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Effect of Cooling Rate under Various Temperature Intervals on Survival
of Steroidogenic Potential of Suspension of Interstitial Cells
of Adult Rat’s Testes

HccnenoBaHo BIUSHIE yCIOBHI KPHOKOHCEPBUPOBAHHS (KOHIICHTPALUSI KPHOTIPOTEKTOPA, HHKYOAIHS KIIETOK C KPHOIIPOTEKTOPOM
Tiepest 3aMOPaKUBAHUEM, CKOPOCTH OXJIKICHNS 00pa31oB B pa3INYHBIX TEMIIEPaTypHBIX HHTEPBAIax ) Ha COXPAHHOCTH CTEPOHJOTCHHBIX
KJIeTOK B cycnen3nu kinetok uarepcerumus (CKU) tectucos. PesynbraToM 3T0T0 sIBMIIAach pa3paboTka peskiuMa KpHOKOHCEPBUPOBAHUS
CKH, KOTOpHIi JaeT HAaWTy4IIyI0 COXPAaHHOCTh M (DYHKIMOHAIBHYIO aKTUBHOCTh CTEPOHJOT€HHBIX KJICTOK IO CPAaBHEHHIO C yXKe
CYIIECTBYIOIIMMH PEKIMaMU AT OMOJIOTMIeCKOTO MaTepHaa TECTHCOB.

Knrouesvie cnosa: TectoctepoH, kietku Jleiiaura, CKopoCTh 3aMOpaKUBaHU, 3 [3-THAPOKCHCTEPOU UIETUIPOTeHA3a, IEPEOXIIaKICHHE.

JlocnimKeHo BIUITMB YMOB KPiOKOHCEpPBYBaHHS (KOHICHTpAMis KPiONPOTEKTOpa, 1HKyOamis KIITHH 3 KPIOMPOTEKTOPOM Iepes
3aMOpOXKYBaHHM, ITBUIKOCTI OXOJIO[DKEHHS 3pa3KiB B Pi3HUX TEeMIIEpaTypHHUX IHTEpBajax) Ha 30€peKeHICTh CTEPOIIOTeHHUX KITITHH
B cycnensii kiituH iHTepctuuito (CKI) tectucis. Pesynprarom 1mporo 6yna po3poOka pexxumy kpiokoHcepByBaHHS CKI, sxuit mae
HalKpamry 30epeXeHICTh 1 QYHKIIOHANBHY aKTHBHICTh CTEPOiJOTCHHUX KIITHH MOPIBHSHO 3 PEKUMaMH, SKi BXKE ICHYIOThH IJIs

010JIOTIYHOTO MaTepiary TECTHCIB.

Kntouogi cnosa: recroctepo, Kiitrau Jleaura, NIBUIKICTh OXOIOMKEHHS, 3 3-T1IpOKCHCTEPOiAIeriporeHasa, Iepeox o0 KeHHSL.

The effect of cryopreservation conditions (cryoprotectant concentration, cell incubation with cryoprotectants prior to freezing,
cooling of samples with various temperature intervals) on survival of steroidogenic cells in the testscular interstitium cell suspension
(ICS) has been investigated. This resulted in designing of cryopreservation protocol for ICS, which provided the highest survival and
functional activity of steroidogenic cells if compared with the protocols already existing for testicular biological material.

Key-words: testosterone, Leydig cells, cooling rate, 33-hydroxysteroid dehydrogenase, overcooling.

Tpancmantanus OMOTOTHYECKOTO MaTepuaa
MY>KCKHUX TTOJIOBBIX JK€JIe3, OTBETCTBEHHBIX 332 CHHTE3
aH/IPOTECHOB, TTPH KOPPEKIINHU Pa3IMIHBIX 3a00JICBaHUH,
MPUBOISAIIMX K TOPMOHAJILHOW HEIOCTATOYHOCTH, 111U~
POKO pacrpocTpansieTcs B HacTosmiee Bpemst. Coruac-
HO CTaTHCTHKE €XXETOJHO HaOIIIomaeTcsl TeHICHIIHS
K YBEJIMYCHHUIO KOJMYECTBA 3a00JIeBaHU, CBA3aHHBIX
C HEIOCTATOYHOH BRIPAOOTKOM TecTocTepoHa [7].

Ha cerognsiiiHuii 1eHb M3BECTHBI HKCIEPHUMEH-
TaJIbHBIE MOJEIH 10 TPAHCIJIAHTALIMH LIENbIX TECTH-
COB, UX ()ParMeHTOB U OPraHOTUIINYECKHUX KYJIBTYD, a
TaKXKe N30JUPOBAaHHBIX KIETOK Jleiinura i KoMIeH-
canuu runoroHagusma [2, 6]. Onnako nnsa 3¢ dex-
TUBHOTO HCIOJIB30BaHUSl METO/a TPaHCIUIAHTALNH
HEOOX0IMMO CO3AaTh OaHK TIOTHOLIEHHOTO IOHOPCKOTO
MaTepuaa, KOTOpbIil o0ecnednst Obl eTo J0NToCpPOoU-
HOoe xpaHeHne. KprnoOnonorus B 3TOM OTHOIIECHUH
OTKPBIBAET MINPOKHE MePCIIeKTUBbI. CyIIecTBYET Pl
CIOCOOOB KPHOKOHCEPBUPOBAHUS TECTUKYISPHBIX
TKaHEW U KJIETOK C UCIIOJIb30BAaHUEM KPUOIIPOTEKTOPOB
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Transplantation of biological material of male sexual
glands responsible for the synthesis of androgens when
correcting different diseases, resulting in hormonal
insufficiency, is widely spread nowadays. According
to the statistics annually the tendency to a rise of the
number of diseases associated to insufficient production
of testosterone [7] is observed.

Up today there are known experimental models on
transplantation of the whole testes, their fragments and
organotypic cultures as well as of isolated Leydig cells
for compensation of hypogonadism [2, 6]. However
for efficient use of transplantation method it is
necessary to establish the bank of valuable donor’s
material, which will provide its long-term storage.
There are some cryopreservation protocols of testicular
tissue and cells using cryoprotectants: dimethyl
sulfoxide (DMSO), 1-2-propanediol, ethylene glycol,
glycerol with relatively low cooling rate of the samples
(1-2°C/min) [10, 12, 14]. However they are related to
significant reduction of viability and functional activity
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mumetmicyasdokcuaa (JJMCO), 1,2-nponananona,
ATUJICHTIIMKOJS, TIHIIEPUHA ¢ OTHOCHUTEIHLHO HU3KOH
CKOPOCTBIO oxJaxkeHus: oopasnos (1-2°C/mun) [10,
12, 14]. OgHako OHM CBS3aHBl CO 3HAYUTEIbHBIM
CHI)KEHHEM KU3HECTIOCOOHOCTH M (DYHKITMOHATBHON
AKTUBHOCTH MaTepHalla CEMEHHUKOB. Tak Kak OTHUM
13 BOXXHEUILIUX PE3ylbTaTOB KPUOKOHCEPBUPOBAHUS
CEMEHHUKOB SIBIIIETCS COXPAHHOCTH TECTOCTEPOHIIPO-
TyIUPYIOMUX KIeTok Jleiiaura, HeoOX0MuMEbI HCclie-
JIOBaHU, HANPpABJICHHbIC HA U3YUYCHHUE BIIUSHUS
OTACIBHBIX (PaKTOPOB KPHOKOHCEPBUPOBAHUS Ha COX-
PaHHOCTh CTEPOUIOTCHHBIX KIETOK, UX (DYHKIHO-
HaJbHOW CIMOCOOHOCTH W pa3paboTKy pexuma,
MTO3BOJIAIOIIET0 MAaKCHMAaIbHO COXPAHUTH TOPMOHO-
MIPOIYLHPYIOIYIO COCTABIISIIOILYIO TECTHCOB.

Lenp paboThl — KicCTIENOBATh BIUSHUE CKOPOCTH
OXJIQXKICHUS B TEMIIEPATYPHOM MHTEpBAJIC KpUCTA-
JU3alny OMOJIOTUIECKON CUCTEMBI M THana3oHe Cyo-
SBTEKTUUECKUX TEMIIEPATyp pacTBOpa KPUOIPO-
tekropa IMCO, npuMeHseMOro B Ka4eCTBE KPUOIIPO-
TEKTOpa, Ha OOIIYI0 COXPAHHOCTh CYCIIEH3UH KIIETOK
naTeperuius (CKU) ceMeHHUKOB B HAa COXpaHHOCTh
oTaenpHON momyisiun kiaetok B CKU, obnamaroreit
BBICOKOH aKTHMBHOCTBIO 3B-THAPOKCHCTEPOHIIE-
rugporenessl (I'CH(+)-kinetok). ®epment 3B-I'CJL
WUTpaeT OHY M3 KIIFOUEBBIX POJICH B PEAKITUIX MIPEB-
palieHus XolecTeprHa B TecTtocTepoH. OH sBIseTCS
MapKepOM TECTOCTEPOHMPOAYIUPYIOLMUX KIETOK
Jlefinura B Tectucax. bruio uccinenoBaHo BIUSIHUE
CKOpOCTEell oXJa)XxIeHHUs B Pa3JIUUYHBIX TEMIIE-
paTypHBIX UHTEpBajaxX Ha M3MEHEHHE 0a3anbHOU H
CTUMYJUPOBAHHOMN CEKPELMU TECTOCTEPOHA UHTEP-
CTUIMAILHBIMA KIETKAMH.

Ha ocHoBe mOJIydeHHBIX MaHHBIX MPEAIPUHATA
MIOMBITKA CO3/1aTh HanOoJee ONTUMAIBHBIA PEKUM
kpuokoncepsupoBanus CKU, yauTsIBaromuii 3aBucH-
MOCTb COXPaHHOCTH TE€CTOCTEPOHIIPOIYIHPYIOIINX
KJIETOK OT CKOPOCTH OXJIQXIICHHS B Pa3IUIHBIX
TEMIIEpaTypPHBIX HHTEPBAIAX.

Matepnaabl M1 meToAbI

OKCHEpPUMEHTH IPOBEICHBI B COOTBETCTBUU C
«O06IMMH NPUHIMUIIAMHI SKCIEPUMEHTOB Ha KHUBOT-
HBIX», ogoOpeHHbIMH | HanmonanbHBIM KOHTpeccoM
o 6uoatuke (20.09.01 1., Kues, Ykpauna) u cornaco-
BaHHBIMH C OJIOKEHUAMU «EBponeiickoil KonBeHmun
0 3aIIXTe O3BOHOYHBIX JKUBOTHBIX, UCIIOJIB3YEMBIX
JUIs1 SKCTIEPUMEHTAIBHBIX U JPYTUX HAYYHBIX [IEJIei
(CrpacOypr, 1985).

CyCneH3Uu KJIETOK WHTEPCTUIUS CEMEHHHUKOB
B3pPOCIIBIX KPBIC IOJydYald CICAYIOLIUM 00pa3oM.
[Tocne skcTUpnanuu CEMEHHUKH OCBOOOXAAIU OT
000JIOYKH, MOJBEpPraln MSATKOW 00paboTKe KO-
narenaszoit (4 mr/mi) Ha cpene 199 ¢ 20 MM Hepes
(pH 7,4) npu 32—-34°C 1 HenIpepbIBHOM [TOMEILINBAHUH
Ha npoTsukeHuu 15 mun. Ilepen pazneneHuem momiy-
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of testes material. Since one of the most important
cryo-preservation results for testes is the survival of
testosterone-producing Leydig cells, there is a need in
the studies directed to investigation of the effect of
certain factors of cryopreservation on survival of
steroidogenic cells, their functional ability and the
designing of the regimen enabling to maximally
preserve hormone-producing component of testes.

The research aim was to study the effect of cooling
rate within temperature interval of crystallization of
biological system and within the range of sub-eutectic
temperatures of the solution of DMSO, applied as
cryoprotectants on total survival of interstitium cell
suspension (ICS) of testes and the survival of separate
cell population in ICS, having a high activity of 33-
hydroxysteroid dehydrogenase (HSD(+)-cells).
Enzyme 3B3-HSD plays one of key roles in transfor-
mation reactions of cholesterol into testosterone. It is
the marker of testosterone-producing Leydig cells in
testes. The effect of cooling rates within various
temperature intervals on the change of basal and
stimulated secretion of testosterone by interstitial cells
has been studied.

With basing on the obtained results there was the
attempts to create the most optimal regimen of
cryopreservation for ICS, taking into account the
dependence of testosterone-producing cells on the
cooling rate within different temperature intervals.

Materials and methods

The experiments were performed in accordance
with “General principles of the experiments in animals”,
adopted by the 1st National Congress on Bioethics
(20.09.01, Kyiv, Ukraine) and coordinated with the
statements of “European Convention on the protection
of vertebrate animals, used for experimental and other
scientific purposes” (Strasbourg, 1985).

Cell suspensions of testes interstitium of adult rats
were obtained as follows. After extirpation the testes
were de-coated and subjected to a mild treatment with
collagenase (4 mg/ml) in medium 199 with 20mM
Hepes (pH 7.4) at 32-34°C and constant mixing for
15 min. Prior to separation of the resulted cell
suspension in density gradients of sucrose a primary
sedimentation of tubular structures was performed.
After its separation the cell fraction with the density
of 1.127-1.176 g/cm® was washed-out by medium 199
with 20 mM Hepes (pH 7.4). The obtained cells were
used in experiments.

ICS were cryopreserved with DMSO cryopro-
tectant under final concentration of 10%. DMSO
solution was prepared in medium 199 with 20 mM
Hepes and added to cells in 1:1 ratio. The volume of
the sample to be frozen is 1 ml.

After adding the cryoprotectant solution the samp-
les were frozen with programmable freezer (Cryoson,
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YEeHHOW CYCIEH3UH KJIETOK B TPaJNEHTaX IUIOTHOCTH
€axapo3bl OCYIIECTBIISUTH MEPBUYHOE OCAXKICHHUE
TyOynsipHBIX CTpyKTyp. [locie ee pasnenenus ¢pax-
LU KJIETOK MI0THOCTEIO 1,127—1,176 r/em? Gbla o1-
MeITa cpenoit 199 ¢ 20 MM Hepes (pH 7,4). Ilonyuen-
HBIE KJIETKU HCIIOJIb30BAJIN B 3KCIIEPUMEHTAX.

Kpnoxoncepsuposanne CKU npooannu ¢ kpuo-
nporektopoM IMCO B koHeuHOi KOHLIEHTpanuu 10%.
PactBop IMCO rortosmiu Ha cpeae 199 ¢ 20 MM
Hepes u 1o0aBsiy K KiIeTKaMm B cooTHOIIeHnH 1:1.
O0BeM 3aMOpakBAEMOTO 00pasIia CoCTaBisuT 1 M.

[Tocne moGaBneHUs pacTBOpa KpPHOMPOTEKTOpa
00pa3ipl 3aMOpaXMBAJIM HAa MPOTPAMMHOM 3aMO-
paxwusarene «Cryoson» (I'epmanms) B KproaMITyJrax
(bupma «Nuncy») oobemom 1,8 mi. Perucrpanmro
MPOrpaMMBbl 3aMOPa’KUBaHHS IPOBOIMIIH P IIOMOILH
YCTAHOBICHHOW B KpHOaMIyJaX MeAb-KOHCTaH-
TAHOBOW TepMomapsl U camonucia tuna «Endim»
622.01.

[Ipu nccnenoBaHny BAMSIHUSA CKOPOCTEN OXJIaXAe-
HUs 00pa3IoB B TEMIIEPATypPHOM HHTEPBAJIE KPUCTAN-
JU3alANA KPHOOHOIOTHYECKOH CHCTEMBI Ha OOIIYIO
coxpanHocts CKHM u coxpaHHOCTHh MOMYISIIIHU
I'CJI"-k7IeToK HCIONIh30Balii CIEAYIONINE MPorpaM-
MBI.

[Iporpamma 1: oOpa3isr oxnaxnanmu ot 20-22 1o
—40°C ¢ nmoctossHHOU ckopocThio 1-2°C/MHUH U
MOCIEAYIOUIUM UX MOTPYKEHHEM B KUAKUH a30T.
CxopocTs, ucnoap3dyemas AJIs 3aMOPaKMBAaHUS B
JAHHOW MporpamMMme, peKOMEHJI0BaHa AJIsl KIETOK
Jletigura [10, 14].

[Iporpamma 2: 0Opa3upl 0XJ1axIaId aHAIOTHYHO
porpaMme 1, Ho TOMOTHUTENBHO BBOJMIIN IPOLIENYPY
MIPOTPAaMMHOTO CHSTHS MEPEOXJIaXICHUS MyTeM
TeMIIepaTypPHOH HHAIIHAIINY KPUCTAJUIO00pa30BaHHMA,
MPEeAYyCMOTPEHHYIO BO3MOXKHOCTSIMH 3aMOPaXH-
Barensa “Cryoson”.

[Iporpamma 3: o6pa3ms! oxmaxkganu ot 20-22°C
co ckopocThio 1°C/MUH, OIHAKO TTOCIIE IIPOTPAMMHOTO
CHATHS NEPEOXIaKICHHUSI CKOPOCTh OXJIaXKICHHUS B
HHTEpBaJIe TEMIIEpaTyp KpHCTaNIU3aluu OHOIO-
THYECKON cHUCTeMBbI yBenuuuBaimu f0 15-20°C/muH.
[Mocne moctmxenus temmepatrypsl —40°C oOpasisl
MOTPY’KaIK B XUIKWAK a30T. Ilpu peanuzanuu npor-
paMM 3aMOpaKUBaHUS C TEMIIEPATYPHON HHUIMALNEH
KpUCTAITI000pa30BaHus BEIMYNHA MTEPEOXIIaXKICHUS
He npesbimaina 0,5-1°C.

[Ipwn nccnenoBaHUy BIUSIHAS CKOPOCTH OXJTAXKICHUS
00pasmoB B quamnazone remmeparyp ot —40 mo —70°C,
B KOTOPBIA BXOAWUT TOYKA DBTEKTHUKH PacTBOPOB
AMCO (66,7°C), na obmryro coxpannocts CKU, cox-
panHocth ['CJ[*-KkneTok, a Takke Ha CIOCOOHOCTD
CKU k cuHTE3y U CEKpEMH TECTOCTEPOHA, UCIIOJIb-
30BaJIU CIEAYIOIINE IPOTPaMMBI:

[Iporpamma 4: oOpa3is! oxnaxaanu or 20-22 1o
—40°C c nmocrossiHHOH ckopocThio 1-2°C/muH. B
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Germany) in 1.8 ml cryovials (Nunc). Freezing prog-
rams were recorded with adjusted on cryovials copper-
constantan thermocouple and “Endim” 622.01 recor-
der.

When studying the effect of cooling rates within
temperature interval of cryobiological system
crystallization on total integrity of ICS and the survival
of population of HSD"-cells the following programs
were used:

Program 1: the samples were cooled from 20-22°C
down to —40°C with constant rate of 1-2°C/min and
following their submerging into liquid nitrogen. The rate
used for freezing in this program is recommended for
Leydig cells [10, 14].

Program 2: the samples were cooled the same as
for Program 1, but additionally the procedure of
programmable withdrawal of overcooling by means
of temperature initiation of crystal formation, foreseen
by the “Cryoson” freezer resources was introduced.

Program 3: the samples were cooled from 20-22°C
with the rate of 1°C/min, however after programmable
withdrawal of overcooling the cooling rate within
temperature interval of biological system crystallization
increased up to 15-20°C/min. After achieving the
temperature of —40°C the samples were submerged
into liquid nitrogen. When realizing the freezing prog-
rams with temperature initiation of crystal formation
the overcooling value did not exceed 0.5-1°C.

When investigating the effect of cooling rate of the
samples within the temperature range from —40 down
to =70°C, wherein the eutectics point of DMSO
solutions (66.7°C) is also comprised, on total survival
of ICS, that of HSD*-cells as well as the ability of ICS
to synthesize and secrete testosterone, the following
programs were used:

Program 4: the samples were cooled from 20-22
down to —40°C with constant rate of 1-2°C/min. Within
the range of temperatures from —40 down to —70°C
there was preserved the same cooling rate (1°C/min).
After reaching the temperature of —70°C the samples
were immersed into liquid nitrogen.

Program 5: the samples were cooled from 20-22
down to —40°C with the rate of 1-2°C/min. Within the
range of temperatures from —40 down to —70°C the
cooling rate was increased up to 20-25°C/min. After-
wards the samples were immersed into liquid nitrogen.

When creating the most optimal cryopreservation
regimen (Program 6) the dependence of ICS integrity
and that of HSD'-cells on cooling rate within different
temperature intervals was taken into account, where-
fore the results on cryopreservation of samples
according to programs 2 and 3 were compared with
those obtained when using program 1, and for programs
4 and 5 this was done by comparing them with each
other and program 1. Distinctive feature of the program
1 is rapid non-controlled cooling of the samples when
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nuanasoHe temnepatyp ot —40 go —70°C coxpassiin
Ty Xe cKopocTh oxyaxkaeHus — 1°C/mun. Ilocne
nocTmkeHus Temrneparypsl —70°C oOpasiipl morpyxa-
JIU B )KUJIKHH a30T.

[Iporpamma 5: oOpa3us! oxnaxaanu oT 20-22 1o
—40°C co ckopoctbio 1-2°C/mun. B auanazone tem-
nieparyp —40...—70°C cKOpOCTh OXJIAXKACHNS YBEITHIH-
Bayu 110 20—25°C/muH. [Tocne aToro 00pasiisl morpy-
’KaJId B )KUIKHUH a30T.

[Ipu co3nannu Haubolee ONTUMAIBHOTO PEXUMa
KPHUOKOHCEPBHPOBaHUS (MporpamMma 6) yUUTHIBAIN
3aBucuMocTh coxpanHoctu CKU u I'CIl™-kimeTok ot
CKOPOCTH OXJIaXAECHUS B pa3IMUHBIX TEMIIEPATyPHBIX
HMHTEpBajax, A5 4ero pe3yabTaThl 10 KpHOKOHCEPBH-
pOBaHMIO 00pa3mOB COTJIACHO MporpamMmam 2 u 3
CPaBHUBAIIM C Pe3yJbTaTaMH, MOJYYEHHBIMHA MPHU
HCIIOJIb30BaHUU MPOTpaMMEI 1, a mporpamm 4 u 5 —
MeXIy coOOoi M C pe3yabTraTaMu NpOorpaMmsl 1.
OTnuunTeNsHON 0COOEHHOCTHIO MPOTrpaMMbl 1 sB-
nsieTcss OBICTPOE HEKOHTPOIMPYEMOE OXJIAXKICHHE
00pa3LoB NpH MOTPY>KEHUH B )KUIKUH a30T B AUama-
30He Temnepatyp ot —40°C u Huxe.

[Iporpamma 6: oOpa3ms! oxnaxaanu ot 20-22°C
co ckopocthio 1°C/mun. [Tocnie mporpaMMHOTO CHSI-
TUS TIEPEOXIIAKICHHUS CKOPOCTh OXJIAXKICHUS B UHTEP-
Baje TeMIEpaTyp KpUCTAUIM3aLHUU OMOIOTHYECKOH
cucremsl (10 —40°C) yBenmumnBanu a0 15-20°C/muH,
a B amamnasone temmeparyp ot —40 mo —70°C — mo
20-25°C/muH.

OO6pa3is! oTorpeBaiu Ha BojsiHOH Oane (32-34°C),
otMeiBaiH T JIMCO myTeMm MOCTENeHHOT0 CHUYKEHUS
€ro KOHIIEHTPAINH B CPEIe.

bazanbHy!0 U CTUMYIUPOBAaHHYIO CEKPELMIO KJle-
TOK MCCIIEIOBAJIN NIPH OMOILY HHKYOAIINH KIETOK B
cpere 199 ¢ 20 MM Hepes B Teuenue vaca nmpu 32—
34°C. Kak CTUMYISATOp CTEPOUIOTEHE3a HCIIOIh30-
Balli XOpHOHWYeCKUH ronanorponuH (XI') B KoH-
nenTparuu 1 ME/mn («Organony», Hunepnaner). Co-
Jep)KaHue TEeCTOCTepOHA B MHKYOAllMOHHOW cperne
W3MEPSUTH PaIHONMMYHOJOTHYECKUM METOJO0M C
ucnonb3oBanueM Habopos «PUA CT-tectocTepon»
(benapycp) u paccuuTHIBaJIM HA KOJIMYECTBO KJIETOK
JI0 3aMOpaKMBaHHUS.

I'mcToxmmudeckoe OKpallvBaHUE Ha BBIABICHUE
aktuBHOoCcTH 3[3-I'CJ] mpoBOAMIN METOJOM, OMUCAH-
HeIM B [11], cornmacHo kotopomy 2-4x10° ki/mi
WHKYOWpOBaH B 2,5 MJT (U3NOJIOTHYECKOTO PacTBOpa
¢ oydepom (pH 7.,4), conepxkariero 0,2 Mr/mi1 HUTPO-
cunero Terpaszonus (HCT), 1mr/mn HAJL («Sigmay)
u 0,12 Mr/mn geruaposnuanapocTepona («Sigmay) B
teuenne 90 mun npu 32-34°C. Ilo3uTUBHO OKpa-
[IEHHBIE KIIETKH UMEJIH CBETI0-(DHOIETOBYIO OKpACKY.
[oncuer I'C/"-kneTOK OCYIIECTBISUIN B I1OJIE 3pEHUS
MHUKpPOCKOIIA.

CoxpaHHOCTH KJIETOK KOHTPOJIMPOBAIN METOIOM
CYTIPaBUTAJIHHOTO OKPAIINBAHUS TPUITAHOBBIM CHHUM
[8]. Ob1IyI0 COXPaHHOCTH KIIETOK ITOCIIE KPHOKOHCEP-
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submerging into liquid nitrogen within the temperature
range from —40°C and lower.

Program 6: the samples were cooled from 20-22
down to —40°C with the rate of 1°C/min. After
programmable withdrawal of overcooling the cooling
rate within the temperature interval of biological system
crystallization (down to —40°C) was increased up to
15-20°C/min and within the temperature range from
—40 down to —70°C up to 20-25°C/min.

The samples were thawed on water bath (32—
34°C), washed-out from DMSO by gradual reduction
of its concentration in the medium.

Basal and stimulated secretions of cells were
examined using cell incubation in the medium 199 with
20 mM Hepes for an hour at 32-34°C. Chorionic
gonadotropin (CG) in concentration of 1 [U/ml (Orga-
non, the Netherlands) was used as the stimulator of
steroidogenesis. Testosterone content in incubation
medium was measured by radio immunologic method
using the kits “RIA ST-testosteron” (Belarus) and
counted in respect of the number of cells prior to
freezing.

Histochemical staining for revealing the activity of
3B-HSD was done by the described method [11]
according to that 2-4x10° cells/ml were incubated in
2.5 ml of buffered physiological solution (pH 7.4),
containing 0.2 mg/ml of nitroblue tetrasolium (NBT),
Img/ml NAD (Sigma) and 0.12 mg/ml dehydro-
epiandrosterone (Sigma) for 90 min at 32-34°C.
Positively stained cells were light violet. HSD*-cells
were counted within microscope vision field.

Cell survival was controlled with the method of
supravital staining with trypan blue [8]. Total cell
survival after cryopreservation with different freezing
protocols was expressed in percentage to interstitium
cells prior to freezing, the survival of HSD'-cells after
cryopreservation was found on the ratio to the number
of HSD*-cells in the samples prior to freezing.

For statistical processing of the results single-factor
analysis of variance and Student’s T-criterion was used
by means of Excel software.

Results and discussion

Cryopreservation factor affects significantly ICS
integrity. So, the total number of cells of interstitium
cryopreserved according to program 1, sharply reduced
down to 55% (Fig. 1) and down to 30% for HSD*-
cells. The ability for synthesis and secretion of testo-
sterone at cooling rate of 1-2°C/min down to —40°C
with following submersion of the samples into liquid
nitrogen was decreased. As Fig 2. shows the use of
this cooling rate results in a significant reduction of
basal and stimulated by CG of ICS steroidogenesis.
Especially sharp reduction of their ability to respond
to tropic stimulation was found.

During freezing the conditions and rate of crystal-
like structure formation significantly affect the survival
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BUPOBAHHUS MO PAa3NUYHBIM IpOrpaMmaM 3aMopa-
JKUBAaHMS BBIPA)KaJd B MPOLEHTHOM OTHOIIEHHWH K
KJIETKaM MHTEPCTHLIMA 10 3aMOPAKUBAHUSA, COXpaH-
HocTh ['CJI"-K1eTOK nmociie KpHOKOHCEPBUPOBAHMS —
10 OTHOWIEHUIO K KoiuuecTBy I CI -KkneTok B 0Opas-
Lax 10 3aMOpaKUBaHU.

[Ipu craructuyeckoii 00paboOTKe pe3yabTaTOB
HCIIOJB30BATM OAHO(PAKTOPHBIA JUCTIEPCUOHHBIH
aHanm3 U t-kpuTepuii CThIOAEHTA C IOMOIIBIO MTaKeTa
nporpamm Excel.

Pe3yAbTatbl M 00Cy)xaeHue

®akTOp KPHUOKOHCEPBUPOBAHUA 3HAYUTEIHHO
BrnuseT Ha coxpanHocTb CKMU. Tak, obmee konm-
YECTBO KJIETOK MHTEPCTULINS, KPHOKOHCEPBUPOBAHHBIX
COMIacHoO mporpamme 1, pe3ko cHmXxanocek 10 55%
(puc. 1), a 'C["-knerok — no 30%. CiocoOGHOCTH K
CHUHTE3Y M CEKpELHH TECTOCTEPOHA MPH CKOPOCTHU
oxnaxnaenus 1-2°C/mun no —40°C, ¢ gaapHEHIIAM
Morpy>eHueM 00pasLoB B KUIKUI a30T, ObLIa CHUKe-
Ha. Kak mokaszaHo Ha puc. 2, UCIOIp30BaHIE JaHHON
CKOPOCTH OXJXKACHHUS MPUBOIAUT K 3HAYUTEIHHOMY
CHIDKEHHIO 0a3abHOTO M CTHUMYIHPOBaHHOTO XI'
crepougoreneza CKU. OcobeHHo pe3ko yMeHbIa-
JIaCh UX CIIOCOOHOCTH OTBEYATh HA TPOMHYIO CTUMY-
Jsturo XT

Ha coxpaHHOCTBH KJIETOYHBIX CYCIIE€H3UH HpHU
3aMOPaKUBAHUH CYLIECTBEHHO BJIMSIOT YCIOBHA H
CKOPOCTb 00pa3oBaHUsl KPUCTAMI000pa3HOH CTPYK-
Typsl [1, 3, 9]. KoHeuHsIi1 pe3yasrar KpucTauIi3alun
OyoeT ompeaensaThCsa B3aMMOCBSA3bI0 CKOPOCTH
MOSBJICHUS HOBBIX LEHTPOB KPUCTANIM3ALUHN H
CKOPOCTH pOoCTa 00pa30BaBLIMXCs KpucTaioB. Kax-
IBIH 13 3TUX (PAaKTOPOB MOXKET TO-Pa3HOMY BIIUSTH
HA COXPAHHOCTbH TEX WJIM UHBIX KIETOK B KJIETOYHOM
CYCTIEH3HUH.

YMeHbIIIeHNE BETUYNHBI MEPEOXTaKIEHUS CIIO-
COOCTBYET yBEIWYEHHUIO COXPAHHOCTH PAa3TUIHBIX
KJIETOK ITOCJIe 3aMOpaKUBaHMs [5].

[Ipu uccnenoBaHMH COXPAHHOCTHU KJIETOK B
TeMIIepaTypHOM HHTEPBaJIE KPUCTAIUIN3ALNHI CUCTEMBI
OBUIO MTOKa3aHO, YTO MPOIPAMMHOE CHSITHE IEepeoX-
naxaeHus oOpasuoB npu 3amopaxuBanuu CKU
(nporpamma 2) mpuBOAMIO K yBEJIWYEHHIO OOLICH
COXPaHHOCTH KJIETOK 10 64% u coxpannoctu I'CI"-
KieTok 10 47% ot HaruHBIX I'CJl*-Ki1eTok (cM. puc.
1). IIpu 3TOM yBEeNIHYEHUE CKOPOCTHU OXJIAXKIACHUS
IOCJIE TPOTPAMMHOTO CHATHS TIEPEOX XK ICHHS (TIPOT-
pamMMa 3) 3HAUUTEIHHO IMOBBIMIAIO COXPAHHOCTH
nomryssitun I'CIL -xmetox (cm. puc. 1). Ctoco6HOCTh
K cuHTE3Y U cekpennn Tectoctepona CKI, ocodenHo
B OTBET Ha CTUMY/IIMIO X[, Takke yBeIMYMBagach
(puc. 2) Mo CpaBHEHHUIO CO CIIOCOOHOCTHIO KIIETOK,
KPHOKOHCEPBUPOBAHHBIX 110 Tporpamme 1.

OTH pe3ynbTarhl CBUIAETEILCTBYIOT O MPEUMY-
LIECTBE UCIOJIb30BAHUS MOCIE CHATUS MEPEeoXaxK-
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of cell suspensions [1, 3, 9]. Final result of crystal-
lization will be determined by interaction of the rate of
new crystallization centers’ appearance and growth
rate of the formed crystals. Each of these factors may
differently affect the integrity of any cells in cell suspen-
sion.

Reduction of overcooling value contributes to a rise
in survival of different cells after freezing [5].

When investigating the cell integrity within the
temperature interval of system crystallization there was
shown that programmable withdrawal of overcooling
ofthe samples during ICS freezing (program 2) resulted
in an increases total integrity of cells up to 64% and
that for HDS"-cells up to 47% from native HSD*-cells
(see Fig. 1). Herewith a rise in the cooling rate after
programmable withdrawal of overcooling (program
3) considerably increased the survival of HSD"-cells
population (see Fig. 1). The ability for synthesis and
secretion of ICS testosterone by ICS especially the
response to CG stimulation also enhanced (Fig. 2) if
compared with the ability of the cells cryopreserved
on program 1.

These results testify to the advantage of using after
overcooling withdrawal higher freezing rates at the
stage of biological system crystallization. In addition,
maximum reduction of overcooling which frequently
determines the further character of system crystal-
lization and rate of re-crystallization processes at
thawing stage will positively affect the survival of
steroidogenic testes cells.

100
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80 - *

70 - * #
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20
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0+ T T T T T
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Mporpammel oxnaxaeHusi
Cooling programs

Puc. 1. O6mas coxpannocts (CJ) 1 coxpanHocts ['C/I -kieTox
B CKU (A) npu pa3inyHbIX IPOrpaMMax 3aMOPaKUBaHHU;
* — pa3uuusl JOCTOBEPHBI 10 OTHOLICHUIO K Iporpamme 1;
# — pa3M4Ks JOCTOBEPHBI 110 OTHOIICHHUIO K ITporpamme 4
(p<0,05).

Fig. 1. Total survival (O) and that for HSD*-cells in ICS (@)
at different freezing programs. * — differences are statisti-
cally significant in respect of the program 1; # — differences
are statistically significant in respect of the program 4
(p<0.05).

#*

CoxpaHHocTb, %
Survival, %
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neHust 0oJiee BBICOKUX CKOPOCTEH 3aMOpakMBaHUS Ha
JTare KPUCTAIIU3AINN OHOJIOTHYECKON CHCTEMBI.
Kpome TOro, MakcuManbHOE CHMIKEHUE MEPEOXIIaxK-
JEHHS, KOTOPOE 3a4acTylo ONpeneseT AalbHEHIINn
XapakTep KpUCTAUIM3AIKU CUCTEMBI U CKOPOCTh pe-
KPUCTAJUIM3aLMOHHBIX MTPOLIECCOB Ha 3TaIle OTOTPEBA,
OyZIeT MO3UTHBHO CKa3bIBAaThCS HA COXPAaHHOCTH
CTEPOMIOTEHHBIX KJIIETOK CEMEHHHKOB.

UccnenoBaHo siBIeHME HU3KOTEMIIEPATypPHOTO
IBTEKTHYECKOTO PACCIOEHUS PACTBOPOB KPHOTIPOTEK-
TopoB [4, 13] 1 3HaYeHNe ISt KPHOKOHCEPBUPOBAHUS
JanazoHa cyOIBTEKTHUECKUX TEMIepaTyp pacTBo-
POB KpHOTpOTeKTOpoB. CAemaHo JOMyIIeHHe, 9TO MPo-
LIECCHI, CBSI3aHHBIE CO CTPYKTYPHBIMU N3MEHEHUSIMU
00pa31oB B JaHHOM TEMIIEpaTypHOM HHTEpBale,
MOTYT 3HaUUTENBHO CHI)KATh COXPAHHOCTh KPUOKOH-
CEpBUPYEMBIX KJIETOK. [13-3a HE3aKOHUEHHOTO ITpo1iec-
ca KpHCTalmioo0pa3oBaHus B 3TUX TEMIEPaTyPHBIX
HMHTEpPBalaX BICOKA BEPOATHOCTD PA3IUYHBIX PEKPH-
CTAJIIM3aLMOHHBIX POLIECCOB, KOTOPBIE MOTYT CyIlle-
CTBEHHO CHM)KaTh COXPAHHOCTh KJIETOK, OCOOCHHO Ha
arame otorpena [1, 3]. DTo cTaBUT MOJ COMHEHHE
3¢ $EeKTUBHOCTD OBICTPOTO HEKOHTPOINPYEMOTO 3aMO-
paKUBaHUS 00PA3LIOB MyTeM MOTPYKEHUS UX B KUIKHN
a30T mpu JoctwkeHnu Temmepatypsl —40°C (mpor-
pammsl 1, 2 u 3).

HanpHelmmM 3TanoM paboTsl ObUIO HCCIIeIOoBa-
nue obueit coxpannoct CKU u coxpannoctu I'CI*-
kietok B CKU nipu oxutakAeHUH ¢ pa3IundHOM CKOpO-
CTBIO B nuamnaszoHe temneparyp ot —40 go —70°C, B
KOTOPOM MOXET MPOUCXOAUTH HU3KOTEMIIEPAaTypHOE
9BTEKTUYECKOE PACCIOCHHE PacTBOPA KPHOMPOTEK-
TOpa ¥ HauOoJIee BEPOSITHHI JaJIbHEHIIIIE IEPEeCTPONKH
CTPYKTYPbI MEXKPHUCTATUINIECKUX IPOCIOEK B 3aMO-
paxuBaeMoi 6uonormueckoi cucreme [13].

OxmnaxeHne B JaHHOM MHTEpBaJie TeMIIepaTyp C
MOCTOSIHHOW cKOpocThio 1-2°C/MuH (mporpamma 4)
HE MIPUBOJIMIIO K 3aMETHOMY YBEITMICHHIO KaK 001ei
KJIETOYHOW COXPAHHOCTH (CM. pHcC. 1), Tak u coXpaH-
Hoctu I'C/I"-knerok. CopepxaHue TECTOCTEPOHA B
cpene uaKyOarmu, kak 1 orBet CKU Ha TponHyro cTu-
MYJISLMIO TIOCNIE 3aMOpa)XMBaHUs MO ImporpamMme 4
OCTaBAJIMCh JOBOJILHO HU3KUMH U CPABHUMBI OBLIH C
AHAJIOTMYHBIMU [TOKA3aTeNAMU 11 KJIIETOK, KpHOKOH-
CEpPBUPOBaHHBIX MO Iporpamme 1 (puc. 2). Taxoii xe
PEe3yIIBTaT IO CTEPOUTHON MPOAYKITHH OB MOTY4EH 1
IIpU YBEIWYEHUU CKOPOCTH OXJaxkaeHus no 20—
25°C/mun B nnTepBane temmnepatyp ot —40 qo —70°C
(mporpamma 5, puc. 2). OgHAKO TIPH 3TOM BO3pacTain
0011ast COXpaHHOCTh KJIETOK M coxpanHocTh ['CJI+-
KJIETOK (TIporpamMma 5, cM. puc. 1), 9TO CBHAETEIHCT-
BYET O IOJOXHUTEIBHOM 3 dexre Oojee BHICOKUX
CKOPOCTEH OXJIaKICHUS B JTaHHOM UHTEpBaJe TEMIIE-
partyp pu KpHOKOHCEPBUPOBAaHHUH.

Takum 06pazom, oxJIakJeHUE B MIHTEPBAJIE TEMIIE-
patyp ot —40 no —70°C mpu 3amopaxkuBanuu CKU
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Puc. 2. bazanpHas ([0) u cTUMyTupoBaHHast cekperust ()
tecroctepona CKH mocie pa3imuHbIX IPOrpaMM OXJIax-
JleHus. * — pa3iuuus AOCTOBEPHBI 110 OTHOLICHHUIO K
nporpamme 1 (p<0,05).

Fig. 2. Basal (OJ) and stimulated (H) secretions of ICS testo-
sterone after different cooling programs. * — differences are
statistically significant in respect of the program 1 (p< 0.05).

Low-temperature eutectic stratification of cryopro-
tectant’s solutions [4, 13] and the values for cryo-
preservation of the range of sub-eutectic temperatures
of cryoprotectants solutions have been shown. It was
assumed that the processes related to structural chan-
ges of samples within this temperature interval may
significantly reduce the survival of the cells under
cryopreservation. Due to formation of incompleted ice
crystals within these temperature intervals the probabi-
lity of different recrystallization processes capable to
reduce the cell survival especially at thawing stage is
quite high [1, 3]. This fact prejudices the efficiency of
rapid non-controlled freezing of the samples by sub-
merging them into liquid nitrogen when reaching the
temperature of —40°C (programs 1, 2 and 3).

The following research stage there was the study
of total survival of ICS during cooling with various
rate within the temperature range from —40 down to
—70°C wherein low-temperature eutectic stratification
of cryoprotectant solution may occur and further rear-
rangements of the structure of intercrystal interlayers
in the biological system under freezing are very pro-
bable [13].

Cooling within this temperature interval with
constant rate of 1-2°C/min (program 4) did not result
in marked rise in both total cell survival (see Fig. 1)
and that for HSD"-cells. Content of testosterone in
incubation medium as well as a response of ICS on
tropic stimulation after freezing on program 4 have
remained quite low and were comparable with the same
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JOJKHO TIPOUCXOAMTH C ONPEEeNIEHHON CKO-POCTBIO
(20-25°C/mun), HE nOMycKasi ObICTPOr0 HEKOHTPOJIH-
pPyeMOro OXJa)KJeHHs MOTPYKEeHHeM oOpasia B
YKUIKUH a30T ITOCIIE JOCTIKEHUS Temmepatypsl —40°C
(mporpamma 1).

D¢ ekt yBennueHusa noxasareiaeid COXpaHHOCTH
KJIIETOK ITPH UCTIOIb30BAHUHM OTHOCUTEIHHO OBICTPHIX
ckopocTeit oxnaxaeHus (15-20°C/MuH) mociie CHATUS
MEPEeOXIaXKAESHHS IPH OXJIAXKICHUHU JI0 TEMIIEPATyPhI
—40°C (mporpamma 3) ObLT BBILIE, YEM MPH  YBEJIU-
YEHHH CKOPOCTH OXJIQXJCHHS B TEMIIEPaTypHOM
unatepBaine —40...—70°C (mporpamma 5).

Craenyer oOpaTuTh BHUMaHHE, YTO OXJIAXKICHHE
o0pa3ios B nporpammax 4 u 5 1o —40°C npoBoauin
OZIMHAKOBO C MMOCTOSIHHON CKOPOCThI0 1-2°C/MUH I1s
TOTO, YTOOBI BBICIUTH 3aBUCHMOCTH COXPAHHOCTH
KJIETOK TOJIBKO OT OXJIAXKACHUS B CyO3BTEKTHUECKOM
uHTEpBaje Temreparyp. IIpu 3Tom oTcyTCTBHE 3HAYH-
TEJBHOTO YBEIUYEHUS] CHHTE3a U CEKPElUH TEeCTO-
CTepoHa, 0COOCHHO B OTBET Ha cTuMyiisiiuio X1, mpu
HCIOJIb30BaHUM NIporpaMM 4 1 5 elie pa3 moATBEpK-
JlaeT HECOCTOATENBHOCTh UCTIONB30BAHHS MEATICHHBIX
CKOPOCTEH OXJIAKACHUSI IMEHHO Ha dTalax KpucTa-
nu3zanuu ouosorudeckoi cuctemsl (mo —40°C).
Opnaxo yBenunuenue coxpanHoctu ['C/I*-kneTok npu
HCIIONB30BAaHUHU MPOTPaMMBI 5 CBUAETEILCTBYET O
HE00XOTUMOCTH KOHTPOJISI CKOPOCTEH Ha 3Tanax ox-
naxaeHus arwke —40°C, korma IpOuCXOINUT JaTbHEH-
niee JOCTpauBaHUE KPUCTATUIMYECKUX CTPYKTYP.

VY4uuThIBask BBHIIEONHCAHHOE BIMSHUE CKOPOCTEH
OXJIAXKJICHUS Ha Pa3IMYHBIX dTanax KPUOKOH-
CepBUPOBAHMS Ha COXPAHHOCTh M CTEPOHOTCHHBIN
notennuan CKM B3pocnbIX KpbIc, YMECTHO OBLIO
pa3paboTaTh HOBBIA PEXHUM KPHOKOHCEPBUPOBAHUSI.
[Ipu nanpueimeit padbore ¢ CKU ncnonszoBanu
nporpamMmy 6, KoTopas BKIJouajia IporpaMMHOE
CHSTHE NIEPEOXJIaXKACHUs, ObICTPOE, IO CPABHEHUIO C
nporpamMmoit 1, oxiaxaeHue oOpas3lLoB B TeMIepa-
TYPHOM HHTEpPBaJe KPUCTAIUTN3AUN ONOJIOTHYECKOM
CHCTEMBI H OBICTPOE, IO CPABHEHUIO C POTrPaMMOM
4, 3aMOpakuBaHHE B AMANA30HE CY0IBTEKTHUECKUX
temneparyp pacrsopos JIMCO.

[Ipu ucmonb30BaHUU MPOTpPaMMBbl 6 TOTydYeHa
Haubonpmas coxpanHocts I'CH*-kmetok — 83%
(puc. 1), KOTOpBIE OTBETCTBEHHBI 32 MPOAYKIHUIO aH-
aporeHoB. KineTku MHTEpCTHUIHSA MOCTE HCHOJb-
30BaHMsI JAHHOM MTPOTpaMMBbI 3aMOpPaKHBaHUs 00J1a-
JlaJTd HanOOoJIbIIIEH CIOCOOHOCTHIO KaK K 0a3aIbHOMY,
TaK ¥ K CTUMYJHUPOBAHHOMY CHHTE3Yy TE€CTOCTEpOHa
(puc. 2). YpoBeHb TECTOCTEPOHA B cpelie HHKYOau
nocie crumyasinud X 001 (7546) HMOIB/KI%10'2,
91O cocTaBisieT okoimo 70% ot xoHTpois. Ilpu mo-
BOJILHO HU3KHX 3HaUEHUSIX 001Iei COXpaHHOCTH (CM.
puc. 1) 3T gaHHBIE CBUAETENBCTBYIOT O KPUOCEIEK-
TUBHOM JICHCTBHH NPOTPAMMBbI, HAIIPABICHHOM Ha
COXpaHeHHEe IMEHHO CTEPOHUIITPOTYTUPYIOIINX KIIETOK
B CKU.
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indices for cells cryopreserved on program 1 (Fig. 2).
The same result on steroid production was obtained
when increasing the cooling rate up to 20-25°C/min
within temperature interval from —40 to —70°C
(program 5, Fig. 2). However herewith total cell survival
and that for HSD*-cells increased (program 5, see
Fig. 2), testifying to a positive effect of more rapid
cooling rates within given temperature interval during
cryopreservation.

Thus cooling within the temperature interval of
—40 down to —70°C during freezing of ICS should take
place with certain rate (20-25°C/min) with no
admission of uncontrolled cooling by sample submerging
into liquid nitrogen after achieving the temperature of
—40°C (program 1).

The effect of increasing the indices of cell survival
when using relatively rapid cooling rates (15-20°C/min)
after overcooling withdrawal when cooling down to
the temperature —40°C (program 3) was higher than
when rising the cooling rate within the temperature
interval —40 to —70°C (program 5).

The attention should be paid to the fact that cooling
of the samples for programs 4 and 5 down to —40°C
was performed similarly with the constant rate of 1—
2°C/min to determine the dependency of cell survival
only on cooling within sub-eutectic temperature
interval. Herewith the absence of significant rise in
synthesis of testosterone secretion particularly in
response to CG when using programs 4 and 5 once
again confirms the failure of application of slow cooling
rates namely at biological system crystallization stages
(to —40°C). But a rise in the survival of HSD"-cells
when using the program 5 testifies to a need in control-
ling the rates at cooling stages lower than —40°C when
further building-up of crystal structures takes place.

Taking into account the mentioned above effect of
cooling rates at various stage of cryopreservation on
survival and steroidogenic potential of ICS for adult
rats, it would be expedient to design new cryopreser-
vation protocol. For further researches with ICS the
program 6 was used, it comprised a programmable
with drawal of overcooling, rapid in comparison with
program 1 cooling of samples within temperature
interval of biological system re-crystallization and the
one in comparison with program 4, freezing within the
range of sub-eutectic temperatures of DMSO solu-
tions.

When using program 6 there was obtained the
highest survival of HSD*-cells, 83% (Fig. 1) , which
were responsible for production of androgens. The cells
of interstitium after use of this freezing program
possessed the highest ability both to basal and sti-
mulated synthesis of testosterone (Fig. 2). The level
of testosterone in incubation medium after CG stimu-
lation was (75+£6) nM/cellsx10'?, that makes about
70% from the control. At quite low values of total
survival (see Fig. 1) these data testify to cryoselective
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BbiBOADI

1. IlonyuyeHHBIE PE3YyAbTATHl MOATBEPKIAIOT
3HAUEHUE BIIMSIHUS Pa3IMYHBIX CKOPOCTEH OXIaXIEHHS
Ouosiornyeckux 0OBEKTOB U HEOOXOIMMOCTH HX
KOHTPOJUPOBAHUS B Pa3IUYHBIX TEMIEpPaTypPHBIX
MHTEpBajaX, 8 UIMEHHO B HHTEPBaJle KPUCTAJUIM3ALUN
OMOJOTUYECKOW CHUCTEMBI M AHamna3oHe CyO0IBTEK-
TUYECKUX TEMIIEpaTyp pacTBOpa KPHOIPOTEKTOPA.

2. DddexT noBwImIeHUS 00IIEH COXPAaHHOCTH U
coxpanHoctu ['CIl*-kIeTOK mpH MCIOIB30BAHUHU
OTHOCHUTEIHHO OBICTPBIX CKOPOCTEH OXJaXACHHUSA B
WHTEpBAJIE TEMITEPATyp KPUCTAIUTA3AIIMN OHUOJIOTHYeC-
KOM CHCTEMBI IOCJIe CHATHS MepeoxIaxaeHus (por-
pamma 3) GBI BBIIIIE, YeM TIPH YBEIHMUYEHUH CKOPOCTH
OXJIaX/ICHUSI B CY0IBTEKTHYECKOM TEeMIIEpaTypHOM
uHTEepBase (mporpamma 5).

3. CoueraHnue NporpaMMHOrO CHSTHUS MEpPeoX-
JIQXKJICHUS U YBEIMYEHUS CKOPOCTEH OXJIaXICHUS B
HHTEpBaJax TEMIEpaTyp KpUCTAIIU3auuud Onoio-
rudeckoir cuctemsl A0 15-20°C/mMuH u cy03BTEK-
TUYECKOM Juana3one temmeparyp ao 20-25°C/mMun
(mporpamma 6) IPUBOANIIO K 3HAUNTEIHHOMY yBEIIH-
gyeauio coxpamHoctu I'CJ[*-xkmeTtok B CKU m ux
CIIOCOOHOCTH K 0a3ajJbHOMY W CTUMYJIHUPOBAHHOMY
CHUHTE3y U CEKPEINH TECTOCTEPOHA.

4. IToxazaHo NEWCTBUE CKOPOCTEN OXJIAXKICHUS B
Pa3IMYHBIX TEMIEpaTypHBIX MHTEpBajiax Hall-
PaBIEHHOE HAa COXPAHHOCTh MMEHHO CTEPOUIIPO-
nyuupyoomux kinetok B CKH B3pocnsIx kpbIC.
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action of the program, directed to preservation of
exactly steroid-producing cells in ICS.

Conclusions

1. The obtained results confirms the value of effect
of different cooling rates of biological objects and
necessity of their controlling within various temperature
intervals, namely within the one of biological system
crystallization and that for sub-eutectic temperatures
of cryoprotectants’ solution.

2. Effect of the increase of total survival and that
for HSD"-cells when using relatively rapid cooling rates
after overcooling withdrawal (program 3) was higher
than during a rise in cooling rate within sub-eutectic
temperature interval (program 5).

3. Combination of programmed withdrawal of
overcooling and rise in cooling rates within temperature
intervals of biological system crystallization up to 15-
20°C/min (program 6) resulted in significant increased
survival of HSD*-cells in ICS and their ability to basal
and stimulated synthesis and testosterone secretion.

4. The effect of cooling rates under various
temperature intervals directed to the survival of namely
steroid-producing cells in ICS of adult rats has been
demonstrated.
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