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Effect of Convector Freezing on Sperm Survival

and Fertilizing Ability After Thawing

M3noxeHbI PE3YyIbTAaThl HCCIECIOBAHUMA 10 pa3pa60TKe, HU3Y4YCHHUIO U MPAKTUYCCKOMY HCIIOJIB30BAHHUIO NOPTATHUBHOTO
KPHUOKOHBEKTOpPA AJIA 3aMOpPaXUBaHUA IT'€PMETUSUPOBAHHBIX CIICPMO03. IToxa3aHa BBICOKast 3(1)(1)CKTI/IBHOCTI> ITaHHOK pa3pa60TKH B
YCIOBHUAX IMPOU3BOACTBA ITPU CO3JaHUN OaHKa SaMOPO)KfJHHOfI CIIEPpMBbI OBIKOB B O6J'II/IIIOBaHHI>IX TpaHyjax.

Knioueswie cnosa: crepma 6I>IKa, KPUOKOHCEPBHUPOBAHNUE, KDUOKOHBEKTOP.

IoxaHo pe3ynabTaTi JOCIHIIIPKEHB MO0 PO3POOKH, BUBUCHHS Ta IPAKTUYHOTO BUKOPUCTAHHS IIOPTATHBHOIO KPIOKOHBEKTOPA JUIs
3aMOpPOXKyBaHHs FepMETH30BaHuUX criepmono3. [Tokasana Bucoka edeKTHBHICTb TaHOT pO3pOOKH B yMOBaX BUPOOHHIITBA IIPH CTBOPEHHI

0aHKy 3aMOpOXKEHOT criepMHu OyraiB B 0OJIMIIbOBAHUX FPaHyJIax.

Kniouosi cnosa: ciepma Oyrasi, KpiOKOHCEPBYBaHHsI, KPIOKOHBEKTOP.

The research results on the development, studying an practical use of portable cryoconvector for freezing of encapsulated sperm
doses have been proposed. A high efficiency of this designing under production conditions when creating frozen bovine sperm in

encased granules was shown.
Key-words: bovine sperm, cryopreservation, cryoconvector.

Ha coxpanenue MopdocTpyKTypbl 1 PU3HOIOTHU-
YeCKOU MOTHOLIEHHOCTH MOJIOBBIX KJIETOK ITPH 3aMOopa-
JKUBAHUH BIHAET CKOPOCTH CHIDKEHUS TEMIEPaTyPhl
oOnekra. [lo manHBIM [1-8] CKOpPOCTH OXNTAXKIEHUS
OHMOIOTHYECKOW CHCTEMBI “TIONOBasi KJIeTKa — KPHO-
3aIUTHAS cpefia” AOKHA OBITh TAKOM, 9TOOB MOJKHO
OBUTO M30eXKaTh Pe3KUX OCMOTHYECKHUX T'PaJUEeHTOB,
OTPHUIATENIFHO BIIMAIOMINX HA HENOCTHOCTh TOHKHX
LUTOCTPYKTYP, CO31aTh YCIOBHUS A1 MAKCUMaJIbHOU
JeruApaTaliy KJIETKH 10 Havyaja (pa3oBoro nepexoaa
“Boma —nén” ¥ TaKUM 00pa30M NMPEJOTBPATHTE B HEH
BHYTPHUKJIETOYHOE JbJI000pa3oBaHue. DTU yCIOBHSA
MOJKHO CO3J1aTh JUIs CIEPMHUEB MMOHMKEHNEM TEMIIEpa-
Typsl co ckopocThio 18-32°C/MuH mop 3amuTou
YIIEBOA-TIITMLEPUH-KENTOYHON KPUOMPOTEKTOPHOMI
cpensr [10, 11].

AHann3 3aKOHOMEPHOCTEH TerIooOMeHa MEeXay
00BEKTOM, KOTOPBIH 3aMOPaKMUBAIOT, U XJIaJareHTOM
MTOKa3bIBAET, YTO ONITUMANBbHBIE YCIOBUSA JUIS TIOTy4e-
HUs HanboJiee BBICOKHUX CTPYKTYPHO-(QyHKIIHOHAIb-
HBIX ITOKa3aTele KauecTBa CIiepMbl Iocie €€ NEKOH-
CEPBHUPOBAHMSI CO3AAI0TCS IIPU PABHOMEPHOM B3aUMO-
JEHCTBUM XJaJareHTa 3aJaHHOM TeMIlepaTypsl cO
BCEH OBEPXHOCTBIO KaX 101 CIEpMOJI03bI, YTO MOXKET
OBITH TOCTUTHYTO BHECCHUEM Pa30aBICHHOM CIIEPMBI
o 0,1 M1 B JTyHKH OJI0Ka CyXOro JIbJ1a, TOJIEPKHUBAIO-
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The rate of temperature drop of object affects the
preservation of morphological structure and physiolo-
gical integrity of sexual cells during freezing. Accor-
ding to the data reported [1-8] the cooling rate of
biological system ‘sexual cell-cryoprotective medium’
should be supposed as capable to avoid sharp changes
of osmotic gradients, negatively affecting the integrity
of fine cytostructures, to create the conditions for
maximum dehydration of cell prior to the beginning
of “water-ice” phase transition and thereby to prevent
ice formation in it. These conditions may be created
for the sperm by temperature reduction with the rate
of 18-32°C per minute under protection of “carbohyd-
rate-glycerol-yolk” cryoprotective medium [10, 11].

Analysis of regularities of heat exchange between
the object to be frozen and cooling agent shows that
optimal conditions for obtaining the highest structural
and functional indices of sperm quality after their
thawing are established at even interaction of cooling
agent of the set temperature with the whole surface of
each sperm dose, that may be achieved by introduction
of diluted sperm by 0.1 ml into the wells of dry ice
block maintaining a constant temperature in the
contact with the sperm zone (-79°C) [10, 11]. However
these conditions are difficult to be performed when
freezing the sperm doses placed into the containers
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LIEro B 30HE KOHTAKTa CO CIEPMOI MOCTOSHHYIO
temneparypy (—79°C) [10, 11]. Omnako 3Tu yclioBus
TPYZHO BBITIOJIHATH MTPH 3aMOPAKUBAHUH CTIEPMO/IO3,
COCPEIOTOYECHHBIX B KOHTEHHEepax KPYIHBIMH CepHsi-
MH, C UCIOJIB30BaHUEM B KaueCTBE KpHOAreHTa
KHUJKOTO a30Ta, MOCKOJIBbKY M3BECTHBIE CIIOCOOBI UX
3aMOpakKuBaHus 0a3MPYIOTCS Ha MPHUHIIUIIE TTaCCHB-
HOHM KOoHBeKImu xojona [3, 9, 11]. Dto mpuBoguT
WHEPLUUOHHOCTH, NeCTa0MIIN3alKN PEKUMA OXJIaxkK-
JEHHS B OTAENBHBIX CIIEPMO03aX M YXYAIICHHUIO
Mop(}odyHKIMOHAIBHBIX CBOMCTB criepmueB. OTKIIO-
HEHHUE XK€ OT ONTHUMANBHBIX MOKa3aTeseld KauyecTBa
JEKOHCEPBUPOBAHHOM CIIEPMBI B OTAEIBHBIX CIIEPMO-
7103aX SIBIAETCS] MIPUYMHOM BBIOPAKOBKU BCEW CepUH
[Ty 0OK03aMOPOKEHHON CTIEPMBI U3-3a HECOOTBETCT-
BHs €€ TpeOOBaHMSIM CTaHIapTa.

Lenp paboThI — ONITUMU3AINS YCIOBUI KPHOKOH-
CEpBHUPOBaHMA U pa3paboTka H3PPEeKTHBHOIO METO/a
1 KPUOTEXHHYECKHUX CPENICTB 3aMOPaKUBaHUS CIep-
MBI OBIKa B OOJHMIIOBAHHBIX TPaHYNIax; IMOBHIIICHNE
BBDKMBAEMOCTH U OILUIONOTBOPSIOIIEH CIIOCOOHOCTH
JEKOHCEPBUPOBAaHHOMN CIIEPMBI.

Matepunanbl 1 meToAbl

JJ1s1 OTIBITOB MCHONB30BANIN CIIEPMY KIMHUYECKH
30POBBIX OBIKOB C MOJIBH)KHOCTBIO CIIEPMHUEB HE
Hke 8,0 6aJTOB ¥ KOHIICHTPAIMEH MOJIOBBIX KIIETOK
ue meree 0,8 mipa B 1 Myt aakynsata. CiepMmy OT OBIKOB
MOJTyYaJld aCeNTHYECKUM crtocoOoM. OOBEM IAKyIs-
Ta, KOHICHTPALUIO MTOJIOBBIX KIIETOK, OABHKHOCTB,
BBDKMBAEMOCTH U OIIOAOTBOPSIONIYIO CIOCOOHOCTH
CIIEPMHUEB OMPEEISIN COTIACHO JEHCTBYIOIHUM
Toccrannapram Asst HATUBHOM U 3aMOPOXKEHHOI criep-
MBI OBIKOB. B KadecTBe KpHOKOHCEPBAHTa HCIIOJb-
30Bajid KOHLIEHTPHUPOBAHHYIO JONTOXPaHAIIYIOCS
caxapo30-TIHUIEPUH-KENTOUHYI0 cpexy Nel (skenTok
25 M, caxapo3sa 8,0 r u rmunepus 5,0 mut). Hemmocpen-
CTBEHHO II€pell MCIOIb30BAaHMEM KOHLIEHTPHUPOBaH-
HYIO Cpely PaCTBOPSUIM IUCTUILIMPOBAHHOM BOJIOM 10
o6béma 100 mu. KpuokoHcepBaHT m00aBisin K
crepMe B cooTtHomeHuu 1:1. Crycts 3-5 MuH sKkcno-
3ULIUH,IIOBTOPHO Pa30aBIIsuIM CIEpMY O€3KEITOYHOI
caxapo30-TIHUICPUH-IIUTPATHON cpemoit (caxaposa —
6,0 T, mmuniepuH — 5,0 Mut, uTpar HaTpust — 1,4 T, Boga —
1o 100 mur) KoneuHas cTeneHp pa30aBieHUs CIIEPMbI
yKazaHHBIMU cpefaMu coctaBisuia 1:10. Paz6as-
JIEHHYIO0 criepMy pac(}acoBBIBaJIH B TOJIUMEPHBIE
TPYOKH 10 3aKPBITON CHCTEME C TIOCTIEAYIOIINM aBTO-
MaTHYECKUM pa3ieieHUuEM e€ Ha OTeNIbHbIE CIIEPMO-
0361, 00béMoOM 0,25 MI ¢ OOHOBPEMEHHOU HX
repmeru3arueit [3]. DKBIIHOpAIUIO CIIEPMBI TTPOBO-
i ipu temreparype 0-2°C B TedeHue 4-X 4acoB.

Jns 3aMopaXuBaHUsI CIEPMBI MCIIOIb30BAIH
pa3paboTaHHBIII HaMu KpHOKOHBekTOp (puc.l). B
pabodeM pexruMe OH aBTOMAaTHYECKH CO3/1aeT MOTOK
XOJIOAHOTO Ta3000pa3HOro a3oTa M0 BHYTPEHHEMY
KaHaJTy Ka)KJJOr0 KOHTelHepa ¢ FepMETH3UPOBAaHHBIMH
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by large lots using liquid nitrogen as a cryoagent, since
the known ways of their freezing are based on the
principle of passive convection of cold [3, 9, 11]. This
results in the inertia, destabilization of cooling regimen
in some sperm doses and aggravation of morphofunc-
tional properties of spermatozoa. The deviation from
optimal indices of the quality of thawed sperm in some
sperm doses is the cause of discarding of the whole
lot of deeply frozen sperm due to the discrepancy to
the standard demands.

The research aim is the optimization of the cryopre-
servation conditions and development of effective
method and cryotechnical means for freezing of bovine
sperm and fertilizing ability of thawed sperm.

Materials and methods

For the experiments the sperm of clinically healthy
bulls with the motility of spermatozoa not lower than
8.0 points and concentration of sexual cells not less
than 0.8 billions per 1ml of ejaculate were used. The
sperm from bulls were derived by aseptic way. The
ejaculate volume, concentration of sexual cells,
motility, survival and fertilizing ability of sperm were
studied according to the acting State Standards on
native and frozen sperm of bulls. As a cryopreservative
the concentrated stored for a long time sucrose-
glycerol-yolk medium N1 (25 ml yolk, 8.0 sucrose
and 5.0 ml glycerol) was used. Indirectly prior to
application the concentrated medium was diluted with
distilled water up to the volume of 100 ml. Cryoper-
servative was added to sperm in the 1:1 ratio. In 3-5
min’s exposure the sperm were diluted with yolk-free
sucrose-glycerol-citrate medium (6.0 sucrose, 5.0
glycerol, 1.4 sodium citrate, 100 ml water). Final rate
of sperm dilution with the media mentioned was 1:10.
The diluted sperm was packed into polymer tubes in a
closed system with following automated separation
of it into separate sperm doses of 0.25 ml volume with
simultaneous their sealing [3]. Sperm were equilibra-
ted at 0-2°C for 4 hrs.

To freeze the sperm we used specially designed by
us cryoconvector (Fig. 1). In the run mode it automa-
tically creates the flux of cold gaseous nitrogen on
inner channel of each container with insulated sperm
doses thereby providing the equivalent dosed blowing
with cold for each sperm dose during freezing.

The device functions as follows. After plunging
into liquid nitrogen (2) the container (3) with the
desiccator (8) and its insulated connection (as Fig. 1
shows) with vessel neck (1) in the vessel the stormy
boiling of liquid nitrogen starts creating an additional
pressure over the liquid. Herewith the single way for
gaseous nitrogen into an environment is the clearance
between the desiccator (8) and outer container wall
(3), and inner capacity of the container with insulated
sperm doses (5) and calibration orifice (7) regulating
its flux rate. Gaseous nitrogen under the pressure
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CIepMoJI03aMH, 00eCTIeYrBasi pABHO3HAYHOE JI03UPO-
BaHHOE TEIUIOOTBEACHUE OT KaXKION CIIEpMOIO3bI BO
BpeMsl 3aMOPaKHBAHHUS.

YerpoiictBo pabotaet crienyronmm odpaszom. [loc-
JIe TIOTPY>KEHUs B )KUIKUH a30T (2) xoHTeitHepa (3) ¢
ucnapureaeM (8) U repMETUYHOIO COCTUHEHUS €ro
(xak moka3zaHo Ha puc. 1) ¢ ropiaoBuHO# cocyna (1) B
cocyle HaunHaeT OypHO KHUIETh KUAKHH a30T,
co3/aBasl JOMOJHHUTEIbHOE JaBICHUE HaJ >KHIKO-
cThi0. [Ipy ATOM €TMHCTBEHHBIM MyTEM JJIsI BHIXOZA
ra3000pa3HOro a30Ta BO BHEIHIOIO CPENY SIBISIOTCS
3a30p MEXAy ucmapuTeneM (8) U BHEITHEH CTEHKOM
KoHTelWHepa (3), BHYTpeHHsIsI EMKOCTh KOHTEHHEpa ¢
repMeTH3UPOBAHHBIMHU CIIEpMOZ03aMHU (5) ¥ Kanopo-
BaHHOE OoTBepcTHE (7), KOTOPOE PETYNUPYET CKOPOCTD
ero notoka. 'a3000pa3HbIi a30T 10 JaBJICHUEM Iepe-
MEIIAeTCsl MEKAY CIIEpMOI03aMHt, CO3/1aBasi COOTBET-
CTBYIOIIIUE YCIIOBUS JUISI aKTUBHOM KOHBEKIIUU U PaB-
HOMEPHOTO TEIUIO0OMEHa BHYTPH KPHOKOHBEKTOpA.
OtpaboTanHble Mapsl a30Ta ¢ OosIee BHICOKOW TeMIe-
parypoii 1moJ| IaBIeHUueM KHIISIIEero a30Ta YIalsoTCsI
BO BHEIIHIOI CPEly CKBO3b KalHMOpPOBaHHOE OTBEp-
crue. [lo Mepe ypaBHOBEIIMBAHUSI TEMIIEPATYPHOTO
rpaJueHTa WHTEHCUBHOCTh MapooOpa3oBaHUs B
E€MKOCTH CHW)KAeTCs TIOYTH JIO TOJIHOTO TpeKpaie-
HUSI, TIPU 3TOM 00ECIeuuBaeTCs palMoOHaIbHOE UC-
MTOJIb30BaHUE KUJIKOTO a30Ta U MAKCUMAJIbHO IMOBKI-
maetcst kK03 PHUIMEHT MoIe3HOTO NeHCTBUS SJHEPTUN
X0JI0Aa.

Jns uzyuenus 3¢ (QeKTHBHOCTH yCTPOHCTBA B
JNEHCTBUM CIIEpPMOJI03bI, OOJIUIIOBAHHBIC IJICHOYHON
000JI0YKOM, 3arpy’Kaji B KOHTEHHED C UCIIapUTeleM
1 3aMopaxxuBasid. CKOPOCTh CHIKECHUS TEMIIEPATY Phl
PETUCTPUPOBAIIN CAMOITHCIIEM C IOMOIIBIO MEJTb-KOH-
CTaHTaHOBBIX TEPMOIIAP, JATYNKH KOTOPHIX IIOMEIIa-
JIM B CIIEPMOJI03b1. PazMopakuBanu criepMy B BOJISTHOI
Oane npu Temmeparype 40°C uepes 24 4 nmocje Kpuo-
KoHcepBHpoBaHUs. [Ipyr TOM H3ydaiu 3aBUCHMOCTb
CKOPOCTH OXJIZXKJICHUS CTIEPMOJIO3 OT MECTa UX PACIIO-
JIOXKEHHSI B KOHTEHHEPE, BIUSHUE 3aMOPaXKHBAHUS HA
Ka4eCTBEHHBIE MTOKA3aTeI! CIIEPMBI TIOCIIE JIEKOHCEP-
BHPOBAHHS IIPH PA3HBIX YPOBHSX 3arpy3Kd KOHTEH-
Hepa CIepMoJIo3aMu U orpenersiii 3pQexTuBHOCTD
YCTPOMCTBA 10 CPABHEHUIO C 3aMOPAYKUBAHHEM CITEP-
MO/103 B KOHTeliHepax 0e3 IOOITHUTEIbHOM BEHTHIISI-
UK X0Ioa0M. J[iist onpeneseHust >Ku3HeCIIOCOOHOCTH
CIIEpPMBbI HUCIOIB30BANH CIEAYIONINE MMOKA3aTeIN:
AKTUBHOCTb, BBDKHMBAEMOCTS ITpu TeMieparype 38°C,
a0CONIOTHASL BEBKUBAEMOCTD ITOJIOBBIX KJIETOK.

Bce cpaBHUTENBHBIE UCCIICIOBAHMUS CIIEPMBI ITPO-
BOJIMJIH Ha Pa3JeN€HHBIX dKyIsTax. OIIonoTBOPsIo-
IIYI0 CIIOCOOHOCTH M3YyYalld Ha 0TOOPaHHBIX IPYyIIax
JKUBOTHBIX. J|€KOHCEpBUPOBAaHHYIO CIIEpPMY BBOZVIN
WHTpAaIepBUKAILHO MAaHO- HIIK PEKTOLIEPBUKAIHLHBIM
Metofamu. [lonydeHHbIe pe3ynbTaThl CTATHCTUYECKU
oOpabarsiBanmu 1o MeTony CThIOmEHTA.
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Puc. 1. [IpuanunuanpHas cxema KpUOKOHBEKTOpA JIJIS 3a-
MOpPa)XUBaHUs cepMbl: 1 — cocyn; 2 — KUAKUHN a30T; 3 —
KOHTElHep; 4 — KUKIEP; 5 — criepMoI03bl; 6 — roppUpOBaH-
Has MPOKJIaJKa; 7 — MOPUCTHIN JepxKarenb CepMoo3; 8 —
HETbHOMETAININYECKUH HCIIApUTENh; 9 — repMeTHYHas
npoOka; A — BepXHee pacHoJIOKEHHUE CIepMoao3; B —
6oxoBoe; C — nmeHTpanpHoe; D — HuKHee.

Fig. 1. Basic diagram of cryoconvector for sperm freezing:
1 — vessel; 2 — liquid nitrogen; 3 — container; 4 — jet; 5 —
sperm doses; 6 - corrugated gasket; 7 — porous holder of
sperm doses; 8 — solid metal desiccator; 9 — encapsulated
stopper; A — upper location of sperm doses; B — side; C —
central; D — low.

migrates between sperm doses by creating the
corresponding conditions for active convection and
even heat exchange inside cryoconvector. Waste
nitrogen vapors with higher temperature under the
pressure of boiling nitrogen are removed into an
environment via calibration orifice. With balancing
of temperature gradient the intensity of vapor
formation in the vessel reduces quite completely up
to ceasing, herewith the efficient use of liquid nitrogen
is provided and the efficiency coefficient for cold
energy is maximally increased.

To study the functioning device efficiency the
sperm doses in polymer coats were placed into the
container with desiccator and frozen. The rate of
temperature reduction was recorded by self-recording
device using copper-constantan thermocouples the
gauges of which were placed into sperm doses. The
sperm were thawed in water bath at 40°C in 24 hrs
after cryopreservation. Herewith the dependency of
cooling rates of sperm doses on the site of their
location in container, the effect of freezing on
qualitative indices of sperm after thawing at different
levels of container loading with sperm doses and the
device efficiency if compared with freezing of sperm
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Puc. 2. 3aBUCHUMOCTh CKOPOCTH OXJIKIEHHUS CIIEPMOJI03
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Fig. 2. Dependence of cooling rate of sperm doses on their
location in the container: 1 — upper, 2 — side, 3 — central,
4 —low.

Pe3yAbTatel M 00CYy)XAeHHue

W3yvanu BirsHNE HHTEHCUBHOCTH ITIOTOKOB T'a30-
00pa3HOro a30Ta yepe3 KOHTEHHEP CO CIepPMOI03aMHU
Ha CTPYKTYPHO-(PU3HNOIOTHYECKUE MTOKA3aTeNH Ka-
YecTBa CIIEPMEI Mociie e€ 3aMOpakKHUBAaHUS-OTTaH-
BaHUsI, HCIIOJIB3YS JKUKIIEPHI pa3HbIX n1uametpos (0,1;
0,5; 1,0; 1,5; 2,0 mM). YcTaHOBIEHO, YTO Hauboee
BBICOKHE Ka9€CTBEHHBIE ITOKA3aTEIH CTIEPMBI TIOTyde-
HBI TIPH KCTIOJIH30BAaHIH KOHTEIHEPA C AKHUKIIEPOM JTHa-
MerpoM 1 MM. Ilocne 3amopaxxuBaHUSA-OTTaUBaHUA
aKTUBHOCTH CIIEPMBI cOCTaBisia 4,2 Oaina, BEDKH-
BaeMocTh nipu 38°C — 6,5 4 1 nmokasarenb abCONIOT-
HOHM BEDKHBAEMOCTH — 14 yCJI. €TUHUIL.

[Ipu u3yuenun >pPeKTHBHOCTH KPUOKOHBEKTOP-
HOTO crioco0a OmpeneNsyii 3aBUCUMOCTb CKOPOCTH
OXJIAXKACHHS CIIEPMOJI03 U KaYeCTBEHHBIX IOKa3are-
JIEH CIIEpPMBI OT UX MECTOIIOJIOKEHHSI B KOHTEHHEpE,
BJIMSIHUE Pa3HBIX YPOBHEW 3arpy3Ku KOHTEHHEpa CIiep-
MOJI03aMH Ha BBIKMBAE€MOCTh JEKOHCEPBUPOBAaHHON
CHepMBI 1 €€ OIUIOIOTBOPSIONIYIO CIIOCOOHOCTb.

Ha puc. 2 nokazaHo u3MeHeHHe BO BPEMEHH TeMIIe-
paTypbl B OTJIENBHBIX CIIEPMO/I03aX, PACHIOIOKEHHBIX
BJI0JIb OCH CUMMETPHUH KOHTEIHEpa CpeId OCTAJIBHBIX
CIIEPMOJI03 B €r0 HW)KHEH, LIEHTPaIbHOU U BEpXHEN
30HaX.

AHanu3 rpaduKoB CHI)KEHHS TeMIepaTyphbl B
CIIEpPMOJ103aX, PA3MELICHHBIX B Pa3HBIX YaCTAX KOH-
TeifHepa MmoKa3al, 4To IMaJeHne TeMIIEPaTy Pl He 3aBH-
CEeJIO OT MX PACIMOJIOKEHUS ¥ IIPOTEKAIO CO CKOPOCTHIO
18-20°C 3a mepByto munyty; 20-25°C — 3a BTOpY10;
28-32°C —3a TpeThlo, a B LIeJIOM TEMIIEpaTypa B crep-
MOJI03aX, Pa3MEIEHHbIX B HU)XHEW, EHTPaJbHOM,
BEepXHEW U OOKOBBIX 30HAX KOHTEHHEpa, CHUXKAIACh
ot 0 1o —79°C na npotspxkenuu 3-3,5 muH. [Ipu sToM
[TOKa3aTely CIIEPMBI B ICCIENYEMBIX CIIEPMOI03aX HE
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doses in containers with no additional ventilation with
cold was examined. To check the sperm viability the
following indices were used: activity, time of survival
at 38°C, and absolute survival of sexual cells.

All comparative studies of sperm were performed
in separated ejaculates. Fertilizing ability was
investigated in selected groups of animals. Thawed
sperm was intracervically by mano- and rectocervical
methods. The obtained results were statistically
processed according to the Student’s method.

Results and discussion

The effect of intensity of gaseous nitrogen fluxes
via the container with sperm doses after its freeze-
thawing using the jets of various diameters (0.1, 0.5,
1.0, 2.0 mm) on structural and physical indices of
sperm quality after their freeze-thawing has been
studied. It has been established that the highest
qualitative indices of sperm were obtained when using
the container with the jet of 1 mm diameter. After
freeze-thawing the sperm activity was 4.2 points,
survival at 38°C made 6.5 hrs and the index of absolute
survival was 14 relative units.

When studying the efficiency of cryoconvector way
the dependency of cooling rate of sperm doses and
qualitative indices of sperm on their location in the
container, effect of different levels of loading of the
container with sperm doses on viability of thawed
sperm and their fertilizing ability were found.

Fig. 2 shows the change of temperature in time in
separate sperm doses located along the axis of contai-
ner symmetry among other sperm doses in its low,
central and upper zones.

Analysis of the diagrams of temperature reduction
in sperm doses located in different parts of the
container has shown that the temperature fall did not
depend on their location and proceeded with the rate
of 18-20°C within the first minute; for the second one
for 20-25°C; for the third one for 28-32°C and in a
whole the temperature in sperm doses located in low,
central, upper and side zones of the container reduced
from 0 to —79°C for 3-3.5 min. Herewith the sperm
indices in the studied sperm doses did not have any
deviations and made: 5.1 points on the activity, 8.5 hrs
on the viability of sexual cells at 38°C and 28.2 relative
units in average (n=10) for the index of absolute
survival. The studied parameters of activity, viability
and absolute survival of sexual cells in the samples
under investigation in all the examined samples
depended on the number of sperm doses located for
freezing in the containers (50, 100, 150, 200).

Efficiency of proposed cryoconvector method was
compared with the one for sperm freezing by a direct
plunging into liquid nitrogen of solid metal container
filled with insulated sperm doses without their addi-
tional ventilation with gaseous nitrogen. Comparative
results of these studies are presented in Table 1.
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HMEJIH OTKJIOHCHHMH M COC-
TaBIISUIN: 110 aKTHBHOCTHU —
5,1 6amia, 10 BBDKHBAEMOC-
TH MOJIOBBIX KJIETOK IpPHU

Taoauna 1. BiausiHue KpHOKOHBEKTOPHOTO METO/Ia 3aMOPayKUBAHUS
repMETH3HPOBAHHBIX CIIEPMO03 Ha BBKHBAEMOCTD MOJIOBBIX KJIETOK HOCTE

JeKOHCepBHpOBaHUs (n=12)

Table 1. Effect of cryoconvector freezing method for sealed sperm doses on survival
of sexual cells after freeze-thawing (n=12)

38°C — 8,5 u 1 moKa3aTeno
a0COJIIOTHON BEDKHBAEMOC- AKTUBHOCTE CHIEDMBbI, Garbl AGcotoTHas
Sperm activity,
BLKUBaeMoCThb BBIDKUBAEMOCThb

™ — 28,8 YCi. €AUHHUI] B BapuaHTEI CIiepMHUEeBTIPU YCA. €.

— _ MCCAEAOBAHUM 38°C,u Absolute
CpeaHEM (n 10) I/I?’yqae Groups npu noayuenuu | opa?;? o s opnaOCAea Sperm survival at survival,rel.

H M HWBaHUA M DKUBAHUA o i
MBIC II0Ka3aTCJId aKTUBHOC- C(;jllllerértli%g before frgezing— after fregzing— 3 Chrs units
TH, BEDKMBAEMOCTH U a0Cco- thawing thawing
JIIOTHOP’I BBI)KUBA€MOCTH o
TIBIT

HOJOBBIX KJIETOK BO BCEX Experiment 80=01 7,201 5101 1211 2112
HUCCICAYCMBIX npo6ax HC
3aBHCEJIN OT KOJIHMYECTBA Kggfllt’rz’l“’ 8,0=0,1 7,20,1 4,5%0,1 8,1=1.0 16,8=1.8
PasMCIICHHBIX JIA 3aMOpa-

’)KMBaHMUSA B KOHTeHHepax
cnepmono3 (50, 100, 150, 200).

3¢ heKTUBHOCTD MPEITIOKEHHOTO KPUOKOHBEKTOP-
HOTO CIT0c00a CpaBHUBAJIH C METOIOM 3aMOPaKIBAHUS
CIIEPMBI MTPSMBIM TIOTPYKESHHEM €€ HEMOCPEICTBEHHO
B KMJIKUH a30T LIEIbHOMETAJUIMUYECKOr0 KOHTEHHEpa,
3aM0JIHEHHOT'O TePMETU3UPOBAHHBIMU CIIEPMO03aMHU
0¢3 MX TONMOJHUTEILHON BEHTHIIANH OXJIAXKICHHBIM
ra3o00pa3HbIM a30ToM. CpaBHUTEIbHBIC PE3YIIBTATHI
ATUX UCCIICIOBAHUI TPUBEICHBI B Ta0II. 1.

Pesynmbrarsl CBHIETENLCTBYIOT, UTO HCITOE30BAHIIE
MPEIIOKEHHOM MOJIE I YCTPOICTBA O3BOJISET MOy~
YUTh 00JIee BRICOKHE ITOKA3aTENI Ka4eCTBA CIIEPMEI B
CPaBHEHUU C KOHTPOJIEM 0 aKTUBHOCTH TOCJIE Pa3MO-
paxupanus Ha 0,6 6a/I0B, BDKUBaeMocTH pu 38°C
Ha 3,9 4 1 110 TOKa3aTeo0 aOCOIOTHON BEKHBAEMOC-
TH Ha 5,3 yCII. €AUHULBI.

Heo0xomumMo OTMETHTB, YTO MTPH HCIIOJIB30BaHUN
KPUOKOHBEKTOPHOT'O METOJa JOCTUTAETCSI pPABHOMEP-
HOE OXJIAKIICHHUE KaXKI0HM CTIepMO/IO3bI, Y€M MPEI0T-
BpAIAIOTCSl PACXOXKICHHS B MOKA3aTeNaX KadecTBa
JIEKOHCEPBUPOBAHHON CIIEPMBI B TIpeAeIax OJHOTO
asKynsTa. TakuM 00pa3oM, KpUOKOHBEKTOPHBIH CITO-

The results testify to the use of proposed model of
the device enables to obtain higher indices of sperm
quality in comparison with the control on the activity
after thawing by 0.6 points, viability at 38°C by 3.9 hrs
and on the index of absolute survival by 5.3 relative
units.

It should be noted that when using cryoconvector
method an even cooling of each sperm dose is achieved
that prevents the divergences in the quality indices of
thawed sperm within the limits of one ejaculate. Thus
cryoconvector freezing way of insulated sperm doses
allowed the improving of the Kharkov technology of
sperm cryopreservation of servicing bulls in insulated
sperm doses, the increasing of its maintainability and
the improving of structural and functional qualities
(Table 2).

Conclusions

Application of cryoconvector way of freezing of
insulated sperm doses significantly increased the
maintainability and effectiveness of cryopreservation
of bovine sperm, improved physiological indices of

Taoauna 2. DpGheKTHBHOCTS IPUMEHEHHS YCOBEPIICHCTBOBAHHON XaphKOBCKOW TEXHOIOIHH aCeNTUYECCKOTO
IOy YeHUS, KPHOKOHCEPBUPOBAHHS U HCITOE30BAHMS CIICPMBI OBIKOB

Table 2. Application efficiency of improved Kharkov technology of aseptic obtaining, cryopreservation
and using bulls sperm.

KoanuecTBO . KoangecTBO KoangecTBO KoanuecTBO
KoanuectBo O6BEM P KoanuectBo Berxop, Teadr
9SIKYASTOB, IIT 3aMOPOKEHHBIX OCeMEeHEeHHBIX OTIAOAOTB] PEH — o
Topkt OBIKOB, TOAOB 3AKYAATA,MA o TeAdT, ToroB | Ha 100 kopos,%
Number of CIIEPMOAO3, LT KOPOB,I'OAOB HBIX KOPOB, % )
Years Number of . Volume of Number of Yiels of calves
ejaculates, X Numbetof frozen Number of Amountof o
bulls X ejaculate, ml . . N s o calves per 100 cows,%
units sperm doses,units | inseminated cows | fertilized cows,%
2001 8 1152 4,0 22087 2772 93 2036 73,4
2002 6 864 4,0 16250 2603 96 1982 76,1
2003 9 1296 4,5 42363 2409 95 1959 81,3
2004 9 1296 50 49234 2200 97 2072 94,1
2005 8 1152 48 42765 2377 97 2216 93,2
Hroro 40 5760 4,46 172699 12361 95,6 10265 83,62
Total
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co0 3aMOpakHBaHHS T€PMETH3UPOBAHHBIX CIIEPMO-
7103 TO3BOJIJI YCOBEPIICHCTBOBATh XapbKOBCKYIO
TEXHOJIOTHIO KPHOKOHCEPBUPOBAHUS CIIEPMbI OBIKOB-
MPOU3BOAMUTENICH B FePMETU3UPOBAHHBIX CIIEPMO-
J103aX, TIOBBICUTH €€ TEeXHOJOTUYHOCTh M YIYUIIUTh
CTPYKTypHO-(pyHKIITMOHANLHBIE KadecTBa (Ta0m. 2).

BbiBOAbI

[IpumeHeHne KPHOKOHBEKTOPHOTO crioco0a 3aMo-
PpaKHBaHUS TEPMETH3UPOBAHHBIX CIIEPMOI03 CYIECT-
BEHHO MOBBICHJIO TEXHOJIOTHYHOCTb U PE3YJIbTaTHB-
HOCTb KPHOKOHCEPBUPOBAHHS CIIEPMbI OBIKOB, YIyY-
M0 (GU3HOIOTHUECKHE MTOKa3aTeNr KauecTBa crep-
MBI TIpU €€ HU3KOTEMITepaTypHOM KOHCEPBHPOBAHUU
Y TI03BOJIUJIO BHEJIPHUTH TAHHYIO pa3paboTKy B IMIHPO-
KYIO TIPOM3BOJICTBEHHYIO MPAKTHUKY C IOJIOKUTENb-
HBIMU pe3yJIbTaTaMH.

YcTaHOBJIEHO, YTO CTPYKTYPHO-(QYHKIIMOHATILHBIE
[OKa3aTeNId KayecTBa CHEPMBI NMPU €€ KPUOKOHCEP-
BHPOBAHHUU HE 3aBHCAT OT KOJUYECTBA CIIEPMOJ03 U
WX pacroiOXKEHNS B Pa3HBIX YacCTIX KOHTEWHEpa.

YcoBepIeHCTBOBaHHAS TEXHOIOTHS KPHOKOHCEP-
BUPOBaHHUS cIepMbl OBIKOB BHeApeHa Ha 0Oase
IJIEMEHHOT 0 X034icTBa “BocTok” M3roMckoro paiioHa
XapbKoBCKOH 00acTH (3arorosieHo 172699 criepmo-
1103 ¥ ipoBezieHo 12361 oceMeHeHrne KOPOB U TEJIOK).
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sperm quality during their low-temperature preser-
vation and enabled to introduce into wide practice with
positive results.

It has been found that structural and functional
indices of sperm quality during their cryopreservation
do not depend on the number of sperm doses and their
location in different parts of the container.

Improved cryopreservation technology of bovine
sperm 1is introduced at the base of “Vostok™ breed
livestock farm of Izyum district of Kharkov region
(where 172,699 sperm doses were procured and 12,361
of cows and heifers were inseminated).
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