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Providing of Condition to Compare
Animal Sperm Cryopreservation Results

IpemnoxeH crocob aHannu3a COXPaHHOCTH AEKOHCEPBUPOBAHHBIX CIIEPMHEB KUBOTHBIX, KOTOPBIil 00ECIIEUNBACT COMTOCTABUMOCTD
IIOJIyYC€HHBIX PE3YJIbTATOB IIPU pa60Te C DAKYJIATaMU, UMCIOIMMU PA3JIMYHYI0 Ha4YaJIbHYI0 TOABUXXHOCTB CIIEPMATO30M10B. nOKa3aHO,
4qTo ):laHHbli/'I croco6 }laéT BO3MOXXHOCTbB IIOBBICUTH BOCIIPONU3BOAMMOCTDL PE3YJILTAaTOB OIIbITAa B OTACJIBHBIX ClIydasax 10 4,5 pa3 no
CPAaBHEHUIO C CYIIECTBYIOLUIMMHU aHajoraMmu. [IpoBeneHHBIN cpaBHUTENbHBIH aHAIU3 [IPU IOMOLIM PAa3IMUYHBIX KPUTEPHEB OLIEHKU
JOCTOBEPHOCTU pPA3JINYUA NJAHHBIX KPUOKOHCEPBUPOBAHHA CIIEPMUEB KUBOTHBIX ITOKasall, YTO MHMHHAMAaJIbHBII pacxon 3gKyJiATa
peanu3yeTcst Ipy HCHOJIb30BaHUH MTPEAJIOKEHHOTO CII0c00a GrnoMeTprueckoil 00paboTku ¢ ypoBHEM HasexxHOCTH P > 0,95.

Knrouessie cnosa: Bocipon3BOIMOCTb, COITOCTABUMOCTh, KPHOKOHCEPBUPOBaHUE, 3P (HEKTHBHOCTD, CIIEPMHH YKUBOTHBIX.

3arnponoHoBaHuUi CI0Ci0 aHaizy 30epe)keHHs IeKOHCEPBOBAHHUX CIIEPMiiB TBapHH 3a0e3redye 3iCTaBHICTh OIePKAHNX Pe3yJIbTaTiB
npH poOOTi 3 eIKyJIATaMH, SIKi MalOTh Pi3HY [TOYATKOBY PYXJIHMBICTh cliepMaTo30iniB. [lokazaHo, 0 gaHuii crociO Jae MOXIMBICTD
HiIBUILNTH BiITBOPIOBAHICTh Pe3y/IbTaTiB AOCHIY B OKPEMHUX BUIAAKax 10 4,5 pa3iB HOPIBHSHO 3 icHytounMu aHajoramu. [IpoBenenuii
HOPIBHSJIBHUHI aHAII3 32 JIOTIOMOTOI0 Pi3HUX KPUTEPIiB OLIHKH JOCTOBIPHOCTI BiZIMIHHOCTI JaHUX KPiOKOHCEPBYBaHHsI CIIEpMiiB TBapUH
NOKa3aB, 110 MiHIMaJIbHA BUTPATA SAKYJIATa Pealli3y€eThCsl IPU BUKOPUCTOBY BaHHI 3aITPOIIOHOBAHOTO CII0CO0Y 6ioMeTpHYHOT 00poOKH
3 piBHEM HaziitHOCTI P>0,95.

Kniouosi cnoea: BinTBOPIOBaHICTh, 31CTaBHICTh, KPIOKOHCEPBYBaHHSI, €PEKTUBHICTb, CIIEpMii TBapHH.

The method for analysis of thawed animals' sperm, providing the comparability of the obtained results when working with
ejaculates of different motilities has been proposed. The rise has been established in the reproducibility of the experimental results up
to 4.5 times if compared with the existing analogues. Comparative analysis based on different estimation criteria of the differences of
cryopreservation results for animals' sperm has shown that when using the proposed way of biometrical processing with the reliability

level of 0.95 the amount of ejaculate is minimum expendable.

Key words: reproducibility, comparability, cryopreservation, efficiency, animal sperm.

[IpuunHON caepKMBaHUS TEMIIA PA3BUTHUS HAYKH
ABJISAETCS HE TOJBKO HEZOCTATOK MaTepHajbHBIX
CPEJICTB, OTPAaHNYMBAIOIINN BO3MOXXHOCTD U3yUEHUS
BBIOPaHHOTO 00bEKTa, HO U HHEPIIMOHHOCTH MBIIILIE-
HUS CyObEKTa, pealn3yIolero JanHbli npomuecc. O6-
30p HayYHBIX pa0bOT 110 OMOIOTUHU M MEIUIIMHE TTOKa-
3bIBaeT [2, 5], 4To OOJbINAas YaCTh U3 HUX OCHOBaHA
Ha WCTOJb30BaHNH OIIMOOYHBIX METOJOB CTATHUCTH-
Yyeckoi 00pabOTKH UIT OHH COBCEM HE COZlepKaT aHa-
JIN3a PEACTAaBICHHBIX JaHHBIX.

[To MHeHHMIO BeqyIIMX HccneaoBaTeeld B 0baacTi
CTaTHCTHUKU [2, 5, 7, 9], cylmecTByoIIMe TEXHOIOTUN
00paboTKK HHGOPMAIIUU MOXKHO YCIOBHO Pa3eiiuTh
Ha TPU YPOBHS: HU3KUH (TTapaMeTpUIeCcKue KpUTEpUn
F,t,Y?), cpenuuii (HemapaMeTpUIECKHE KPUTEPUH X,
x>, U, Z, Tw np., MHOro(haKTOpHBII aHATIM3 U OTITHMH-
3aIusl) U BBICOKHH (CTOXaCTUYECKHE MaTeMaTHdec-
kue mMozenn). JlJiss MHOTOKPaTHOTO MOBBIIICHUS d(¢-
(exTrBHOCTH 00pabOTKN HHYOPMALIUH TPUMEHSIOTCS
METO/Bl CTOXaCTUYECKOTO MojenupoBaHusa — Data

MucTuTyT )mBoTHoBOACTBAa YAAH, 1. Xapbkos
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The cause of deterrence of science development
rate is not only the lack of material resources, limiting
the possible study of the chosen object, but also inert
thinking of the individuals implementing this process.
The review of scientific papers in biology and medi-
cine demonstrates [2, 5] that many of them are based
on the use of incorrect methods of statistical process-
ing or they do not contain the analysis of the presented
data at all.

On the opinion of leading researchers in the field of
statistics [2, 5, 7, 9] the existing technologies of infor-
mation processing may be conditionally divided into
three levels: low (parametric criteria F, ¢, W?), average
(non-parametric criteria ¥, X2, U, Z, T etc., multi-fac-
tor analysis and optimization) and high (stochastic math-
ematical models). For multiple increase of the efficien-
cy of information processing there are applied the
methods of stochastic modeling, data mining [9], the
task of which is the search for non-evident regulari-
ties.
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Mining (auen. “nonydyeHue NaHHBIX, “HO0BIYA 3HA-
HUK”) [9], 3amadeli KOTOPHIX SBIISETCS MOWCK HEoYe-
BHHBIX 3aKOHOMEPHOCTEH.

[TokazaHo, 4TO MakcUManabHas BOCHPOU3BOIU-
MOCTb PE3YIIBTaTOB MEANKO-OMOIOTHIECKHIX UCCIIENIO-
BaHMU peau3yeTcss Ha OCHOBE PUMEHEHUS MapHbIX
CpaBHEHUH U1 yUéTa MEXIPYIIIOBOM BapHaluu UC-
cleyeMbIX mapameTpoB [2, 5]. Ilpu sTom mmst mpoBe-
JEeHHs OTHO(AKTOPHOTO SKCIIEPUMEHTA UCTIONB3YIOT
MapHbIe MapaMeTPHUUecKne KPUTEPHH, a MHOTO(haK-
TOPHOT0 — AMCIIEPCUOHHBIN aHAIU3 TOBTOPHBIX U3Me-
PEHUA.

BmecTe ¢ Tem OOJBIIMHCTBO Pa0OT, MOCBSIILIEHHBIX
KPUOKOHCEPBHUPOBAHHIO CIIEPMHUEB KUBOTHBIX, OCHO-
BAaHO Ha HCIIOJIb30BAHNU HEMAPHOI0 MapaMeTpudec-
Koro kpurepust CThIOIEHTA £, JUIS yCTAHOBJICHHS J10C-
TOBEPHOCTH Pa3NIHYMsl 3HAYEHUN, TOTyIEHHBIX OT
OJTHOTO BSIKYJISATA, Pa3IeIEHHOTO Ha Tapbl (KOHTPOIIb-
OTBIT). JlaHHBIN METOINYECKUIT TPUEM JTAET BO3MOXK-
HOCTH ITOBTOPSTH OIBITH HAa PAa3HBIX ISKYJIATAX MPU
00s13aTeIbHOM COOITIOIEHNN CXEMBI yUeTa COTPSIKEeH-
HOCTH KOHTPOJIBHBIX U ONBITHBIX TIPo0 [1, 8], omHako
HE MO3BOJISIET CPAaBHUBATH PE3YNBTAThI MX COXPaHHOC-
TH BHE YCTaHOBJIEHHBIX I1ap, TOCKOJIBKY B HCCIIE0BA-
HUSIX JIOIyCKAeTCsl MPUMEHEHHE 3SKYJISITOB ObIKa M
Oapana ¢ noaBmkHOCThIO ciepmueB oT 70 1o 100%,
pB16 — 50-100% [1, 4, 8].

Taxum 00pa3om, BOCIPOU3BOAMMOCTD PE3YJILTaTOB
OTJIEIIBHOTO OIBITA M LEJIO0r0 IKCHEPUMEHTa MOKHO
OTIPEAETUTH TOIBKO TIOCPEACTBOM €r0 CTaTUCTHYEC-
KOTO aHajn3a, CJIeOBaTEIbHO OHA 3aBHCHT OT METO-
JIOB ITAHUPOBAHUSA UCCIIEIOBAHNUS, €T0 IPOBEACHUS U
MaTteMmaTudeckoil 0opabotku. [Ipobnema conocraBu-
MOCTH PE3YJIbTaTOB COXPAHHOCTH AEKOHCEPBUPOBAH-
HBIX CIIEpMHEB, MTOMYUYEHHBIX OT Pa3HBIX JAKYJATOB,
CYLIECTBEHHO OIPaHUYHMBAET BO3MOXHOCTb YCTAaHOB-
JICHUS KOPPENALNN MEXKIY UCCIENyEMBIMU TapaMeT-
pamMH, TOCTPOEHNUS PErPECCHOHHBIX 3aBUCHMOCTEH U ITPH-
MEHEHHS] METOJI0B MHOTO()aKTOPHOTO UCCIIEIOBAHUSI.

Iens paboThel — pa3paboTaTh CIIOCOO aHAIH3a CO-
XPaHHOCTH JIEKOHCEPBUPOBAHHBIX CIIEPMHUEB JKUBOT-
HBIX, KOTOPBIA 00EeCreYnBaeT COMOCTaBUMOCTh pPe-
3yJABTATOB TPH PA0OTE C ITKYISATaMHU, UIMEIOIIIAMH Pa3-
HOE Ha4aJbHOE COCTOSTHHE.

Matepnaabl 1 meToAbI

3alllUTHYIO Cpeny IJs KPUOKOHCEPBUPOBAHUS
CHiepMbI ObIKa TOTOBHWIIX IO METOIUKE [8]. 3aMopaku-
BaHUE CIIEPMHUEB OCYIIECTBISIIOCH B pa3paboTaHHOM
HaMH yCTPOHCTBE, OCHOBAHHOM Ha MAaCCHUBHOM OX-
JKICHUN TEPMOOIIOKa B TOPIIOBHHE cOCcy10B [[proapa
X-34(V=35n),u X-5(V=>5n)[4].

IToaBMXHOCTE CITIEPMHEB JKUBOTHBIX B IIpo0e orpe-
JEJISITA METOJIOM BUACO(UKCANN C TOYHOCTHIO 10
1% u BuzyansHO — 5% [ 1, 8]. Buneodukcariro mpume-

KpnoGMOnOr MM

T. 20,2010, Ne4

It has been shown that maximum reproducibility of
the results of medical and biological studies is imple-
mented with basing on the application of paired com-
parison to take into account the variation of the studied
parameters between the groups [2, 5]. Herewith to
perform one-factor experiment the paired parametric
criteria are used and for multi-factor one there is used
the dispersion analysis of repeated measurements.

Along with this the majority of papers devoted to
cryopreservation of animal spermatozoa, is based on
the use of non-paired parametric Student's criterion ¢,
for examining the statistical significance of the differ-
ence between the values, obtained from one ejaculate,
divided into pairs (control-experiment). This method
gives the possibility of repeating the experiments in dif-
ferent ejaculates with mandatory meeting the protocol
of taking into account the conjugation of the control
and experiment samples [1, 8], however, does not al-
low the comparison of the results on their integrity be-
yond the set relationship, since in the studies there is
admitted to apply the ejaculate with in initial motility of
bovine and sheep spermatozoa from 70 to 100% and
50-100% for fish [1, 4, 8].

Thus the reproducibility of the results of a certain
assay and the whole experiment may be determined
only by means of its statistical analysis, therefore it
depends on the methods of research planning, its per-
formance and mathematical processing. The problem
of comparability of the integrity results of frozen-thawed
sperm, derived from different ejaculates, significantly
limits the possibility of determining the correlation be-
tween the studied parameters, building of regression
dependencies and application of the methods of multi-
factor research.

The research aim is to design the method of ana-
lyzing the integrity of frozen-thawed sperm of animals,
providing the comparability of the results when work-
ing with ejaculates with different initial state.

Materials and methods

Protective medium for bull sperm was prepared
according Ostashko’s method [8]. Sperm freezing was
performed in designed by us device, based on passive
cooling in neck of Dewar’s vessel X-34 (V=351)and
X-5(V=51) 4]

Motility of animal spermatozoa in the assay was
examined with video fixation with an accuracy up to
1% and visually up to 5% [1, 8]. Video fixation was
applied when estimating the indices of statistical sig-
nificance of the difference (control-experimental) sam-
ples, obtained from one ejaculate, in the control and
experimental groups made not less than 3, the number
of ejaculates was 5.

The integrity of spermatozoa in the sample was
assessed according to the following expression [1, 8]:
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HSUTU TIPY OIICHKE MOKa3aTeNeil JOCTOBEPHOCTH Pa3Iiu-
4st MPOO (KOHTPOJBHBIX U OIBITHBIX ), TIOTyYEHHBIX U3
OJTHOTO 3SKYJIATA, & BU3yaJIbHBIH METOJ — AJIs Mpoo,
MOJIYYEHHBIX U3 HECKOJIBKUX ISKYIATOB. KomnuecTBo
Ipo0, TIOTYYEHHBIX U3 OTHOTO SKYJISITa, B KOHTPOIBEHOMH
¥ OTIBITHOM T'PYIIIIax COCTABJIUIO HE MEHEE 3, KO-
YECTBO JSKYJIATOB — 5.

COXpaHHOCTh CIIEPMHEB B MPOOE OICHUBAIH TIO
BeIpakenwmio [1, 8]:

S=—, (D

IJe 7 — KOJIMYECTBO MOCTYMATENbHO IBHKYIINXCS
CIIEPMHUEB; 11, — O0I1IEE KOIMIECTBO CIIEPMUEB B IPOOE
(oxomo 100).

3¢ dekTHBHOCTH BEIOpAaHHOW MPOIEAYPBI KPUOKOH-
CEpBUPOBAHMS CTIEPMHEB W BBIUMCIISIIN KaK BETTHIUHY
YCIIOBHO BEPOSITHOCTH B COOTBETCTBUU C (HOPMYIIOW
baiieca [4, 6]:

W=—, 2)

e S, S, — COXpaHHOCTh JICKOHCEPBUPOBAHHBIX U Ha-
TUBHBIX CIIEPMHEB COOTBETCTBEHHO.

CpaBHMTENBHBIN aHAJIN3 METOAOB CTATUCTUYECKOM
00paboTKU Pe3yNbTaToOB sl JEKOHCEPBUPOBAHHBIX
CIEpPMHUEB KUBOTHBIX MPOBOAWIN B KOHTPOIHHON U
OMBITHBIX IPyIIax ¢ OIMHAKOBOM U pa3HOI HAYAJIBHOM
COXpaHHOCTBIO S, U S, (BbIpaxkenue 1). JlocTosep-
HOCTb Pa3JIN4us COXPAHHOCTH CIIEPMHUEB 1 dPPEKTHB-
HOCTh MX KPHOKOHCEPBHUPOBAHMS OMNpPENEIAIN Ha
pa3zAenbHOM 3SKYJIATE ISl OAHOM mapsl Mpod (KOHT-
POIB-OMBIT) METOJOM aJILTEPHATHBHOTO BapbHPOBa-
HUA £ , 1715 5 ap — ¢ NOMOUIBIO IIAPHBIX U HEMAPHBIX
MapaMeTpUUYECKUX U HEMTApaMETPUIECKUX KPUTEPUEB
[2, 5, 6]. [Tapusiit kputepuit CThrONEHTA £, IPUMEHSIIH
JUTSI OTICHKH CPEIHEN Pa3sHOCTH MEXIy BEIOOpKaMH ¢
MIapHOCOTPSKEHHBIMH MTapaMeTpamHu, a HeapHbIA —
{, C HECBA3AHHBIMH.

st ycpeaqHEeHHBIX BEJIWUYMH BeposiTHOCTE M
coxpanHocTH u 3ddexruBrOCTH (M = 0,75 nymu M <
0,25) ucrnonp3oBainu coco0 yriioBoi TpaHchopmarn
@umiepa ¢ = 2arcsin JMu KpUTEepui t, 2,5, 6]. B
KaueCTBE HEMapaMeTPUIECKUX MPUMEHSITN KPUTEPUU:
IMupcona (x?), Yunkokcona (7 u U).

J1g cpaBHEHHS BOCITPOM3BOIMMOCTH PE3YIIBTAaTOB
TECTUPYEMBIX CIIOCOOOB aHaln3a JOCTOBEPHOCTH
pas3nuuus BEIOOPOK CPeJHEKBAAPATUIECKOE OTKIIOHE-
HHS PACCUHUTHIBAIN MO METOIY ajlbTE€PHATHBHOTO
BapbUPOBaHHUA [2, 6]:

O-i:'\/(Mi(l_Mi)’ (3)
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s=", (1)

where n is number of forwardly moving spermatozoa; n,
is total number of spermatozoa in a sample (about 100).

The efficiency of the selected cryopreservation pro-
cedure W for spermatozoa was calculated as the value
of the conditional probability in accordance with the
Bayes' theorem [4, 6]:

; 2

where S and S are the integrities of frozen-thawed
and native spermatozoa, correspondingly.

The methods of statistical processing of the results
of frozen-thawed animal spermatozoa were compara-
tively analyzed in the control and experimental groups
with the similar and different initial integrity S, and
S,, (expression 1). The statistical significance of the
dif-ference in an integrity of spermatozoa and efficien-
cy of their cryopreservation was determined in sepa-
rated ejaculate for one pair of samples (control-ex-
periment) by means of alternative variation ¢ , for five
pairs it was done with paired and non-paired paramet-
ric and non-parametric criteria [2, 5, 6]. Paired Stu-
dent's criterion ¢, was applied to estimate an average
difference between the conjugated parameters in the
samplings, and non-paired ¢, with non-related ones.

For averaged values of probabilities, M, of integrity
and efficiency (M = 0.75 or M < 0.25) there was used
the method of the Fisher transformation (p=2arcsin\/ﬁ
and criteria ¢ [2, 5, 6]. As non-parametric ones there
were applied the Pearson’s ()?) and Wilcoxon’s (7 and
U) criteria.

To compare the reproducibility of the results for
the tested analysis methods of statistical significance
of samplings' difference the standard deviation was
counted on the alternative variation method [2, 6]:

Gi:'\/(Mi(l_Mi)’ (3)

where i is current index, reflecting the number of the
parameter to be averaged; M, is probability of integ-
rity of spermatozoa (expression 1); M, is probability
of differences of integrity mean values in the control
and experiment (M, = |S, — §|); M, is probability of
efficiency of cryopreservation (expression 2); M, is
probability of differences of efficiency mean values,
calculated for the control and experimental groups
(M, = W, ~ W,).

The reproducibility of the experiment results was
assessed by means of variation coefficient:
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rae i — TeKyIHUid HHACKC, OTPaXKAIOIIMKA HOMEp CIIO-
coba TmpoBeNeHUs CTAaTUCTUYECKOTO aHanusa: M, —
BEPOSATHOCTH COXPAHHOCTH CIiepMUeB (BbIpaxeHue 1);
M| — BEPOATHOCTH PA3HOCTH CPEJHUX MOKa3aTesek
COXPaHHOCTEN B KOHTpOIE U ombiTe (M, =[S — S)|);
M, — BepoATHOCTD 3 (HEKTHBHOCTH KPHOKOHCEPBHUPO-
BaHus (BbIpakeHue 2); M, — BEPOATHOCTH Pa3sHOCTH
CPEIHUX MoKa3aTenel 3(hpeKTHBHOCTEH, pacCUMTAHHBIX
JUIL KOHTPOJILHOM M ONBITHOM rpynm (M, = W, — W.|).
Bocnpon3BoarMoCTh pe3yasTaToB HKCIIEPUMEHTa
OLICHUBAJIM [TPH TIOMOIIH K03 QuIeHTa Baprualnm:

c. =2.100%. (4)
M

1

[ToBbleHKHE BOCIIPOM3BOAUMOCTH PE3YIIBTATOB 2,
OTIPEICIISTH KaK OTHOIIeHUE KO3 PHIIMEeHTOB Bapra-
IIUH, TOJYYEHHBIX M3 BEJIUYHMHBI CPEIHEKBAIPATH-
4eCKOT0 OTKJIOHCHHS TIOKA3aTesIsi COXPAaHHOCTH CIIep-
MHEB S ¥ Pa3HOCTU COXPAHHOCTH CIIEPMHEB, OI[CHEH-
HBIX B KOHTpOJIE u onbiTe AS =[S, — S |:

__ [sa-9
"V AS(1-AS) ®)

AHAJIOTUYHO OTIPEISIISIIN ITOBBIIIEHHE BOCIIPOU3BO-
JMMOCTH Z, IPH HCIIOJIb30BaHUHU MOKa3atess dpdek-
TUBHOCTU W U €r0 pa3HOCTH B KOHTPOJIE U ofbiTe AW =
|W, — W,| nisi BBIYMCIIEHUS Z,:

5=t 2022 (©)
(1-W)

_w [ sa-5)
S

ST\ ama—-amy )

IToBbIIEHNE BOCTIPOU3BOAMMOCTH PE3YIILTATOR Z,,
00yCJIOBIIEHHBIX OTHOLLIEHHEM K03(h(hPUIIMEHTOB Bapua-
LU, TOTyYEHHBIX U3 Pa3HOCTH BEIMYNH COXPAaHHOCTH
1 3G PEKTHBHOCTH B KOHTPOJIE H OTIBITE:

W | AS(1-AS) )
Zy=— | .
YOS\ AW (I-AW)
MuHHMMAaNbHOE KOTMYECTBO 3KYIITOB N, obecrie-
YUBAIOIINX JOCTOBEPHOE CPEIHEE 3HAUEHUE COXPaH-
HOCTH cliepMueB (Bbipaxkenue 1) u 3dexTuBHOCTH

MX KPHOKOHCEPBUPOBAHUS (BBIPAXKEHHE 2) C YPOBHEM
HanexHoctu P > 0,95, onpenensiu mo [3]:

N = (LCV ] , 9)
p
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Vi

C. =90.100%. (4)
Mi
An increase of reproducibility results z, was defi-
ned as the ratio of the variation coefficients, derived
from the value of standard deviation of the integrity in-
dices of spermatozoa S and difference of spermatozoa
integrity in the control and experiment AS = |§, — S |:

_ [ .81=95)
VAS(1-AS) " ©)

1

In the same way there was determined the rise in
reproducibility z, when using the efficiency index W
and its differences in the control and experiment AW =
|W,— W) to calculate z,:

5 =e 2L ©)
s\wa-w)
NAEES

ST SV Awa—amy )

Increase in reproducibility of the results z, stipu-
lated with the ratio of the variation coefficients and
obtained from the difference values of integrity and
efficiency in the control and experiment was counted
on the formula:

W | AS(1-AS
o, =W | Asd=45) - @®)
SNAWA-AW)
Minimal number of ejaculates V, providing the statis-
tically significant mean value of spermatozoa integrity
(expression 1) and the efficiency of their cryopreser-

vation (expression 2) with the reliability level P = 0.95
was determined according to the formula [3]:

N =(icy), ©)
P

where 7 is Student's criterion (if the number of ejaculates
k=15, t=2.78); p is admissible relative error (p = 5%).

Correlation of spermatozoa initial state with the
values of their post-thaw integrity and efficiency of
this procedure was examined by means of Pearson
criterion 7 [2, 5, 6]. The obtained indices of integrity
and efficiency were expressed in percentage.

Results and discussion

At the first research stage to determine the appli-
cation conditions for existing criteria of statistical sig-
nificance of the integrity difference of animal sperma-
tozoa with similar initial state S in the control and
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rae ¢ — kputepuid CThloneHTa (11
KOJIMYEeCTBa 00OPa3LOB IKyJsiTa k = 5,
t = 2,78); p — nomycTuMasi OTHOCH-
TeJbHAas OIIMOKa, BEIPaKEHHAS! B IPO-
neHTax, p = 5%.

Koppensiuunio HagansHOTO COCTOS-
HUSI CIIEPMUEB C BEIHMYHHAMHU HUX
COXPAHHOCTH TOCIIE KPHOKOHCEPBHUPO-
BaHMS U 3()(PEKTUBHOCTHIO NaHHOM
MIPOLIEAYPHI OTIPEAEIISIIH TP ITOMOIIIN
kputepud [Iupconar 2, 5, 6]. Ilomy-
YEeHHBIE MTOKA3aTeIN COXPAHHOCTH U
3¢ (HEeKTUBHOCTH BBIpaXKalu B MpPO-
LEHTaX.

Pe3yAbTathl M 00CyXXAeHHe

Ha nepBom stane ucciaegoBaHust
JUISI OIPEJIEIICHUS yCIIOBUM IPUMEHH-
MOCTH CYIIECTBYIOIIUX KPUTECPHUEB
JIOCTOBEPHOCTH PA3NUUUSI COXPaH-
HOCTH CIIEPMHUEB JKHBOTHBIX, TMEIO-
ITUX OAMHAKOBOE HAYAIEHOE COCTOS-
HUE S, B KOHTPOJILHOW M OMBITHBIX
rpyTMIax, IpoBeIeH aHaIH3 BIOOPOK,
COCTAaBIICHHBIX 10 aHAJIOTUH C IKCIIE-
PUMEHTAIBHO MOJTyYEHHBIMU TaHHBI-
mu [4] (Tabn. 1).

HauanbHast coxpaHHOCTH cmep-
mueB u3MeHsanack ot 70 mo 90% c
marom 5%. [Tokazarenu coxpaHHoC-
TH B OIBITHOM X KOHTPOJILHOM IpyTIax
OTIpeAeNsIN U3 BRIpaKeHus (2), ¢
YYIETOM IOTPEITHOCTH BU3YaITBLHOTO
croco0a OIeHKH ITOIBUKHOCTH CIIep-
MHUEB 5%, 0 YCTAaHOBJICHHBIM MTOKa-
3arenaM 3)(HEeKTUBHOCTH KPHOKOH-
CEPBUPOBAHUS CLICPMHUEB B KOHTPOJIb-
Hoit W = 55% u onbiTHOM W, = 50%
rpyIIax.

MeTonoM abTepHATUBHOTO BaphH-

Taomauua 1. CoxpaHHOCTB IEKOHCEPBUPOBAHHBIX CIIEPMHEB, TOTYIEHHBIX
3 DAKYJIATOB C OTMHAKOBON HAYaJIbHOH ITOABHXHOCTBIO S
B KOHTPOJIGHOH W OMBITHBIX FPyIIax

Table 1. Integrity of thawed spermatozoa derived from ejaculates with
similar initial motility S in the control and experimental groups

CoxpaHHOCTb, % OddekTuBHOCTD, %
Howmep Integrity,% Efficiency,%
IPOOEI
Sample
S, S, S, S,—S, t, W, w, W, -Ww, t,
1 90 50 45 50 1,74 55,6 50,0 56 1,93 a
2 85 50 45 50 1,74 58,8 52,9 59 2,06 a
3 80 45 40 50 1,75 56,3 50,0 6,3 2,17 a
4 75 40 40 0,0 0,00 53,3 53,3 0,0 0,00
5 70 40 35 50 1,79 57,1 50,0 7,1 2,49a
CraTucTUYecKue IapaMeTphl OIeHKN
Statistical parameters of assessment
TD 80,0 45,0 41,0 4,0 - 56,2 51,3 50 -
C, 9,9 11,1 10,2 52 - 3,6 33 53 -
N 30 38 32 8 - 4 3 9 -
t - 1,23 3,58 b - 373 ¢ 3,50 b -

IIpumeuanue: S, 1 .S, — COXPaHHOCTh CNIEPMUEB B KOHTPOJIE U OMBITE OCIIE KPUOKOH-
cepaupoBanus, W, 1 W,—3QpeKTHBHOCTS KPHOKOHCEPBUPOBAHHS B KOHTPOJIE U OIBITE;
rapaMeTpUICCKIe KPpUTESPUH aHAIN3a JOCTOBEPHOCTH pas3iimyns CTHIOIEHTA: HEapHbIe
151 OTHOM Taphl P06 — ¢ , ISATH — ¢ ; apHBIE — £,; P — CPEJIHAs BEIMIUHA BEPOSITHOCTH
COXpaHHOCTH criepMueB S (M dQPEKTUBHOCTH MX KpUOKOHCepBHpoBanus W), N —
MUHHMAJIBHOE KOIMIECTBO ISKYIIATa, 00CCIIEYHBAIOIIETO JOCTOBEPHOE CPEIHEE 3HA-
uenne P 20,95, C —kosdduurent apuanuu, %; a, b u ¢ — ypOBHHU HAJIEKHOCTH 10C-
TOBEPHOCTH pasinuus cpeqaux 3HadeHui 0,95, 0,99 1 0,999 cooTBeTCTBEHHO.

Notes: S, and S, are sperm integrity values in the control and experimental samples
after cryopreservation; ¥, and W, are cryopreservation efficiencies in the control and
experimental groups; parametric criteria in Student’s analysis of differences’
significance: non-paired for one pair of samples are ¢ ; for five pairs are 7,; paired
criteria are ¢,; P is mean value of probability for sperm integrity, S (and their
cryopreservation efficiency, #); N is minimal number of ejaculates providing significant
mean value P20.95; C is variation coefficient, %; a, b and c are statistical significance
reliability levels of the differences of means, 0.95, 0.99 and 0.999, correspondingly.

pOBaHusl {, TIOJTy4€HA JOCTOBEPHOCTD PA3IIMYMSA B OTIbI-
Te U KoHTpose P > 0,95 nns mokazarens 3¢ dekrus-
HocTH W. MakcumanbHasi 1OCTOBEPHOCTh PazInyus
P > 0,999 nabmonaercs ais nmokasarenei 3G dexrus-
HOCTH KPHOKOHCEPBHUPOBAHMSA C TPUMEHEHNEM HeTap-
HbIX £, = 3,73 nnapueix £, = 3,50 (P > 0,99) kpurepues
CreroneHTa, MpeaHa3HaYEHHBIX 7S OLEHKH pa3Inyuus
CpeAHUX Pa3HOCTEN (KOHTPOIb-OIIBIT) ¥ CPpeIHEN pa3-
HOCTH MEXJIY BIOOpKaMu. 111 COXpaHHOCTH MOTyde-
Ha JOCTOBEPHOCTH pasnuuus P = 0,99 npu ucnonb3o-
BaHWU napHoro kputepus Creronenra ¢, = 3,58.
MeHee npUroJHBIM OKa3aJicsl OOLIeTIPUHATHIN He-
napHbeli Kputepuit CThIOIEHTA ¢, OLIEHKH Pa3HOCTH
CpEIHHX BEJIMUMH COXpaHHOCTEH criepmueB P < 0,95.
[TpuMeHeHrne HeNapaMeTPUIECKOTO KpUTepHs > He
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experimental groups there were analyzed the samplings
composed on the analogy of experimental findings [4]
(Table 1).

Initial integrity of spermatozoa changed from 70 to
90% with 5% step. The integrity indices in experimen-
tal and control groups were derived from the expres-
sion (2) with taking into account an error of visual as-
sessment of spermatozoa motility 5% on the determined
indices of cryopreservation efficiency for the sperma-
tozoa in the control W, = 55% and experimental W, =
50% groups.

By the method of alternative variation, t, the sta-
tistical significance of difference in the experimental
and control groups P = 0.95 was obtained for the effi-
ciency index W. Maximum statistical significance of

problems
of cryobiology

Vol. 20, 2010, Ne4



00ecreunIIo JOCTOBEPHOCTH Pa3Inyusl P00, HOTyYeH-
HBIX B KOHTPOJIBHOHU M onbITHOW Tpynnax (P < 0,95).
Hcnonp3oBanue Kputepusi Yuiakokcona I' obecriedn-
BaeT ypOBEHb HaJle)KHOCTH paznuumst P > 0,95 ne me-
Hee ueM JUIs 7 ISKYyISATOB.

Ha cnenyromem stane ucciaenoBaHusl IpOBEICH
CPaBHUTEJBHBIN aHAJWU3 METOAOB CTaTUCTUYECKOU
00pabOTKH pe3yNIbTaToOB JEKOHCEPBUPOBAHHBIX CIIEP-
MUEB, IMEIOIINX Pa3HYI0 Ha4aJdbHY0 COXPAaHHOCTh B
KOHTPOJIbHOM U OTBITHBIX Tpynmax S u S, (Tadm. 2).
HauanpHast coxpaHHOCTB CIIEPMUEB H3MEHSIIACH CTY-
[eHYaTo B KOHTpoJbHOMU rpymme oT 70 10 90% u B
oneITHOH OT 70 1o 80% c marom 5%. Pazanune Ha-
YaJIbHOT'O COCTOSIHHSA CIIEPMHEB, OLIEHEHHOE 10 KpUTE-
puto CTproneHTa t,= 1,91 B cpaBHMBaeMBIX TPyIIIIaX,
0Ka3aJIoCh HeoCTOBepHBIM P < 0,95,

J51g OLIeHKH BIUSHUS pa3anuydys HadyaldbHOIO COC-
TOSIHUSI CIIEPMHEB Ha IOKa3aTENIH MX COXPaHHOCTH
rocje KpHOKOHCEPBUPOBAHUS MOMEHAJIN MECTaMH
BEJIMYHMHBI 3)(PEKTUBHOCTH B KOHTPOJILHOH W = 50%
1 onbITHOU W, = 55% rpynmnax. JloCTOBEPHOCTD pa3-
JINYMSI HA4YaJIbHOTO COCTOSIHHS CIIEPMUEB B ONBITHON
Y KOHTPOJIBHOM IPyIINax, OEHEHHOTO HeMapHBIM KpH-
tepreM CTBIOEHTA, UMEET MOJIOKUTENBHBIN 3HAK, a
COXPAaHHOCTb JI€KOHCEPBUPOBAHHBIX CIIEPMHEB —

Tabmuua 2. CoxpaHHOCTh IEKOHCEPBUPOBAHHBIX CIICPMHEB,
TIOJTYYEHHBIX U3 HSKYISTOB C Pa3HOH HadallbHOH MOJBIKHOCTHIO B

KOHTPOJILHOH S, 1 OTIBITHOH S, TpyTIIIax

Table 2. Integrity of thawed spermatozoa derived form ejaculates with
different initial motility in the control S, and experimental S, groups

the difference P = 0.999 was observed for the indices
of cryopreservation efficiency with applying non-paired
t,= 3.73 and paired ¢, = 3.50 (P 2 0.99) Student's cri-
teria, designated for the estimation of differences of
the mean differences (in control and experimental
groups) and average difference between current val-
ues (obtained in these groups). For spermatozoa integ-
rity there was obtained the statistical significance of
the difference P = 0.99 when using the paired Student's
criterion ¢, = 3.58.

Less suitable occurred to be traditional non-paired
Student's criterion 7, for estimation of the mean values
for spermatozoa integrity P < 0.95. Application of non-
parametric criterion x> did not provide statistically sig-
nificant differences of assays obtained in the control
and experimental groups (P <0.95). Use of Wilcoxon’s
T criterion provides the reliability level of the differ-
ence P > 0.95 not less than for 7 ejaculates.

At the following research stage there has been per-
formed a comparative analysis of the methods of sta-
tistical processing of the results for frozen-thawed sper-
matozoa with different initial integrity in the control and
experimental groups S and S, (Table 2). Initial integ-
rity of spermatozoa changed stepwise in the control
group from 70 to 90% and from 70 to 80% with 5%
step in experimental one. The difference
of initial state of spermatozoa, estimated
according to Student's criterion 1,=1.91
in the groups to be compared, occurred
to be statistically insignificant P <0.95.

To estimate the effect of different ini-
tial state of spermatozoa on the indices

o CoxXpasHOCTE,% SdpexTnBHOCTE % of their integrity after cryopreservation

oMe i o, ici o, . .
pose Integrity.% Eificiency,% the efficiency values in the control ¥, =

0, 1 = 0,
Sample | o s, s, s, s/ s w, w, 50% and experimental w,=5 S.A) groups
were switched. The statistical significan-
1 90 80 45 45 45 | 505 50,0 56,1 ce of initial state of spermatozoa in the
experimental and control groups assessed
z 8 80 40 4 e e 62 with non-paired Student's criterion is posi-
3 80 75 10 10 0 | 8 500 534 tive value ?nd the integrity of thawed sper-
matozoa is a negative, 7, = —1.46 (P <
4 75 75 40 40 40 40 53,3 53,3 0.95). The use of non-parametric Wilco-
xon criteria provides the reliability level
5 70 0o 40 B | 40 0,0 1 of the difference P > 0.95 with the num-
CraTHCTIMCCKME MApaMTPEL LKL ber of assays derived from more than 10
Statistical parameters of assessment €] aculates.
Statistical insignificance of the devia-
M 80,0 760 | 400 | 420 | 400 | 442 50,1 552 . o

tion of initial state of spermatozoa (Ta-
c 0,9 55 | ss 6.5 88 | 107 44 32 ble 2) does not provide the statistically sig-
nificant difference of their integrity un-
N 30 9 24 13 24 35 6 3 der the same cryopreservation conditions
(W, =50% and experimental W, = 55%),
t 1,91 ~1,46 —1,42 ~3,66 . : -
as well as in the first experiment W, =

IIpumeyanue: cm. Tabm. 1; S, ' u S,' — NpuBeIcHABIC BETMYHMHBI COXPAHHOCTH (8)
HOJIyYSHHBIE JUIs1 KOHTPOJIBHOW M ONBITHOW TPYIIIL.

Notes: see the Table 1; §' and $?, are integrity values (expression 8), obtained
for the control and experimental groups.
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401

55% and experimental W, = 50% (Ta-
ble 1). Therefore insignificant difference
of spermatozoa initial state integrity
means S, —S,, = 4% (an error of visual
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oTpunarenbhbii ¢, =—1,46 (P <0,95). Ucnons3osanue
HenapaMeTpHUeCKUX KPUTEpreB YHIIKOKCOHA o0ecte-
YUBAET YPOBEHb HAZIE)KHOCTH paznuuus P = 0,95, npu
KOJNU4ecTBe Mpo0, momydeHHbIX Oonee yeM u3 10 sKy-
JISITOB.

HenocroBepHOCTh pacxokIeHus1 HaYAIBHOTO CO-
CTOSIHUSA criepMueB (Tabi1. 2) He o0ecreunBaeT J0CTO-
BEPHOTO Pa3Inius UX COXPAHHOCTH MIPHU TEX JKe yCII0-
BHSIX KpuoKoHcepBupoBanus (W, =50% u W, = 55%),
KaK ¥ B iepBoM omneite (W, =55% n W, = 50%). Cne-
JOBATENBbHO, HE3HAYUTENbHOE PA3INYNe CPETHHX T10-
KazaTeleil COXpaHHOCTH Ha4aJIbHOTO COCTOSHUS CTIEp-
mueB S, — Sy, = 4% (ommbka BU3yaJIbHOTO OMpEJIe-
JIEHUS TIOABM)KHOCTH CIIEPMHEB COCTaBIAET 5%) MO-
KET BIUATH Ha PE3ybTaT OLCHKH BHIOPAaHHOTO CIIO-
c00a KpHOKOHCEPBUPOBAHHS.

st conoctaBneHus BEMTUYUH COXPAHHOCTH JIEKOH-
CEpBUPOBAHHBIX CIIEPMHUEB, MOJyUYECHHBIX U3 Pa3HBIX
MAKYNATOB S # S ,, IPEIOKEH CIENYIOIIMH CTI0COD.
Brruncnienne nokasaTeneil COXpaHHOCTH CIIEPMHEB U
3 QEKTUBHOCTH X KPUOKOHCEPBUPOBAHHS B KOHTPOJIb-
HBIX p006ax Mpou3BOAWIN U3 BeIpaxkeHuit (1) u (2). B
OIBITHOM IPYTITE ONPEIETISAIIN CPETHION0 BETHUMHY (-
dextuBHOCTH W, 1 mpob, B KOTOPBIX COBIAAAIH
3HAUCHHsI HAaYaIbHOW COXPAHHOCTH C KOHTPOJIEM

(SiOI - Si02):

(10)

rae W, — 5bhEeKTUBHOCTD (BBIPAKEHUE 2) KPHOKOH-
CEPBHUPOBAHMS CIIEPMUEB B i-1 OMBITHOHN TpymIie; /i —
KOJTMYECTBO ISIKYISATOB, UMEIOIINX OAMHAKOBBIEC 3HA-
YEHHs] HAYAJIBbHOU COXPAaHHOCTU B KOHTPOJBHOW U
OTIBITHBIX TPYIIax.

st cpaBHEHMsI OKa3aTeNlel COXPaHHOCTH JIEKOH-
CEPBHUPOBAHHBIX CTIEPMHUEB, MOTyUYEHHBIX B OITBITHBIX
npobax, ¢ KOHTposieM (TIpu pa3HON HayaJbHOM CO-
XPaHHOCTH S # S ,) HEOOXOUMO ONPEENTUTH BENIH-
YUHY TPUBEIEHHON COXPAHHOCTU S, B OMBITHBIX
npodax:

Sé:S2+(S01_S02)W2' (11)

O hexTHBHOCT KPHOKOHCEPBUPOBAHUS CIIEPMHUEB

B ONIBITHBIX TPYTIIAX

(12)

Pesynbrarsl mpoBepKy MpeAnoKeHHBIX (HOpMYI
(10)—(12) mpencrasnensl B Ta0. 2. JIoCTOBEPHOCTH
paznuuust P = 0,999 nomydeHa st mokasarens 3¢ dex-
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examination of spermatozoa motility makes 5%) may
affect the result of assessment of the chosen cryopre-
servation way.

To compare the integrity values of thawed sperma-
tozoa obtained from different ejaculates S, # S, ,, there
has been proposed the following method. The integrity
and efficiency indices for spermatozoa cryopreservation
in the control assays were derived from the expres-
sions (1) and (2). In experimental group the efficiency
value ¥, was determined for the assays, wherein the
values of initial integrity coincided with the control

(Sim - Si02):

= (10)

where W, is efficiency (expression 2) of spermatozoa
cryopreservation in the i-th experimental group; /4 is
the number of ejaculates with similar values of initial
integrity in the control and experimental groups.

To compare the integrity indices of frozen-thawed
spermatozoa obtained in the experimental assays with
the control (at different initial integrity S, ;]t S,,) it is
necessary to determine the value of the S, reduced
integrity in experimental assays:

S§:S2+(S01_S02)W2' (11)

The cryopreservation efficiency of spermatozoa

in experimental groups is as follows:

(12)

The results of checking the formulas (10)—(12) are
presented in Table 2. The statistically significant dif-
ferences P = 0.999 is obtained for the efficiency in-
dex, calculate by means of non-paired Student's crite-
rion ¢, = —3.66.

The obtained correlation coefficients »=0.95 point
to the relation between initial state of spermatozoa and
their post-thaw integrity (Table 1, 2) and almost com-
plete absence of that (» =-0,12+0,23) when using the
assessment efficiency index of the chosen cryopre-
servation protocol.

To compare the results on integrity of spermatozoa
cryopreserved with different protocols it is necessary
that their mean values would be obtained with the reli-
ability level of P > 0.95. Minimal amount of ejaculate
(expression 9) for the integrity index (Table 1, 2) made
13+38 (if the method of separate ejaculate was ap-
plied) and 3+6 for the efficiency (with no meeting this
limitation).
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THUBHOCTH, BEIYUCIIEHHOT'O P IOMOLIY HENAPHOTO KPH-
tepust Ctbronenra ¢, = —3,66.

[Honyuennsie koadduienTs! Koppemsuu » = 0,95
yKa3bIBalOT HA HAIMYHE SIBHOH CBSI3U MEXIy Hadallb-
HBIM COCTOSIHHEM CIIEPMHEB 1 MX COXPAHHOCTHIO ITOCITe
KpUOKOHCEpBHpOBaHUS (Tabn. 1 1 2) 1 MpaKTUYeCcKH
MIOJTHOE OTCYTCTBHE TakoBoi » = —0,12+0,23 mpu uc-
TMOJIB30BaHNH TTOKa3aTels SQ(PEKTUBHOCTH OIIEHKH BbI-
OpaHHOTO CI0c00a KPHOKOHCEPBUPOBAHHS.

i cpaBHEHUS pe3yabTaTOB COXPAHHOCTH CHep-
MHEB, KPHOKOHCEPBUPYEMBIX Pa3HBIMU CIocoOamu,
HE00X0IMMO, YTOOBI X CpeIHUE 3HaYCHUS OBbLIH TO-
JIy4eHBI C ypOBHEM HajieskHOCTH P = 0,95. MuHumans-
HOE KOJIMUYECTBO AKYJsTa (BBIpakeHHEe 9) 115 TIOKa-
3arens coxpanHoctH (Tabiu. 1 u 2) cocraBmio 13+38
(Ipu ycnoBUY MPUMEHEHHSI METOA Pa3IeIbHOTO i~
KyJsiTa), a 3 dekTuBHOCTH — 3+6 (0e3 He0OXOAMMOCTH
COOJTIOICHNS] TAHHOTO OTPAHUYCHHUS).

Taxum o6pa3om, mpruMeHeHHe moKazareis 3P Qex-
TUBHOCTH TIOBBITIAET BOCTIPOU3BOANMOCTD Pe3ybTa-
TOB JIEKOHCEPBUPOBAHHBIX CIIEpMHUEB B 23 pa3a (Ko-
a¢¢unmeHT Bapuanuu cHmkaercs ot 7+11 go 3+4%
cM. Tabin. | u 2). YBennueHue BOCIPOU3BOAMMOCTH
pe3ynbpTaroB [4] MIPOUCXOIUT 3a CUET yUeTa CBSI3U CO-
CTOSIHUS CLIEPMUEB 0 U MOCIE UX KPUOKOHCEPBUPO-
BaHMS (TOYHEE Yepe3 OTHOIICHHE ITHUX BEIUYHH,
BbIpaKeHHE 2). AHATIOTHYHBIM 00Pa30M ITOBBIIIACTCS
BOCIPOM3BOIUMOCTB TOCPEACTBOM PUMEHEHHUS TTAp-
HBIX KPUTEPHEB ¢, [2, 5, 6], GUKCHPYIOIHMX CBA3b B
napax KOHTPOJIb-ONIBIT (Yepe3 UX Pa3HOCTh).

Maremarndeckoe MoeTupoBaHne (BEIpaKEHUE )
[TOKA3aJI0, YTO MAaKCHMAJIbHOE ITOBBIIIEHUE BOCTIPOU3-
BOAMMOCTH z, = 1,8+2,3 yCTaHOBJIEHO /17151 ITApaMETpa,
YUUTBIBAIOIIETO BEJIMYMHY Pa3HOCTH COXPAHHOCTH B
OIBITE ¥ KOHTPOJIE, COCTAaBUBIIYIO 5%, MPU COXpaH-
HOCTHU AEKOHcepBUpOoBaHHOTO oObekTa 20+80%
(puc. 1). YBenuueHne pacxoXJeHHS COXPAHHOCTH B
CpaBHMBaeMbIX Tpynmnax a0 50% cHIKaeT BOCIIPOU3-
BOJUMOCTbD (z1 =0,8).

[Mpumenenne nokazarens 3G HEeKTHBHOCTH (BBIpa-
JKeHHe 0) TOBBIIIAeT BOCTIPONU3BOIAUMOCTD Pe3yabTa-
TOB z, = 8,7 Ipu 3G PEKTUBHOCTH KPUOKOHCEPBUPO-
Baausa 90% u coxpanHoctu oobekTa 20% (puc. 2).
CHmxeHre BeTMIHHBI 9 HEKTHBHOCTH JIO YPOBHSI CO-
XPaHHOCTH TOHMKAET BOCIIPOU3BOAUMOCTS z, = 1,0.

PasHocThk moxazateneii 3¢ pexkruBHOCTH, paccuu-
TaHHBIX JJ151 KOHTPOJIBHON Y OTIBITHOM rPyII (BBIpaXe-
Hue 7), o0ecreunBaeT MaKCUMaJIbHYIO BETMYUHY BOC-
IPOU3BOJIMMOCTH Z, = 8,3, TIOJIyYE€HHYO IIPU Pa3HHUILIE
COXpaHHOCTH 00BbeKTa 5% 1 3 PEKTUBHOCTH KPUOKOH-
cepBupoBanus 90% (puc. 3). Ilpu camwxennn 3¢ dex-
TUBHOCTH 110 50 % BOCTIPOU3BOIUMOCTH YMEHBIIIACTCS
z,=4,6. MuHuManbHas BENMMYMHA Z, = 1 MOXKET ObITh
[IOJTy4€Ha, ECJIH TI0Ka3aTellb COXPaHHOCTH, Pa3HOCTh
3¢ dekTHBHOCTH 1 3()(HEKTUBHOCTD COCTaBISIOT 50%.
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BocnpouseoanmMocTs, Y.e.
Reproducibility, arb. units

Puc. 1. [ToBbinieHrE BOCIPOU3BOIUMOCTH PE3yIbTATOB
KPHOKOHCEPBUPOBaHUsA O0MO0OBEKTA, BBIYUCICHHOE KaK
oTHouIeHUe K03 PUIIEHTOB BapHal[ii COXPAHHOCTH U €€
pasynyus B KOHTPOJIE U OIBITE (BBIPAXKECHUE 5).

Fig. 1. Reproducibility enhancement of cryopreservation
results of bioobject, counted as the ratio of integrity
variation coefficients and its difference in the control and
experimental groups (expression 5).

Thus the use of the efficiency index exceeds the
reproducibility of the results for frozen-thawed sper-
matozoa in 2+3 times (variation coefficient reduces
from 7+11 to 3+4%, see Tables 1 and 2). The repro-
ducibility of the results increases when the relationship
of spermatozoa state prior to and after cryopreservation
is taken into account [4], i. e. via the ratio of these
values (expression 2). In the similar way the repro-
ducibility of the results is enhanced by means of appli-
cation of paired criteria ¢, [2, 5, 6], which fix the rela-
tion in the pairs: control-experiment either prior to or
after effect of testing factor (via their difference).

Mathematical modeling (expression 5) has shown
that maximum rise in the reproducibility z, = 1.8+2.3
was established for the parameter, considering the value
of difference in the experimental and control groups’
integrities, making 5% at the integrity of frozen-thawed
object of 20+-80% (Fig. 1). The increase in in-tegrity
deviation in the groups under comparison up to 50%
reduces the reproducibility (z, = 0.8).

Use of the efficiency index (expression 6) enhances
the reproducibility of the results z, = 8.7% at 90%
cryopreservation efficiency and 20% object integrity
(Fig. 2). The reduction of the efficiency value down to
the level of integrity reduces the reproducibility z, =
1.0.

The difference of efficiency indices, calculated for
the control and experimental groups (expression 7),
provides the maximum reproducibility value z, = 8.3,
obtained at the difference of 5% object integrity and
90% cryopreservation efficiency (Fig. 3). During the
reduction of efficiency down to 50% the reproducibil-
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BocnponssogumocTs, Y.e.
Reproducibility, arb. units

70 75 80 -
COXDaHHocrb, % 8 90 q}{: .g‘)z’
Integrity, 9, F&

Puc. 2. [loBpimeHne BOCIPOU3BOAUMOCTH PE3yJIbTaTOB
KPHUOKOHCEPBHUPOBaHUSI OMO0OBEKTa, BEIYUCIEHHOE Kak
OTHOUIEHHE KOI(DPUIMEHTOB BapHaluu TokaszaTeiei
COXPaHHOCTH U 3¢ (EKTUBHOCTH (BBIpaskeHHE 6).

Fig. 2. Reproducibility enhancement of cryopreservation
results of bioobject, counted as the ratio of integrity
variation coefficients and efficiency (expression 6).

st onpeneneHnsi KpaTHOCTH MOBBILIEHUS BOC-
MIPOU3BOAMMOCTH PE3YJIBTATOB MPEIOKEHHOTO CIIO-
co0a, 10 CpPaBHEHHMIO C CYIIECTBYIOLMM aHAJIOTOM, TIPO-
BEJICH aHaJIN3 JAaHHBIX, OLIEHEHHBIX JIs TapaMeTpOB
Pa3HOCTH COXPAHHOCTH M pa3HOCTH 3()(HEeKTUBHOCTH
(BeIpaxkenue 8, puc. 4). YCTaHOBIEHO, YTO MaKCH-
MaJIbHO€ TIOBBIIIEHUE BOCIPOU3BOIUMOCTH z, = 4,5
Habmonaercst pu dddexkruBHoctr 90% U coxpaH-
HoctH 20%. CHmkenue 3¢ dextuBHOCTH 10 50% MOHU-
’KaeT BOCHPOU3BOJUMOCTD z, = 2,5. MunuManbHas
BOCIPOU3BOIMMOCTS Z, = | IOJTy4€eHa pu COXPaHHOC-
TH O0nooOBexTa 50%.

PacyeTsl npoBOAMIINCE TPH YCIIOBUH, UTO BETUYH-
HBI PAaCXOKICHHUSI COXPaHHOCTH M 3P (HEKTUBHOCTH
paBHbI (AS = AW). Pe3ynbTarsl skcriepuMeHToB [4] 1mo-
Ka3bIBAIOT, YTO PACXOXKJIECHHUE BEINYMH COXPAHHOCTH
MPEBBIILIACT pa3IuyKe Mnokazarenei 3HeKTHBHOCTH
AS > AW B KOHTpOJIE ¥ OIIBITE TIPU HCIIOIB30BAHNN
OJHOTO c11oc00a KPHOKOHCEPBUPOBAHUS U HA00OPOT,
AS < AW — nipu UCnoNb30BaHUHU Pa3HBIX CIIOCOOOB.
HeobxoauMo yduTBIBaTh, YTO BOCIPOU3BOJAUMOCTD
PEe3YJIBTAaTOB 3aBUCUT OT COOTHOIIEHUS BEIMUNH AS 1
AW. Caenyer OTMETUTH, 9TO IMPH TOBBIIIEHUN BOC-
MIPOU3BOAMMOCTH PE3YIBTATOB MOXKHO COKPATUTh KO-
andecTBo Jsikysita B K pa3 (K = z%, BeipaxkeHue 9).

Takum 00pa3om, BOCHPOU3BOAUMOCTD pe3yibTa-
TOB HAy4YHOI'O HMCCJIEOBAaHUSA 3aBHUCUT OT METONOB
IUTAHUPOBAHMA ¥ IPOBEIEHHsI IKCIIEPUMEHTa, 00pa-
OOTKH MOJTyYEHHBIX JaHHBIX, TOCKOJIBKY OLIEHUTH 1aH-
HYIO BeJTMUHHY 0€3 OCYIIECTBICHHS CTATUCTUIECKOTO
aHaJIM3a HEeBO3MOXKHO. Bapuanus HaqarbHOTO COCTOS-
HUS CIIEPMHEB KHUBOTHBIX (B Ananazone ot 70 10 90%)
3HAYUTEIHHO BIHSIET HAa BOCIIPOM3BOUMOCTD PE3YIb-
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Puc. 3. IloBbimieHne BOCIPOM3BOIUMOCTH PE3yIbTATOB
KPHOKOHCEPBUPOBaHUs O0MO0OBEKTA, BRIYUCICHHOE KaK
OTHOIIEHHNE KO3()PUINEHTOB BapHalMy IOKa3aTelel
COXPaHHOCTH M pa3HHULBI 3 (HEKTUBHOCTH B KOHTPOJIE U
ombITe (BBIpaXKeHHE 7).

Fig. 3. Reproducibility enhancement of cryopreservation
results of bioobject, counted as the ratio of integrity
variation coefficients and efficiency difference in the control
and experimental groups (expression 7).

ity decreases z, = 4.6. Minimum value z, = 1 may be
obtained if the integrity index, efficiency difference and
efficiency make 50%.

For determination of multiplicity of reproducibility
rise for the results of the proposed method if com-
pared with existing analogue, there were analyzed the
data assessed for the parameters of integrity differ-
ence and the one of efficiency (expression 8, Fig. 4).
The maximum rise in reproducibility z, = 4.5 has been
found at 90% efficiency and 20% integrity. Decrease
of the efficiency down to 50% reduces the reprodu-
cibility (z, = 2.5). Minimum reproducibility z, = 1 was
obtained at the bioobject integrity of 50%.

The calculations were performed under the condi-
tion that the values of deviation of integrity and effi-
ciency were equal (AS = AW). The experimental re-
sults [4] have shown that the deviation of the integrity
values exceeds the difference of the efficiency indi-
ces AS > AW in the control and experimental group
when using the same cryopreservation method, and
vice versa, AS < AW if using various methods. It should
be taken into account that the reproducibility of the
results depends on the condition of the ratio of the val-
ues AS and AW. It should be noted that when increas-
ing the reproducibility of the results the amount of ejacu-
late may be reduced in K times (K = z?, expression 9).

Thus the reproducibility of the scientific research
results depends on the methods of planning and per-
forming the experiment, processing of the findings,
since the estimation of this value without statistical
analysis is impossible. The variation of initial state of
animals' spermatozoa (within the range from 70 to 90%)
significantly affects the reproducibility of the cryopre-

problems
of cryobiology

Vol. 20, 2010, Ne4



TaToB KPHOKOHCEpBUPOBaHUsl. [loBbIIIEHHE BOCTPOU3-
BOJIUMOCTH PE3yJBTaTOB U 00eCTICYeHNE X CONIOCTA-
BHMOCTH PEAJM3YIOTCS IIPH UCIIOJIb30BaHUH MPELJIO-
KEHHOT'0 OMOMETPHUECKOTO CII0c00a, C MOMOILBIO KO-
TOPOT'0 MOKHO ONPEAEIHUTH yCIOBHS MHOTOKPAaTHOTO
CHIKEHHS! KOJTMIECTBA OTBITOB KPHOKOHCEPBHPOBAHHS
CYCIICH3UH KJIETOK B IIPOIIECCE MPOBEICHUSI TOUCKOBBIX
OIIBITOB, TOTA KaK OOLIETIPUHSATHIE TapaMeTPHYECKHE
U HemapaMeTpHU4YeCKHe METOABl CTaTHCTHYECKOTO
aHaJIM3a pacCYUTaHbl HA 00pabOTKy yKe MPOBEICH-
HOTO SKCIIepUMeHTa. MeTOIbl INIAaHUPOBAHHUS, COJIEP-
x)amuecss B nporpaMMmHbiX nmaketax STADIA,
SPSS-17, moaynax MHOropakTOPHOTO aHajlu3a
MANOVA 103BOJSIOT ONMpeAeauTh HaIlpaBICHHUE
moucka (rpagueHT pocTa meneBoil GyHKIWH), a HE
YCJIOBUS PELICHUs IOCTAaBJICHHOW 3a]a41 UCCIIe10Ba-
HUs (MUHIMAaJIbHOE KOIMYECTBO H3MEpPEHUH, oOectie-
YUBAIOIIHNX JIOCTOBEPHBIN PE3yNbTar).

[Monaraem, 4TO TaHHBIH CIIOCOO OKAXKETCS TPHMeE-
HUMBIM TP aHAIN3€ COXPAHHOCTH CIIEPMHEB Pa3HBIX
BUJIOB JKUBOTHBIX, YEJIOBEKA U IITHLIBI, a TAKKE ITOKa3a-
Tenel ux nepexnpaemoctu [ 1, 8].

BbiBOADI

1. Ilpeanoxen OMOMETPHUYECKUI cIOCO0 aHATH3a
COXPaHHOCTH JIEKOHCEPBUPOBAHHBIX CIIEPMHEB KHBOT-
HBIX, 00€CTICYMBAIONIHI COMTOCTABUMOCTh Pe3yJIbTa-
TOB, TP PA0OTE C ITKYIATAMHU, UMEIOLIUMH Pa3HOE
HayaJbHOE COCTOSTHHE.

2. JlaHHBIE MaTEMaTHIECKOTO MOJIETUPOBAHUS TI0-
Ka3aJii, 4T0 OMOMETPUIECKHNA CITOCOO MOBBIIITAET BOC-
MIPOU3BOAUMOCTD PEe3yJbTaToB ombiTa 10 4,5 pa3 B
CPaBHEHHH C CYIIECTBYIOLUIMMHU aHAJIOTaMHU.

3. CpaBHeHHE Pa3TUIHBIX METOJOB CTATUCTHYEC-
KOTO aHaJIn3a JaHHBIX KPHOKOHCEPBUPOBAHUS CIIEp-
MHEB KUBOTHBIX [TOKa3aJ10, YTO [IPH UCIIOIb30BAHUH
MPEAJIOKEHHOT0 Crocoba ¢ ypOBHEM HaACKHOCTH
P > 0,95 neobxoguMo MHUHHMAJIbHOE KOJIHYECTBO
00pasIoB.
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Puc. 4. T[ToBbiieHHE BOCIPOU3BOIUMOCTH PE3YyIbTATOB
KPHOKOHCEPBUPOBaHUs O0MO0OBEKTA, BRIYUCICHHOE Kak
OTHOLIEHHE KO3 PUIMEHTOB BapHaluu IOKa3aTeseH,
MMEIOIINX PaBHBIC 3HAYCHHS PA3IMUUs COXPAHHOCTH U
3¢ peKTHBHOCTH B KOHTPOJIE U ONBITE (BhIpXKEHHE 8).

Fig. 4. Reproducibility enhancement of cryopreservation
results of bioobject, counted as the ratio of variation
coefficients ofthe indices with equal values of the integrity
difference and efficiency in the control and experimental
groups (expression 8).

servation results. Rise in the reproducibility of the re-
sults and providing their comparability are implemented
when using the proposed biometric method, by means
of which the conditions of multiple reduction of the
number of experiments on cryopreservation of cell
suspensions during the researches can be determined.
Meanwhile traditional parametric and non-parametric
methods of statistical analysis are meant for the pro-
cessing of already done experiment. The methods of
planning containing in the software STADIA, SPSS-
17, multifactor analysis modules MANOVA, enable the
determining of the search direction (growth gradient
of objective function), but not the conditions of the so-
lution of the research task set (minimal number of
measurements, providing the statistical significance of
the result).

This method is believed to be applied when analyzing
the integrity of spermatozoa of different animal, hu-
man and avian species, as well as the indices of their
survival [1, 8].

Conclusions

1. There has been proposed the biometric method
for analyzing the integrity of frozen-thawed spermato-
zoa of animals providing the comparability of the re-
sults when working with ejaculates with different ini-
tial state.

2. The data of mathematical modeling have shown
that biometric method increases the reproducibility of
the experimental results up to 4.5 times if compared
with the existing analogues.
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3. Comparison of different methods of statistical
analysis for the data on cryopreservation of animals'
spermatozoa has demonstrated that minimum number
of ejaculates is implemented when using the proposed
way with the reliability level P >0.95.
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