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Animal Sperm Freezing Under Laboratory and Field Conditions

ITpensioxeHo yCcTpoilcTBO A KPHOKOHCEPBUPOBAHMUS IMOJOBBIX KJIETOK MIICKONUTAIOLUIMX U PHIO B MOJEBBIX YCIOBHUSIX,
obecreunBarolee CKopocTu 3amopaxusanus ot 0,5 1o 30°C/MuH. FI3MeHeHHe CKOPOCTH 3aMOPAKUBAHHUS JOCTHIACTCS IIOCPEICTBOM
JI03UPOBAHKST MHTEHCUBHOCTH TEIUIOOTBOJA “PyOallkoii” OT METaNIMYecKOro “‘crakaHa”, coaepiKaliero OMooObEKT, B TOPIOBHHE
cocyna proapa X-35. Pa3MmenieHue KOHTEITHEPOB ¢ OMOOOBEKTOM B IPEABAPUTEIBHO OXJIAXKICHHOM TEPMOOJIOKE IMO3BOJSET
pean30BbIBATh H3MEHEHHs CKOPOCTH. [IpH MOMOIIM METOI0B MaTEMaTHYECKOTO MOZICTHPOBAHHS BBIOPaHbI MaTePHAIIbI U TapaMeTpPhI
METAJUTHYECKOTO “‘cTakaHa”, 00eCIIEYMBAIOIICTO B HEM MHHHUMAJBHBIA TPaTueHT pacrupeneicHus temmeparypsl (<1°C/cm) npu
OXJIXCHHH, YTO JaeT BO3MOXXKHOCTh 3aMOPa)KMBAaTh CYCIIEH3HHU KJIETOK 0OBEMOM JI0 5 MJI B KOHTEeHHepe. YCTaHOBIICHBI H3MEHEHHE
TIOJIOXKEHUS “PyOalIKi’ OTHOCHTEIBHO METAJIIMYECKOTO “CTakaHa” v IIyOUHa ero MorpykeHusl B ropJIoBUHY cocynaa Jptoapa X-35,
HEOOXOIMMBbIE ISl pealli3allii ONTUMAIbHBIX PEKUMOB 3aMOPaKUBAHKS CLIEPMHEB ObIKA M IIPECHOBOHBIX BUJIOB pbIObL. COXpaHHOCTH
JIEKOHCEPBUPOBAHHEIX CIIEPMUEB KapIia cocTaBmia 45, a 6b1ka — 40%.

Knrouesvie cnosa: KpuoKoHCEpBUPOBaHHE OHOOOBEKTA, MENICHHBIE CKOPOCTH TEIIIO00MEHa, CIIEPMHUH PIObI, yCTPOICTBO.

3anmponoHOBaHO NPUCTPIil I KPIOKOHCEPBYBaHHS CTaTEBUX KITITHH CCaBIIiB 1 pu0 y OJIBOBUX YMOBaX, IO 3a0e31euye MIBUIKICTD
3amopoxxyBanHA Bix 0,5 1o 30°C/xB. 3MiHa IIBUIKOCTI 3aMOPOXKYBaHHS JOCATAETHCS 33 JNOTIOMOTOIO I03yBaHHS 1HTEHCHUBHOCTI
TEIUIOBIABOY “000JIOHKOI” BiJl METAJICBOTO “CTakaHy’’, IO MiCTUTh 61000’ €KT, y ropyioBuHi HocyauHu [ptoapa X-35. Po3MimeHHs
KOHTEIHEpiB 3 61000’ €KTOM y TOMEPETHHO OXOJIOIKEHOMY TEPMOOIIONI TO3BOJISIE PEali30BYBaTH 3MiHU MIBUIKOCTI. 3a JOIOMOTOIO
METO/IiB MATEMATHYHOT'0 MOJICITIOBAHHS OOpaHO MaTepialli 1 mapaMeTpH METaJIeBOTO “‘CTaKaHy’ PO3MOALTY TEMIIEPATypH, IO 3a0e3redye
B HhOMY MiHiManbHU rpamieHT (<1 °C/cM) Ipu 0XOJOIKEHHI, SIKHI ]a€ MOKIIMBICTh 3aMOPOKYBATH CYCIEH311 KIIITHH 00CSTOM JI0 5 MIT
Yy KOHTeHHepi. YCTaHOBIICHO 3MiHY TOJIOKEHHS “000JIOHKH ™ MION0 METaJICBOro “‘CTakaHy” i MTUOWHA HOTO 3aHYPEHHS B TOPJIOBUHY
nocynuau Jproapa X-35, HeoOXiIHI AJs peanizanii ONTUMaHUX PEXKUMIB 3aMOPOKYBaHHs CIICpMiiB OyraiB 1 IPiCHOBOAHHUX BHIIB
pubn. 36epexeHicTs JeKOHCEPBOBAHHUX CIIEpMiiB Kopoma ckiana 45, a 6yras — 40%.

Knrouoei cnosa: xpiokoHCEpBYBaHHS 61000’ €KTa, MOBLIBHI IIBUAKOCTI TEIIO00MiHY, criepMii puOH, IPUCTPIii.

The device for cryopreservation of sexual cells of mammalians and fish under field conditions has been proposed. It provides
freezing rates from 0.5 to 30°C/min. The change in freezing rate is achieved with dosed intensity of heat-conducting path by means of
“mantel” from metal container with biological object in X-35 Dewar vessel neck. Location of containers with biological objects in pre-
cooled thermal block helps to realize various behaviors of rate changes. Using the methods of mathematical modeling there have been
chosen the materials and parameters of metal container providing minimum gradient of temperature distribution (<1°C/cm) during
cooling that provides freezing of cell suspensions up to 5 ml in a container. The height location of “mantel” regarding metal container
and depth of its submerging into X-35 Dewar vessel neck, necessary to realize optimal freezing regimens of bovine and fresh-water fish
sperm have been established. Survival of frozen-thawed carp sperm made 45 and 40% for bovine ones.

Key-words: cryopreservation of biological object, slow rates of heat exchange, fish sperm, device.

st pereHnst NpakTHYECKUX 3a1a4 OMOTEXHOIOT I
BOCITPOM3BOJICTBA BEICOKOTIPOAYKTUBHBIX CEITBCKOXO-
3SIICTBEHHBIX )KMBOTHBIX YACTO BO3HUKAET HEOOXOIH-
MOCTh KPHOKOHCEPBHPOBATH OMOOOBEKT B YCIOBHUSX,
OTIIMYHBIX OT JIabopaTopHbIX. Hamu pazpaboTtaHo
YCTPOWCTBO, PETHA3HAYEHHOE IJI5I KPHOKOHCEPBUPO-
BaHMS OOLIMTOB U SMOPHOHOB MJICKOTIUTAOLIMX B J1a00-
PaTOPHBIX U MONEBBIX ycnoBUAX [7]. CTouMoOCTb ero
Ha MOPSAOK HUXKE LIEHBI CYIIECTBYIOIINX MPOTrpaMM-
HBIX aHAJIOTOB, a PE3YJBTaThl COXPAaHHOCTH IEKOHCEP-
BHPOBAaHHOI'O OMOMAaTepHalla OCTAIOTCS Ha OTHOCH-
TENLHO BBICOKOM ypoBHE (90 £ 2%). JlanHOE ycTpoiicT-
BO MO3BOJISIET OCYLIECTBIIATH KPaTKOBPEMEHHOE Xpa-

MHcTuTyT kuBoTHOBOACTBa YAAH Ykpaunbl, nrt KyAnHuuu,
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To solve practical biotechnology tasks of repro-
duction of highly productive farm animals there has
appeared the need to cryopreserve biological object
under conditions differing from laboratory ones. We
have developed the device designated for cryopreser-
vation of mammalian oocytes and embryos under
laboratory and field conditions [7]. Its cost is one order
lower than the ones of already existing programmable
analogues and the survival results of post-thaw biolo-
gical material remain at quite a high level (90 = 2%).
This device enables of short-term storing a biological
object at subzero temperatures and freezing down to
different final temperatures with various rates and
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HeHre 0no000beKTa P OKOJIOHYJIEBBIX TEMIIEPATypax
1 3aMOPaXKMBaHHE 10 PA3HBIX KOHEUYHBIX TEMIIEPATYP
C Pa3IM4YHON CKOPOCTBIO U XapaKTepOM €€ U3MEHEHUS!.
OnTuMaNbHbBIA PeXUM OXJIAXKICHUS PAa3INYHBIX THIIOB
01000BEKTa peasn3yeTcs 3a CUeT U3MEHEHHUS XapaK-
TEPHOT'O BPEMEHHU OXJaXAEHHUs TepMoOjoKa 3ana-
HUEM CTETEeHH ero OTKpeITocTH. OIHAKO TP ITpHMe-
HEHHUH YCTPONCTBA HEBO3ZMOYKHO 3aMOPAKUBATh CyC-
MIEH3UH KJIETOK B KOHTelHepe o0bemMoM Oonee 0,2 M
n3-3a O0JIBIIOro rpagueHTa Temmeparypsl (=1°C/mMm)
B TepMOOJIOKE.

Martepuanbl n metoanl

ITpu pacyeTe XapakTepHOI0 BpEMEHH TEII000Me-
Ha TepMOOJIOKa MCIOIb30BAHO yPaBHEHHE TEIIO-
obmena mmHIpa [4]:

nT[“Ut

» inlnTx
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rae W — Tekywas temneparypa; T, — HayanbHas
TeMIeparypa nninHapa; T'— remneparypa y HIKHEH
KPOMKH KOHTeWHepa;T — Temmeparypa y BEepXHEH
KpOMKH KoHTelHepa; T' u T, onpenenuiun B mpouecce
JKCHEpUMEHTa; L — BpIcoTa KOHTEIHEpa, X — paccTosl-
HHE OT HIDKHEN KPOMKU KOHTEMHEpA 10 MECTa HAXO0XK-
neHust OM000BEKTa; t — BpeMst OCTBIBAaHUS IIMIIMH/IPA;
O — K02 PHUIHEHT TeMITepaTypOIPOBOTHOCTH (M/c'?)
BBIOPaHHOTO MaTepHala TepMOOIIOKa PaCCUUTHIBAIIH
o popmyie:

y )
clp

rae Y — TemionpoBogHocTs Marepuana (J[x/cxmxK);
¢ — teroéMkocTh (J[x/krXK); p — mioTHOCTh (KI/M®).

Ha ocHoBe BRIOpaHHOM MOAETH MTOCTPOESHBI aJIr0-
PUTM U TporpaMMma JUIsl pacdeTa TeIiooOMeHa ITH-
muHapa. [lapameTpsl DMIMHAPA PACCUUTHIBAIN C HC-
MOJIb30BaHUEM MHUKPOKAJIBKYIIATOPA “DIEKTPOHHUKA
b3-34” u snextponHbIx TabmuI “Excel 977

OO0beKkToM HccieoBaHus OblIa criepMa Kapra u
OBIKOB-TIPOM3BOANTENEH KpacHO-psiOoit mopoxasl. Ha-
TUBHYIO CliepMYy OBIKOB OpaJiv ¢ ypOBHEM COXpaHHOC-
tn 80 + 5%. B3sarue, ornenka kadecTsa, pazbaBicHue
Y ITOATOTOBKA CIIEPMBI K OXJIKIEHUIO TPOBOAMIIH IO
[6]. Criepmy Kapna 3aMOpaskuBajM 1o Meroxy [3, 5].
KonTeitHepaMu 11 3aMOpakuBaHUsI CIIEPMUEB CIIy-
JKUJIA KOHBEPTHI, H3TOTOBICHHBIE U3 MMOMUATHIIEHA U
AIMIOMUHHUEBOH QONBru, MPoOUpKH YieHryTa (00beM
<0,75mm).

a=
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characters of its change. Optimal cooling regimen of
different types of biological object is realized due to
the change in characteristic time of thermal block
cooling time by setting the extent of thermal block
openness. However when using the device it is im-
possible to freeze cell suspensions in the container more
than 0.2 ml because of high temperature gradient
(=1°C/mm) in thermal block.

Materials and methods

During calculation of characteristic time of heat
exchange of thermal block the equation of cylinder
heat exchange was used [4]:

N sm(nnx/ )

@x,)=5(T, ~T)§ — L
(nm) o

+= (T T)DZ( 1" 97@ v

nT[“Ut

2

where @ — is the current temperature; T, is initial
temperature of cylinder; T' is temperature in lower
edge of container; T' and T, were experimentally
found; L is container height; x is distance from lower
edge of container to the location of biological object; t
is the duration of cylinder cooling; o — coefficient of
temperature conductivity (m/sec'?) of chosen material
for thermal block was calculated according to the

formula:
a= |V ©)
clp

where Yy is material conductivity (J/secxmxK); ¢ is
heating capacity (J/kgxK); p is density (kg/m?).

Using the chosen model there has been developed
an algorithm and program for calculation of cylinder
heat exchange. Cylinder parameters were calculated
using “Excel 97” software.

Research object was carp and red spotted stud bull
sperm. Native bull sperm was used with the survival
rate of 80+5%. Harvesting, quality assessment, dilution
and preparing sperm to cooling were performed as
described [6]. Carp sperm was frozen according to
the reported method [3, 5]. Containers for sperm
freezing were envelopes made of polyethylene and
aluminum foil, Uhlenhuth vials (volume <0.75 ml).

There were 5-7 repetitions in each experiment.
Obtained results were statistically processed according
to traditional methods.

Results and discussion
For fresh-water fish cryopreservation the freezing
rate B = 1+5°C/min within temperature range from 5
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B kaxxgoM SKCrieprMeHTe KOJTUYEeCTBO MOBTOPOB
coctaBisiio 5-7. [lomyueHHBIE pe3yabTaThl CTATUCTH-
YeCKH 00padaThIBaM IO OOIIETPUHITEIM METO/IaM.

Pe3yAbTatbl M 00Cy)xaeHue

J17151 KPHOKOHCEPBUPOBAHUS MOJIOKH IIPECHOBOIHBIX
BHJIOB PHIOBI HEOOXOMMA CKOPOCTH 3aMOPAKUBAHMS
B =1+5°C/MuH B TeMIiepaTypHOM IMANa30HE OT 5 710
—15°C n B,=10+20 °C/mun B quanasone ot —15 1o
—70°C[3, 5]. MaTemMaTH4yeCKUM MOACIUPOBAHIUEM HA
ocHOBe (popMynbl 1 BRIOpaHBI COOTBETCTBYIOIINE
Matepuanbl (CTajdb Hep)KaBerIlas W aTlOMUHUN),
KOTOpbIe 00ECIEeUnBalOT XapaKTePHOE BPEeMs OCTHI-
BaHUS TEPMOOJIOKA, HEOOXOMUMOe IS pealiu3aiuu
3aJJaHHBIX ONTUMABHBIX CKOpPOCTE. Pesynbrarst pac-
YEeTOB OCTBIBaHUS TepMoOsoKka (Tabn. 1) mpexcras-
JieHbI Ha puc. 1. HadaabHble yeaoBus: O IS KaKI0TO
marepuana umeet cBoé sHadenue, T =67°C, T,=5°C,
T'=70°C, L=5+10 cMm, x=L/2 cm.

W3 mosiy4eHHBIX PEKUMOB OXJIaXKICHHS BUIHO, YTO
CKOPOCTbh 3aMOPaKMBaHMsI B OOJIbIICH CTETICHH 3aBU-
CUT OT KO3(uIlMeHTa TeMIepaTyponpoOBOTHOCTH
BBIOpaHHOTO Marepuana. JlJis KoHTeiiHepa, U3rOTOB-
JICHHOT'0 M3 CTaJid, CKOPOCTh 3aMOpaXMBaHUS B
nuranas3one ot 5 mo —15 °C cocraBigeT 2, xeae3a —
2,1, amromunms — 12, meau — 12,3 °C/c.

ComnocraBieHus pe3yabTaToB, MOJYyYSHHBIX MaTe-
MaTHYECKHUM MOJEITUPOBAHUEM, C IKCIICPUMEHTAb-
HBbIMH JJAHHBIMH JIJISI TEPMOOJIOKA U3 ATFOMHHUS MTOKa-
3aJId 3HAYUMBbIC pacXOIeHHs. TeopeTnieckue pacye-
Thl BPEMEHHU OXJIAXKICHUSA TEPMOOIOKa B HECKOJIBKO
a3 MPEeBBIIIAIOT YKCIIEPUMEHTAIBHBIC. DTO, TO-BUIH-
MOMY, OIPEIACIICTCS HE YYETOM B JAHHOW MOJCIIH
K03 QUIMEeHTa TeIUIoNepeadyl MEXy BO3yXOM U
TEpMOOJIOKOM, a TEINIOMHEPIIMOHHOCTHIO BO3yXa
BHYTpH TepMoOIoKa. OUeBUIHO, IIEPEUNCIICHHBIC BhI-
I1e JTIONMYIICHNsI He YYUTHIBAIOTCS B IAHHOM MOJICITU U
TpeOyIOT AanpHelero uccienopanus. OaHAKO TO-
CKOJIBKY BBEJICHHBIN MONMPaBOYHBIN KO3 QHUITUEHT
CIOCOOCTBYET CXOAMMOCTH IKCIEPUMEHTAIBHON U

to—15°C and B, = 10+20°C/min within the range from
—15to —70°C is necessary [3, 5]. Using mathematical
modeling with formula 1 there have been chosen
corresponding materials (stainless steel and aluminum),
providing characteristic time of thermal block cooling-
down, essential for realization of set optimal rates.
Calculation results of thermal block cooling-down
(Table 1) are represented in Fig 1. Initial conditions
are as follows: o for each material has its own value,
T =67°C, T,=5°C, T=70°C, L=5+10 cm, x=L/2 cm.

Obtained cooling regimens show that freezing rate
in greater extent depends on the coefficient of
temperature conductivity of the chosen material. For
the container made of steel, freezing rate within the
range from 5 to —15°C made 2; 2.1 for iron, 12 for
aluminum, 12.3°C/sec for copper.

Comparison of the results obtained with mathe-
matical modeling with experimental ones for thermal
block made of aluminum has shown a significant
discrepancy. Theoretical calculations of thermal block
cooling-down time is some times higher than
experimental ones. This is probably determined by a
disregard in this model of heat transfer coefficient
between air and thermal block as well as air heat
inertance inside thermal block. Listed above admissions
are likely not taken into account in this model and
requires further studies. However since the used
correction factor contributes to the convergence of
experimental and theoretical curves of heat exchange,
then for further researches we used the model with
correction factor, k=0.02. Calculated and experimental
data obtained for foam plastic (Table 1) have shown
that this material parameters realize very low rates
(B,<0.3) which are not appropriate for the tasks set.

For aluminum there has been found the effect of
thermal block height on the rate of its cooling (Fig. 2).
For different heights of aluminum container freezing
rate within temperature range from 5 to —15°C (T,=—
70°C) made 13.1 for L=5 cm; 6.9 for L=7 cm and
3.8°C/min at L=10 cm. The change in rate depending

Ta6muna 1. [TapaMeTpsl, ONpeAeISIOIIIe CKOPOCTh TEIUIO0OMEHA TepMOOIOKa
Table 1. Parameters determining the heat exchange rate of thermal block

Marepuan TemnepaTypornpoBOAHOCTb O TenronpoBOAHOCTD Y Tennroémkocts C IMroTHOCTE MaTepuasa P
Material Temperature conductivity a Heat conductivityy Thermal capacity C Material density p
Menp 0,01059 384 383 89300
Copper
N MOMILHHH 0,00929 209 896 2700
uminum
sHeneao 0,00455 73,3 452 7870
ron
Crans 0,00364 47 460,5 7700
Steel
Menomact 0,000298 0,04 2050 220
Foam plastic
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TEOPETUIECKOIN KPUBOW TEILTIOOOMEHA, TO B IaJIbHEH-
el paboTe UCTI0Ib30BaIaCh MOAENH C HONMPABOYHBIM
ko3 dunmentom k=0,02. PacueTHbie U 3KCTIEPUMEH-
TaJIbHBIE JaHHbBIE, MOJYUYCHHBIE IS MEHOIIACTA
(Tabm. 1), mokazanm, 4To mapaMeTpPhI STOTO MaTepraa
peanusyioT CIMIIKOM Hu3kue ckopoctu (B <0,3),
KOTOpbIe HE YIAOBIETBOPSIOT MOCTABICHHBIE 3aa4H.

Jist aNfoMUHUS OTPENIETIIIA BIIMSIHUE BBICOTHI
TepMOoOJIOKa Ha CKOPOCTh €Tr0 OXJIaXAeHUs (puc. 2).
JJ1st pa3HBIX BBICOT aTFOMHHUEBOTO KOHTEHHEpa CKO-
POCTB 3aMOpaKMBaHMS B TEMIIEPaTYPHOM AWANa3oHe OT
5 mo —15°C (T,=70°C) cocraBmsuia: 13,1 mis L=5 cm,
6,9 s L=7 cm, a 3,8°C/mun ipu L=10 cm. M3menenne
CKOPOCTH B 3aBUCUMOCTH OT BBICOTHI 2JIIOMUHHEBOTO
TepMOOJIOKa B TeMIEpaTypHOM Juama3oHe oT —15
10 —70 °C (T,=180) cocraisna: 40,0 mus L=5; 18,5
st L=7 n 8,4°C/mun mus L=10 cm.

Takum 06pa3zom, BEICOTa TEPMOOIOKA OKA3HIBAET
CYIIIECTBEHHOE BIHAHHE Ha CKOPOCThH TEIJI00OMEHa.
JKcrepuMeHTa bHAs IPOBEPKA OXJIAXKICHHS TEPMO-
0J10Ka MmoKasaja, 9TO ypaBHEHHUE TeTI000MeHa K-
JIWHJpa JOCTATOYHO TOYHO OMHCHIBAET IMPOIIECC ET0
OCTBIBAHHS C YYETOM BBEAEHHOTO MOMPAaBOYHOIO
ko3 punuenta. Huskuii rpagueHT TeMrepaTypbl
(£1°C/cm), koTophIii HaOMOMAaeTCsl B TepMOOIOKE
W3 CTaJIA WU IFOMHUHUSA, TTO3BOJISIET 3aMOPaKUBATh
CYCIIEH3HMH KJIETOK 00BEMOM 10 5 MIL.

[IpoBenen pacueT pacxoaa >KUIKOTO a30Ta MPHU
OXJIaX/IEHUU TePMOOIOKOB, N3TOTOBJICHHBIX U3 CTAIIN
1 aJIOMUHUA. Macca NWIHHIpa U3 CTAJId COCTAaBHIIA
241 r npu BbICOTE KOHTEIHEPaA 5 CM U AuaMeTpe 5 cM, a
Macca IWIHHIpA W3 alFOMHHUS — 87 T TIPH BBICOTE
KOHTelHepa 5 cMm u auametpe S5 cMm. BenenctBue 31o-
ro JJIsl OXJIAXKIEHHUs CTaIbHOIO TepMOOJIOKa pacxo-
nyercst 80 r KUAKOro a3oTa, a amomuHueBoro — 30 .
Taxum 00pa3om, HCHOIB30BAHUE TEPMOOIIOKA, H3TO0-
TOBJICHHOTO M3 aJlOMUHUS, Oonee 3((hEeKTUBHO, TaK
Kak Ha ero OXJIXKICHHE pacxoayercs B 2,7 pa3a MEHb-
1I€ >KUAKOTO a30Ta.

Ha ocHOBaHWM MONYYEHHBIX JAHHBIX MPEIIOKEH
BapHaHT yCTPOWCTBA, NMEIOIIETO TENECKOMMMYECKYIO
KOHCTPYKIIMIO TEPMOOIIOKA, TIO3BOJISAIOIIETO MOTyYarh
3aJlaHHBIE CKOPOCTH M XapaKTepbl MX W3MEHEHHS B
rpolecce KpHOKOHCEPBHUPOBAHUS OMO00BEKTA.

YeTpoiicTBO 17151 KPHOKOHCEPBUPOBAHHUS OHOIOTH-
4ecKuX 00BeKTOB (puc. 3) BKitouaeT cocyn [proapa 1,
Ha KOTOPOM yCTaHOBJICHBI CTOHWKa 2 U TEpMOOJIOK 3,
COCTOSIIMI M3 IUCKA 4 C KPETEKHBIMU CTEPKHIMHU
5, KOHTEHHEPOB C OMOMaTepHaIoM 6, PacIONIOKEHHBIX
BHYTPH METAJUIMYECKOTO “‘CTakaHa” 7 M HWJIMHIPH-
Yeckoro kopmyca “py6amku’ 8. KoHTpons Temnepary-
pPHl B METAJUTMYECKOM ‘‘CTakaHe” OCYIECTBISCTCS
TepMope3ucTopoM 9. CKOPOCTh OXJTaKICHUS KOHTEH-
HEPOB 3aBHUCUT OT H3MEHEHHMS TIOJIOKEHNUS “pyOariku’”
oTHOCHTENbHO “cTakana” H=0+(/—1)cm (/=12 —
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on the height of aluminum thermal block within the
temperature range from —15 to —70°C (T,= -180°C)
made 40.0 for L=5; 18.5 for L=7 and 8.4 for L=10 cm.

Thus the height of thermal block significantly affects
the rate of heat exchange. Experimental investigation
of thermal block cooling has demonstrated that the
equation of cylinder exchange quite properly describes
the process of its cooling-down with taking into account
of the used correction factor. Low temperature
gradient (<1°C/cm), which is observed in thermal block
made of either steel or aluminum enables the freezing
of cell suspensions with the volumes up to 5 ml.

Liquid nitrogen expenditure was calculated during
cooling of thermal blocks made of steel and aluminum.
Steel cylinder mass made 241 gram with the container
5 cm in height and 5 cm diameter. As a result of this
for cooling of steel thermal block there was used 80
gram of liquid nitrogen and 30 gram for aluminum one.
Thus aluminum thermal block use is more efficient
because the expenditure of liquid nitrogen is in 2.7 times
less for it.

Using obtained data there has been proposed the
variant of device with telescopic construction of
thermal block enabling to obtain the set rates and
behaviors of their change during cryopreservation of
biological object.

Device for cryopreservation of biological objects
(Fig. 3) comprises Dewar vessel (1), at which the stand

-5 4

-15 4

-25 |

-35 4

45 |

Temnepatypa,°C
Temperature,® C

-55 4

-65 4

0 1 5 10 15 20 30 40 60 80 120

Bpewms, ¢

Time, s
Puc. 1. 3aBHCHMOCTB TeMITEpaTypbl TEPMOOIOKOB, BBHITION-
HEHHBIX U3 Pa3IMYHBIX MaTepHAIOB, OT BPEMEHH OXJIaX-
nenns (L=5 cm, T =-70°C), paccunTanHas npH MOMOLIA
MareMmarndeckor moaenu [4]: 1— cranp; 2 — xenes3o; 3 —
ATIOMMHUN; 4 — Meb.

Fig. 1. Temperature change vs cooling time dependence of

thermal blocks made of different materials (L=15 cm, T, =—

70°C) calculated using mathematical model [4]: 1-steel; 2 —
iron; 3 —aluminum; 4 — copper.
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BbICOTa “pyOalku’), a KOHEYHAs TEMIlEpaTypa 3amMo-
paXUBaHUS — OT ITyOMHBI OTPY>KEHUsT TepMOOIOKa
L B ropnosuHe cocyna [Iproapa OTHOCUTENBHO €T0
BEPXHET0 YPOBHsL. DTO BO3MOKHO IPH HCIIOIb30BaHUN
Hape3Ho Brynku 10 u kpenéxHoi raviku 11. Oukcarus
LMIMHIPUYIECKOTO KOPITyCca OTHOCHUTENBHO “cTakaHa”
B 33JJaHHOM TOJIO)KEHHH OCYIIECTBIISIETCS MPH TIO-
MOIIIK CKOOBI “KOopompbiciia’12, KOTOpoe KpemuTcs K
Bryike 10.

CxopoCTh OXJTaKACHNS TEPMOOIIOKa U e€ XapaKTep
(TOJOXUTENBHOE WM OTPULATEIBbHOE YCKOPEHHE)
MO>KHO MEHSThH B ITPOLIECCE 3aMOPAXKUBAHUS ONpee-
JICHHBIM PacCIIOJIOKEHUEM “pyOalllku” OTHOCUTENBHO
“cTakaHa”, TEM CaMbIM 3aJlaBas pa3lIMYHYI0 UHTEH-
CHUBHOCTH TEIUIOOTBO/IA OT METAIIIMYECKOTO ‘‘CTaKa-
Ha”. [l CHM>KEHUS CKOPOCTH OXJIQXKIEHUS TEIJIO OT
“cTakaHa” OTBOJMTCS 3a CUET MOAHATHUS IVIHHIPH-
yeckol “pyOamku” BBepx, BenmnumHa H mpu sTom
uMeeT 3Hak “+”. Ecau MHTEeHCUBHOCTH TEIUIOOTBOAA
HE00XOIUMO YBEITUYHTh, TO 3TO OCYIIECTBISIETCS 32
CYET OIyCKaHUsS KOpIlyCca BHU3 OTHOCHUTENIBHO “‘CTa-
kaHa” u BenmmauHa H nmeer 3Hak “—". Takum 00pazom,
W3MEHAS MOJIOKEHUE NUIUHAPA OTHOCUTEIBHO
“crakana” H (ot 3 mo 10 cM), MOXKHO 3a7aBaTh CKO-
pocTh oxaxaeHus onooosekra ot 0,1 10 30,7°C/mun
B TeMmepatypHoM auamaszone ot 20 mo —70°C
(Tabm. 2).

VYcnoBus ONy4EeHHs] PEKMMOB 3aMOpakKMBaHUS
CIIEPMHEB PA3HBIX BUIOB XUBOTHBIX MPH MOMOIIH
pa3paboTaHHOTO yCTpOWCTBA MPEACTABICHBI Ha
puc. 4. OnTumanbHble BETUYUHBI CKOPOCTH JaHHBIX
PEXUMOB OTIpeIeNIeHH! u3 [3, 5].

J1s oy d4eHrst yCKOPEHHBIX PEKUMOB 3aMOPaKH-
BaHHUA OMO00OBEKTa C OTPULATEIBHBIM 3HAKOM
TEpPMOOJIOK YCTPOWCTBA paciojaraercs Ha TryouHe,
HEOOXOIMMON JUIsl TOCTHKEHUSI KOHEUHO! TeMIepa-
Typsl 5, =5, =15, =70£2 °C Ha
BpeMs oT 0 1o 60 MuH, MOCIIE Yero
B HETO NIOMEUIAIOT KOHTENHEPHI ¢
06moo0bekToM. CpemHsIsi CKOPOCTh

5 4
3
0
Qo
g 5
S5 AN
T 40
[o N T
CI.)CD
g
=5 15
2
-20 4
-25 4
-30 T T T T
0 1 2 5 10
Bpewms, ¢
Time, s

Puc. 2. 3aBUCHUMOCTh U3MEHEHHS TEMIIEPATYpPhl TEPMO-
6sioxa (T,=70°C), U3roTOBIEHHOTO U3 AJTFOMUHUS BEICOTON
5+10 cM, OT BpeMEHH OXJIaXACHHS, PAaCCUMTAHHASA IPU
MTOMOIIIK BBEICHHUS MTOTIPaBOYHOTO K03 durmenta k=0,02:
1-L=5cm;2—L=7 cm;3—-L=10cm.

Fig. 2. Temperature change vs cooling time dependence of
aluminum thermal block (T, = —70°C) with the height of
5+10 cm; dependence calculated using a correction factor,
k=0.02:1-L=5cm;2—-L=7 cm;3—-L=10cm.

is located (2) and thermal block (3) consisting of disc
(4) with holding rods (5), containers with biological
material (6), located inside metal container (7) and
cylinder frame of “mantle” (8). Temperature control
in metal container is performed with thermal resistor
(9). Cooling rate of the containers depends on the
location height of “mantle” with regard to the container
H=0+(¢—-1)cm(¢=121is “mantle” height) and final
freezing temperature depends on the depth of thermal

oXJaxJeHus] ON000BEeKTa B JAHa- 2
nazone ot 5 gjo —15°C cocras-
et 1,4+15°C/mun, a mo —70°C 4
1,4+52°C/muH (Tadm. 3).

CTaOUIBHOCTE peXXuMa 3aMo- — <
paXHUBaHUS U TOYHOCTH OTpeE- 2
JICNICHHS KOHCUHOH TeMIIepaTyphbl 8 Vol | 7
OXJIAXICHUSI OTIPEACTISIOTCS pac- 911
npeeeHHeM TeMIIepaTyphl B 3fHU — 6
ropioBuHe cocyna [proapa mpu J x
HMHUTAIUU YCITIOBUH TPAHCIIOPTH- 7 1 JH

poBanus. JlaHHas BeIUYHMHA COC-
TapiseT £5°C, IpH CTaIMOHAPHBIX
YCIIOBHSIX 0€3 OKa3aHMs MEXaHH-
geckoro BosxaeicTeus +2,5°C.
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Puc. 3. Cxema pacnoyioxkeHUsl yCTpoHcTBa IJsI KPUOKOHCEPBUPOBAHUS
Omonornyeckux 00bEKTOB B TOPIIOBHHE cocya Jproapa X-35.

Fig. 3. Location scheme of device for cryopreservation of biological objects in
X-35 Dewar vessel neck.
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Tadonuua 2. 3aBUcUMOCTE CKopocTH oxitaxaeHus (B, °C/muH) ot nryOuHbI orpyskenus tepmobiioka (L, cM) B cocyn
X-35 n n3menenus nonoxenus uuauaapa (H, cm) npu pasnoi koneunoi temneparype oxnaxaenus (T , °C) mis
MOJIN3THIICHOBBIX KOHBEPTOB

Table 2. Dependence of cooling rate (B, °C/min) on depth of thermal block submerging (L, cm) into X-35 vessel and
the extent of location height of cylinder (H, cm) under different final cooling temperature (T,, °C)
for polyethylene envelopes

Cropoctb oxaakaeHus (B,°C/MuUH) IpU pa3HOM CTEIeHU MOAHSTOCTH NUAMHAPA (H, cv) u
rAyOuHBI norpy>kenus (L, cm)
Cooling rate (B,°C/min) at different extent of cylinder location height(H, cm)
and submerging depth (L, cm)
Koneunast remniepatypa oxaaxaenus T, °C
Final cooling temperature T,,°C
H=+3 H=0 H=-5 H=-10
B L B L B L B L
5+1 0,1 51 0,5 52 0,6 4,8 09 4,2
—15=3 0,1 55 1,2 7,0 31 8,8 4,9 9,5
—30%5 0,2 12,8 28 13,0 3,5 13,5 14,0 16,0
—70=%5 0,2 152 10,2 155 20,4 16 31,0 18,0
10
L,=10;L,=8
0 B1=1 —
‘ L,=17
B.=5
10 | 1
10 LO=25 B1=3 B1=2
=21 L,=19
0o 20 B=10
o L,=33
c® -30
2o
Q g_ B,=10
s L,=30
o ,0
= 40 !
B,=10
L1=30 BZ=16
-50 - L1=32 B.=8
B=30 |_2 o8
L,=38 T
-60 B=20
L,=34
-70 + ‘ ‘ ‘ > ‘ ) ‘ ‘ ‘ ‘ >
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Bpemsi, MuH Time, min

Puc. 4. PexxuMbl 3aMOpakMBaHHs CIIEPMHUEB KUBOTHBIX MIPU MOMOIIM TEPMOOJIOKa, Pa3MEIIEHHOTO B TOPJIOBUHE COCYa
Jlbroaan -35: kapna, cazana B =1+2, B =15+20°C/mun; ocerposbix B =2+5, B,=10+20°C/mun; J'IOCOCGBBIXB =2+ 3

B_=15+20 °C/mun; 6b1x0B B=10+ 30°C/MHH L, —nryOnna norpysxeHus npu HOZ[HHTI/II/I “py0aniku” OTHOCHUTENBHO ¢ ‘cTaKama”
H=S5 em; L) — nns H=10 em; B, — ckopocts OXJTEDKJICHI/I}I B TEMIIEpPaTypHOM JuanaszoHe ot 5 jo —15°C; B, — CKOpOCTB
OXJ’[a)K,ZZ[eHI/I}I B TEMIIEpaTypHOM nnana30He or—15 10-70°C.

Fig. 4. Freezing regimens for animal sperm using thermal block, located in X-35 Dewar neck: carp, wild carp B =1+2,
B,=15+20 °C/min; sturgeonsB =2+5,B,=10+20°C/min; salmons B )= +3,B,=15+20°C/min; bovine B=10+30°C/min, L, — depth
of submerging at “mantel” he1ght n respect of the container H = 5 cm L, — for H= 10 cm; B, — cooling rate within the
temperature limit of 5 to ~15°C; B, - cooling rate within the temperature limit of —15 to—70°C.’
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Taoauna 3. 3aBUCUMOCTE CKOPOCTH OXJIAXIEHHS OT BPEMEHH NPEIBAPUTEIHHOTO
OXJIXKICHHS TePMOOIIOKA IPU TOTHATHH LuHHIpa H=0

Table 3. Dependence of cooling rate on time of pre-cooling of thermal block at cylinder

height H=0

block submerging (L) in
Dewar vessel neck in
respect of its upper le-

Bpewmst IPEeABaPUTEABHOTO OXAQKACHUS
Tepl\IOGAOKa, MHH

CpepHsisi CKOPOCTH OXA@KAEHUS BPa3HbIX TeMIepaTypHbIX
Amamnasonax, ‘C/MuH
Average rate of cooling within different temperature ranges, °C/min

vel. This is getting pos-
sible when using a riffled
plug (10) and holding

Time of thermal block pre-cooling, min SCrew (1 1) Fixation of
TEs T (1m0 T=20575 (=55270) cylinder frame in respect

of the container in the

0 L4 (10,5) L5 (18) set position is performed
by means of balancing

20 85  (24) 96 (27) lever (12), which is
mounted to a plug (10).

20 124 (36) 148 (38) Cooling rate of ther-
mal block and its charac-

ter (either positive or

60 156 (48) 16,1 (52) . .

negative acceleration)

[Ipu anpobanuu paboTOCIOCOOHOCTH JTaHHOTO
yCTpo¥cTBa HAa GMO0OBEKTE COXPAHHOCTH CIIEPMHUEB
Kapria coctaBmia 45, a 6e1ka —40%. Ha ocHoBe Moin-
¢dunmpoBanHOTO MU HEepeHITNATEHO-TEPMOMETPUIEC-
KOT'O METO/Ia C TOMOIIBI0 YKa3aHHOTO YCTPOHcTRa [2]
OTIpENIEIIETCS BEPOATHOCTH BHYTPUKIIETOUHOM KpHUC-
TaJTM3aliy CliepMUEB U 3MOproHOB prib. Ompee-
JsIeTCsl XapakTep INIOTHOCTH BEPOSITHOCTH pacipee-
JICHUsI TEMIIEPaTypbl BHYTPUKIETOYHOH KpUCTAIIH3a-
UM CIICPMHUEB M 3apOABIILEH PHIOBI 10 U3MEHEHHIO
KHU3HECTIOCOOHOCTH OMO00BEKTa B 3aBUCMOCTH OT
ycIIoBUi ero oxnaxaeHus [1].
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nomonty “pyodamku” (0,1+31°C/mun).

Jlutepatypa

1. TopbyHos J1.B., Mopososa I.A., BaweHko A.B., Byyaubkudi J1.11.
Temnepartypa BHYTPILLUHbOKMITUHHOIO KPUCTanoyTBOPEHHS
cnepwmiiB kopona // PubHe rocnogapcteo.— 2004.— Bun. 63.—
C. 54-57.

2. [lopbyHos J1.B., Moposoea I.A., BaweHko A.B., Byyaubkuli J1.11.
TemnepaTtypa BHYTPILWHbOKMNITUHHOIO KPUCTaNoOyTBOPEHHS
ikpu kopona // BeTepuHapHa b6ioTexHonorisi. ArpapHa Hayka.—
2004.— Ne5.— C. 19-23.

3. Konelka E.®. WHCTpyKuMa No HU3KOoTemnepaTypHOU
KOHCepBauuu cnepmsbl kapna. — M., 1986.— 9 c.

4. Jlbikos A.B. TennoobmeH. CnpaBoyHuk. — M.: QHeprus, 1978.—
480 c.

5. Memoduyeckoe rnocobue No KPUOKOHCepBaLUUN ClepMbl
Kapna, NlococeBbIX U OCETPOBbIX BUAOB pbibbl.— M.: BHUN
npygnoBoro pelbHoro xo3ssncrea, 1997.— 10 c.

NMPOBJIEMbI
KPUMOBMOJIOIrUM
T. 16, 2006, N22

may be varied during
freezing by means of
special location of “mantle” regarding the container,
thereby determining different intensities of heat-
conducting path from the metal container. To reduce
cooling rate the heat is drawn-off from the container
due to the location height of cylinder “mantle” up, H
value in this case is of “+” sign. If an intensity of heat-
conducting path should be increased, then it is perfor-
med by means of frame moving-down in respect of
the container and H value is of “~" sign. Thus by chan-
ging the location height of cylinder in respect of the
container H (from 3 to 10 cm) one may set the cooling
rate of biological object from 0.1 to 30.7°C/min within
temperature range from 20 down to —70°C (Table 2).

Protocols of freezing regimens for sperm of various
animal species are presented in Fig. 4. optimal values
of rates for these regimens have been reported else-
where [3, 5].

To obtain accelerated freezing regimens of biolo-
gical object with negative sign a thermal block of the
device is located at the depth necessary for achieving
final temperature: 5, -5, —15, —=70+2°C for the time
from 0 to 60 min, afterwards the containers with
biological objects are placed in it. An average cooling
rate of biological object within the range from 5 to —
15°C makes 1.4+15°C/min and 1.4+52°C/min down
to —=70°C (Table 3).

Stability of freezing regimen and accuracy of finding
a final cooling temperature are determined by
distribution of temperature in Dewar vessel neck at
imitation of transportation conditions. This value makes
+5°C under stationary conditions with no mechanical
effect +2.5°C.

During mastering the exploitation of this device in
biological object the survival of carp sperm made 45
and 45% for bovine one. On the base of modified
differential thermometrical method [2] by means of
this device the probability of intracellular crystallization
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6. Xapbkogckass mexHosi02usi aCenTUYecKoro B3ATUA WU
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of fish sperm and embryos is found. The function of
temperature distribution probability density of
intracellular crystallization for fish sperm and eggs on
the change of viability of biological object depending
on the conditions of its cooling is found [1].

Conclusions

Thus freezing of sexual cells in containers of
0.2+5 ml volume at temperature gradient not more than
1°C/cm is possible in aluminum container and change
in the rate of heat exchange is provided due to different
degrees of heat-conducting path from it with “mantle”
(0.1+31°C/min).
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