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BAusiHMe rAMULEpUHA, 3TMAEHIAMKOASI Ha Mop¢oyHKUMOHAAbHbIE

XapaKTePUCTUKN CINEPMaATO30UAOB co0aK Ha Pa3HbIX 3Tarax
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Effect of Glycerol, Ethylene Glycol on Morphofunctional Characteristics

of Dogs’ Spermatozoa at Different Cryopreservation Stages
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Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

UccnepoBanu Bnusane miunepuna (IJ1) u stunenrmukons (O1) Ha BeDKMBaeMOCTh criepMaro3ounioB cobak (CC) mocie
3aMOpaXHBAHHS-OTTAUBAHMS B 3aBUCUMOCTH OT KOHIIEHTPALIUH KPHUOIPOTEKTOPOB, PEXKHUMOB OXJIQXKICHHUS U BPEMEHH SKBHINOpALUH,
a TaKkXKe M3MeHeHue Kietoynoro oobema CC mocie BBEICHUS B CYCIICH3HIO PACTBOPOB KPHOIPOTEKTOPOB TYPOUTUMETPUIECKUM
MeTozoM. BrisiBiieno, uro Hammydmas noasmkHocTs CC Habmoganack nocie KpHOKOHCEPBUPOBaHHUS oA 3amuToi OI° B koHeuHo# 7%-i
KOHIICHTPALUHK [IPH 3aMOPaKUBaHHUH Ha IIEPBOM dTare co ckopocthio 3°C/MuH 6e3 npeaBapuTenbHoi skBunnOpanuu. [TokasaHo, 4To
7%-1 OT BBI3BIBaCT 3HAYUTEIFHO MEHBIINE H3MEHEHHS KJIETOYHOTO 00heMa B CPAaBHEHHUH C TIINIIEPHHOM.

Knrouegvie cnosa: ciepMaro30u/ipbl, HOJBHKHOCTb, SKBHIHOPALHs, KPHOKOHCEPBUPOBAHHUE, TNIHLIEPHH, STUIICHIJIUKOJb.

JocmimpkyBaii BIUIMB IIIEPHHY Ta ETHIICHIITIKOIIO Ha PyXJIUBICTH cliepMaTo30iniB codak (CC) micis 3aMOpoKyBaHH-BiITaBaHHS
B 3aJISKHOCTI BiJl iXHbOT KOHLICHTpallii, pe)KUMIB OXOJIOKEHHS 1 yacy eKBiTiOpalii, a TAKOX SKiCHY 3MiHY KIITHHHOTO 00’ emy CC micis
BBEJICHHS B CYCIICH3II0 PO3YHHIB KPiOMPOTEKTOPIB 3a IOHOMOT0I0 TypOiqMMETPUYHOI0 METOy. BUsBIICHO, 1110 HafiKpalla pyXJIHBIiCTh
CC cnocrepiramacs micist KpiOKOHCEPBYBAHHS ITiJ] 3aXHCTOM €THICHIIIIKOMIO B 7%-1 KiHIeBil KOHIIGHTpaMii TP 3aMOPOXKyBaHHI Ha
nepmomy erari 3i mBuaKicTio 3°C/xB 6e3 monepenHboi ekBiniopamii. [Tokazano, mo 7%-i eTHICHITIIKOIb BUKIMKAE 3HAYHO MEHII
3MiHHU KIITHHHOTO 00’ €My B IOPIBHSAHHI 3 TIILIEPUHOM Ti€l 5K KOHLIEHTpAITii.

Knrouosi cnosa: ciepmaro3oiqu, pyxJIMBiCTh, EKBLTIOpalist, KpiOKOHCEPBYBaHHS, [JIIIEPHH, €TUICHIITIKOIIb.

There has been studied the effect of glycerol and ethylene glycol (EG) on survival of dogs’ spermatozoa (DS) after freeze-thawing
depending on the concentration of cryoprotectants, cooling regimens and equilibration time, as well as the change in DS cell volume
after the cryoprotectants being introduced into suspension by means of turbidimetric method. The highest motility of DS was revealed
after cryopreservation under EG protection with final concentration of 7% when being frozen at the first stage with the rate of 3°C/min
with no preliminary equilibration. It has been shown that 7% EG causes quite less alterations in cell volume if compared to glycerol.

Key-words: spermatozoa, motility, equilibration, cryopreservation, glycerol, ethylene glycol.

Bozpocmuii uHTEpec k mpobnemMe KpUOKOHCEp-
BHUPOBaHMs CHEPMBbI co0aKk 00yCIOBIIEH, BO-IIEPBHIX,
HEOOXOAMMOCTBIO COXPaHUTh I€HETHUYECKUH Ma-
TepHuan HCcYe3aloluX HOPoJa co0aK; BO-BTOPHIX,
KPUOKOHCEPBUPOBAHKE MOJIOBBIX KIETOK MO3BOJIET
3 pexTuBHO 0OOMEHMBATHCS T€HO(POHIOM IIEHHBIX
MIPOM3BOIUTENEH; B-TPETbUX, TIO TAHHBIM, ITOJYYEH-
HBIM 32 [TOCJIEAHUE 5 JIeT, BO3HHUKJIA [IeTIecO00pa3HOCTh
HaKOIJIEHHS CIIEPMBI CO0aK B HU3KOTEMITEpPaTypPHBIX
OaHKax Kak MOJIEITPHOTO 00BbEKTA JJIs H3yUEHUs Hac-
JIECTBEHHBIX 3a00J€BaHMM, KOTOPbIE HICHTHUYHBI
3aboseBanusaM dernoseka [13].

JaHHble AUTEpaTypbl CBUAECTEIBCTBYIOT O TOM,
4yTO 3aja4a KpuokoHcepBuposanus CC o HacTo-
SIIIETO BPEMEHU OCTaeTCsl HepelleHHoH [3].

VYenex HU3KOTEMIIEPaTypHOTI'O KOHCEPBUPOBAHUS
MPaKTUYECKU BCEX OMOJNOTUUYECKUX OOBEKTOB,
BKJIFOYAs ¥ CIIEPMY, 3aBUCUT OT MHOTHUX (DaKTOpPOB, K
BAXKHEHIIIMM W3 KOTOPBIX OTHOCUTCS IPaBHJIbHBIN

Growing interest to the problem of dogs’ sperm
cryopreservation is stipulated firstly by the necessity
to preserve genetic material of endangered dogs’
species, secondly, cryopreservation of sexual cells
allows an effective exchange of gene fond of valuable
sires; thirdly according to the data been obtained within
recent 5 years, there has been arisen the expediency
of accumulating the dog’s sperm in low temperature
banks as model objects to study inherent diseases,
which are identical to human ones [13].

Literature data testify to the fact that the task of
DS cryopreservation up to now has remained unsolved
[3].

The success of low-temperature preservation of
practically all biological objects, including sperm,
depends on many factors, to the most important of
them are referred as follows: correct choice of cryo-
protectant and its concentration, composition of
cryoprotective medium, cooling and freezing regimens.
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BBIOODP KPHOMIPOTEKTOPA M €r0 KOHLIEHTPAIIHH, COCTaBa
KPUO3AaIIUTHONW Cpelbl, PEKUMOB OXJAXKICHUA U
3aMOpaKUBaHUSL.

Mo naunbIM [3-5, 7-15] 115 KPHOKOHCEPBUPOBAHUS
cmepMbl co0ak B KauyecTBE KPHUOMPOTEKTOPOB
OIpoOOBaHbI 3 COEANHEHNS: TIIULIEPHH, STHIICHIIINKOIb
U TUMETHIICYTb(DOKCH.

[Iupoko MCTONB3YEeMBIH NI 3aMOpaKUBaHUS
cnepMbl cobak I'JI mo3BosIsieT morydnTs mociie oTTau-
BaHMS >KM3HECTIOCOOHBIE KJIETKH, HO TOJBHUXHOCTD
CIIEpPMAaTO30M/I0B IO ITaHHBIM [4] BapbHUpyET B AMAMNa-
30oHe 0T 15 mo 60%. Bo3MoxHOI mpUYMHON ATOrO
SIBIISICTCS BOHUKArOIIUM moj BozneictBueM [J1 ocmo-
tryeckuil mok [13]. OnHako maHHAs TUMOTE3a Tpe-
Oyet nanpHelmiero n3y4yenus. Eciu oHa nmoiayuuT noa-
TBEPKIICHHE, BOSHUKHET HEOOXOAMMOCTE IOATAITHOTO
BBEJICHUS U BhIBeZIeHUA [ J], UTO 3HAUUTENBHO yCIO0XK-
HSIET METOJIMKY KpHOKOHCepBUpoBaHus. K ToMy ke B
[5] ormeuaetcs, uro I'J1 oka3piBaeT HETaTUBHOE BO3-
JIEHCTBHE HA OIIOIOTBOPSIONTYIO crtiocooHocTh CC.

ITo MHEHMIO HEKOTOPHIX aBTopoB [13], DI Gomee
MEPCNEKTUBEH N0 cpaBHeHUIO ¢ IJI, Tak kak He
OKa3bIBAET BBIPA)KEHHOTO IIUTOTOKCUYECKOTO AEHCT-
Busi Ha CC. B pabote [5] moka3aHo, 4TO IOABUKHOCTh
KJIETOK Tociie mpubasieHus DI K cycrieH3un Ha dTarne
MOATOTOBKH K 3aMOpaKMBAHWIO HE CHUXKAETCS IO
CPaBHEHUIO ¢ KOHTPOJIEM, B TO BpeMmsl Kak ¢ I'J] magaer
Ha 5-10%. ITo manubIM [12] KomuuecTBO crepma-
TO30HIOB ¢ MOP(OIOTHIECKUMH TTOBPEKICHUSIMH B
npucytcrBun JI mocrturaer 35 % eme Bo Bpems
9KCTO3UIINH 10 3aMOPaKMBaHMUs, a ¢ JI” He MpeBbIaeT
25%.

Pesynprarsl, momyuenHsie ¢ O1' mocie 3amo-
pa)XxMBaHMs, JOCTATOYHO MPOTUBOpeUYUBHl. OIHH
aBTopbHlI [ 12] oTMeuarot, yto noaBmxHOcTh CC mocie
3aMOpaXMBaHUA-0TTanBaHus ¢ DI py KOHIIEHTpaLUK
0,5 M coxpansierca Ha yposae 60% (mpu 3Tom ¢ [J1
He Oosee 30% MOABMIKHBIX KIETOK), Apyrue [5]
cunrtaroT, 4yTo [JI mposBiser Oonee 3pheKTHBHYIO
KpHO3aIIUTy O cpaBHeHHIO ¢ Ol HO COXpaHHOCTH
KJIETOK TOCJIe€ OTTaMBaHMS HAaXOAHUTCS Ha OYEHBb
HU3KOM ypoBHE (He 6oiee 25 % MOABMKHBIX KIIETOK).
3HaYNTENBHBIE PACXOXKICHHS B TIOTYUCHHBIX PE3Yib-
TaTtax, BEPOATHO, OOBSICHAIOTCA WCIIOJIb30BAHUEM
Pa3MHYHBIX PEKUMOB OXJIAXKICHUS 1 3aMOPaKUBAHUS,
a TaKk)Ke HU3KUM KaueCTBOM MCXOJHOW CIIEPMBI.

Henp nannoit paboTel — cpaBHUTH BiusiHue [J1 u
OI' Ha BeIkuBaemocts CC 1o u mocie 3amopa-
XKUBAaHHS MO 2-M PEXKHUMaM OXJIaXKJEHUS B 3aBU-
CHUMOCTH OT KOHIIEHTPAalUH KPUONPOTEKTOPOB B
CYCIIEH3MH U BPEMEHU JKCIO3ULIUHU KIETOK C HUMHU.
[IpenmnpuHsTa MOMBITKA OLIEHUTH U3MEHEHHNE KIIETOU-
HOTO 00BEMa Iocie BBEIACHHS KPHUOIPOTEKTOPOB B
CYCIIEH3UIO JJIsl OATBEPKASHHS THITOTE3HI O BIMSTHAN
ocMmoTtudeckoro moka Ha CC.
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According to the literature data [3-5, 7-15] for
cryopreservation of canine sperm as cryoprotectants
there were tested 3 compounds, glycerol, ethylene
glycol and dimethyl sulfoxide.

Widely used for freezing of canine sperm glycerol
allows the obtaining of viable cells after thawing, but
spermatozoa motility according to the data [4] varies
within the range from 15 to 60%. This is probably due
to appearing under the effect of glycerol osmotic shock
[13]. However this hypothesis requires further studying.
If it is confirmed there will appear the necessity of
step-wise introduction and removal of glycerol, that
makes cryopreservation methods quite complicated.
Moreover in the paper [5] there was noted that glycerol
negatively affected fertilizing ability of DS.

On some authors’opinion [ 13] EG is more promising
in comparison with glycerol, because it does not cause
marked cytotoxic effect on DS. In the paper [5] there
was shown that the motility of cells after adding EG to
suspension at the stage of preparing to freezing did
not reduce if compared with the control, whilst with
glycerol it fell by 5-10%. According to the data [12]
the number of morphologically damaged spermatozoa
in the presence of glycerol reaches 35% even during
exposure before freezing and with EG does not exceed
25%.

Results obtained with EG after freezing are quite
contradictory. Some authors [12] believe that the
motility of DS after freeze-thawing with 0.5 M EG is
kept at the level of 60% (meanwhile with glycerol not
more than 30% of motile cells), other authors [5]
believe that glycerol has more effective cryoprotective
properties, but cell survival after thawing is on very
low level (not more than 25% motile cells). Consi-
derable variations in the obtained results are likely
explained by the usage of different regimens of cooling
and freezing as well as by the low quality of initial
semen.

The aim of the work is to compare the effect of
glycerol and EG on the survival of DS before and after
freezing according to two cooling regimens depending
on the concentration of cryoprotectants in suspension
and the exposure time of cells with them. There was
made an attempt to assess the change in cell volume
after introduction of cryoprotectants into suspension
to confirm the hypothesis about the effect of osmotic
shock on DS.

Materials and methods

Sperm for research was obtained from 3 clinically
healthy dog males at room temperature (20°C) by
means of massage of prostate in the presence of
estrous female. Sperm ejaculate of the dogs consists
of 3 fractions, separately secreting with a short time
interval. This allows during an experiment to receive
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Matepnanbl 1 metoAbI

Criepma Juts McciieJoBaHri Obla MmoTydeHa oT 3-X
KJIMHMYECKH 3J0POBBIX KoOeneld mpu KOMHATHOM
temmeparype (20°C) ¢ moMoIbp0 Maccaxa mpej-
CTATEJbHON eJIe3bl B MPUCYTCTBUU 3CTPaAIbHOMN
CaMKH. DIKYJISAT CIIEPMBI cO0aK COCTOHWT W3 TPEX
(dpakuui, BEIACTSAIOMNXCS Pa3AEIbHO C HEOOIBIINM
BPEMEHHBIM MHTEPBAJIOM. DTO JAET BO3MOXKHOCTH B
JKCIIEPUMEHTE MOJTYYHTh BCE PPAaKIUM ISIKYISITA
otnenbHO. [laHHas mpoueaypa mo3BoisieT u30exarhb
npexaeBpemenHoi aktuBanuu CC noj Bo3aeicTBreM
3-#i ¢ppaxumu, npeacraBiasomeil coboi cexper
MpeACTaTeNbHOMN JKene3sl [3].

Jnst ombITOB OBUTH HMCIIONB30BAHBI 7 ISIKYJISTOB,
COCTOSIIIMX U3 MEPBOH M BTOPOW (pakuuii cBexke-
MOJy4eHHOH criepMbl. TpeTbst ¢ppakuus moiaydyeHa
otaenbHO. KOHIIEHTpannio criepMaTo30uI0B B ISIKY-
JNSITaX OLEHUBAIH (OTOMETPHUIECKHIM METOJOM.
[IporeHT NOABMKHBIX CIIEPMATO30HI0B ONIPEAEISUIN
BH3YaJIbHO 10T MUKPOCKOIIOM “‘buomnap” (X250).

Jig onpeienieHNs epeKUBaeMOCTH KJIETOK TI0CIIe
OTTaMBaHU CTIEPMATO30H b B KPHO3AIIUTHBIX Cpeax
OBIITM MOMELIEHBl B TEPMOCTAT MPHU TEMIIepaType
38°C. OrneHKa MOABMKHOCTH CIISPMATO30HUI0B IIPOH3-
BOAMIIACH yepe3 Kaxaplie 10 MuH.

B nepBoii cepun 3KCOEPUMEHTOB MOJIYYEHHBIN
MaTepuan (mepBasi ¥ BTopas Qppakiiu CIIEpMBbl) pas-
JeIWJIN Ha 4 amuKBOTHI MO 1 MJI, UX OTLEHTPHU-
(hyrupoBaiy B IUTACTUKOBBIX aMIylax oobeMoM 1 mit
mpu 400 g B Teuenne 3 muH. Hajgocamok ymanwiy.
Ocaziok criepMaTo3010B PECYCIIEHANPOBAIH CPENIOH,
copepxameit 0,2 M Tpuc-6ydepa (“Trizma pH 7,27,
“Sigma”), 0,05 M dpyxkrossl, 20% (v/v) xenaTka
KYpHUHBIX Ul B cooTHOHmeHn: 1:1. OcMoTHYHOCTD
cpensl 320 MOcmons, pH 7,2.

[Tocne oxnmaxneHus CyCeH3nu CliepMaTo30ui0B
B TeueHue 10 MuH 10 Temneparypbl 4°C B aTUKBOTEI
ObL1a noOaBeHa B COOTHOMIEHNH 1 :1 BhIIeyKa3aHHAs
cpena c I'JI unu OT, Taxoke nMpenBapuUTENbHO OXJIaXK-
nénnas 1o 4°C. beun nccnegoBanbl KOHEYHBIE KOH-
nenTpanuu 171 u OI' B cycrnieH3uu criepMaTo30Ma0B 3
u 7%. Yacte 00pa3mnoB 3amMopakuBaiu 0e3 IKBHU-
TuOpanuy CIepMaTO30UJ0B C KPHUOIIPOTEKTOPaAMH,
JIpYTYIO — BBIIEPKUBAIM B T€UEHHUE | 9 MpH TemIie-
patype 4°C 1 TOJNBKO 3aTe€M 3aMOpa’kKUBaJIH.

Jng 3amopaXxuBaHUs CIIEPMBI HUCIIOJIB30BaHU
IIIaCTUKOBBIE cooMHUHKH Tuma “CXK”’ oGemoM 0,33 e’
[HonroroBnennsle 00pa3Lbl CIEPMAaTO30UI0B OBIITH
pacdacoBanbl B comomuuku 1mo 200 MKII, OJTHY TTOJI0-
BHHY COJIOMWHOK ITOMEIIANN B TEIJION30JIUPYIOIIYIO
pyOaiky, BTopasi ocTtaBajach OTKpbITOH. KoHTponb
CHW)KEHMS TEMIIepaTypsl MPOBOAMIN NPU MOMOIIU
M€/1b-KOHCTAHTAaHOBOM TEPMOIIAPHI U 110 TIOJTYYEHHON
TEpPMOTpaMMe ONPEIEIISIN CKOPOCTh OXJIaKIACHHS.
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all the fractions of ejaculate separately. This procedure
permits to avoid untimely activation of DS under the
effect of the third fraction, which is prostate secretion
[3].

For the experiments there were used 7 ejaculates,
consisting of the first and second fractions of freshly
isolated sperm. The third fraction is obtained separately.
The spermatozoa concentration in ejaculates was
assessed photometrically. The percentage of motile
spermatozoa was visually determined under “Biolar”
microscope (x250 magnification).

To determine the cell survival after thawing the
spermatozoa in cryoprotective media were placed into
thermostat at 38°C. The estimation of spermatozoa
motility was made in every 10 min.

In the first session of experiments the obtained
material (first and second sperm fractions) were divided
into 4 aliquots by 1 ml, they were centrifuged in 1 ml
plastic ampoules at 400g for 3 min. Supernatant was
removed. Spermatozoa sediment was re-suspended
with the medium, containing 0.2M tris-buffer (“Trizma
pH 7.2”, “Sigma”), 0.05M fructose, 20% (v/v)
chicken’s egg yolk in the 1:1 ratio. Medium osmolality
was 320 mOsm, pH 7.2.

After cooling the suspension of spermatozoa for
10 min down to the temperature of 4°C into aliquots
there was added under the 1:1 ratio the mentioned
above medium with glycerol of EG, also preliminarily
cooled down to 4°C. There were studied final
concentrations of glycerol and EG in the suspension
of spermatozoa of 3 and 7%. The part of samples were
frozen without equilibration of spermatozoa with
cryoprotectants, another part was maintained for 1 hour
at 4°C and only afterwards was frozen.

To freeze the sperm there were used 0.33 cm’
plastic straws. Prepared samples of spermatozoa were
packed into the straws by 200 i, one part of the straws
was removed into heat-insulating jacket, another one
remained open. The control of temperature reduction
was made using copper-constantan thermocouple and
on the thermogram me obtained cooling rate was
found.

Freezing of DS with glycerol and EG according to
literature data [3-5, 7-15] in the majority of the methods
is performed as two stages: at the first stage from 5°C
to —15°C with cooling rate of 2-10°C/min, at the second
stage from —15° down to —70°C with cooling rate of
10-20°C/min.

Taking into account mentioned above freezing of
DS in plastic straws was performed by means of
laboratory device according to two regimens: the first
one was from 5° to —15°C with cooling rate of 3°C/min,
from —15° down to —100°C with the rate with the rate
of 10°C/min and later immersion into liquid nitrogen;
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3amopaxkuBanue CC c I'JI u 31" mo nuteparypHbIM
naHHbIM [3-5, 7-15] B GONBIIMHCTBE METOIOB
MPOM3BOIUTCA B JBa dTama: Ha NEPBOM dTare — OT 5
10 —15°C co ckopocthio oxnaxaenus 2-10°C/muH, Ha
BTOpOM 3Tane oT —15 10 —70°C co CKOPOCTHIO OXJIaXkK-
nenus 10-20°C/MuH.

VYuureIBas BhIIECKa3aHHOE, 3aMopakuBanue CC
B IUIACTUKOBBIX COJIOMHHKAaX OBIJIO MPOBEAECHO Ha
nabopaTOpHON yCTaHOBKE MO JIBYM pPEXHUMaM:
nepBbiid — 0T 5 10 —15°C ¢o CKOPOCThIO OXJIAX ACHHUS
3°C/muH, ot —15 10 —100°C co ckopoctsio 10°C/MuH,
Jlajee Morpy>KeHUe B KUAKUN a30T; BTOPO — OT 5 10
—15°C co ckopoctbio oxnaxaenus: 6°C/muH, ot — 15
10 —100°C co cxopocthio 15°C/MuH, nanee morpy-
KECHUE B KUAKHUN a30T.

OTTauBaHue MPOU3BOAMIN Ha BOASHON OaHe mpu
temneparype 40°C 10 nosiBiaeHuUs xXuakoi ¢assl (He
6omee 3-5 ¢).

Hnst ctatuctuyeckoit 00paboTKKU MOTYyUYEHHBIX
PE3YNBTaTOB HCIOIb30Badl MeTox CThIOAEHTA.

Bo BTOpO# cepuu 3KCHEPUMEHTOB OLICHUBAIU
IuHaMUKy u3MeHeHus oo0bema CC mociie BBECHUS B
CYCIIEH3HMIO PacTBOPOB KPHOMPOTEKTOPOB. Mcmoinb-
3oBasm [JI m OI' B 7%-# xoumentpamuu. Uccie-
JOBAHUSA MPOBOIWIN TypOUTUMETPUIECKUM METO-
JIOM, OCHOBAaHHOM Ha TOM, YTO IPH HPOXOKJIECHUU
MaJarollero CBeTa 4epe3 CyCHEH3UI0, COAEPIKAIILYIO
KJIETKH, MOTJIOIEHUE MPAKTHYECKU OTCYTCTBYET H
ocnabiieHne HMHTEHCUBHOCTH NaJalOILEero CBETa PaBHO
MOJTHOW MHTEHCUBHOCTH CBETA, PACCESTHHOTO KIETKaMH
BO Bcex HampaBieHusx. OnucaHue Meroia M ero
TEOpeTHUYeCcKoe 000CHOBaHHE NMPUBEIACHHBI B [2].
Y4uTheIBasg, 4YTO 3aBUCUMOCTb 00beMa KJIETOK OT
TMIOIVIONICHHS CBETA SBJSIETCS] HETMHEHHOHN yHKIIHEH,
a WHTEHCHBHOCTH IMPOIIEAIIET0 CBETa 3HAYUTEIHHO
3aBHCHT OT COOTHOIIEHUS pa3Mepa KIETOK U JITMHBI
BOJIHBI TIA/IAIOIIETO CBETa, TOBOPUTH 00 M3MEPEHHUU
a0COMIOTHBIX 3HAYEHUI 00BEMOB KJIETOK, HCXOMS U3
HaIlINX JaHHBIX, HEBO3MOXKHO. OJTHAKO Ka4eCTBEHHO
onucaTh JUHAMUKY H3MEHEHHUs o0beMa KIIETOK
Mo>kHO. [Ipu npoBeneHn SKCIIEpUMEHTa OLICHUBAIH
(hOTO3IEKTPOIBMIKYILLYIO CHITYy BO BpEMEHH.

Pe3yAbTaTbl M 00CyXXA€HHe

AHanu3 pe3yabTaToB MOKa3bIBAET, YTO €IIE 10
3aMOpaXKMBaHUS TOCIIe SKBHIMOpaIMu cuepma-
TO30U0B C KPHOIIPOTEKTOPaMH B TeueHue 1 1 HaOumro-
JIaJI0Ch CYIIECTBEHHOE CHIDKEHUE MOABMKHOCTH CC
(puc. 1) B mpucyrcreuu 1" u I'J] He3aBuCHMO OT BX
KoHIIeHTpaluu. Ho criexyeT oTMeTuTh, uTo 1 0Ka3hI-
BaJI MEHbIIIee IUTOTOKCcHUecKoe aercTeue Ha CC Kak
yepes 2-5 MUH [10CJIe TPUOABICHHUS KPHOIPOTEKTOPOB,
TaK ¥ nocie 1 4 3kBuIndpanuu knetok ¢ Hum. Iomy-
YEHHBIC Pe3ylbTaThl 0 0ojee HU3KOHW LUTOTOKCHY-
HocTH OI" B cpaBHeHuu ¢ I'J] cornmacyrorcs ¢ ;aHHBIMU
[12, 13]. Kpome 3TOr0, BBISIBIEHO, YTO IPU yBEIUYE-
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the second one from 5°C down to —15°C with cooling
rate of 6°C/min. From —15°C down to —100°C with
the rate of 15°C/min and then immersion into liquid
nitrogen.

Thawing was conducted in water bath at 40°C up
to appearance of liquid phase (not more than 3-5
seconds).

For statistical processing of the obtained results the
Student’s test was used.

In the second session of experiments there was
estimated the dynamics of volume changes for DS
after introduction into suspension of cryoprotectants’
solutions. There were used glycerol and EG under 7%
concentration. The studies were performed with
turbidimetric method, based on the passing of falling
light via the suspension, containing the cells, the absorp-
tion is practically absent and weakening of intensity of
falling light is equal to a total intensity of light, scattered
by cells in all directions. The method description and
its theoretical substantiation are reported elsewhere
[2]. Taking into account that the dependence of cell
volume on light adsorption is non-linear function and
the intensity of passed light significantly depends on
the ratio of cell size and wave length of falling light, it
is impossible to speak about measuring the absolute
values of cell volumes, proceeding from our data.
However it is possible to describe qualitatively the
dynamics of cell volume change. When performing
the experiment there was evaluated photoelectromotive
force in time.

Results and discussion

Analysis of the results shows that even before
freezing after equilibration of spermatozoa with
cryoprotectants for 1 hour there was observed
considerable reduction of DS motility (Fig. 1) in the
presence of EG and glycerol not depending on their
concentration. But it should be noted that EG caused
less cytotoxic effect on DS both in 2-5 min after
cryoprotectant adding and in an hour of cell equilibration
with it. Obtained results about lower cytotoxicity of
EG in comparison with glycerol are in accordance with
the data [12, 13]. In addition, it has been revealed that
with an increase in glycerol concentration from 3 to
7% the motility of spermatozoa reduces much bigger
than when glycerol concentration is getting higher. This
may testify to glycerol stronger osmotic effect on
spermatozoa, that causes the death of cells. The
correctness of such a conclusion is indirectly confirmed
by the dynamics of volume change for spermatozoa
under the effect of EG and glycerol. As Figure 2 shows
even during the first seconds of cells’ contact with
cryoprotectans their strong shrinking takes place.
Afterwards gradual rise in cell volume is observed up
to the levels exceeding initial one. These cell changes
are more manifested in the solution of glycerol than in

PROBLEMS
OF CRYOBIOLOGY
2004, N4



90
. 80
5
8 70
§=
®» 2 60 -
=
@ O
S E 50
2L
o]
EN
©9S 40
2©
5E
‘ég_ 30 A
g(/)
Z 20
s}
=
10 A
0 T T

1 2 3

Puc.1. IlepexuBaemocts CC B MPUCYTCTBUU KPHO-
nporektopoB IJI u OI" B 3- u 7%-11 KOHLEHTpauuu A0
3aMOpaKUBaHUs: |— MOABIKHOCTh 0€3 KPHOIIPOTEKTOPA;
2 — MOJABWKHOCTH Yepe3 2-5 MUH TOCIe BBEIEHUS KPHO-
MPOTEKTOPOB; 3 — MOABMKHOCThL uepe3 60 MUH mocie
BBEICHHS KPHOTIPOTEKTOPOB. < —  3%-it OT'; [1— 7%-it
OT; A —3%-uTJI; O—7%-uTJl

Fig. 1. Survival of DS in the presence of glycerol and EG
cryoprotectants under concentration of 2 and 7% before
freezing: 1- motility without cryoprotectant; 2 — that in 2-5
min after cryoprotectants’ introduction; 3 — that in 60 min
after cryoprotectants’ introduction. $— 3% EG; O — 7%
EG; A —3% glycerol; O — 7% glycerol;

Hun KoHueHtparuu 11 ¢ 3 go 7%-i moaBUKHOCTH
CIIEPMATO30UI0B CHIDKAETCS 3HAUYMUTEILHO OOJbIIIE,
YeM IPH MOBBIIIEHUH KOHIIeHTpanuu J1. 910 MoxeT
CBHJICTEIHCTBOBATH O 00JIe€ CHITFHOM OCMOTHYECKOM
Bo3neictBuu ['JI Ha cmepmaro3ouasl, KOTOpoe U
BBI3BIBAET ruOeIb KIeTOK. [[paBUIIBHOCTH TOJOOHOTO
BBIBOJIa KOCBEHHO IMOJATBEPXKIaeTCS AUHAMHUKOU
M3MEHEHHUs 00beMa CIIepMAaTO30HI0B 0] BO3IEHCT-
BueM OI u I'JI. Kak BumHO U3 puc. 2, yXe B IepBbIe
CEeKyHJbl KOHTAKTa KJIETOK C KPUOMPOTEKTOPAMU
MIPOUCXONUT CHIIFHOE MX CXKaTHe. 3aTeM HaOII0IaeTCst
MIOCTETICHHOE YBEIMYCeHNE 00beMa KIIETOK JI0 YPOBHS,
MIPEBHITIAIOIIETO UCXOTHBIN. DT U3MEHEHHS KIIETOK
Oomee BeIpakeHbl B pactBope ¢ IJI, gwem ¢ OI. Ha
CIIEpMAaTO30M/1aX YeJIOBEKa ObLIO MOKa3aHo [6], 4To
ko3¢ ¢unmenT nponunaemoct O yepe3 nx MmemOpa-
HbI B 3 pa3a Bbiiie, ueM y [J1(7,9%x10° u 2,1x107 cm/MuH
COOTBETCTBEHHO). MOXXHO MPEANON0oXKUTh, 4To 1J] 1
yepe3 memOpanbl CC mpoHHKaeT 0ojee MEIEHHO,
yeM O 1 m03TOMY OKa3bIBaeT CYIIECTBEHHOE OCMO-
TUYECKOE BO3JCHCTBUE HA KJIETKU. BeposTHO, UMEHHO
9TO BBHI3BIBAET TMOEIb OCHOBHON YacTH CIIEpMaTo-
3ou10B ¢ ['JI enie 0 3aMmopakMBaHusl, a TAKXKE MOBbI-
maeT 9yBCTBH-TENbHOCTh CC K MOBPEKIAIOIHAM
(hakTOpaM B TIporIecce 3aMOPAKUBAHUSA-OTTAUBAHUS.

OO0 3TOM TakXe CBUAECTEIHCTBYIOT PE3YJIbTAThHI
BeokuBaeMoctu CC mocie orramBanus. M3 puc.3
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that of EG. In human spermatozoa it has been de-
monstrated [6] that permeability coefficient for EG via
their membranes three times higher than for glycerol
(7.9%107 and 2.1x10* cm/min, correspondingly). One
can suppose that glycerol penetrates through DS
membranes slower too, than EG and therefore causes
significant osmotic effect on cells. Namely this likely
leads to the death of main part of spermatozoa with
glycerol even before freezing and also increases the
DS sensitivity to damaging factors during freeze-
thawing process.

The results of DS survival testify to the same after
thawing. Figure 3 shows that after freeze-thawing not
depending on the use cooling regimen a big number of
cells is preserved under EG protection. In this case
the cell survival is higher in the 7% EG solutions. With
the increase in time of sperm equilibration in the media
with cryoprotectnats up to 1 hour the number of motile
cells statistically and significantly reduced both before
and after freezing (p<0.05).

Increase in cooling rate of sperm during freezing
(second regimen) both with glycerol and EG (Fig. 3)
resulted in even more death of cells. Each cryoprotectant
is known to manifest its potential cryoprotective activity
at optimal cooling rate, depending on its capability to
penetrate inside the cells, and more important on the
effect of cryoprotectants on permeability of membranes
for water. EG has been shown to reduce the permea-
bility of human spermatozoa membranes for water
almost in 2.5 times (without cryoprotectant L =1.84,
with EG it is equal to 0.74 pmxmin'Xatm™). There
are findings [15] that permeability of DS membranes

o

doToaneKkTpoaABMKYyLLAsA cuna
Photoelectromotive forse

'
o)
|

-10

-12

Bpemsa, ¢ Time, s

Puc 2. J/lunamrka uaMmeHenuss oobema CC moa Bo3Jei-
cTBUEM KpuonpoTtekTopos. 1 —IJI; 2 —OT.

Fig. 2. Dynamics of volume changes for DS under the effect
of cryoprotectants. 1 — glycerol; 2 — EG.
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BUJHO, YTO IOCJE 3aMOpPaXMBAHUA-OTTAaUBAHUSA
HE3aBHUCUMO OT HCIIOJIB30BAHHOTO pEeXHMa OXJIax-
JeHus1 OoJbIIee KOTMUECTBO KJIETOK COXPaHIEeTCs MO
3amuTol O [Ipr 3TOM BBIKMBAEMOCTH KIIETOK BBIIIIE
B pactBopax OI' ¢ 7%-ii xoHneHTpauueit. C yBe-
JMYEHHEM BPEMEHH KBUIMOPALIUH CIIEPMBI B Cpeaax
C KpHOIIPOTEKTOPaMH 10 1-ro yaca KOJIMYECTBO MOJI-
BHKHBIX KJIETOK JJOCTOBEPHO YMEHBIIANIOCh, KakK 10,
TaK 1 nocie 3amopaxkusanus (p<0,05).

YBenuueHne CKOPOCTH OXJIaKICHHS CIIEPMBI TIPH
3aMOpakuBaHuU (BTOpOoH pexum) Kak ¢ [J], Tak u ¢
O (puc.3) mpuBoauiio K eme Oompmeil rubenau
KJ1eTOK. V3BECTHO, YTO Ka)Jblii KPUOIPOTEKTOP
MIPOSIBIISIET CBOIO MTOTEHINAIEHYIO KPHOIIPOTEKTOPHYIO
AKTUBHOCTB IIPY ONTUMAJILHON CKOPOCTH OXJIaXKICHH,
KOTOpasi 3aBHCHT OT €ro CIOCOOHOCTH NMPOHHUKAThH
BHYTpPb KJIETOK, a IJITaBHOE OT BIUAHHUSA KPUOIPO-
TEKTOPOB Ha MPOHUIAEMOCTH MEMOpaH IUIsl BOJBI.
ITokazano [6], uto DI cHUXAET MPOHHUIAEMOCTh
MeMOpaH CIepMaTO30MI0B YeJOBEKa ISl BOIBI
ouTH B 2,5 pa3a (0e3 KpHonpoTeKTopa L pasen 1,84,
¢ atunenriaukoiem — 0,74 MkMXmuH 'Xatm™!).
[lomyuensr nanubie [15], 9TO TPOHUIIAEMOCTH MEM-
6pan CC nmyst BOBI Ype3BBIYAHO HU3KAs, KOYPHUITH-
eHT npoHunaemMoct paseH 0,0029 MkmXMuH ' Xatm!.
OTHM MOXHO OOBSACHUTH, MOYEMY MPUMEHEHHUE
MEIJIEHHBIX CKOpOCTEl oxyaxaeHud ¢ DI npuBoaut
K OoJiee BBICOKOW COXPaHHOCTH KJIETOK MOCTE 3aMO-
paxuBaHus. Kak mokasanu pe3ynbTaTbl NPOBEJCHHBIX
HCCIEA0BAHMM, MaKkcUMalnbHas BeKHBaeMocTs CC
mociie OTTauBaHus Habmonaercs B mpucyTcTBuu I
B 7%-1 KOHLUEHTpPAIUH NPH 3aMOPAXKUBAHUH IO
MEPBOMY PEXHUMY, KOTOPBIM NpeaycMaTpuBaeT
WCIIOJIB30BaHUE O0JIee MEIJICHHBIX CKOPOCTEH OXJTaX-
JIEHUs Ha TIEPBOM | Ha BTOpoM dTanax (p<0,05).

N3BecTHO, YTO MEPEKUBAEMOCTH CIIEPMATO30HMI0B
B OOJIBIIEH CTENEHH KOPPEIHPYET C UX OIIOJOTBO-
pstoIIel CIIOCOOHOCTEIO, Y€M TPOCTO MOBUKHOCTb.
[ToaTomy ObIna mpoBeneHa OlEHKa NEPEeKUBAMOCTH
CC, 3aMOpOKEHHBIX IO IEPBOMY PEKUMY OXJIaXKIe-
HUs, 0e3 IpeaBapUTeIbHON 3KBUIMOpaNU KIETOK C
KpuonpoTtekropamu. M3 puc. 4 BUAHO, 4YTO MaKCH-
MallbHasl mepexuBaeMocTh Habmoganacs y CC,
KPUOKOHCEPBUPOBAHHBIX B pucytcTBun OI' B 7%-i
koHueHTpauuu. [Tocne 30 MUH XpaHEHUs ciepMbl IPU
temneparype 38°C, cooTBeTCcTBYOIIEH (HU3HOIOTH-
Y4eCKoi HopMe CO0aK, MOJIBUKHBIMU OCTaBaJIICh OKO-
710 25% criepMaTo30HIOB, B TO BpeMs KaK B OCTaJIb-
HBIX BapuaHTaxX HaOIIofanach MOABMKHOCTH Ha
ypoBHe He BhImIe 15%, pasania noctoBepHa (p<0,05).

[Tomydennsle pe3ynbTaThl MOATBEPKAAIOT TEp-
CIIEKTUBHOCTbH HCNOJIb30BaHUs DI B KadecTBE KpHO-
MIPOTEKTOpa AJIs1 KPHOKOHCEPBUPOBAHUS CIIEPMBI CO-
0aK. DTUIICHITINKOIIb, BEPOSITHO, Oosee 3¢ hexTHBHBIHM
kpuonpotekrop 111 CC no cpaBHeHuto ¢ I'J], Tak xak
BBI3BIBAET MUHHUMAJIBHOE OTKJIOHEHUE KJIETOYHOIO
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Puc. 3. IogsmwxuocTts CC nocie 0TTauBaHUs B 3aBUCHMOCTH
0T KOHILIeHTpauuu kpuonporexkropos I'JI u OI' mo nepsomy
U BTOPOMY PEXHMaM 3aMOpPaXUBaHU: 1,2 — 03 3KBUIIH-
Oparuu ¢ KpUONIpoTEeKTOpaMu; 3,4 — ¢ IpeaBapUTEIbHON
skBmMOpanueit ¢ kpuonporekropamu. M — 3%-i1 I[J1; O —
7%-1 I'JT; O— 3%-i1 OT'; B— 7%-i1 OI.

Fig. 3. Motility of DS after thawing depending on
concentration of cryoprotectants, glycerol and EG
according to the first and second freezing regimens: 1,2 —
without equilibration with cryoprotectants; 3,4 — equili-
bration with cryoprotectants. M — 3% glycerol; O - 7%
glycerol; O0-3% EG; 8- 7% EG.

for water is quite low, permeability coefficient is equal
t0 0.0029 pmxmin'xatm™'. This may explain why the
application of slow cooling rates with EG results in
higher integrity of cells after freezing. The results of
conducted studies demonstrate that maximum survival
of DS after thawing is observed in the presence of
7% EG during freezing according to the first regimen,
which foresees the usage of lower cooling rates at the
first and second stages.

Spermatozoa survival is known to correlate in bigger
extent with their fertilizing ability, than just motility.
Therefore there was assessed the survival of DS fro-
zen according to the first cooling regimen without
preliminary equilibration of cells with cryoprotectants.
Figure 4 demonstrates that maximum survival was
found in DS cryopreserved in the presence of 7% EG.

After 30-min’s sperm storage at 38°C, which is
physiological norm for dogs, about 25% of spermatozoa
remained motile, meanwhile the rest showed the
motility at the level not higher than 15%, the difference
is statistically significant (p<0.05).

The obtained results confirm the perceptiveness of
EG usage as cryoprotectant to cryopreserve canine
sperm. Ethylene glycol is probably more effective
cryoprotectant for DS if compared with glycerol, since
it causes minimum deviation of cell volume from
isotonic one during freeze-thawing, stipulated by its
high penetrating ability via cell membranes [6].

PROBLEMS
OF CRYOBIOLOGY
2004, N24



ob6bemMa OT M30TOHHYECKOTO B MPOIIECCE 3aMopa-
YKUBAHUS U OTTauBaHUA, 00YCIOBIEHHOE €T0 BEICOKON
MPOHUKAIOWIEH CIOCOOHOCTHIO Uepe3 MeMOpaHEI
KJIETOK [6].

Takum 00pazom, MOTy4IECHHBIE TAHHBIC CBUJICTEITh-
CTBYIOT 0 0oJiee BBHICOKON mMUTOTOKCHYHOCTH [JI B
orHouiennu CC, oOycioBneHHON Oojiee HU3KOW €ro
CHOCOOHOCTBIO MPOHHUKATh BHYTPH KIETOK B CPaB-
Hennu ¢ OI. Pe3kue n3meHeHUs o0beMa KIETOK B
cpene ¢ ['JI MoryT OBITH IPUIMHON OCMOTHIECKOTO
moka CC W MOBBILIEHNUS UX YYBCTBHTEIBHOCTH K
NOoBpeXAaIuM ¢akTopaMm B Mpolecce KpHO-
KOHCEPBHPOBAHUS U HU3KOW COXPAaHHOCTH KJIETOK
IOCIIe 3aMOPAKUBAHUSA-OTTAUBAHUSI.

BbiBOADI

1. JlokazaHa mepcreKTUBHOCTh mpuMeHeHus O
KaK KpHUOTIPOTEKTOpa B 7%-i1 KOHIIEHTPAILliH B CpaBHE-
Hu ¢ ['J] mpu KpHOKOHCEPBUPOBAaHHUHU CIIEPMBI COOAK.

2. YcranoBieHo, uto 3kBunuodpanus CC ¢ kpuo-
MIPOTEKTOPaMH Ha dTare MOIrOTOBKH K 3aMOpakuBa-
HUIO B T€UEHHWE Yaca OTPUILIATEIHHO BIUSET Ha MX
BBDKMBAEMOCTbH T0CJIC OTTAaUBaHHMA.

3. OtmeueHna Goinee Bbicokas coxpaHHocTh CC
mocjie OTTAaMBAHUS MPH 3aMOPKUBAHUH Ha TIEPBOM
3Tarne KPUOKOHCEPBUPOBAHHUS CO CKOPOCThIO 3°C/MUH,
Ha BTOpoM — 10°C/MuH.

4. YcranosneHo, yto npu 3kBuiubpanuu CC B
cpenax ¢ ['JI mpoucxomsit 6GompIue n3MeHeHUs 00he-
Ma KJIETOK, 4eM B cpenax ¢ JI, BO3aMOXHO, M3-3a
OoJiee HU3KOM MPOHULIAEMOCTH MEMOPaH STHX KIETOK
st [J1, 4To MOXKET CIyXKUTh NPUYMHOW BO3SHHKHO-
BEHUSI OCMOTHYECKOTO III0KA M TIOBBIIICHUS YyBCTBH-
TEJIHHOCTH KJETOK K TOBPEXTAOMKM (aKkTopam B
LUKJIE KPHOKOHCEPBUPOBAHHSI.
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Fig. 4. Survival of DS after thawing, the one frozen according
to the first regimen without equilibration with cryoprotectants.
1— 3% glycerol; 2—7% glycerol; 3—-3%EG; 4—-7% EG.

Thus the obtained data testify to higher cytotoxicity
of glycerol in respect of DS, that is stipulated by its
lower capability to penetrate inside cells in comparison
with EG. Sharp changes of cell volume in the medium
with glycerol may be the cause of DS osmotic shock
and the rise in their sensitivity to damaging factors
during cryopreservation and low cell integrity after
freeze-thawing.

Conclusions

1. The prospects of EG application as a cryo-
protectant in 7% concentration have been proved in
comparison with glycerol when cryopreserving the
dogs’ sperm.

2. It has been established the equilibration of DS
with cryoprotectants at the stage of preparing to
freezing during an hour negatively affects their survival
after thawing.

3. High integrity of DS has been noted after
thawing when freezing at the first cryopreservation
stage with the rate of 3°C/min and 10°C/min at the
second one.

4. During DS equilibration in glycerol media the
bigger changes in cell volume have been found to occur
than in those with EG, likely, because of low perme-
ability of membranes of these cells for glycerol, that
may serve as the cause of osmotic shock appearance
and increase in cell sensitivity to damaging factors in
cryopreservation cycle.
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