBbCA ckianoM. Y mepmomy cepemoBuii (TDXK) micTHBCS KOBTOK KypsudX sielb, y Apyromy (TDA) —
sIEYHUN aTbOYMiH, TPETE CepeIOBHIIE BUKOPUCTOBYBAJIOCH 0e3 00aBOK. YCTaHOBIICHO, 1110 HalBUIIA )HUTTe3aaTHICTE CC 5K 10, TaK i
IicIIsE KpIOKOHCEPBYBaHHS criocTepiranach min 3axuctoM IM® B cepenosumi TDPA. 3anponoHOBaHO MOXKINBUN MEXaHI3M BILTUBY
sieyHOTO anbOyMminy Ha xkutTe3aatHicTh CC B crioyueHHi 3 [IM®.

Knrouosi cnosa: ciepMaro3oiliy, pyXJinuBicTh, KPiOKOHCEPBYBaHHS, KPIONPOTEKTOPH, alIbOYMiH, I€YHUH KOBTOK.

There was studied the effect of such cryoprotectants (CP) as: glycerol (GL), ethylene glycol (EG), dimethyl sulfoxide (DMSO),
N-N-dimethyl formamide (DMF), 1,2-propanediol (1,2-PD) in 1 M concentration on dog spermatozoa (DS) viability before and after
freeze-thawing in 3 media, differing by composition. The first medium (TFY) comprised the yolk of chicken eggs, the second one
(TFA) consisted of egg albumin, the third one (TF) was used without additives. It was established, that the highest viability of DS both
before and after cryopreservation was observed under DMF protection in TFA medium. A possible mechanism of egg albumin effect

on DS viability in combination with DMF is discussed.

Key-words: spermatozoa, motility, cryopreservation, cryoprotectants, albumin, egg yolk.

BriMupanue Bce 0ONbIIETO KOMUYECTBA BUIOB
KUBOTHBIX, YXYAIICHHE TJIEMEHHBIX MOKa3aTenen
MTOPOIHBIX JTUHHUHA TOOYXIAI0T YYE€HBIX BCEr0 MHpa
HCKaTh BO3MOXXHOCTh COXPaHUTh TeHOMOH (ayHbI
CO3/1aHHEM 300MapPKOB PEAKUX BUJOB U IPY IOMOIIHU
COBPEMEHHBIX OMOTEXHOJOTUH, MO3BOIAIOMHUX
KPHUOKOHCEPBHPOBATH MTOJIOBBIE KIIETKU KUBOTHBIX U
cOo37aBaTh MX HU3KOTeMIeparypHble 6anku [5]. Takas
e TeHACHIHs HaOMI0aeTCsa U B KHHOJIOTUH, KOTOpast
oKasanach nepel (aKkTOM yMEHBIIECHHs MJIEMEHHOTO
MOTOJIOBbSI MHOTHX TOpoJ cobak. Kak mokaspiBaer
aHanmm3 gaHHbIX [12, 13, 19], npobnema kpruokoHCep-
BupoBanust CC He pelieHa, Tak Kak MpeaioKeHHbIe
METOJIBl HE TO3BOJISIIOT COXpaHHUThL Oosee 30%
a0COTIOTHO TOJHOIEHHBIX KileToK. [ToaTomy paspa-
60TKa 3 (HEKTUBHOTO METO]a KPHOKOHCEPBUPOBAHUS
CC sBasercs akryaiabHOM 3amaueid. [lociaeanue 10

The extinction of a great number of animal species,
worsening of pedigree indices in breed lines make
scientists from all around the world to search for the
possibility for fauna gene fund preservation by creating
zoos for rare species and using current biotechnologies,
enabling animal sexual cell cryopreservation and their
low temperature banks creation [5]. The similar
tendency is also observed in dog breeding, that was
faced with the fact of breeding-stock reduction in many
dog breeds. As the data analysis shows [12, 13, 19],
the problem of DS cryopreservation has not been
solved, since the methods proposed do not enable the
preservation of more than 30% absolutely integral cells.
Therefore the elaboration of efficient method for DS
cryopreservation has remained an actual task. Within
the recent 10 years the intensive investigations of diffe-
rent factors of DS cryodamage and cryopreservation
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JIET MTHTEHCHUBHO BEAYTCS MCCIEIOBAHMS PA3TUIHBIX
(hakTopoB KpromoBpexaeHus u kpuozamutbl CC B
Mpoliecce 3aMOpakUBaHUA-0TTauBaHus [12, 19-22].

OnHUM U3 KITFOUEBBIX BOIIPOCOB B PELLIEHNH TaHHOM
npoOiiemsl siBnsieTcst Beroop KII. [{ns kpuokoHcep-
BupoBanus CC B kauectBe KII ompoGoBansl 3
coequnenust — [J1 0T u JIMCO [13, 19, 22]. Pe3ynb-
TaThl UCCIIEOBAaHUM BO MHOTOM MPOTHBOPEYAT APYT
IpyTY, OTCIOA CIIEAYET, YTO ONTUMAJIBHBINA KPHUOTIPO-
tektop st CC He HaiineH. [lokazano, uto JIMCO B
koHIeHTpanuu 0,6 M oka3pIBaeT MOBpEXIAroliee
neiicreue Ha CC emie Ha ATare MOArOTOBKHU KJIETOK K
3amopakuBauuio [ 13].

Haunbonee mupoxo ans 3amopaxusanusa CC
ucnonedyercs [JI, KoTopblil MO3BOAAET MOTYIUTH
Mocje OTTAaWBAaHUS >KU3HECIMOCOOHBIE KIETKH, HO
MTOABMYKHOCTD CIIEPMATO30UA0B IIPH TOM BapbUpYET
ot 15 no 60% [12, 13]. Ilpennonaraercs [13] , uto
NPUYMHON BBICOKOW BapuaOelbHOCTH Pe3yJbTaToB
MOYET OBITh BO3SHHMKAIOIIUI 1ox Bo3aercTBueM [J1
ocMoTudeckuil mok. Ha cnepMaro3zongax MeTyxoB
O0Ka3aHo, uto gobasnenue [ JI mpuBoauT k HabyXaHNIO
TOJIOBOK, HCKPUBJICHHUIO CIIEPMATO30UI0B B 001acTh
IIEHKH, CMEILEHNI0O MUTOXOHAPUH, YIBTPACTPYKTYpP-
HBIM HM3MEHEHHUSM aKpOCOM, CIIOCOOCTBYET yTeuke
dbepmentos [18, 23]. OOparmaeTcs BHUMaHUE U Ha
apyrue noteHuuainbaeie 3¢pdextor [J1 [23], B
YaCTHOCTH, BO3MOXXHOCTh MOJAM(HUKALIUH JTUITHIHOTO
oucios, obycnosieHHoi cnocodHocThio IJ1 06paszo-
BBIBaTb BOJOPOJHBIE CBSI3H C MOJSIPHBIMU TPYIIIIaMH
rOJIOBOK (OC(HOIUNUAOB, BEPOSITHOCTD €0 YHaCTHS B
MeTabonu3me KiIeTok. Tokcuueckoe aecTBUE Ha
KJIETKH MOXET OKa3biBaTh MeTabonut [Jl meTtumi-
rmuokcanp [16]. O6cyxmaeTcs BO3MOXHOCTH
B3auMoneicTBus [JI ¢ MUTOCKEIETOM B MUKPOTYOY-
JSAPHBIMH O€NKaMu CIIEpPMAaTO30MJ0B, & TaKXKe €ro
BIUSHUE HA CIU3UCTBIE 000JIOYKH PEPOIYKTHBHOTO
Tpakta caMok [23]. Otmeuaetcs, ato I'JI oka3pBaeT
HETaTHBHOE BO3/CICTBHE HA OMJIOJOTBOPSIONIYIO
cnocobnocts CC [13].

ITo HemHOTOUKCIEHHBIM aHHBIM [ 13, 22], OT mo
cpaBaeHuto ¢ I'JI 6onee nepcnexrtusen s CC.
[MogBmxHOCTH KIIETOK Tociie nmpubaBienust O He
CHUYKAeTCs 110 CPaBHEHHUIO ¢ KOHTponeMm, a ¢ [J]
nagaet Ha 5-10% [22]. KonnuecTBo criepMaTo30u10B
¢ MOp$OTIOTHUECKUMH TOBPEKACHNSIMH €IIIe Ha ITarie
skcrio3unu B ipucytctsun IJI mocturaer 35%, ¢ 9T
He npesbimaeT 25%. JlaHHble 0 KPUOTPOTEKTOPHOU
aktuBHOCTH JI" mo otHomeHwnio K CC BappUpyIOT B
mmpokux npezaenax [11, 24]. B [22] noxsuwxHOCTE CC
[ocJie 3aMOpakKMBaHUA-0TTauBaHus ¢ DI mokazaHa
Ha ypoBHe 60% npu koHuentpanuu 0,5 M, mpu 3Tom ¢
I'JT ocraercsa e Gonee 30% IMOABMIKHBIX KIETOK. B
[13] otmeuaercs, uro I'JI mposisnseT Oonee addek-
THUBHYIO KpPHO3aIlUTy Nno cpaBHeHHio ¢ OI. B
yKa3aHHBIX padOTax UCIIOJIB30BAIN METOMbI 3aMOpa-
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during freeze-thawing have been carrying-out. [12,
19-22].

The choice of CP is one of the key-questions during
this task solving. For DS cryopreservation 3 compounds
were tested as cryoprotectants: GL, EG and DMSO
[13, 19, 22]. The results of investigations greatly
contradict one another, that results in the fact that the
optimal cryoprotectant for DS is not found. DMSO in
0.6 M concentration was shown to have a damaging
effect on DS even at the stage of cell preparation to
freezing [13].

The most widely applied CP for DS cryo-
preservation is GL, enabling to obtain the viable cells
after freeze-thawing, but at the same time the
spermatozoa motility varies from 15 to 60% [12, 13].
The reason for a high variability of the results is
assumed to be an osmotic shock, occurring under GL
effect [12]. In fowl spermatozoa the GL addition was
demonstrated as resulting in head swelling, spermatozoa
curvature in neck area, shift of mitochondria,
ultrastructural changes in acrosomes, and contributing
to enzymes release [18, 23]. The attention is paid to
other potential GL effects [23]: the possibility of lipid
bilayer modification, stipulated by GL capability to form
hydrogen bounds with polar groups of phospholipid
heads, the feasibility of its participation in cell
metabolism. Toxic effect on cells can be caused by
GL metabolite: methyl glyoxal [16]. The possibility of
GL interaction with cytoskeleton and microtubular
proteins of spermatozoa, as well as its effect on female
reproductive tract mucous membrane are discussed
[23]. GL is noted to cause a negative effect on DS
fertilising ability [13].

According to not numerous data [13, 22], EG in
comparison with GL is more perspective for DS. Cell
motility after EG adding does not decrease in
comparison with the control, and GL decreases by 5-
10% [22]. A number of spermatozoa with morphological
damages even at exposure stage at GL presence
achieves 35%, but it does not exceed 25% with EG.
The data about EG cryoprotective activity in respect
of DS varies in wide limits [11, 24]. In the paper [22]
DS motility after freeze-thawing with EG was shown
at the level of 60% at 0.5M concentration, meanwhile
not more than 30% of motile cells remains with GL.
As detailed by [13], GL manifests more efficient
cryoprotection in comparison with EG. In the mentioned
papers there were used the methods of DS freezing in
open granules on dry ice without identifying cooling
rates, that significantly complicated their reproducibility.

For DS low temperature preservation one usually
applies polycomponent cryoprotective media. By
analogy with the methods for sperm freezing of other
animals they comprise besides CP the chicken egg
yolk. However the usage of this component is not
processible due to the inconstancy of composition, a
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xuBaHusi CC B OTKPBITBIX TPaHyTax Ha CYyXOM JIbAY
0e3 uIeHTU(UKAIIUA CKOPOCTEH OXJIaXICHUSI, UTO
3HAYUTEIBHO YCIOXKHIET UX BOCTIPOU3BOJUMOCTb.

Jlg Hu3KoTeMIeparypHoro koHcepsuposanus CC
NPUMEHSIOT, KaK MPaBHJIO, MHOTOKOMIIOHEHTHBIE
KpUO3aIIUTHBIE Cpelbl. B X cocTaB Mo aHanmoruu c
METOJaMH 3aMOPaKMBaHUSI CIIEPMBI APYTHX BHIOB
XKHUBOTHBIX, kpoMme KII, BXOIUT >KeNTOK KypHHBIX UL
OnHako MCMOIb30BaHUE JAHHOTO KOMIIOHEHTA
HETEXHOJOTHYHO M3-32 HEMOCTOSHCTBA COCTAaBa,
KPaTKOBPEMEHHOCTH XpPaHEHUsS, BO3MOXHOCTHU
Pa3BUTHUS B XKEJITKE MaTOTeHHOH MUKpodIopsl [4].
UzBectHO [8, 9, 11, 21], uTO yenenrHoe KPHOKOHCEPBH-
pOBaHME CIIEPMATO30HI0B PAa3HBIX BUJOB KUBOTHBIX
BO3MOYKHO U B 0€3KEeNTOYHBIX Cpeaax, CoAepKaIlnx
BOJAOPAacCTBOPUMBIE OENKH, B YACTHOCTH TaKHe
anbOyMUHBI, KaK OBIYMH CHIBOPOTOYHBIA albOyMHH
(BCA), ceIBOpOTOUHBIN aTbOyMUH YEIOBEKA U IPYTHE.
Takum obpaszom, s kpuokoHcepBupoBanus CC
OCTaeTCsl NEPCIEeKTUBHBIM MOUCK 3P (PEeKTUBHBIX
KPHO3aIllUTHBIX cpell, BKitouaromux kak KII, tak u
MeMOpPaHOCTaOMITM3UPYIOIIHE T00ABKH.

Henb manHo#t pabotel — uccienopanue dpdex-
TUBHOCTH BJIMSIHUSI IPOHUKAOIIIX KPHOTIPOTEKTOPOB
1,2-114, AM®, IMCO, OI' u I'Jl, otHOCAIIHXCS K
Pa3HBIM KJIaccaM XHMHYECKHX COETUHEHH, B TpeX
pa3IMYaroIUXCs [0 COCTAaBY KPHO3AIIUTHBIX CPEaax
Ha BbpKuBaeMocTb CC 10 U mocie 3aMOpaKuBaHMs —
orrauBanus. B nmepsoii cpene (TDXK) conepxkancs
XKENTOK KypHHBIX siull, BO BTopol (TDA) — auuHbIit
anpOymuH, TpeThs cpena (TP) ucnonb3oBanace 6e3
3TUX A00aBoK. IIpennpuHsATa MONBITKA BBIACHUTD
BO3MO>KHBIH MEXaHM3M JACHCTBUS SIMYHOTO aIbOyMHUHA
Ha JKU3HECTIOCOOHOCTH CIIEPMUEB B IMPOIIECCE KPHOKOH-
CepBHUPOBaHUS.

Matepnanbl 1 meToAbI

Crniepma 11 McciieJoBaHMiA ObLIA TOTydeHa OT 4-
X KIMHUYECKH 3A0POBBIX KoOesneil mpu KOMHATHOU
temneparype (20°C) maccaxxeM ImpeAcTaTeIbHOM
JKeJe3bl B IPUCYTCTBUM HEICTpaJbHOW caMku [7].
OSKyIAT cepMbl CO0aK COCTOMT U3 3-X (paKIuid,
BBIICIISIIOIIMXCSA ¢ HEOOJIBIIUM BPEMEHHBIM HHTEP-
BaJloM. OTO AAe€T BO3MOXHOCTbH MOJYYHUTh BCE
¢dbpakuuu 35KyIATa OTACIBHO, YTO MO3BOJIET
MIPeIOTBPATUTH IpeXxaeBpeMeHHy0 akTuBanuio CC
10/ BO3ICUCTBUEM 3-i1 (ppaKiiu, MpeaCTaBISIIONICH
c000i cexpeT mpeacTaTebHOU xenes3sl [10].

Jn1s ombITOB OBUTH HCITONIB30BAaHbI 8 3AKYIATOB,
COCTOSIIINX U3 TIEPBOM M BTOPOH (PpaKIfiii CBEKETOTy-
YeHHOU criepMbl. KoHLIEHTpaluio ciepMaro30uioB B
SIKYJISATAX OIIEHUBAIY TpH oMoy horomerpa KOK-3
(“30M3”, Poccus). IIpo1ieHT MOABIIKHBIX CIIEPMATO-
30MJ0B ONPENENSIA BU3yaJIbHO MOJ MHKPOCKOIIOM
“buomnap”, [lonbira (X280). Jlns onieHKH repexruBae-
MOCTH KJIETOK JI0 U ITOCJIE 3aMOPaKMBaHUA CIIEPMAaTO-
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short term of storage, possibility of pathogenic
microflora development in yolk [4]. The successful
spermatozoa cryopreservation of different animals is
known to be possible even in yolk-free media, containing
water-soluble proteins, in particular such albumins as
calf serum albumin (CSA), human serum albumin etc
[8,9,11,21]. Thus, for DS cryopreservation the search
for the efficient cryoprotective media, comprising both
CP and membrane-stabilising additives has still
remained perspective.

This work was aimed to investigate the efficiency
of such penetrating cryoprotectants as 1,2-PD, DMF,
DMSO, EG and GL, relating to different classes of
chemical compounds in three cryoprotective media,
differing by composition of cryoprotective media on
DS survival before and after freeze-thawing. First
medium (TFY) contained chicken egg yolk, the egg
albumin was in the second one (TFA) and the third
one (TF) was free of them. The attempt to find out
the possible mechanism of egg albumin effect on
spermatozoa viability during cryopreservation was
undertaken.

Materials and methods

Sperm for investigations was obtained from 4
clinically healthy dog males at a room temperature
(20°C) by massing prostate gland at non-estrous
female presence [7]. Dog sperm ejaculate consists of
3 fractions, releasing with a short time interval. This
enables to obtain all ejaculate fractions separately, that
permits to avoid a premature DS activation under 3%
fraction effect, representing the prostate gland
discharge [10].

In the experiments we used 8 ejaculates, comprising
first and second fractions of freshly isolated sperm.
Spermatozoa concentration in ejaculates was estimated
with photometer KPK-3 (Russia). The percentage of
motile spermatozoa was visualised under microscope
“Biolar”, Poland (%280). Spermatozoa in cryo-
protective media were placed under hypothermia
conditions (6°C) in order to evaluate cell survival before
and after freezing. The evaluation of spermatozoa
motility was done in 60 min.

The obtained material was divided in 15 aliquots by
0.7 ml and placed in 1 ml plastic vials. Spermal plasm
was removed from each aliquot by centrifuging at 400 g
during 3 min. Aliquots were divided in 3 groups (by 5
samples each). Cells of the 1% group were resuspended
with TFY medium, the 2™ one with TFA and TF for
the 3™ one in 1:1 ratio. The main composition of all
three media included 0.2 M Tris-buffer (Trizma pH 7.2,
“Sigma”) and 0.05 M fructose with 320 mOsm osmotic
rate, pH 7.2. In TFY medium we added 20% (v/v) of
chicken egg yolk and 1% egg albumin (“Reakhim”,
Russia) for TFA medium. TFA medium was free of
additives.
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30MbI B KPHO3ALTUTHBIX CpeAax OBLIN TMOMEIICHBI B
ycnoBus runorepmun (6°C). OueHka MmoABHKHOCTH
CIIEpPMaTO30MI0B IPOM3BOANIACH Uepe3 60 MUH.

[TomyuenHsIit MaTepual pa3aenwiv Ha 15 anukBoT
no 0,7 MJI ¥ IOMECTHJIM B TJIACTUKOBBIE aAMITYJIbI
o0beMoM 1 mi. U3 kaxaol alWKBOTHI yOaJIUIN
CHEpMaJIbHYIO TUIa3My LEHTpU(YTHpOBaAaHUEM NpPH
400 g B TeueHue 3-Xx MUHYT. ATMKBOTBI pa3/IeIuiIu Ha
Tpu TpymIsI (110 5 ipo0 B kaxkmoit). Knetku 1-# rpymmst
pecycniengupoBaiu cpenoit TOX, 2-it — TOA, 3-ii —
T® B coorHOmenuu 1:1. OCHOBHOM COCTaB BCEX TPEX
cpen Bimrodan 0,2 M tpuc-Oydepa (Trizma pH 7,2,
“Sigma”) u 0,05 M ¢pykTo36I ¢ OCMOTHYHOCTHIO 320
MOcwmons, pH 7,2. B cpeny TOX 65110 100aBIeHO
20% (v/v) xenTKa KypuHbIX sul, B cpeny TOA — 1%
su4gHOTO ansoymuna (“Peaxum”, Poccust). Cpena TO
HE cofieprKana JONOJHUTEIbHBIX 100aBOK.

[Tocne oxnaxaeHus CyCeH3uu CIepMaTo301I0B
(10 mun) mo remnepatypsl 6°C Ko BceM TpeM IpyInaM
ObUTH 100aBIIEHBI B COOTHOLIEHMH 1:1 mpenBapuTesnb-
HO OXJIXIAEHHBIE 10 TOM K€ TeMIIepaTypbl paCTBOPHI
7L, oI, AMCO, IM® u 1,2-11/1 (xoruenTpanys 2 M)
B CpeJax, COOTBETCTBYIOIIHUX KaXXIOH Trpymie.
Koneunast koutentparus KII cocraBmia 1 M.

[HoaroToBieHHBIE 00paA3IBl CIIEPMATO30UIOB
ObLTH pachacoBaHBI B ITTACTUKOBBIC COJIOMUHKH THIIA
“CXK” obvemom 0,33 cm® mo 200 mki. 3amopaxu-
Banne CC OpUIO TPOBEACHO 0€3 IOMOIHUTEIbHOM
sxkBurOpanuu Ha yctaHoBke YOII-1 (CKTB UITKuK)
o pazpaboranHoMy pexumy [3]: oT 5 mo —15°C co
ckopocTtbio 3°C/MuH, oT —15 10 —70°C co CKOpOCTHIO
15°C/muH u nanee — MOTpyXeHHUE B KUIKUN a30T.
CKopOCTh OXJTaXA€HHsI KOHTPOJIMPOBAIN IIPH ITOMOILU
MeIb-KOHCTAaHTAaHOBOM TEPMOTIapHI.

OTranBaHue MPOU3BOIWIN HA BOJSIHOM OaHe mpu
temmeparype 40°C 10 mosSBIEHHS KUIKOW (ha3bl
(3-5¢).

Bbruto mcciaegoBaHo B3aMMOJIEHCTBHE SHYHOTO
anp0ymuHa ¢ CC, OTMBITBIMH OT CIIEpMaJbHOMN
mia3Mel B cpege TP, a Takxke ¢ MOAEIbHBIMH
MYJIBTUCIOWHBIMH JIMIIOCOMAaMU U3 AUYHOTO (ocda-
THAMIXOJNMHA 0 3amMopaxuBaHus. Jmus 3Toro
MPUMEHSUIN KOBaJEHTHO MEUeHBIH (1yopecLieHTHBIM
kpacutenem Tasman Green-404 (TG-404) suunbIi
ap0yMUH, IOy YeHHbIH 13 THCTUTYTa MOHOKPHCTAJ-
nmoB HAH VYxpawmusl. @nyopecuennumw TG—404
BO30YK/IaJTi CBETOM C JUTHHOM BOJTHEI 404 HM (cHHUH
CBETOMUITBTD), a PETUCTPUPOBAIH 1TpH 515 HM (3kenTo-
3€JICHBIH CBETOQUILTP). JINIIOCOMBI MONTyYaan
ncnaperreM 10%-ro cnupTOBOTO pacTBOpa SUIHOTO
(hochaTunITXoarHA MO BAKY YMOM C MO CIIEAYOIIM
pactBopenueM B cpene T [17]. [lonydyennas
CYCHEeH3HsI UMeNa KOHLIEHTpauuio aunuaa 20 mr/mi.
OnyopecueHIHI0 PerucTpUPOBaIN Ha (DIIyopecueHT-
HoM Mukpockorie MI1-4 (JIOMO, Poccust), ocHamieH-
HOoM L poBoii Buaeokamepoii Olympus, COnpsbKeHHOI
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After cooling spermatozoa suspension (10 min)
down to 6°C, to all three groups there were added in
1:1 ratio the preliminarily cooled down to the same
temperature GL, EG, DMSO, DMF and 1,2-PD
solutions (2 M concentration) in the media, correspon-
ded to each group. CP final concentration made 1M.

Prepared spermatozoa samples were packed in
0.33 cm?® “S-Zh” type plastic straws by 200 pl. DS
freezing was carried-out without additional equilibration
using UOP-1 device (Special Design & Construction
Bureau with Experimental Unit of the Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine) by the
developed regimen [3]: from 5 to —15°C with 3°C/min
rate, from 15 to —70°C with 15°C/min, with following
immersion into liquid nitrogen. Cooling rate was
controlled with copper-constantan thermocouple.
Thawing was performed on water bath at 40°C up to
liquid phase appearance (3-5 sec).

The interaction of egg albumin with DS, washed
out from spermal plasm in TF medium, as well as with
model multi-layer liposomes from egg phosphatidyl-
choline prior to freezing was inves-tigated. For this
purpose the fluorescent dye-covalent labelled Tasman
Green-404 (TG-404) egg albumin, obtained from the
Institute for Single Crystals, was applied. TG-404
fluorescence was excited with light with 404 nm
wavelength (blue light filter), but registered at 515 mn
(yellow-green light filter). Liposomes were obtained
by evaporating 10% egg phosphatidylcholine alcohol
solution under vacuum with following dissolving in TF
medium [17]. The obtained suspension has 20 mg/ml
lipid concentration. The fluorescence was registered
with fluorescent microscope MP-4 (LOMO, Russia),
supplied with computer-connected digital Olympus
videocamera. The results obtained were statistically
processed with Student method.

Experiments were performed according to the
“Common Principles of Experiments in Animals”,
approved by the 1* National Congress on Bioethics
(Kiev, 2001) and agreed with the statements of
“European Convention on Vertebrate Protection, Used
for Experimental and Other Scientific Purposes”
(Strasbourg, 1985).

Results and discussion

The effect of 5 cryoprotectants (GL, EG, 1,2-PD,
DMSO, DMF) on DS survival prior to freezing at
hypothermia (6°C) in three cryoprotective media,
differing by the composition (TFY, TFA, TF) was
investigated. The observation was performed up to a
complete loss of spermatozoa motility. In the control
group, representing the spermatozoa suspension in
cryoprotectant-free TF medium, the cell motility
reduced during 15 hrs down to 30% level, under which
the usage of ejaculate for fertilisation is considered to
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¢ xomnbioTepoM. g cTaTuCTHYECKOo 00pabOTKH
MMOJIYYE€HHBIX PE3YJbTATOB HCIOJIb30BaTN METO]
CrprofeHTa.

OKCHEepUMEHTHl MPOBEACHBI B COOTBETCTBUHU C
“OO0MUMH MPUHITUIIAMH SKCIIEPUMEHTOB Ha KHBOT-
HBIX”, 0M0OpeHHBIMHU 1-M HarmoHabHBIM KOHTPEC-
com 1o omoaTrke (Kues, 2001) u cormacoBaHHBIMHU C
nonoxkeHUsMH “EBpomneiickoil KoHBeHIuu o 3ammure
MMO3BOHOYHBIX XUBOTHBIX, UCIIOJIB3yEMBIX JJIS
AKCIIEPUMEHTAIBHBIX U JPYTUX HAYUIHBIX MEIei”’

(CtpacOypr, 1985).

Pe3yAbTatbl M 00Cy)xaeHue

Bruto nccnenoBaHo BIUSHUE 5 KPHOMIPOTEKTOPOB
(UL, 2T, 1,2-1T1, AMCO, AM®) Ha niepe:KuBacMOoCTh
CC no 3amopaxuBanus npu runorepmu (6°C) B Tpex
KPHO3AIIUTHBIX CpellaX, OTIUYAIONINXCS 110 COCTAaBY
(TOX, TOA, TO). HabntogeHus MpoBOIUIH 10
[IOJTHOM OTEpH MOABHKHOCTH CIIEpMUEB. B KOHTpOIIB-
HOH TpymIme, NpeAcTaBisIoIed co00i CyCIeH3HIO
criepMaTo30uioB B cpeae TD 6e3 kpuompoTeKTopa,
MTO/IBIKHOCTP KJIETOK CHIDKAjach B TeueHue 15 9 10
ypoBHs 30%, HUKE KOTOPOTO HCIIOIb30BAHUE IAKYIIATA
IUIS OIUTOIOTBOPEHHMS CUATAETCS HELENeCOO0pa3HbIM.
Ha puc. 1 mokazansl pe3ynbTaTbl HHKYOAIH KIETOK
¢ KII B Teuenue 6 4, Tak Kak mpu Oojee MPoa0JI-
KUTEIBHOM HMX KOHTaKTe HalOiiogajach HOTEps
noasmkHocT CC HIKE HEOOXOAMMOTO MHHUMYMA.

Bce u3yuennsie KII B xonnenTpanuu 1M otpu-
[IaTeIHHO BIUSUH Ha repekuBaeMocTh CC 1o 3amopa-
KHUBaHUS, HO CHIDKCHHE TIOABMKHOCTH KJIETOK B UX
NPUCYTCTBHH CYLIECTBEHHO 3aBHCEI0 OT CPEIbI
pasbasienus. Huskas nepexuBaemocts CC, He3aBH-
cumo ot Buzaa KII, nabmiomanace B cpene TOXK, B
cocTaB KoTopoii Bxomut 20% stmaHOTO %enTtKa (puc.l),
IpH 3TOM TMOTEPs MOJBUKHOCTU COIPOBOXKIAIACDH
3HAYUTEIHLHON arnmoTrHaImel kietok. B cpene TOA,
B KOTOPYIO BMECTO XelTka Obinm gobasien 1%
SIMYHOTO anbOymuHa, U B cpenae Td (6e3 mo6aBok)
noaBuxkHocTh CC coxpaHsnach dyepe3 3 u 6 4
nHKyOanuu, Ho ToibKo ¢ aByms KIT (JIM® u OI') Ha
JIOCTaTO4YHO BBICOKOM ypoBHE. B mpucyrcreuu MO
MOJBIXKHBIMEH OcTaBanuch 60+6% (puc. 1), ¢ O
yepe3 3 u — 55+5%, uepe3 6 u — He Oonee 30+4%
ki1eTok. Habnronanace TeHAEHIUS K CHHKEHHIO
nepexuBaemoct CC ¢ JIM® u OI' B cpege TO
(puc. 1, B), HO pa3Huna co cpenoit TOA Obuta He
noctoBepHa (p<0,05) . [Togsmwxnocts CC B puCyT-
cteuu JIMCO, I'JT u 1,2-I1]] uepe3 6 1 uaKyOaIuu Bo
Bcex cpenax He mperbimana 10-20%. Ilo momoxu-
TenbHOMY BiMsHHMIO Ha noaswkHocTh CC KII pac-
npenenunucsk B ciaenyromuit pag: [TI=AMCO=
1L2-ITA>D0I'>]IM®. Takoe xe pacupenenenue KII
noy4deHo u B cpeae TOXK uepes 3 1 uakyodammn (cM.
puc. 1, 6), HO ypOBeHb COXPaHHOCTH KJIETOK OBLI
CYILIECTBEHHO HUKE, 4eM B cpenax TMA u Td. Takum
oOpa3zom, cpenu uzyueHHbix KII MeHblee moBpex-
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Puc.1. Toasrwxuocts CC 10 3aMopaxuBanust B cpenax TOXK
(c xentkoM), TOA (c Genkom) u TD B mpuCyTCTBUH
HCCIIETyEeMbIX KPHOIPOTEKTOPOB uepe3 1 (a),3 (0) u 6 4 (B)
MHKyOauu npu temneparype 6°C: m — JIM®; OO0 — OT;
A -—TJ; ¢ — IMCO; O —1,2-I1]1.

Fig.1. DS motility before freezing in TFY (with yolk), TFA
(with white) and TF media at the presence of studied
cryoprotectants in 1 (a), 3 (b) and 6 hrs (C) incubation at
6°C:m —DMF; O-EG; A —GL; e —DMSO; O-1,2-PD.
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naromee nerctsue Ha CC 10 3aMOpakxMBaHUA
npossiAoT AM® u OI B cpene, coneprkariei SHuHbIN
aIb0yMUH.

Ha puc. 2 npencrasnena nepexuBaemocts CC
IOCJIEe 3aMOpakKMBaHuUsA-oTTauBaHus B cpenax TOXK,
TOA u T B npucyrctBun ucciaenyeMsix KII B
YCIOBHSIX THITOTEPMHHU.

Jlyumme pe3yiapTaThl MOTYyYeHBI IPH KPHOKOH-
cepsupoBannu CC ¢ IM® B cpene TDA. Yepes uac
nocinie orrauBaHusl CC MOIBMKHOCTh COXPAHANACH Y
55+4% xnetok (puc. 2, a), TUIIb Yyepe3 6 4 XpaHEHHS
B YCJIOBHAX TMIIOTEPMHU OHA CHIDKAJach A0 YPOBHSA
30£5% (puc. 2, B). Komn4ecTBO MOABMKHBIX KIIETOK,
KpuokoHcepBupoBaHHbIX ¢ OI' B cpene TOA, uepes
Yac 1mociie OTTauBaHus cocTaBisuio 357 % (puc. 2,
a), uepe3 3 4 magano a0 ypoBHs 25%5 %, uepes 6 u
MTOJIBMKHBIX KJIETOK B TIOJIE€ 3pEHMS He HAOII01aI0Ch.
Coxpannocts CC, KpHOKOHCEPBHPOBAHHBIX B IPHUCYT-
creun JIMCO, 1,2-I1J1 u I'J1 B cpene TDA, He
npesbimiana ypoBHsa 30+4% cpasy mocie oTTanBaHHA.
3areM Ha0/10a10Ch MOCTEIEHHOE CHMUXKEHHUE
MTOIBIKHOCTH KJIETOK (puc. 2, 6). Uepes 3 4 xpaneHus
noaswkHocTs CC B npucyrersun JMCO u 1,2-T1]]
najgana g0 ypoBHS 5%, HE3aBUCHMO OT CpPEJbI
pa3baBinenus, a B npucytctBuu [JI octaBanucs
MOABMXXHBIMU 0KOJI0 20+5% kieTok B cpepax TOX u
T®A. Yepes 6 u xpaneHus npu 6°C NoABMKHOCTh
Habnronanack Toabko y CC, KpHOKOHCEPBUPOBAHHBIX
¢ IM® ( B cpene TOA — oxomo 30+5%, B cpemax
TOX u TO — He G6onee 5-10%). C apyrumu KII
MTOJIBUKHBIX KJIETOK OOHAPYKUTH HE yAAIOCh (puc. 2,
B). Huzkas sxn3necnioco6HocTs CC mocie 3aMopaxH-
BaHUA-OTTaWBaHUS OoTMedasach B cpene T He3aBu-
cumo ot Buna KII.

IToBpexieHne KIeToK, BbizBaHHOE BBegeHueM KII1
U NPONOJIKUTEIBHOCTHIO UX KOHTAKTa, MOXET
OTpaXkaTh BKJAJ KaK OCMOTHYECKOW, TaK U XUMH-
yecKkoi (OMOXMMHUYECKOH) KOMIIOHEHTHI B O0IIee HX
uuToToKcuueckoe neiicrsue [1]. M3yuenHble
BEIIECTBA OTHOCSTCS K Pa3HbIM KJIACCAM XMMUYECKUX
coelMHEHUH (MoMonaM, aMuaM, CylIb(pOKCHIaM),
UMEIOT Pa3IMYHYIO CTPYKTYpPY, HO IIPH 3TOM BCE€ OHU
OTBEYAIOT TPEOOBAHUSAM, HEOOXOIUMBIM IS AP heK-
tuBHBIX KII (BpICOKas THAPOPUIBHOCTD), H XOPOLIO
MPOHMKAIOT BHYTPh KiIETOK. Ha npyrux oOGmexrax
mokazaso [1, 15], 9To MexaHu3M uX MPOHUIIAEMOCTH
OTIWYaeTcs: nu3zaMelieHHsle aMuasl (M) ne
BBI3BIBAIOT OCMOTHYECKHH CTpecC y KIETOK, YTO
00yCIIOBIICHO UX BBICOKOH CLIOCOOHOCTBIO IPOHUKATD
HETIOCPEICTBEHHO Yepe3 JINIUIHbIH Ouciol MeMOpaH
B OTJIMYHE OT [TOJIHOJIOB, KOTOPBIE IPEUMYILIECTBEHHO
InGOYHAUPYIOT BHYTPh KJIETOK Yepe3 BOJIHBIC
kaHanbl. CKOpPOCTh MPOHULIAEMOCTH BEILECTB Yepes3
MeMOpaHBl U UX HUTOTOKCHYHOCTH 3aBUCHT OT
reOMETPHUYECKUX Pa3MepOB MOJIEKYI U UX TUAPOd0o0-
HoctH [1, 15], XapakTepuCTUKOW KOTOPOH MOXKET
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be not expedient. The Fig. 1 demonstrates the results
of cell incubation with CP for 6 hrs, because during
their more prolonged contact the loss in DS motility
lower than the necessary minimum was noted.

All studied CP in 1 M concentration negatively
affected the DS survival before freezing, but a
decrease in cell motility in their presence con-siderably
depended on dilution medium. Low DS survival,
independently on CP type was observed in TFY
medium, comprised 20% egg yolk (Fig. 1), at the same
time the loss of motility was accompanied with a
considerable cell agglutination. In TFA medium, where
1% egg albumin was added instead of yolk and in TF
medium (without additives) the SD motility was kept
after 3 and 6 hrs of incubation, but only with two CP
(DMF and EQG) it was at a quite high level. At DMF
presence 60+6% cells (Fig. 1, b, ¢) remained motile,
with EG in 3 hrs it was 55+5% and not more than
30+4% of cells in 6 hrs. The tendency to a decrease in
SD survival with DMF and EG in TF medium (Fig. 1,
c¢) was observed, but the difference with TFA medium
was not statistically significant (p<0.05). DS motility
at DMSO, GL and 1,2-PD presence in 6 hrs of
incubation in all media did not exceed 10-20%. By
positive effect on DS motility the cryoprotectants were
distributed in the following series: GL=DMSO=
1,2-PD>EG>DMF. The same DS redistribution was
obtained in TFY medium in 3 hrs of incubation (see
Fig. 1, b), but the level of cell integrity was significantly
lower, than in TFA and TF media. Thus, among studied
CP the less damaging effect on DS prior to freezing
was manifested by DMF and EG in the egg albumin-
contained medium.

Fig.2. demonstrates the DS survival after freeze-
thawing in TFY, TFA and TF media at the presence of
studied CP under hypothermia conditions.

The best results were obtained during DS
cryopreservation with DMF in TFA medium. An hour
after DS thawing the motility was kept in 55+4% cells
(Fig 2, a), but in 6 hrs of storage under hypothermia
conditions it decreased down to 30+£5% level (Fig. 2,
¢). The number of motile cells, cryopreserved with
EG in TFA medium, an hour after thawing was 35+7%
(Fig. 2, a), in 3 hrs it decreased down to 25+5% level,
in 6 hrs no motile cells were observed in visual field.
The integrity of DS, cryopreserved at DMSO, 1,2-PD
and GL presence in TFA medium did not exceed the
level of 30+4% right after thawing. Then a gradual
decrease in cell motility (Fig. 2, b) was noted. After 3
hrs’ storage DS motility at DMSO and 1,2-PD reduced
down to 5% level (independently on dilution medium),
but at GL presence nearly 20+5% cells in TFY and
TFA media remained motile. After 6 hrs’ storage at
6°C the motility was observed only in DS, cryo-
preserved with DMF (nearly 30+£5% in TFA medium,
in TFY and TF media it was not more than 5-10%).
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ciryxuTh k03¢ dunuenT pactpenenenus KI1 B cucreme
BOJa — HEMmoJIsipHast ¢a3a (B YaCTHOCTH, H-OKTAHOMN).
Uzyuennsie KII umeror cneaytomue k03ppuuneHTs!
pacrpeneneHus B cucteMe Bona-H-okranon [1]: I -
0,005; OI'- 0,040; 1,2-I1]] — 0,076; AM® — 0,233;
JAMCO - 0,247. B 3T0M k€ NOpSAKE YBETUIUBAETCSA
u uX ruapopoOHOCTh. YUUTHIBAs 3TO, TPYLHO
00bscHUTD, ToueMy [IM® u OI, pa3Hble TO CTPYK-
Type, a TJIaBHOE N0 THAPOPOOHOCTH, TPOSBISIOT
OJIMHAKOBO HU3KYFO IMTOTOKCHYHOCTH MO OTHOIIECHHIO
k CC. Ho, mpuauMas BO BHHMaHHE AHHBIE O
CIOCOOHOCTH U3yUYEHHBIX BEIECTB IPOHUKATH Yepe3
MeMOpaHbI KJIETOK, HA OCHOBAaHWUHU KOTOPHIX MOKHO
pactipeneNuTh UX B P MO CTENEHU YMEHbBIICHMS
ko3 pumenToB nponuaemoctu: AMD>01>1,2-T1/1>
ITI>AMCO, npeanonaraem cienytouiee. Imenno
OCMOTHYECKHH (PaKTOp BHOCHT OCHOBHOHW BKIaJ B
o011ee UTOTOKCHYECKOE IeHCTBHE TPEX MOCIEAHNX
KII, oGycnoBneHHOE HE CTONBKO UX THAPOPOOHOCTEIO,
CKOJIBKO pa3MepaMy MOJIEKYI U CIIOCOOHOCTBIO 3TUX
BEIIECTB YMEHbBIIATh POHUIIAEMOCTh MEMOpaH ISt
Bozwl [1, 15].

AHaNHU3 NONYyYEHHBIX PE3yJIbTATOB MOKA3HIBAET,
YTO KEJITOK KyPUHBIX SHI] OKa3bIBaJl HEKOTOPOE
MIOJIOKUTEIRHOE BIUsHUE Ha coxpanHocTh CC mocie
OTTauBaHUS B CPABHEHUU C TOU CPeIOH, B KOTOPOl OH
He UcTonb30Baics. M3BecTHO, YTO COCTaB MJIa3MaTH-
YeCcKMX MeMOpaH WM, HalpUMepP, COOTHOIIECHHE
xonectepuHa U GocPoaunuaos oOyCIOBIMBAET B
OTIpEICJIEHHOM CTENIeH! PE3UCTEHTHOCTD CIIEPMUEB K
CHIDKEHUIO TeMiiepatyp [4, 5]. Ilpennonaraercs [4],
YTO SUYHBIN JXKEJITOK B KPUO3AULIUTHOHN cpene
W3MEHSCT BEJIMYMHY 3TOI'0 COOTHOILLECHUS Y CIIEPMUEB,
CTa0UNM3upyeT OCIOK-TUMUIHBIC KOMIIICKCHI,
BBI3BIBAET U3MEHEHNE TeMIeparyp Gpa3oBbIX Iepexo-
JOB JINIUAOB MEMOpaH B CTOPOHY Oojiee HU3KHUX
3HaYeHMUH, IPeJoTBpaIIas X0JI0I0BOH IIOK KIETOK.
OnHAKO TONOKUTENBHBIN 3D (DEKT JKeNTKa KypUHBIX
SIUT TIPU IGHCTBUH HU3KHUX TEMIIEPATyp Ha KIETKH B
3HAUUTEIBHON CTENEHH 3aBUCUT OT MX BHJIOBOM
cnenn(UIHOCTH.

Bxirouenue suuHOro anb0yMHuHa B KPUO3AIIUTHY O
Cpeay BMECTO SUYHOTO JKEeJITKa II03BOJISIET COXPAHUTh
MOJBMXKHOCTB KJIIETOK JI0 U IIOCJIE 3aMOPaKUBaHUs Ha
0oJyee BBHICOKOM ypoBHe. B oTimume OoT sM4HOrO
JKEJITKa BOJOPACTBOPUMBIE OEIKH, B YaCTHOCTHU
aNbOYMUHBI, HE H3MEHSIOT OTHOIICHUE XOJIECTEPHH/
dhochommnuasl B MeMOpaHax KJIETOK IPU OTCYTCTBHH
B cpexne O6ukap6onatoB [14]. Ha cnepmaro3zomnmax
OapaHOB W OBIKOB MMOKa3aHO [24], 94TO aabOyMHUHBI
MPOSIBIISTIOT MOJIOYKUTENHHOE BIMSIHIE Ha TIOJIBHXKHOCTb
CIEPMAaTO30U0B, CIOCOOCTBYIOT COXPAHHOCTH HX
MeMOpaH, HO He BCerja MpeJoTBPAILaOT MOBPEXK-
nenue akpocom [9, 11], koTopoe MOXET OBITH
00yCIIOBJICHO BIMSIHUEM ajlbOyMHHA Ha KallalldTalHio
U aKpOCOMAaJIbHYIO PEaKLHI0 CIEePMAaTO30HAO0B.
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Puc. 2. ITogsuwxHocte CC mocie 3aMOpakMBaHUSA-OT-
tauBaHug B cpenax TOX, TOA u T® mox 3ammuToit
HCCIIEAYEMBIX KPHOTIPOTEKTOPOB uepes 1 (a), 3 (6) m 6 4 (B)
XpaHeHus npu Temreparype 6°C: m — IM®; O0-0I; A —
[JI; ¢ — AIMCO; O —1,2-TI1.

Fig. 2. DS motility after freeze-thawing in TFY, TFA and TF
media under protection of studied cryoprotectants in 1 (a),
3 (b)and 5 hrs (¢) of storage at 6°C: m —DMF; O0-EG; A —
GL; e —DMSO; O-1,2-PD.
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Onnako oTMedaeTcsi, 4To B npucyTcTBuun bCA
CHM)XAIOTCS YPOBEHb arrJlOTHHAIUHU cIepMma-
TO30HJIOB, CKOPOCTh HAKOTUICHHUS JIaKTaTa, HWHTUOH-
pyeTcs IepeKUCHOE OKHUCIICHUE TUHI0B. AITbOyMUHBI
00NagaoT BHIPAKEHHBIMH AaHTHOKCHIAHTHBIMHU
cBoMcTBaMH [8].

B pabore [11] paccMmarpuBaeTcsi BO3MOXKHEIH
MeXaHHU3M moJoxuTtenbHoro aeiicteust bCA Ha
MeMOpaHBI KJIETOK. YKa3bIBaeTcCs, YTO OCITKOBBIC
KOMIIOHEHTHl HEOOXOIUMBI AJs TOJAep KaHUs
(hochomUmuIHBIX (PpaKiii B IVIOTHO ACCOLMUPOBAHHOM
BUJIE C TJIa3MaTHYECKONH MeMOpaHOH, COXpaHEHHS
¢dbochonmuaoB B CONMOOMIN3NPOBAHHON (QopMme,
yMeHbIIeHus TuGy3un JTUMHUIOB B MeMOpaHax.
BrickassiBaeTcsa npennonoxenue, uto BCA moxer
copOupoBaThCS Ha JUIMHUIHOM OHUCIIOE, TEM CaMBIM
MIpeIOTBpAIllasi arperariio BE3UKYN U CTA0MIN3HPYS
ITOBEPXHOCTH OUCIOS [2], T.€. MPOSIBIATH MEMOpaHO-
crabunusupyroiiee neiictsue. [Ipenmnonoxenue o
BO3MOXXHOM B3anMmonetictBun bCA ¢ memOpanamu
KJIETOK KOCBEHHO TOATBEPKIal0T naHHbIe [9, 21] 06
OTCYTCTBHH KOHIIEHTPALMOHHOM 3aBUCcUMOCTH (1, 4,
6% ) UX TTOJIOKUTETHFHOTO BIIMSIHUS Ha ITOIBIKHOCTD U
LHEeJOCTHOCTh MEMOpaH CHepMaTO30HI0B MpH
WHKYOAlNH in vitro.

[IpITasice TPOBEPHUTH CNPABEATIUBOCTH TAKOTO
MeXaHW3Ma BIUSHUS OEITKOB Ha COXPAaHHOCTH KIIETOK,
MBI UCCIIEZIOBAITM B3aUMOCHCTBHE SUYHOTO anbOy-
MUHA C UCKYCCTBEHHBIMH JIMITHIHBIMA MEMOpaHaMu
u otMbeiteiMu CC. Ilociie moGaBiieHUsT B CYyCIIEH3UIO
MYJIBTUCIOWHBIX BE3UKYN allbOyMHHA, MEUYEHOTO
TG-404, oOHapy>keHa sipKo-3es1eHast (IryopecueHINs
JTUTIOCOM, Hamboyiee BBIpaKEHHAS 10 MEPUMETDY,
OJTHO3HAYHO OTpakaromias copOnuio aarr0yMUHa Ha
[MOBEPXHOCTH JNUNMHUAHOTO Oucnos. OnHako mocie
n00aBJIeHUS MEUEHOTO albOyYMHHA B CYCIEH3HUIO
CrepMaTo30u0B (hITyopecICHITNY KIIETOK OOHAPYKEHO
He Ob1T10. ITO MOXKET OBITH CBSI3aHO C OCOOCHHOCTSIMH
peructpanuu GIyopecleHINH PU H3MEPCHHSX B
JIFIOMHUHECIIEHTHOM MHKPOCKOTIE, TP KOTOPOX HAOITFO-
JAIOTCS CHTHANBI OT €MHUYHBIX KieToK. Ho maxe
TP OY€HB BRICOKOM COJIePKaHUU KIIETOK KOHIICHTpa-
ous UX MeMOpaH ocTaeTcs HEOONBIIOW M JOJIS
CBS3aHHOTO C HUMHU KpacHUTels TakKe HeBeIuKa.
[ToaTOMy BH3yallbHO 3aperucTpUpPOBATh CUTHAI OT
MOJIEKYJ ajJbOyMHHa, COPOMPOBAHHBIX Ha MOBEPX-
HoctH aunuaHoro oucios CC, 1O0CTaATOYHO CIIOXKHO
[2]. B nameii padote numocombl 1 CC 3HAYUTETHHO
OTAMYAJINCh MO pa3Mepy U KOJHYECTBY MECT
JIOKAJIM3AlMH aIb0OYMUHA, 3TO MO3BOJISIET MPEATIO-
JIOXKHTh, YTO CBSI3bIBaHUE albOyMWUHA C JIMITUAAMHU,
aHaAJIOTHYHOE HaOIMI0jaeMOMy Ha JIMTTOCOMaX, HMEET
MecTo u it ki1eTok CC. OnHaKo 3TO IPEaNOI0KEHUE
TpeOyeT maabHeHIINX JTOKa3aTeIbCTB.

[Tomyuennas Beicokast xu3HecrmocooHocts CC pu
KPUOKOHCEPBUPOBAaHUH 1o 3amutoit JIM® B couera-
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We did not manage to find out the motile cells with
other CP (Fig. 2, c¢). DS low viability after freeze-
thawing was observed in TF medium, independently
on CP type.

Cell damage, caused by CP introduction and the
duration of their contact can reflect the contribution
of both osmotic and chemical (biochemical) component
into their common cytotoxic effect [1]. The studied
substances are related to different classes of chemical
compounds (polyols, amides, sulfoxides), have different
structure, but at the same time they all meet the
requirements, needed for efficient CP (high hydrophilic
properties) and penetrate well into cells. In other
objects it was demonstrated [ 1, 15] that the mechanism
of their penetration was different: disubstituted amides
(DMS) did not cause an osmotic stress in cells, that
was stipulated with their high capability to penetrate
directly through a lipid membrane bilayer in contrast
to polyols, which mostly diffused into cells through
water channels. The rate of substance penetration
through membranes and their cytotoxicity depend on
geometrical sizes of molecules and their hydrophobicity
[1, 15], which characteristic my be the coefficient of
CP distribution in water-nonpolar phase system (in
particular, n-octanol). Studied CPs have the following
distribution coefficients in the water-n-octanol system
[1]: 0.005 for GL; 0.040 for EG; 0.076 for PD; 0.233
for DMF; 0.247 for DMSO, their hydrophobicity
augments in the same order as well. Taking into
account this fact, it is difficult to explain why DMF
and EG, being different by the structure, and mostly
by hydorphobicity, manifest the same low cytotoxicity
in respect of DS. However, taking into account the
data about the capability of studied substances to
penetrate through cell membranes, based on which we
can allocate them in series by the degree of decreasing
of permeability coefficients: DMF>EG>1,2-PD>
GL>DMSO, we assume the following. Namely osmotic
factor makes the main contribution into the total
cytotoxic effect of three latter CP, stipulated not so
much by their hydrophobic properties, as molecule sizes
and capability of these substances to reduce membrane
permeability for water [1, 15].

The analysis of the results obtained demonstrates
that the chicken egg yolk caused a certain positive
effect on DS integrity after thawing in comparison with
yolk-free medium. It is known, that the composition of
plasmatic membranes or, for example, the ratio of
cholesterol and phospholipids stipulate in the certain
extent the spermatozoa resistance to temperature
decrease [4, 5]. One assumes [4], that the egg yolk in
a cryoprotective medium changes the value of this ratio
in spermatozoa, stabilizes the protein-lipid complexes,
causes the change in temperatures of phase transitions
of lipid membranes into the side of lower values,
preventing cold shock in cells. However a positive
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6 ' b

Puc. 3. MynbTHCIIOWHBIE TUIIOCOMBI B paCTBOPE SIMUHOTO
anpbymuHa, MeueHoro kpacuteneMm TG-404: a — dazoBo-
KOHTpAacTHOE M300pa)keHne; O — TO ke MoJie B pexHuMe
(ITyOpECIICHIINH C KEITO-3eJICHBIM CBETO(HIBTPOM.

Fig. 3. Multi-layer liposomes in egg albumin solution, la-
belled with TG-404 dye: a — the phase-contrast image; b —
the same field in the fluorescence regimen with yellow-green
light filter.

HUU C SIMYHBIM anbOyMHHOM TIO3BOJISIET MPEIIOIo-
KHUTHh CIENYIOIHUHA MEXaHU3M HX COBMECTHOTO
KpHo3aluTHOro JaerictBud. MO, saBisach anpoToH-
HBIM pacTBOpHUTENEM, CIIOCOOHBIM 00pa30BHIBATH
CWJIBHBIE MEXMOJIEKYISIPHBIE BOAOPOJHBIE CBA3H, B
MEPBYIO O4Yepesb C MOJIEKyJaMH BOAbI, 3PPEKTUBHO
3alUIIAET KIETKH MO KOJJIUTaTUBHOMY MEXAaHHU3MY.
Ero Beicokas ruapooOHOCTD MO3BOJISET OBICTPO
NPOHUKATh HENMOCPEACTBEHHO 4Uepe3 JMIMHUAHBIN
oucnont memOpan CC, He BBI3BIBaS OCMOTHYECKOTO
ctpecca. Ho oTMedeHHbIe CHIIbHBIE aKIIENTOPHBIE
cBOiicTBa M BbICOKas ruapodoOHOCTs IM®P MoryT
OBITh MPUYMHON HapyIIEHHs CTPYKTYpbl MeMOpaH CC,
B YaCTHOCTHU O€IOK-JIUITNIHBIX B3aUMOIEHCTBUHA.
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effect of chicken egg yolk under low temperature
effect on cells depends in a considerable extent on
their species-specificity.

The inclusion of egg albumin into cryoprotective
medium instead of egg yolk enables preservation of
cell motility before and after freezing at a higher level.
In contrast of egg yolk the water-soluble proteins,
albumins in particular, do not change the cholesterol/
phospholipids ratio in cell membranes at bicarbonate
absence in the medium [14]. In sheep and bovine
spermatozoa it was shown [24], that albumins
manifested a positive effect on spermatozoa motility,
contributed to their membrane integrity, but not always
prevented acrosome damaging [9, 11], that can be
stipulate by albumin effect on capacitation and
acrosomal reaction of spermatozoa. However it was
noted, that at BSA presence there was a decrease in
agglutination level of spermatozoa, lactate accumulation
rate, and the lipid peroxidation was inhibited. Albumins
have strongly manifested antioxidant properties [8].

The work [11] envisages the possible mechanism
of positive BSA effect on cell membranes. Protein
components are designated to be necessary for
maintaining phospholipid fractions in a tight associated
form with plasmatic membrane, preservation of
phospholipids in soluble form, reduction of lipid diffusion
in membranes. One suggests that BSA can be sorbed
on lipid bilayer, thereby preventing the aggregation of
vesicles and stabilising bilayer surface [2], i.e. manifest
the membrane-stabilising effect. The suggestion about
possible BSA interaction with cell membranes are
indirectly proved by the data [9, 21] about the absence
of concentration dependency (1; 4; 6%) of their
positive effect on motility and spermatozoa membrane
integrity during incubation in vitro.

When trying to verify the correctness of such effect
mechanism of proteins on cell integrity, we studied the
interaction of egg albumin with artificial lipid
membranes and washed-out DS. After adding TG-404-
labelled albumin into a suspension of multilayer vesicles
there was found out a vivid-green liposome fluorescen-
ce, mostly manifested along the perimeter, uniformly
reflecting albumin sorption on lipid bilayer surface.
However, after adding labelled albumin into sperma-
tozoa suspension no cell fluorescence was revealed.
This can be related to the peculiarities of fluorescence
registering when measuring in luminescent microscope,
when signals from single cells are observed. However,
even at a very high cell content their membrane
concentration remains low and a part of bound with it
dye is also small. Therefore it is quite difficult to visually
register the signal from albumin molecules, being sorbed
on a surface of DS lipid bilayer [2].

In our work liposomes and DS differed in a
considerable extent by size and number of albumin
localisation sites, that enabled to assume that albumin
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AnpOyMHUH cIOCOOEH CBA3BIBATH 3JIEKTPOHHO-
JIOHOpHBIE MOJIeKyIbl IM® 0Opa3zoBaHKEeM BOAOPO/I-
HO-CBSI3aHHBIX KOMIUIEKCOB C IPOTOHOJOHOPHBIMH
LEHTPaMH MOJIEKYJI O€JIKa, B YaCTHOCTH C TUIPOKCUIIb-
HBIMH U CYbGTUIPUIBHBIMHI TPYIIIAMH aMUHOKHCIIOT-
HBIX ocTaTKOB. [Ip1 5TOM accounupoBaHHbIE C OETIKOM
monekyiabsl JIM® pacnosnaraiorcsi B HEOCPEACTBEH-
HO¥ OJIM30CTH OT TUAPOPOOHBIX YIACTKOB alTbOyMHUHA
[6], B koTophIie JIM® 13-3a HAMMYHUS IByX METHIBHBIX
TPYII MOXET BCTpaumBaThbes. Takum oOpa3om, Kak
ruapodoOHbie, Tak U TUApPOUIBbHBIE 00IacTH
MOJIEKYJTBI aIbOyMHHA CIIOCOOHBI B3aMMO/IEHCTBOBATh
¢ AM®, cHmkast ero BHyTPUKIETOUHYIO KOHIIEHTpa-
LIMIO, HE TTI03BOJISAS IOCTUTHYTH €€ IUTOTOKCHYECKOTO
ypoBHSs. B To ke Bpems KoMIutekc ans0ymuHa ¢ JIM®D
MOXET BIHUATH HAa CTPYKTYpY pacTBopuTens [6],
MOAXGHULUPYS MPOLIECC KPUCTATUTH3ALMH, U BBICTYIIATH
KaK CaMOCTOSITEIbHBIM KPUO3AIUTHBIA areHr.

[Tony4yeHHble pe3ynbTaThl CBUAECTENBCTBYIOT O
MEePCIEKTUBHOCTU MOCIEAYIOMNX HCCIEIOBAHMIM
KpHUOIPOTEKTOPHBIX cBOMCTB JM®, OI' u kpuosa-
LIUTHBIX CPe ¢ J0OaBKaMH aTbOyYMHHOB ITPHU KPHOKOH-
cepsupoBarnu CC.

BbiBOADI

1. [lokazano, ytro AM® u DI mnposaBasioT
BBICOKYIO KPHO3AIIUTHYIO aKTUBHOCTH B OTHOIICHUH
CC u He 0OKa3bIBAIOT Ha HUX CYIIECTBEHHOTO
HUTOTOKCUYECKOTO AEHCTBHUSA, YTO MO3BOJIET
paccMaTpuBaTh STH BEIIECTBA KaK IEPCIECKTHBHBIC
KII mnst auskoremneparypHoro xpanenusa CC.

2. BBIsSIBIIEHO, UTO 3aMEHA JKEITKA KyPHHBIX SIULL B
COCTaBe Cpeibl Ha SUYHBIH anbOyMHH HE CHUXAeT
)u3Hecrnocodbnocts CC B mporecce KpUOKOHCEP-
BUpoBaHHUs. Jlydime pesynbTaThl MOCie 3aMopa-
xuBaHus-orTanBanusi CC NOTy9YeHbI IPU COYSTAHUH
B KpuozauuTHo# cpene 1 M IM® ¢ 1%-M auyHbIM
ATBEOYMUHOM.

YcraHoBIeH (akT B3auMoaeHCTBHs (DITyopeceHT-
HO MEUEHOTO SUYHOTO aJIbOyMUHA C HCKYCCTBEHHBIMH
JUMUIHBIME MeMOpaHaMH.
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binding with lipids, similar to the observed one in
liposomes, took place for DS cells as well, but this
supposition required further proofs.

The obtained high DS viability during cryo-
preservation under DMF protection in combination with
egg albumin requires to elucidate the me-chanism of
their mutual cryoprotective effect. DMF, being an
aprotic solvent capable to form strong intermolecular
hydrogen bounds, first of all with water molecules,
efficiently protects cells by colligative mechanism. Its
high hydrophobicity enables rapid penetration directly
through a lipid bilayer of DS membranes, without
causing an osmotic stress. But the noted string acceptor
properties and a high DMF hydrophobicity can be the
cause for DS membrane structure impairment, in
particular protein-lipid interactions.

Albumin is capable to bind the electron-donor DMF
molecules by forming hydrogen-bound complexes with
proton-donor centres of protein molecules, with
hydroxyl and sulthydryl groups of aminoacid residuals,
in particular. At the same time the associated with
protein DMF molecules are placed into a direct
proximity of albumin hydrophobic sites [6], where DMF
can be built in due to the presence of two methyl
groups. Thus, both hydrophobic and hydrophil areas
of'albumin molecule are able to interact with DMF, by
decreasing its intracellular concentration, without
enabling its cytotoxic level achievement. At the same
time the complex of albumin with DMF can affect the
solvent structure [6], by modifying crystallisation
process and act as an independent cryoprotective agent.

The results obtained testify to the perspective of
further research of cryoprotective properties in DMF,
EG and cryoprotective media with albumin additives
during DS cryopreservation.

Conclusions

1. DMF and EG were shown to manifest a high
cryoprotective activity in respect of DS and cause no
significant cytotoxic effect in them, that enabled
considering these substances as perspective CP for
DS low temperature storage.

2. The substitution of chicken egg yolk in medium
composition for egg albumin was revealed not
decreasing DS viability during cryopreservation. The
best results after DS freeze-thawing were obtained
when combining 1M DMF with 1% egg albumin in
cryoprotective medium.

The fact of fluorescent-labelled egg albumin
interaction with artificial lipid membranes was
established.
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