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Providing the Comparability Conditions
of Results on Cryopreservation of Mammalian Embryos

[pemoxxena MareMaTH4ECKasi MOZEIb OLIEHKU Ha4aIbHOTO COCTOSIHUS U d((EKTUBHOCTH 3TANIOB KPHOKOHCEPBUPOBAHHS SMOPHOHOB
MJICKOITMTAIOIINX, 00€CIICYMBAOIIIAs COTOCTABUMOCTh PE3YyJIBTAaTOB PH UCIIONB30BAaHUH Pa3HbIX CIIOCO00B 3amMopakuBanusl. [TokaszaHo,
4TO HavaJbHas )KU3HECIIOCOOHOCTh SMOPHOHOB KOpOBHI cocTanisieT 70—100% u 3aBUCHT OT PU3HOIOrHYIECKOT0 COCTOSHHSI IMOPHOHOB
U uX JoHOpa. DP(PEeKTHBHOCT KPHOKOHCEPBUPOBAHUS IMOPHOHOB MBILIM M KOPOBBI BapbUpyeT oT 53 10 95%, uTo 00yciioBIeHO
COCTOSTHHEM 3apO/IbIIIei 1 0COOCHHOCTSIMH IIPUMEHIEMbIX CIIOCO00B. YUET MHANBUIYaIbHBIX 0COOCHHOCTEH 6H000BEKTa U criocoba
KPHOKOHCEPBUPOBaHHMs (HA4YaIbHOTO COCTOSHUS M 3()(HEKTUBHOCTH ITANOB) 00ECIeUNBACT JOCTOBEPHOCTD MOJTYUYEHHBIX 3HAYCHUM
P 20,95 npu yMeHbLICHHH KOJIMYECTBA IMOPHOHOB MIICKOITUTAIOIINX JI0 ACCITHU Pa3.

Knrouesvie cnosa: BoCipon3BoaNMOCTb, COTIOCTABUMOCTb, KPHOKOHCEPBUPOBAaHKE, 3P(GEKTUBHOCT, SMOPHUOHBI MICKOUTAIOIINX.

3anporoHOBaHO MaTeMaTHYHY MOJIEJIb OLIIHKH II0YaTKOBOTO CTaHy i e()eKTUBHICTh eTalliB KPiOKOHCEPBYBaHHs eMOPIOHIB CCaBIIiB,
sika 3a0e3nevye CIiBCTAaBICHHs PE3yJbTATiB MPH BHKOPHUCTAHHI PI3HMX CIOCO0IB 3aMOpOXyBaHHA. Jl0BeIeHO, IO MOYaTKOBA
KHUTTE3NATHICTh eMOpioHiB KopoBu ckianae 70—100% i 3anexuTsb Bia QizionoridHoro crany eMOpioHiB Ta X JoHOpa. EQekTuBHiCTh
KpiOKOHCEpBYBaHHs eMOPiOHIB MUILI i KOPOBH Bapiroe Bix 53 10 95%, 1110 00yMOBICHO CTAaHOM 3apOJIKiB i 0COOIMBOCTSIMH BXKUBAHUX
croco6iB. BpaxyBanHs iHIMBinya bHUX 0cOOIMBOCTEH 61000'€KTa i cIOCOOY KpiOKOHCEpBYBaHHs (II0YaTKOBOTO CTaHy i €peKTHBHOCTI
eTamiB) 3a0e3medye BiporiiHICTh ofepkaHuX 3Ha4eHb P = 0,95 npu 3MeHIIeHH] KijbKkocTi eMOpioHiB ccaBiiB g0 10 pas3is.

Kniouosi cnoea: BinTBOpIOBaHICTb, TOPIBHSAHHICTB, KPIOKOHCEPBYBaHHS, €()EKTUBHICTh, eMOPiOHHU CCaBIIiB.

There was proposed mathematical model of estimation of initial state and efficiency of cryopreservation of mammalian embryos,
providing the comparability of the results when using different methods of freezing. It has been shown that initial viability of bovine
embryos makes 70—100% and depends on physiological state of embryos and their donor. Cryopreservation efficiency of murine and
bovine embryos varies from 53 to 95%, which is stipulated by the state of embryo and peculiarities of the methods applied. Taking
into account of biological object features and the cryopreservation way (initial state and efficiency of stages) provides the statistical

significance of the obtained values P = 0.95 with the decrease in the number of mammalian embryos 10 times.
Key words: reproducibility, comparability, cryopreservation, efficiency, mammal embryos.

O0s3arenbHOE YCIIOBHE HAyYHOTO HCCIIEIOBAHMS —
BOCITPOM3BOANMOCTE €T0 pe3ynbTaroB. OueHka coc-
TOSTHUSI S)MOPHUOHOB KOPOBBI IIOKA3bIBAET, YTO BEPOSAT-
HOCTb MX Pa3BUTHSI IPU KYJIFTUBUPOBAHNUH B YCIIOBHAX
in vitro coctasuser 49-97, in vivo — 10+80%, mocie
3aMopaxuBaHug-orTauBanus —40+-97%. [lpununHamn
BBICOKOM BapHall{ pe3yJIbTAaTOB SIBISIIOTCSA pa3HOe
KaueCcTBO 3MOPHOHOB, (PM3UOTOTHUECKOE COCTOSHUE
KUBOTHBIX-JOHOPOB U CIIOCOOBI KPHOKOHCEPBUPO-
BaHMs 3apognpimei [2, 5-9]. IIlpuMeHeHrne OTHOCH-
TENBHBIX TOKa3aTeNiell COXPaHHOCTH M TPHKUBIIsIE-
MOCTH SMOPHUOHOB KOPOBBI, OTpaxkaronux 3QpQeKkTus-
HOCTB 3TaIlOB MX KPHOKOHCEPBHPOBAHUS, 0OECTICUH-
BaeT TOBHIIIEHNE BOCIIPOU3BOJUMOCTH PE3yIHTaTOB
B 1,5-2,5 paza [2, 6].

be3 conmocTaBUMOCTH PE3YyNbTATOB COXPAHHOCTH
JEKOHCEPBUPOBAHHBIX 3MOPUOHOB NPHU Pa3HOM
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The mandatory condition of scientific research is
the reproducibility of its results. The estimation of the
state of bovine embryos shows that the probability of
their development during culturing under conditions in
vitro makes 49 = 97, 10 + 80% in vivo and 40 + 97%
after freeze-thawing. High variation of the results is
caused by different quality of embryos, physiological
state of donor animals and the methods of embryos
cryopreservation [2, 5-9]. Application of relative indi-
ces of survival and grafting of bovine embryos, reflecting
the efficiency of their cryopreservation stages provides
a rise in the reproducibility of the results in 1.5-2.5
times [2, 6].

If comparability of the results about survival of post-
thaw embryos would be not provided, the differences
in physiological states of biological objects as well as
in the ways of their cryopreservation would significantly
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(DU3NOJOTHYECKOM COCTOSIHUU OMOOOBEKTA U CIIOCO-
00B ero KPHOKOHCEPBUPOBAHMUS CYIIIECTBEHHO OTPaHH-
YUBAETCA BO3MOYKHOCTB OIpPENENEHUs KOPpEeIiLnun
MEXAYy HCCIEAYEMBIMH MapaMeTpaMu, MOCTPOSHUS
PErpecCUOHHBIX 3aBUCUMOCTEN M MPUMEHEHUs Me-
TOJI0B MHOTO(aKTOPHOro uccienoanus. s obec-
[IEYEHHUs COMOCTaBUMOCTH PE3yJIBTaTOB HCCIEN0BA-
HU HeOOXOIMMO MOATBEPIKACHHE )KU3HECTIOCOOHOCTH
JIEKOHCEPBUPOBAHHBIX 3MOPHUOHOB, MONyYEHHBIX OT
BBICOKOTIPOAYKTHBHBIX H ITPOOIEMHBIX KOPOB-IOHOPOB
METOIOM KyJIbTUBUpOBaHuUs [8], uTo Ha 1/3 cokparaer
3aTpaThl Ha TPAHCILIAHTAIMIO HEXKHU3HECITOCOOHBIX
SMOPHOHOB.

[Ipu mcnonp30BaHUM OOIIETIPUHATHIX METOJOB
CTaTHUCTHYECKOTO aHaju3a (HemapHBIH KpUTEpUi
CrpronenTa £ ) C HENBIO MOITYYEHHs I0CTOBEPHOIO pe-
3ynasrata Ha ypoBHe P = 0,95 TpeOyeTcs HEeCKOIbKO
COT SMOPHOHOB, YTO NPUBOAMT K 3HAYUTEIBHBIM KO-
HOMHYECKHM 3aTpaTaM (CTOUMOCTb OJHOTO SMOPHO-
Ha KopoBbI coctapisieT 6osee 1500 rpH [2]) u BO3HUK-
HOBCHHUIO ITHYECKUX MpoOieM (HeoOOCHOBaHHBIH
y00i1 1abopaTOPHBIX JKUBOTHBIX).

J1s MHOTOKPaTHOTO COKpAalIeHHs] KOTHUYECTBA
SMOpPHOHOB BaXXHO YYHUTHIBATH KaY€CTBO OTAEIHLHOTO
3MOpPHOHA M 0COOEHHOCTH MTPUMEHAEMBIX TEXHOJIOTH-
YEeCKHUX oreparuii [2, 6] Ha OCHOBE METOJ]OB MaTeMa-
TUYECKOTO MOAETUPOBAHMSI CTOXaCTUYECKUX MPOLIEC-
coB [1].

Takum 00pazom, st KPHOKOHCEPBUPOBAHUS IMO-
PHUOHOB MIIEKOTIMTAIOIUX MPUMEHAETCA MHOXKECTBO
croco0o0B, MPH 3TOM AOIMYCKAaeTCs HCIOIb30BaHHE
0MO000OBEKTOB Pa3HOI0 Ka4yeCTBa: XOPOLIETo M OTIINY-
HOT'O JJTs1 KOPOBBI M OBLIBI, XOPOIIIETO, OTIMYHOTIO U YII0B-
JIETBOPUTEIILHOTO IS MBILIH, TOJYYEHHBIX OT KUBOT-
HBIX C Pa3HBIM (PU3HOJIOTHYECKUM COCTOSIHUEM (BBI-
COKO- M HU3KOTIPOAYKTHUBHBIE CEITHCKOX03STICTBEHHBIE
JKUBOTHBIC, (PU3NOJIOTUYCCKHU 3/I0POBBIC U MPOOIeM-
He1e) [5-9]. [Ipu HU3KOI BOCTIPOM3BOAMMOCTH M HECO-
[TOCTaBUMOCTH PE3yJbTaTOB MCCIIEZOBAHUS HEO0OXO-
JUMO OIIPEIENINTD HaualbHOE COCTOSTHUE OTAEIBHOTO
SMOpHOHA — y4eT (PHU3HOIIOTHIECKOIO COCTOSHHUS.

Lens paGoTbl — pa3paboTaTh MaTeMaTHYECKYIO
MOJIeNIb OLEHKH HauyaJIbHOTO COCTOSHUSI SMOPHOHOB
MJICKOITUTAIOIIHX 1 3 (PEKTUBHOCTH NX KPUOKOHCEPBHU-
pOBaHMs AJIs MOBBIILIEHUS BOCIPOU3BOAUMOCTH pe-
3yJABTATOB M 00ECIIEYCHHUSI X COMIOCTABUMOCTH IIPH
WCIIOJIb30BaHUH PA3IMIHBIX CIIOCOOOB 3aMOpakuBa-
HUISL

Matepunanbl 1 meToAbI

CoxpaHHOCTH 3MOPHOHOB MIOCJIE BHITIOIIHEHHS | -TO
3Tana KPUOKOHCEPBUPOBAHUS OTIPENEIISITH 110 hopMmyIie
[1,5,9]:

S_:if’ (1)
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limit the possibility of determining the correlation be-
tween the studied parameters, plotting of regression
dependencies and application of the methods of multi-
factor investigation. To provide the comparability of
the research results it is necessary to confirm using
culturing the viability of post-thaw embryos obtained
from highly productive donor cows and unwell animals
[8], that would reduce by 1/3 the expenses for trans-
plantation of non-viable embryos.

When using generally accepted methods of statisti-
cal analysis (Student's non-paired criterion ¢) the ob-
taining of statistically significant result at P > 0.95 re-
quires several hundreds of embryos, that results in sig-
nificant economic charges (cost of one bovine embryo
makes more than 1,500 UAH [2]) and appearance of
ethical problems (baseless slaughtering of laboratory
animals).

For multiple reduction of the number of embryos it
is important to take into account the quality of single
embryo and peculiarities of the applied technological
operations [2, 6] based on the methods of mathemati-
cal modeling of stochastic processes [1].

Thus the cryopreservation of mammalian embryos
involves many methods, allowing thereat the use of
biological objects of different quality: good and excel-
lent for bovine and sheep embryos; good, excellent and
medium for mice, as well as the embryos obtained from
animals with different physiological state (highly and
low productive agricultural animals, physiologically
healthy or unwell ones) [5-9]. If reproducibility is low
and the results of the research are non-comparable,
an initial state of single embryos (examination of physi-
ological state) should be determined.

The research aim was to develop the mathematical
model of estimation of initial state of mammalian em-
bryos and the efficiency of their cryopreservation to
increase the reproducibility of the results and provid-
ing their comparability when using different methods
of freezing.

Materials and methods
The survival of embryos after the j-th stage of cryo-
preservation was examined using the formula [1, 5, 9]:

S,:ifj (1)

where n, is the number of embryos, available for fur-
ther application after performing the j-th stage; n, —
total number of embryos in experiment.

To rise the reproducibility of the results of cryobio-
logical studies the probability of the survival of em-
bryos was calculated using the Bayes' formula [1]:

S, =S,[17, @)
J |:I J
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Te 71, — KOIMYEeCTBO YMOPHOHOB, IIPUTOXHBIX I
JABHEHINEero MPUMEHEHHs! 1TOCIIe BBITIOHEHUS j-TO
sramna; n,— oblIee KOIMIECTBO SMOPMOHOB B ONBITE.

J17151 TOBBILIIEHHST BOCIPOU3BOIUMOCTH PE3YJIbTaTOB
KPHOOHOJIOTUYECKOTO MCCIE0BAHUS PACCUUTHIBAIH
MOJTHYIO BEPOATHOCTH COXPAaHHOCTH 3MOPHOHOB IO
¢dopmyne baiteca [1]:

3
s, =S, @)
J |;| J

e S, — HayaJbHask COXPAaHHOCTh SMOPHOHOB, KOTOpast
OyzeT ompe/iesieHa 1ajiee u3 BepakeHus (6), MoTydeH-
HOTO B X0/ie MccrieioBanust; I, — 3¢ PEKTUBHOCTS j-TO
JTamna Mpoueaypsl KpI/IOKOHcepBI/IpOBaHI/ISI (xynp-
TUBUpOBaHue W, 3amopaxuBaHue-oTTanBanue W,
TIOJIHBIA LIMKJI KPHOKOHCEPBUPOBaHus W ).

CrenoBarenbHO, COCTOSSHUE SMOPHOHOB 3aBUCHT
OT €r0 HAYaJIbHOM BEJIMYMHBL S; U YCIIOBHON BEPOAT-
HOCTH W, M3MEHEHHS T0Ka3aTe/lsi COXPAHHOCTH 110
BEJIMYUHBI S @DU3HYECKUI CMBICIT YCIIOBHOM BEPOSIT-
Hoctu IV, 0Tpa>1<aeT rokazarenb 2P HEeKTUBHOCTH 3a-
JAHHOU TEXHONOTMYECKOi orepanyi. IPPEeKTHBHOCTD
KPHMOKOHCEPBUPOBAHMSI SMOpPHOHA W, onpenesinu no
BBIPKEHUIO (2) KaK OTHOIIIEHUE COXpaHHOCTI/I 6mo-
00BEKTa Iocye BHITOTHEHUS 3aJaHHOM ONepaliuy S K
€€ HauaJIbHOW BEJINYUHE.

CpaBHMTENBHBIN aHAJIN3 METOAOB CTATUCTUYECKOM
00pabOTKH Pe3yabTaTOB AEKOHCEPBUPOBAHHBIX 3MO-
PHOHOB MIIEKOITUTAIOLIUX TPOBOJIMIIA B KOHTPOJIBHON
1 ONBITHOM Tpynmax. JloCTOBEpHOCTh pa3aInuyus BEIH-
YHH COXPaHHOCTH SMOPHOHOB U 3()(PeKTUBHOCTL X
KPHOKOHCEPBUPOBAHUS PACCUUTHIBAIN IS OTHON
apsl TPO0 (KOHTPOIB-OITBIT) METOIOM aJIbTePHATHB-
HOTO BapPbUPOBAHUA [ , VIS TPEX TAP — C TIOMOIIBIO
MMapHBIX W HENMapHBIX MapaMeTPUUYECKUX, a TakxKe
HemapaMmeTrpuueckux kpurepues [ 1]. [lapHsie kpute-
puu CThrofieHTa ¢, TPUMEHSIIN JUIsl OUEHKU CPEIHEN
Pa3sHOCTH MEX Iy BEIOOPKaMU C ITapHOCONPSKEHHBIMH
napaMeTpamH, a HENapHbIid 7, — C HECBA3aHHbIMU. B
Ka4eCTBE HEMapaMETPHUECKUX MapaMeTPOB UCIIONb-
3oBanu kpurepun [Tupcona x?, Yunkokcona 7' u U.
[TonmyyenHsie mokasareian COXpaHHOCTH U () HeKTHB-
HOCTH BBIPa)KaJIH B IPOLICHTAX.

MuHIMaTbHOE KOMUYEeCTBO SMOPHOHOB, 0OecIen-
BAIOMINX JOCTOBEpPHOE cpemHee 3HadeHue P = 0,95
coxpaHHOCTH (1) 1 5PPEKTHBHOCTH HX KPHOKOHCEPBH-
poBanus (2), onpeaessuiy mo ¢popmye [3]:

N = %CV % G)
p

rae ¢ — kputepuit CTbrofenTa (U1t KoJlnuecTBa 3MO-
puoHOB 1 = 30; =2 1 rpyni SMOPHOHOB, UMEIOIINX

npo6ne|v|b|
proﬁwonorvm
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where §, is initial integrity of embryos to be deter-
mined from the expression (6), derived during the study;
W, is efficiency of the j-th stage of cryopreservation
procedure (W, for culturing, W, for freeze-thawing, W,
for complete cycle of cryopreservation).

Therefore the state of embryos depends on its ini-
tial value S and relative probability w. of the change
of the 1ntegr1ty index to the value S. Physwal sense of
relative probability w reflects the index of efficiency
of the set technologlcal operation. The efficiency of
embryo cryopreservation W was found from the ex-
pression (2) as the ratio of blOObJ ect integrity after the
completing the set operation S and its initial value.

The methods of statistical processing of the results
for frozen-thawed mammalian embryos were com-
paratively analyzed for the control and experimental
groups. The statistical significance of the differences
between survival values of embryos and the efficiency
of their cryopreservation were calculated for single pair
of the samples (control-experiment) by the method of
alternative varying 7, for three pairs by means of paired
and non-paired parametrical as well as non-parametri-
cal criteria [1]. Paired Student's criteria 7, were ap-
plied to assess the average difference between the
samplings with pair-conjugated parameters and non-
paired criterion 7, was used for non-conjugated param-
eters. As non-parametrical parameters there were used
criteria of Pearson X, Wilcoxon 7T and U. The ob-
tained indices of integrity and efficiency were ex-
pressed in percents.

Minimal amount of embryos providing the statically
significant average value of survival P = 0.95 (1) and
efficiency of their cryopreservation (2) were found with

the formula [3]:
- Eicy é @)
p

where ¢ is Student's criterion (for the number of em-
bryos n 2 30 ¢ equals to 2, and for groups of embryos
with different quality k£ = 3, ¢ = 4.3); p is admissible
relative error (p = 5%), C, is variation coefficient, %.

The increasing of reproducibility in experimental re-
sults was estimated as the ratio of variation coeffi-
cients obtained for the indices of survival (expression
(1)), proposed efficiency (expressions (5)—(7)) and vi-
ability (expressions (8) and (9)). The decrease in the
number of embryos was examined as the square of
the ratio value for the variation coefficients to be com-
pared (expression 3).

The analysis of the mathematical model was per-
formed with the experimental data on cryopreservation
of' bovine embryos, obtained in All-Russian State R&D
Institute of Animal Breeding using ‘traditional’ and ‘ra-
pid’ protocols, as well as the vitrification method [8].
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pasHoe kauecTBO k = 3; ¢t = 4,3); p — nomyctumas
OTHOCHUTENBHAs omHoKa (p = 5%); C — ko> durenT
Bapuaruu, %o.

[ToBrITIEHNE BOCTIPOM3BOAUMOCTH PE3YNIBTATOB
JKCIIEPUMEHTA OLIEHUBAIU KaK OTHOLIeHHE K03 du-
LIMEHTOB BapHaLlK, MOTY4YEHHBIX JUIs TOKa3aTenei co-
XPaHHOCTH 0 BIpakeHwto (1), mpemiaraemoit adpdex-
TUBHOCTU — BBIpakeHUsIM (5)—(7), U )KH3HECTIOCO0-
HOCTH — BbIpakeHUsM (8) u (9). YMeHblIeHUe KOIu-
4ecTBa YMOPHOHOB OLICHUBAJIM KaK KBaAPAT BETMYMHBI
OTHOIIICHHS CPABHUBAEMBIX KOA(D(DUIIMEHTOB BapHalliK
(BeIpakenue (3)).

J1g aHanmm3a MaTeMaTH4eCKON MOJIENH HCII0JIb30-
BaJIM DKCIIEPUMEHTAJbHbIE JAHHBIE IO KPUOKOHCEP-
BHPOBAHHUIO SMOPHOHOB KOPOBHI, TTOMy4deHHBIE Bee-
POCCHIICKIM TOCYIapCTBEHHBIM Hay4YHO-HCCIEI0Ba-
TEJIbCKMM HHCTUTYTOM KUBOTHOBO/ICTBA C CTIOJIb30Ba-
HUEM “TPaAULINOHHON U “‘yCKOPEHHON TEXHOJIOTHH,
a Taxke meronoM BuTpudukanuu [8]. “Tpamunmon-
HBI~ METOJ 3aKJIIOYaliCs B MCIOIb30BaHMU 1,4 M
pacTBopa rmuepuHa u oxnaxaenus ot 20 go —38°C
co ckopocThio oxnaxaenus 0,3 rpagyca/MuH; “ycKo-
peHHBIN” — pacTBopa | M munepuna wiu 1,5 M aT1u-
JICHIVIMKOJISA M OXJaXKaeHus ot —5,8 10 —35°C co cko-
poctsio 0,3 rpanyca/mu. Ilpu moaroroBke Kk BUTpU-
¢ukanmu >MOproHs! BeLAepkuBany npu 20°C 10 mun
B cpene ¢ 15% (oOvemubMu) mutiepuaa u 30—60 ¢ B
cpene ¢ 30% (oobemupiMu) TutiepuHa U 30% caxa-
PO3BI, CKOPOCTH OXJIaXKAeHUs cocTaBisiia 1,8%10° rpa-
JTyCOB/MUH.

[Ipn aHanm3e TakKe UCII0Ib30BATM COOCTBEHHBIE
JAHHBIE TI0 KPHOKOHCEPBUPOBAHHIO SMOPHOHOB MBIIIIN
[2]. Bce MmaHumynsanuu ¢ SMOPHOHAMH MBILIH (TTOUCK,
BBIMBIBaHHUE U MIOATOTOBKA K SKCIIEPUMEHTaM ) IPOBO-
JIAJTH TIO OOIIETTPUHATEIM MeToukaMm [7]. B kagectBe
KpHOIIpOTeKTOpa mpuMeHsin 1| M pacTBop mmuepuHa
npu 10-MUHYTHOMH BBIIEPKKE B HUX SMOPHOHOB IIPH
temneparype 20 + 2°C. [Ing BbIBEACHUS KPHUOIPO-
TEKTOpa MOCJe Pa3MOpPaXUBAHUS KOHTEHHEPOB HC-
TOJIH30BAJIM PACTBOP CaXxapo3bl KOHIEHTpanueit 0,5 M.
OMOpHOHBI 3aMOpPaXKUBaJIH B pa3pabOTaHHOM HaMH
YCTPONCTBE, OCHOBAHHOM Ha TACCUBHOM OXJIAXKIEHUN
TepMoOJI0OKa B TOpJIOBHHE cocynoB [proapa X-34
(V=35 n) [4].

Pe3yAbTatbl M 00CyXAeHUe

HaganpHyI0 COXpaHHOCTH SMOPHOHOB, B OTIHYHE
OT CIIEPMHUEB, HEBO3MOXXHO OTIPEAEITUTH KCIIEPIMEH-
TaJbHO, TO3TOMY CIEAYET UCIOIb30BaTh MAaTEMATH-
yeckoe MonenrpoBanue. i onpeneneHus JaHHON
BEJIMYUHBI ObLIA PellieHa CUCTeMa U3 4-X BBIpaXKeHU
(2), oTpaxaromux cOXpaHHOCTh SMOPHOHOB Ha pa3-
HBIX 3TallaX KPHOKOHCEPBUPOBAHUSA: TOCIIE KYJIBTHBH-
posanus S, = S W,; 3aMOpaKMBaHUA-OTTaAUBAHUS
S,= S, ; 3aMOpaKBaHUA-OTTANBAHUSA U TTOCIIETYHO-
1ero KynbruBupoBanus S, =S W, . DbhekTnuBHOCTL
[TOJTHOTO LUKJIAa KPHOKOHCEPBUPOBAHUS MOYKHO BBIpa-

KpuoBMOROrIM
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‘Traditional’ protocol involves application of 1.4 M
glycerol solution, cooling from 20 down to —38°C with
cooling rate of 0.3 degree/min; ‘rapid’ protocol utilizes
1 M glycerol or 1.5 M ethylene glycol solutions, cooling
from —5.8 down to —35°C with cooling rate of 0.3
degree/min. The embryos were prepared for vitrifi-
cation by exposure at 20°C during 10 min in medium
with 15% (vol/vol) of glycerol and 30-60 sec in medium
with 30% (vol/vol) of glycerol and 30% of sucrose,
the cooling rate was 1.8x10° degrees/min.

Own data on cryopreservation of murine embryos
[2] were also used in the analysis. All manipulations
with mice embryos (searching, washing-out and pre-
paring to the experiments) were performed according
to the standard methods [7]. As cryoprotectants there
was applied 1 M glycerol solution, embryos were
exposed in the solution during 10 min at 20 + 2°C. To
remove cryoprotectant after thawing of containers
0.5 M sucrose solution was applied. Embryos were
frozen using the device developed in our laboratory, it
is based on passive cooling of thermal block in the neck
of Dewar vessels X-34 (35 1) [4].

Results and discussion

Initial survival of embryos unlike spermatozoa is im-
possible to examine experimentally, therefore the math-
ematical modeling should be used. To determine this
value there was solved the system of four expressions
(2), reflecting the survival of embryos at different
cryopreservation stages: after culturing S, = S W,;
freeze-thawing S, = S, W ; freeze-thawing and follow-
ing culturing §, = S W,. Efficiency of a complete
cryopreservation cycle may be expressed as W, =
W W, from formula (2) describing the probability of
survival of frozen-thawed embryos § . Analysis of ex-
perimental data [2, 6, 8] within the limits of an error of
experiments confirms the supposition about independ-
ence of the values of arbitrary probabilities of efficiency
of culturing W, and freeze-thawing W,

When solving four expressions (2) containing 4 un-
knowns the following dependencies were obtained:

5, =25 )
Sdk
S
W = dk , 5
=, (%)
S
W, =D 6
= ©
S2
Wd/( = Slgi . (7)
k~d

To test the presented mathematical model (expres-
sions (2), (5)—(7)) there were used experimentally ob-
tained values of bovine embryos' survival [8] from dif-
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sutb Kak W, =W W, u3 popmynsl (2), onuceiBaromei
BEPOSITHOCTh COXPaHHOCTH JIEKOHCEPBHPOBAHHOTO
5MOpHOHa S . AHAIIN3 SKCIIEPUMEHTAIbHBIX JAHHBIX
[2, 6, 8] B Ipeenax OMMOKYU OIMBITOB OTBEPKAACT
MIPEATIONIOAKEHUE O HE3aBUCUMOCTH BETTMYHH YCIOBHBIX
BEPOATHOCTEN 5)(HEKTUBHOCTH KyIbTUBUPOBaHus W,
Y 3aMOpaXUBaHUs-OTTauBanus W .

U3 pemenns 4-x Belpaxkenui (2), conepxamux 4
HEU3BECTHBIX, TTOJTYUHIIN CIeTYIOIINE 3aBUCUMOCTH

5, =25 )
Sdk
W=t 5)
= (©)
W, = Si%d . )

C nenpto arpoOanuy NpeacTaBIeHHOW MaTeMaTH-
geckoit Mogien (Beipaxkenus (2), (5)—(7)) ucmonb3oBa-
JIM 9KCTIEPIMEHTAJIBHO MOy YeHHBIE 3HAYEHUS COXPaH-
HOCTH SMOPHOHOB KOPOBEI [§] OT pa3HBIX TOHOPOB Ha
Pa3HBIX dTanax KPUOKOHCEPBUPOBAaHUS (KOJINYECTBO
SMOPHOHOB B Kax 10 BEIOOpKE cocTaisuio oT 30 10
400 ). [Tpu moxcTaHOBKE 3HAYEHUS COXPAHHOCTH
B BeIpaxkeHHs (2), (5)—(7) ObuIM OITyYeHBI pacYeTHBIC
BEJIMYMHBI HAYJILHOTO COCTOSIHUS SMOPHOHOB KOPOBBI.
MeTtonoM HaMMEHBIIMX KBaapaToB [1] ompenemnsiin
TeOpeTHYEeCKHE 3HAUYCHHUS HAYaJbHOTO COCTOSHUS
3MOPHOHOB M 3P PEKTUBHOCTEH Pa3HBIX CIIOCOOOB MX
KpuoKoHcepBUpoBaHus (Tabm. 1-3). Benuunna Ha-
YalbHOM COXPaHHOCTH SMOPHOHOB KOPOBBI BAPHHPYET
ot 70 mo 100% w 3aBHUCHUT OT UX KavyecTBa U (HU3NO-
JIOTHYECKOTO COCTOSIHUS JoHOpa (Tabdm. 1).

Bennunna 3¢ ¢eKTHBHOCTH KyI6TUBUPOBAHUS TaK-
e 3aBHCUT OT COCTOSTHHSI IOHOPOB M KayecTBa 3MO-
pHOHOB. 3HaueHue 3P PHEKTUBHOCTH U3MEHSIETCS OT 72
10 99% (tabu. 2). CpaBHUTENbHBIN aHAIN3 PaCCUu-
TaHHBIX 3HAYEHHH COXPAaHHOCTH KYJbTHBHPYEMBIX
3MOPHOHOB S, (C pa3HbIM PU3HOIOTHYECKUM COCTOS-
HHEM) U SKCIIEPUMEHTAIIFHO MOTyYEHHBIX JaHHBIX [ 8]
ITOKa3aJI BEICOKYIO CXOJTUMOCTE PE3yIbTaToB (puc. 1).
[pu pacuére > HeKTUBHOCTH KPUOKOHCEPBUPOBAHUSI
SMOpPHOHOB XOPOIIETO W OTIMYHOTO Ka4decTBa C HC-
[T0JI30BaHUEM Pa3HBIX TEXHOJIOTHH [ 8], OITy4YeHHBIX
OT KOPOB C Pa3IUYHBIM (PU3HOIIOTUYECKUM COCTOS-
HUEM, YCTaHOBJIEHO U3MEHEHUE COXPAaHHOCTH MOCIIE
KyJBTUBUPOBaHUs OT 53 10 95% (Tabmn. 3).

3HaueHus1 COXPAHHOCTH JE€KOHCEPBUPOBAHHBIX
SMOPHOHOB, MOJIyYeHHBIE OT Pa3HBIX )KUBOTHBIX pa3-
HBIMHU CIIOCO0aMHM 3aMOPaKUBaHUS, IIOKA3aIH BBICO-
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ferent donors and various cryopreservation stages (the
number of embryos in each sampling made from 30 to
400). After substituting the values of survival into the
expressions (2), (5)—(7) the estimated values of initial
state of bovine embryos were obtained. Using the
method of least squares [1] the theoretical values of
initial state of embryos and efficiencies of different
ways of their cryopreservation were determined (Ta-
bles 1-3). The value of initial survival of bovine em-
bryos varies from 70 up to 100% and depends on their
quality and physiological state of a donor (Table 1).

The value of culturing efficiency also depends on
the state of donors and quality of embryos. The value
of efficiency alters from 72 up to 99% (Table 2). Com-
parative analysis of calculated values for the survival
of the cultured embryos S, (with different physiologi-
cal state) and experimental findings [8] has shown a
high convergence of the results (Fig. 1). When calcu-
lating the cryopreservation efficiency of the embryos
of good and excellent quality using different techniques
[8], derived from the animals with different physiologi-
cal state, there was established the change in survival
after culturing from 53 to 95% (Table 3).

The survival values for frozen-thawed embryos ob-
tained from different animals with various freezing
protocols have shown a high convergence of the cal-
culations (expressions (5)—(7)) and experimentally ob-
tained results [8]. The deviations of calculated and ex-
perimental values of integrity did not exceed 5% (Fig. 2)
excluding the survival of the embryos obtained from
highly productive animals and embryos frozen with low
cooling rate in 1.4 M glycerol solution. The value of
deviation made about 8% that may be explained by the
presence of random errors during the experiment and

Tao6auna 1. PacueTHble 3HaUeHNS HAYAJILHOM
COXPAHHOCTH SMOPHOHOB KOPOBHI B 3aBUCUMOCTH OT UX
KadecTBa U (PU3HUOJIOTUIECKOTO COCTOSTHHS IOHOPOB

Table 1. Calculated initial survival values of bovine
embryos depending on their quality and physiological
state of donors

CoXpaHHOCTb 9MOPUOHOB (%) IOAyYEHHBIX OT
AOHOPOB
. o .
KauecTBo Survival of embryos (%), obtained from donors
3MOPUOHOB,
Gasn 3AOPOBBIX C YPOBHEM
Quality of IPOAYKTUBHOCTH
embryos, TTpo6AeMHBIX Healthy with productivity level
points Unwell
BBICOKUM CpepHuM
high medium
3 69,4 70,4 92,7
4 75 75,7 98,6
5 78,4 78,8 100
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Taéauua 2. PacuetHble 3HaueHus 3QHEKTUBHOCTH
KyJIbTHBHPOBAHHS 3MOPHOHOB KOPOBHI B 3aBUCHMOCTH OT
UX Ka4ecTBa 1 YU3HOIOTUIECKOTO COCTOSHHUS JTIOHOPOB

Table 2. Calculated efficiencies of culturing of bovine
embryos depending on their quality and physiological
state of donors

O deKTUBHOCTE KYABTUBUPOBAHMUS in Vilro
Dusnororuyeckoe (%) >MOPUOHOBPA3HOrO KauyecTBa
COCTOSTHHE In vitro culturing effi ciency (%) of embryos of
AOHOPA different quality
Donor
physiologi cal
stato OTAUYHOTO XOPOIIero YAOBA.
excellent good medium
Cpepnsis
IIPOAYKTUBHOCTE 99,0 97,2 92,0
Medium ! ! '
productivity
Bricokast
NPOAYKTUBHOCTD 79,5 76,7 72,0
High productivity
ITpobaemuBIE
JKUBOTHEIE 80,5 76,7 72,3
Unwell animals

KYIO CXOAMMOCTH BBIYHCIICHHBIX 0 BRIpaXEHUM (5)—
(7) m ’KCIEpUMEHTATBHO TOTYYEHHBIX PE3YJIETATOB
[8]. Pacxoxaenure pacd€THBIX U SKCIIEPUMEHTATBHBIX
3HaUYEHUH COXPAaHHOCTH HE IpeBbimano 5% (puc. 2),
32 UCKITIOUEHUEM COXPaHHOCTH YMOPHOHOB, TTOTY4YCH-
HBIX OT BBICOKOTIPOTYKTUBHBIX JKHBOTHBIX U 3aMOPO-
JKEHHBIX C HU3KOH CKOpOCThIO B 1,4 M pacTBope riu-
uepuHa. BennurHa pacxoKAeHHUs COCTABHIIA OKOJIO
8%, 9TO MOXXHO OOBSICHHUTH HAIMYUEM CIIyYailHBIX
OIITMOOK ITPH MPOBEICHUH DKCIIEPUMEHTA M HEPABEHCT-
BOM IIPOTIOPITIH IMOPHUOHOB XOPOIIIETO M OTIIMIHOTO
KauecTBa.

Taxum 00pa3om, Ha OCHOBE MPEI0KESHHOMN Mo/Ie-
JIX MOYKHO COTIOCTABJISITh BETUYHHY dPPEKTUBHOCTH
pa3HBIX CITOCOOOB W 3TAOB KPHUOKOHCEPBUPOBAHUS
SMOPHOHOB MJICKOTIUTAIONINX C Pa3HBIM HadyadbHBIM
COCTOsIHHEM. BMmecTe ¢ TeM Ipu oIleHKE COXPAaHHOCTH
SMOPHOHOB OCYIIECTBIISCTCS Ka9eCTBEHHBIN YUIET X
COCTOSIHUSI JUIsl JlaJibHEUIIero ucnoyib3oBanus. [lpu
nepexoJie K KOJIMYECTBEHHOM OLeHKe (3KU3HECTI0C00-
HOCTH OT/ICITHHOTO YMOPHUOHA) MOYKHO ITOBBICUTH BOC-
MIPOM3BOANMOCTE PE3yIbTaTOB MCCIIETOBAHUS.

C 1eTBI0 MOBHIIICHUS BOCITPOU3BOIUMOCTH IKCTIC-
PUMEHTAJIbHO NOTYYEHHBIX 3HAUCHUN IPOBEACH YUET
Ka4eCTBa OTJIEIIBHOTO 3MOPHOHA TIOCIIE BHIMIOJTHCHUS
3aJTaHHOTO TEXHOJIOTUIECKOTO dTana. J[jst moBhImeHus
TOYHOCTHU OTICHKH COCTOSIHHSI SMOPHUOHOB 33JJaHHOTO
Ka4eCTBa MPUMEHSUTH (OPMYITY CPETHEB3BEIICHHON
BETMYUHBI [ | | UX )KU3HECTIOCOOHOCTH:

1 5
I/i/' =— > Vn;, (8)
n

o 1=
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non-equity of the proportion of good and excellent qual-
ity embryos.

Thus basing on the proposed model one can com-
pare the efficiency value of different ways and stages
of cryopreservation of mammalian embryos with vari-
ous initial state. Along with this the estimation of the
survival of embryos is accompanied by the recording
of their quality parameters for further use. When per-
forming the quantitative estimation (viability of single
embryo) the reproducibility of the research results can
be increased.

With the aim of rising the reproducibility of experi-
mentally obtained values there was examined the quality
of an embryo after performing of certain technological
stage. To increase the accuracy of estimation of the
state of embryos with certain quality there was used
the formula of weighted mean of their viability:

1
V;‘/ = n_ z Voni s (®)

5
o =2

where ¥V is initial viability of embryo of the i-th quality
obtained from the expression (4) for the survival, i. e.

Tadauna 3. PacuetHoe 3Ha4eHe 3 PEKTHBHOCTH Pa3HbIX
€1oco00B KPHOKOHCEPBUPOBaHHS SMOPHUOHOB,
MOJIyYEHHBIX OT KOPOB C Pa3HBIM (PH3UOJIOTHYECKUM
COCTOSIHUEM

Table 3. Calculated efficiencies of different ways of
cryopreservation of bovine embryos obtained from
animals with different physiological state

O deKTUBHOCTE KPUOKOHCEPBUPOBAHUS
Dusnonroruveckoe 110 Pa3AMYHBIM IIporpamMmam, %
COCTOSTHHE Effi ciency of cryopreservation according
AOHOPa different programmes, %
Donor
physiologi cal
state 1 2 3 4
Cpepnsis
TIPOAYKTHUBHOCTE 94,4 94,4 94,6 82,3
Medium ! ! ' '
productivity
Bricokas
IIPOAYKTHUBHOCTE 94,8 68,8 71,4 62,3
High productivity
IMpobaemHEBIe
KUBOTHBIE 91,7 56,6 62,6 53,1
Unwell animals

IIpumeuanus: | — nporpamMmma KpUOKOHCEPBUPOBAHHS COTJIACHO
“TpamuunoHHON ™ TexHomoruu ¢ 1,4 M mmnepuHa (cM. MaTeprabl
1 METOJIbl); 2 — “ycKOpeHHOU ” TexHonoruu ¢ 1,4 M munepuHa; 3 —
“yckopeHHOW TexHosoruu” ¢ 1,5 M stunenraukons; 4 —

Butpuduxanys ¢ 30% mmnepuna u 0,75 M caxapo3bl.

Notes: 1 — cryopreservation program according ‘traditional” pro-
tocol with 1.4 M glycerol (see Materials and methods); 2 — ‘rapid’
protocol with 1.4 M glycerol; 3 —’rapid’ protocol with 1.5 M
ethylene glycol; 4 — vitrification with 30% glycerol and 0.75 M
sucrose.
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Quality of embryos, points

Puc. 1. 3HadueHusi COXpaHHOCTH dMOPUOHOB PA3ITUIHOTO
Ka4eCTBa, [I0JIy4EHHBIX OT KOPOB CO CPEIHEH, BBICOKOM IPO-
JTYKTHBHOCTEIO U TIPOOJIEMHBIX JKHBOTHBIX TIOCIIE KYJIETHBH-
pOBaHUS B YCIIOBUSX in Vitro: skcriepuMenTanbabie () [8] u
pacuétunic (M) nanubie (Beipakenus (2), (4)—(7)).

Fig. 1. Values of survival of bovine embryos obtained from
animals with medium or high productivity and from unwell
animals (points) after culturing in vitro. Experimental (CJ)
and calculated (M) data (expressions (2), (4)—(7)).

rae V,, — HavanabHas KM3HECTIOCOOHOCTh SMOpHOHA
i-TO Ka4eCTBa, MOJYYEHHOTO U3 BhIpaxeHus (4) ms
COXPaHHOCTH, T. €. V| = 5 ; n, — KOIMIECTBO 3MOpHO-
HOB i-TO Ka4ecTBa: OTIUWYHOE i = 5, xopoiee i = 4,
VIIOBJICTBOPUTEIRHOE i = 3, HEYIOBICTBOPUTEIHLHOE
i=2.

3¢ hexTHBHOCTh KPHOKOHCEPBUPOBAHUS IMOPHO-
HOB Pa3JIM4YHOI0 KAY€CTBA PACCUNTHIBAIIN 110 aHAJIOTUHU
C ToKa3zaTesneM coxpaHHOCTH (Beipakenus (5)—(7)),
KU3HECTTIOCOOHOCTH IPUTOIHBIX SMOPHOHOB C pa3HBIM
Ka4eCTBOM — 110 (popMylie CpeTHEB3BEIIEHHOTO:

1 5
V= Z; Vin, . ©)

g onpenienenns ycioBUN MPUMEHEHHS CYIIIECT-
BYIOIIINX KPUTEPHEB JOCTOBEPHOCTH PA3THUHS )KU3HE-
CIOCOOHOCTH IMOPUOHOB MIIEKOITUTAIONIHX C Pa3HbIM
HayaJIbHBIM COCTOsIHUEM V| (BbIpaxeHue (4)) mpose-
JIeH aHaJIN3 SKCIIEPUMEHTAITFHO TIOTyYE€HHBIX BEIOOPOK
[2] (Tabm. 4, 5). OMOPUOHBI MBIIIIH KPUOKOHCEPBHUPO-
BajJH B Pa3HbIX KOHTEHHepax Uil 3aMOPaKUBAHMSA:
KOHTPOJIbHBIE — B TNTACTUKOBBIX COJIOMHUHKAX, OIIBIT-
HBIE — B CTEKJISIHHBIX IPOOUPKax YJIEHTyTa C mocie-
OYIOIIUM KyJbTHBHPOBAHUEM B YCIOBHSIX in Vitro.
[loka3zarenu xonuyecTBa U KauecTBa SIMOPHUOHOB 110
U 1I0CJIe SKCIIEpUMEHTa MpeCcTaBieHbl B Ta0. 4. [{ns
TTOBBIIIEHUS BOCTIPOM3BOIMMOCTH PE3YJIbTAaTOB IMO-
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V., =S, n,is the number of embryos of the i-th qual-
ity: excellenti=5, good i =4, medium i = 3, poor i =2.

The efficiency of cryopreservation of the embryos
of different quality was found in the same way as for
the indices of survival (expressions (5)—(7)), viability
of'admissible embryos with different quality was done
using the weighted mean formula:

1 5
v, :Z; Vn,. )

To determine the applicability of existing criteria of
statistical significance of the difference in mammalian
embryos viability with various initial state ¥ (expres-
sion (4)) the experimentally obtained samplings were
analyzed [2] (Tables 4, 5). Murine embryos were cryo-
preserved in different cryocontainers: the control em-
bryos were frozen in plastic straws, the experimental
embryos were treated in Uhlenhuth glass vials, after
thawing in vitro culturing was carried-out. The indi-
ces of quantity and quality of the embryos prior to and
after the experiment are presented in Table 4. To raise
the reproducibility of the results the embryos were di-
vided into uniform groups as for their initial quality.

120
Mporpammbl KPUOKOHCEPBUPOBAHWS
Cryopreservation programmes
100 1 2 3 4
==
« B W RN
go\f 80 g {
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o
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20 +- — - — - — — —

exp calc exp calc exp calc exp calc

Puc. 2. CoxpaHHOCTH IMOPHOHOB (exp — MOJy4YEHHas
OIIBITHBIM ITyTeM, calc — paccunTaHHast, BeIpakeHus (4)—(7))
MOTyYeHHBIX OT KOpPOB co cpeanei (), Beicokoi (K) mpomyk-
TUBHOCTBIO 1 IP00JIeMHBIX )HUBOTHBIX (M), 3aMOPOKEHHBIX-
OTOTPETHIX COMIACHO MporpamMmam: 1 — “TpaguiuoHHas”
TEXHOJIOTHS (CM. MaTepUabl ¥ METOIb!); 2 — “yCKOpEeHHas’
texHosorus ¢ 1,4 M mmnepuna; 3 — “yckopeHHast” TEXHOJO-
rust ¢ 1,5 M 3 THITCHITIIKOIS; 4 — BUTPU(PHUKAITHSL.

Fig. 2. Survival of bovine embryos (exp — obtained experi-
mentally, calc — calculated, expressions (4)—(7)) obtained
from animals with medium (O) or high (0) productivity and
from unwell animals (M), frozen-thawed according to the
programmes: 1 — ‘traditional’ protocol (see Materials and
methods); 2 — ‘rapid’ protocol with 1.4 M glycerol; 3 —’rapid’
protocol with 1.5 M ethylene glycol; 4 — vitrification.
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PHOHBI OBUTH pacnpeeieHbl Ha OHOPOJHBIE TPYIIIIBI The value of initial viability was determined using
B COOTBETCTBUH C UX HAYaJIbHBIM KayeCTBOM. the expression (4), the indices of viability of frozen-
Bennunny HauanmbHOM *ku3HecTIocoOHOCTH onpezie-  thawed embryos for each of the groups were found
JISUTH TIO BBIPAKEHHIO (4), ToKa3aTenu xu3Hecnocod-  from the expression (8), and the cryopreservation effi-
HOCTH JIEKOHCEPBUPOBAHHBIX 3MOPHOHOB IJ1s KaXkoil  ciency was calculated from the formula (7) with the
U3 rpynn — no BelpakeHuto (8), a apdexTuBHOCTL  substitution of the values of survival for viability ones
KpHoKoHcepBupoBaHus — Gopmyie (7) c 3amenoli Benu-  (Table 5).
YHH COXPaHHOCTH Ha )KU3HECHOCOOHOCTH (Tadm. 5). When using the method of alternative variation 7,
IIpu ucnonp3oBaHMU MeTona albTepHAaTUBHOTO there was obtained the statistical significance of the
BapbUpPOBaHUs / MOJIyYeHa 0CTOBEpHOCTD pasinuust  difference P < 0.95: for the survival in the experimen-
P < 0,95: nnst coxpanHocTu B ombite S, = 63,9 u  tal group S, = 63.9 and in the control S, = 64.8%, ¢ =
KOHTpOJIe S,=64,8%,t =0,14; )KI/I3HCCHOCO6HOCTI/I 0.14; for V1ab111ty V,=59.7and V,= 63 4%, t,=0. 42
=59,7m V 63,4 %, t,= 0,42 n spdexrusroctu  and for efficiency W1 = 66.4 and w,="11.7%, t, =
]— 66,4 u W2 71,7 %, t, = 0,78. locrosepnocts  0.78. The statistical significance was established for

Ta6umuua 4. KonnvecTBo 1 Ka4eCTBO SMOPUOHOB MBIIIIH JI0 U [IOCJIE KPHOKOHCEPBUPOBAHUS
Table 4. Quantity and quality of murine embryos prior to and after cryopreservation

KoandgectBo a0
KauecTBO 9KCIIEPHUMEHTq, T KavecTBo mocae akcriepuMeHTa, 6asn
SMOPHOHOB A0 Number prior to Quality of embryos after experiment, points
9KCIIEPUMEHTa, experiment
Gasn
Quality of
embryos before 2 3 4 5 2 3 4 5
experiment, n, n,
points
n, n,
3 26 40 10 7 - - 20 12 — —
4 27 35 4 11 9 - 4 7 20 -
5 30 33 2 7 10 9 1 5 7 19

Ipumeyanue: n, ¥ 1, — KOJIMIECTBO SMOPHOHOB B KOHTPOJIE U OIBITE.
Notes: n, and n, — number of embryos in control and experimental groups, correspondingly.

Tadmuna 5. CocrosiHEe IEKOHCEPBUPOBAHHBIX SMOPHOHOB MbIILIHN, UIMEIOIIMX PA3HYIO HAYaJIbHYO )KU3HECTIOCOOHOCTh
Table 5. State of frozen-thawed mouse embryos with different initial viability

KauecTso CoxpaHHOCTb, % JKu3uecnoco6HOCTE, % OdderTuBHOCTE, %
Garn ' Survival, % Viability, % Efficiency, %
Quality,
points S, S, S,—S, vV, v, vV, V,—V, W, W, W, —-W,
3 26,9 30,0 —-31 73,0 32,9 37,9 —-50 45,1 51,9 —6,8
4 74,1 77,1 —-31 89,0 64,4 69,5 —-50 72,4 78,0 —57
5 86,7 93,9 —-73 99,0 78,7 88,0 -93 79,5 88,9 —94
M 63,9 64,8 —4,5 86,8 59,7 63,4 —6,4 66,4 71,7 -73
C.% 49 51 3,7 15 39 40 39 27 27 2,6
t 0,14 2,60 - 0,42 3,69 0,78 5,46*

Mpumeuanusn: S u S,V uV,, W uW,— COXpaHHOCTB, JKH3HECTIOCOOHOCTD, 3P (PEKTUBHOCTE SMOPHOHOB B  KOHTPOJIE H OTIBITE MOCIIE
KpI/IOKOHCCpBMpOBaHHﬂ Kpmepym aHamM3a JOCTOBEPHOCTH Pa3Inyus CTbIO}leHTa HeTapHble ISl OHOI mapbl (KOHTPOJIb—OIIBIT)
npob — ¢ W napHele — ¢, Juls Tpex nap; * — P> 0,95, # - P > 0,99.

Notes: S and S,, ¥, and V,, W, and W, — survival, viability, efficiency of embryos in the control and experiment after cryopreservation;
criteria of analysis of statistical significance of the difference (Student’s criterion): non-paired for one pair (control-experiment) of the
samples — ¢ _and paired — ¢, for 3 pairs; * - P2 0.95,% - P 2 0.99

npo6ne|v|b| 169 problems
pr06wonorvw| of cryobiology

T.21,2011, Ne2 Vol. 21, 2011, Ne2



pas3nuuus yCTaHOBJEHA I IIOKa3aTesied cpeaHen
pasnoctu: P 20,95 nis xusnecnocobnoctu V, -V, =
—6,4%, t,= 3,69 u P =2 0,99 nnsa sdppexruBroCTH
KpuoKoHcepsupoBanus W — W, =-7,3%,t, = 5,46 c
NpUMEHEHHEM napHoro kputepus CTbhromeHTa Ui
OLIEHKH Pa3IHyusl CpeHEH pa3sHOCTH MEXKIY BBIOOD-
kamu. [Ipn nucnons3oBanny HemapaMeTPUUECKUX KPU-
TEpUEB 3aJaHHasl JOCTOBEPHOCTD Pa3IHyusl BELIOOPOK
B KOHTPOJIC U OmbITe He obecreunBaercs (P < 0,95).

YcpenHeHHbIe BETMYUHBI KOOQPHUIIMEHTOB Bapua-
WY, BBIYMCIICHHBIC JUIsl TIOKa3aTeneldl COXPaHHOCTH,
JKU3HECTTOCOOHOCTH M 3((DEKTUBHOCTH, COCTaBUIH S50
40; 27%, a ux pa3HOCTEH (KOHTPOIB-OIIHIT) — 3,7; 3,9;
2,6%. I1oBEIIIIeHNE BOCITPOU3BOAMMOCTH PE3YILTATOB
JUTSL TIOKa3aTeliel KU3HEeCIIOCOOHOCTH U 3((HeKTHUB-
HOCTH I10 OTHOILIEHHIO K COXPaHHOCTH cocTaBmio 1,25
u 1,85 pasa, a Ui UX pa3sHOCTH CpeAHUX OoJiee 4eM B
10 pa3, uro obecneunBacT Ha NOPSIOK YMEHbILICHHE
KOJIMYECTBA HCIIOJIb3yEMBIX SMOPHOHOB IIPH MOJTyye-
HUM JOCTOBEpHOTO pe3ynsrara (P = 0,95).

Taxum 06pazom, ipu yuére MEXTPyTIIIOBOM Bapra-
UM (Pa3HOCTH OTHOCUTENBHOM BETMYUHBI KOJINYECT-
BEHHOH OIIEHKH KU3HECTIOCOOHOCTH SMOPHUOHOB OJIU-
HAKOBOTO KaueCcTBa B CPABHUBACMBIX IPYIINAx) B OTIIU-
Yre OT BHYTPHUIPYNIIOBON (YCPEIHEHHOMN BEIIMYHHBI
Ka4eCTBEHHBIX IMMOKa3aTelled COXPaHHOCTH Pa3HOTO
KadecTBa SMOPHOHOB) BO3MOXHBI MHOTOKPATHOE T0-
BBIIIEHHUE BOCIIPOU3BOAMMOCTH PE3YJIBTaToOB U CO-
KpallleHHEe KOJIYecTBa OMOO0OBEKTOB.

[Tockonbky B mpencTaBlIEHHOM BBILIE CIIOCO0e
pacueT HEOOXOOUMO OCYIIECTBIATH ISl Ka)KIOH
Pyl SMOPHOHOB C OIMHAKOBBIM Kau€CTBOM, a IIPH
MIPOBEACHUH SKCIIEPUMEHTA BCE IMOPHUOHBI IPUHSTO
MIOMEIIaTh B OAWH KOHTEHHep (MpoOHpKy YieHryra
WJIU TITACTUKOBYIO COJIOMHHKY), TO JUISL yao0cTBa
paboThI IPEUIOKEHBI POPMYITBI OTIPEICTICHHUS ITPUBE-
JIEHHBIX BEJIMYMH KONMYECTBa 11, %, n,*, n* sMOpHOHOB
C 33JIaHHBIM Ka4eCTBOM:

n3: =n,—n,—n,
n*=n,+n —n,, (10)
ns* =n,

e n , n,, n,, n,, n,— KOJINYECTBO IMOPUOHOB Pa3HOTO
KadecTBa (JlereHepupOBaHHbIE, HEYIOBIETBOPUTEIb-
HBIE, YOBIETBOPUTEILHBIC, XOPOIIHE U OTIUYHEIE
COOTBETCTBEHHO) TIOCJIE BBHIMTOJIHEHHUS 3aIaHHON TeX-
HOJIOTHYECKOH ONIEPALNH; 71, 71, s — HATAIIBHOE KO-
JIMYECTBO IMOPHOHOB.

Anpo0anus IpeICTaBICHHON MOJIEITU B OIBITAX T10
MPHKHUBIISIEMOCTH JIEKOHCEPBUPOBAHHBIX SMOPHUOHOB
KOPOBBI C OTJIMYHBIM U YAOBIETBOPUTEIHHBIM Ka4ecT-
BOM Jajla BO3MOKHOCTH MOBBICUTH BOCIIPOHM3BOJIH-
MOCTb Pe3yibTaToB B 2,5 pasza [2].

Takum 00pa3om, Bapuanys Ha4aabHOTO COCTOSHUS
SMOpHOHOB KOpoBHI (B auamnazone ot 70 mo 100%)
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the indices of mean difference: P2 0.95 for viability V|, —

L =—6.4%, t, = 3.69 and P = 0.99 for efficiency of
cryopreservation W, — W, = ~7.3%, t, = 5.46 using
paired Student's criterion to assess the difference of
the mean difference between the samplings. Applica-
tion of non-parametrical criteria does not provide the
requested statistical significance of the difference in
the samplings of the control and experimental groups
(P <0.95).

Averaged values of variation coefficients calculated
for the indices of survival, viability and efficiency made
50, 40, 27%, and 2.7, 3.9, 2.6% for their differences
(control-experiment). The rise in reproducibility of the
results for the indices of viability and efficiency in re-
spect of the survival made 1.25 and 1.85 times and for
their differences of the means it was more than 10
times, providing the reduction on the number of the
used embryos for obtaining statistically significant re-
sult by one order (P = 0.95).

Thus when taking into account the variation between
the groups (differences of relative values of quantita-
tive assessment of the viability for embryos of the simi-
lar quality in the groups under comparison) in contrast
to the variation within one group (averaged value of
qualitative parameters of survival for the embryos with
different quality) the multiple rise in the reproducibility
of the results and reduction of the number of bioobjects
are possible.

Since in the above mentioned method the calcula-
tion should be done for each group of embryos with
similar quality and during the performance of the ex-
periment all the embryos used to be placed into one
container (Uhlenhuth vial or plastic straw) then for the
convenience there were proposed the formulas to de-
termine the specific values of the number n,*, n,*, n *
embryos with the set quality:

* =~ o
’133,< ny—n,—np
nr =Nt ng =N,

i
ngm =ng,

(10)

where n, n,, n,, n,, n, are the numbers of embryos of
different quality (degenerated, poor, medium, good and
excellent, correspondingly) after performance of the
set technological operation; n,, n,, n , are the initial
numbers of embryos.

Testing of the proposed model in the experiments
on the grafting of frozen-thawed bovine embryos with
good and excellent quality provided the increase in re-
producibility of the results in 2.5 times [2].

Thus the variation of initial state of bovine embryos
(within the range from 70 to 100%) determines the
reproducibility of the results of their cryopreservation.
Rise in the reproducibility of the results and providing
of their compatibility are implemented when using the
proposed stochastic model. Using this mathematical
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OTIpEIEIIICT BOCIIPOU3BOIUMOCTh PE3yJIbTAaTOB MX
KpHUOKOHCEepBHUpOBaHus. [10BbIIIEHNE BOCTIPOU3BOIH-
MOCTH Pe3yJIbTaTOB M OOECIEYeHNUE MX COIOCTABH-
MOCTH PEaIN3YIOTCS ITPU UCTIOIB30BAHIH MTPEIIOKEH-
HOM cToxacTuyeckoit Monenu. C moMOIIbIO0 MaTeMaTH-
YEeCKOH MOJEM MOXKHO C 3aJaHHOH TOUHOCTHIO (5%)
OIPEAEINTh HAYAIbHYIO )KU3HECTIOCOOHOCTh 3MOPHO-
HOB JKUBOTHBIX U 3((PEKTUBHOCTh ITAIIOB X KPHOKOH-
cepBupoBanus. [lomaraem, 4To qaHHBIN CIIOCO0 MTPH-
MEHHUM JIJIsl aHaJIN3a KU3HECTIOCOOHOCTH SMOPHOHOB
Pa3HBIX BUJIOB )KHBOTHBIX M Y€JI0BEKa, a TAKXKE MOKa-
3aTelIel UX IPKUBIISIEMOCTH.

BbiBOADI

1. Jlnsi MOBBIIIIEHUS BOCIIPOU3BOAMMOCTH PE3YIIbTa-
TOB HCCJIEIOBaHUS U 00ECTICUSHHSI YCIIOBUS UX COTIOC-
TaBUMOCTH IIPU HCIIOJIB30BAaHUHU Pa3HBIX CIIOCOO0B
3aMOpaXMBAaHUS TPEJIOKEHA MaTeMaTH4YecKas Mo-
JIeITb OLIEHKY HaYalIbHOM )KU3HECIIOCOOHOCTH AIMOPHO-
HOB MIICKOITUTAIONMUX U 3(PPEKTUBHOCTH 3TAIOB MX
KPHOKOHCEPBUPOBAHHSI.

2. [lokazaHo, YTO HavaIbHAS JKU3HECIIOCOOHOCTh
3MOpPHOHOB KOPOBHI B 3aBUCUMOCTH OT MX KauecTBa
(Y1OBIETBOPUTEIHLHOC—OTIUYHOE) U (PU3UOJIOTHYC-
CKOTO COCTOSTHUS JOHOpa (370pOBBIE—NIPOOIIEMHBIE
JKUBOTHBIEC) MOXKeT U3MeHsIThCs oT 70 10 100%.

3. 3¢ deKTUBHOCTD Pa3INIHBIX CIIOCOOOB KPUOKOH-
CEpPBUPOBaHMS 3MOPHOHOB MBIIIH MU KOPOBBI MOXKET
U3MEHATHCA OT 53 110 95% u 3aBHCETh OT COCTOSIHUS
01o00BeKTa, a TakKe 0COOEHHOCTEH MPUMEHSIEMBIX
TEXHOJIOTHH.

4. Yu€T KauecTBa UCXOJHOTO OMOIOTHYECKOTO Ma-
TepHala 1 crnocoda ero KpHOKOHCEPBUPOBaHUs 00ec-
[EYMBACT JTOCTOBEPHOCTh MOJYYEHHBIX 3HAYCHUU
P >0,95 npu cokpallleHHd KOJIMYECTBA SMOPHOHOB
MJICKOITUTAIOIIMX J0 JACCATH pa3.
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model one may determine with the set accuracy (5%)
an initial viability of animal embryos and the efficiency
of their cryopreservation stages. We believe that this
method is applicable to analyze the viability of embryos
of human and different animal species as well as the
indices of their grafting.

Conclusions

1. To increase the reproducibility of research re-
sults and provide the conditions of their compatibility
when using different ways of freezing there was pro-
posed the mathematical model for assessment of ini-
tial viability of mammalian embryos as well as the effi-
ciency of the stages of their cryopreservation.

2. It has been shown that initial viability of bovine
embryos depending on their quality (satisfactory or
excellent) and physiological state of a donor (healthy
or unwell animals) may vary from 70 to 100%.

3. The efficiency of different cryopreservation me-
thods of murine and bovine embryos may change from
53 to 95% and depend on the state of bioobject as well
as peculiarities of the applied technologies.

4. Taking into account of initial biological material
and the way of its preservation provides the statistical
significance of the resulted values P = 0.95 with ten
times reduction of the number of used mammalian em-
bryos.
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