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Study of Steroidogenic Potential of Post-Thaw
Biological Material of Mature Rats’ Testes

IIpoBeneHo cCpaBHUTEIBHOE UCCIISJOBAaHNUE CTEPOUIOTSHHBIX TOTCHIHAIOB ONOJIOTHUECKOT0 MaTepHaa TECTHCOB I0JIOBO3PEIIBIX
KPBIC TI0CJIe KPUOKOHCEPBUPOBaHUs. Bronornyeckuii MaTepuan TECTHCOB B BUAE KPUOKOHCEPBHPOBAHHON CYCHEH3HH KIIETOK
unrepcruius (CKN) obnamaet 6obliieii CmoCOOHOCTHIO K CHHTE3Y U CEKPEIMH MOJIOBBIX CTEPOUIOB 110 CPABHEHUIO ¢ (pparMeHTaMu
TectucoB. Mcnosnp3oBanue pa3zpaboTaHHOTO HaMu criocoba kprokoHcepBuposanus st CKU npuBoaut K jydiueil COXpaHHOCTH
CTCPONAOTCHHBIX KJIETOK I10 CPABHEHHIO C CyLl.leCTBleLl_Il/IMl/I AHAJIOTUYHBIMHA PEXUMaMM.

Knrouesvie cnosa: recrocrepoH, kietku Jlelanra, CKOPOCTb OXJIAKICHHS, 3[3-THAPOKCHCTEPOUIETHAPOTeHa3a, IEPEOXJIaK ICHHE.

IIpoBeneHO MOPIBHSIBHE MOCTIIKCHHS CTEPOIIOreHHUX MOTCHIIaiB Gi0J0TYHOTO MaTepiany TECTUCIB CTATEBO3PLINX IIyPiB
micist KpioKoHCcepBYBaHHs. biooriuHuii MaTepial TeCTUCIB y BUIVIsLI KpioKOHCepBOBaHoi cycneHn3ii kiituH inteperuiito (CKI) mae
OLIbIIY 3aTHICTD 10 CHHTE3Y 1 CEKpeLii cTaTeBUX CTEPOi/iB y MOPIBHSAHHI 3 (hparMeHTaMy TeCTHCIB. BUkopHucTaHHs po3pobiieHoro
Hamu crioco0y kpiokoHcepyBanHst 1uist CKI no3Bosisie kparie 30epirati CTepoiforeHHi KIIITHHH Y HOPIBHSHHI 3 ICHYFOUMMU aHAJIOT YHUMH
pexumMamu.

Knwouosi cnosa: tecroctepoH, KiiTuHu JIeHaUra, IIBUAKICTH 0XOJIOPKEHHS, 33-T1IpOKCHCTEPOi IeriiporeHasa, mepeoXoyioKeHH.

Comparative study of steroidogenic potentials of biological material of testes of mature rats after cryopreservation was performed.
Biological materials of tsetse as cryopreserved suspension of interstitial cells has higher ability to synthesize and secret sexual steroids
if compared with testes fragments. Use of designed by us cryopreservation method for interstitial cell suspension (ICS) results in

higher integrity of steroidogenic cells if compared with existing analogous regimens.
Keywords: testosterone, Leydig cells, cooling rate, 33-hydroxysteroid dehydrogenase, overcooling.

TpaHcruiaHTalys TKAHU U KJIETOK MYCKHUX TOHAJ, —
OJIMH U3 CIOCO0O0B pellleHus MPoOIeM aHIPOTeHHON
HEJIOCTAaTOYHOCTH, KOTOPAas Pa3BUBACTCS KaK CIIEICT-
BH€ Pa3JIMYHBIX MTATOJOTHICCKUX COCTOSHIM OpTraHu3-
Ma WU JJIATETHHOU TOPMOHAITEHOM Tepanuu. OTHaKO
TUs1 9P PEKTUBHOTO UCTIONH30BAHUS JAHHOTO METOIA
HE00XOIMMO CO3/IaTh OAHK MOTHOIIEHHOTO JOHOPCKOTO
MaTepuana, 00eCIeUnBaIONIETO €T0 JTOJITOCPOIHOE
XpaHEHHE.

KpuoxoHcepBrpoBaHue My KCKUX TOHA]T TO3BOJISIET
COXpaHUTh 3HAYUTEIbHBIA CTEPOUIOTCHHBIA MOTEH-
nuan Omonoruveckoro Marepuana. B [1, 7-9] onu-
CaHbI MPOTPAMMEI JJIs 3aMOPaKUBaHUs (pparMeHToB
(beTaapbHON TECTUKYNSPHON TKAaHW YelloBeKa, (hpar-
MEHTOB ¥ KJIETOK TECTHCOB B3POCIIBIX KpEIC. B Kauect-
Be KpHomnpoTekTopa ucrnosb3opam JJIMCO. Ob6pa3ub
OXJIaXJadu cO CKopocThio 1-2°C/MUH 10 TemIie-
patyp —40..—70°C c mocaeayIonuM X MorpyKeHIeM
B JKHJKUHI a30T. MeieHHoe OXJIaXKJIEeHHE B DTHX
PEXHMMax MO3BOJISIET COXPAHUTH MOP(OIOrHUECKYIO
CTPYKTYpY TKaHEHl TECTUCOB.

MHCTUTYT npobAemM KpUMOOMOAOTMM U KPUOMEANLIMHDI
HAH YkpauHbl, r. Xapbkos

* ABTOp, KOTOPOMY HEODXOAMMO HanpPaBASiTb KOPPECTOHAEHLMIO:
yA. lNepeacaasckas, 23, r. Xapbkos, YkpanHa 61015; Tea.:+38
(057) 373-30-07, chakc: +38 (057) 373-30-84, sAeKTpOHHas noyTa:
cryo@online.kharkov.ua

NMPOBJIEMbI
KPUOBMOJIOIUM
T. 19, 2009, Ne1

Transplantation of tissue and cells of male gonads
is one of the ways to solve the problem of androgenic
insufficiency, developing as the result of different
pathological states of an organism or lasting hormonal
therapy. However for efficient use of this method it is
necessary to establish bank of valuable donor’s ma-
terial, providing its long-term storage.

Cryopreservation of male gonads enables to pre-
serve significant steroidogenic potential of biological
material. The reports [1, 7-9] describe the freezing
protocols for the fragments of fetal human testicular
tissue, fragments and cells of adult rats’ testes. DMSO
was used as cryoprotectant. The samples were cooled
with the rate of 1-2°C/min down to the temperatures
of —40..-70°C with following their plunging into liquid
nitrogen. Slow cooling with these regimens allows the
preservation of morphological structure of testes tis-
sue.

However the same cooling rates used for testes
cryopreservation as a cell suspension from our point
of view do not provide the same good outcome on bio-
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OpHaKo aHAJIOTUYHBIE CKOPOCTH OXJIAXKACHNUS, UC-
[IOJIb3yeMBIE 11 KPUOKOHCEPBUPOBAHHS TECTHCOB B
BH/I€ KJIETOYHOM CYCIIEH3HH, 10 HallleMy MHEHHIO, HE
00ecrneYnBaoT TaKUX K€ BBICOKUX PE3yJIbTaToOB IO
COXpaHHOCTH OMomarepuana, KOTOPbIE ITOMyYeHbI IS
¢parmenToB. [Ipu KpHOKOHCEPBUPOBAHUHU KIIETOYU-
HOTO Marepuajia HeoOXOOUMO Y4YeCTh (hHU3HUECKHe
MIPOLIECCHI, MPOUCXOAIINE B OXJIAXKAaEMOH clUcTeEMe
MIPU Pa3IMYHBIX CKOPOCTAX OXJAXKIEHUS B Pa3HBIX
TeMIepaTypHBIX JUaa30Hax s CO3JaHus Hanboee
ONTHMAJIBHOTO PEXKMA, TO3BOJISIONIETO COXPAHUTh
CTEpOMIOT€HHBIE KIIETKH.

Ha ocHOBe maHHBIX O COXPAaHHOCTH CTEPOHIIPO-
OYLIHPYIOUINX KJIETOK B 3aBUCUMOCTH OT CKOPOCTH HX
OXJIAXKIECHUS B Pa3HBIX TEMIIEPATYPHBIX MHTEpPBAIaX
Hamu ObL1a pa3paboTaHa MporpaMMa 3aMOpaKMBaHUsI
OMOJIOTMYECKOTO MaTepHana TeCTHUCOB B3POCIbIX
KpBIC B BUJIE cyclieH3un Ki1eTok naTeperuus (CKN)
[1]. [IporpaMma 3aMopakuBaHUs BKJIOYaIa Hayalb-
HYIO CKOPOCTbh oxjiaxaeHus 1-2°C/muH, npouenypy
MIPOrPaMMHOTO CHSTHS MEePEOXTKICHHS, TOCIETy-
I0IIlee MCITOJIb30BaHUE 0oJiee BBHICOKUX CKOPOCTEH
(15-20°C/mun) npu oxnaxaenun g0 —40°C u B uH-
tepBaje remiepatyp ot —40 10 —70°C (20-25°C/muH)
C JaNbHEWIIMM TMOTPYKECHUEM 00pa3lloB B JKUIKHHA
a3o0T.

Lenb paboThI — MCCIEI0BATh BIMSIHAE PA3TUIHBIX
PEXKUMOB 3aMOPAXKMBaHUs HA COXPAHHOCTh CTEPOUIO-
rennbix cBoictB CKU u pparmenTos tectucos (DT).

B cooTBeTcTBUM € TOCTaBIEHHOH LIENBIO MPEIIO-
JIarajioch pelnTh crienyromue 3agadn. Mcecnenosars
COXPAaHHOCTb CTEPOUAOTCHHBIX CBOUCTB (MPOLYKIHS
TECTOCTEPOHA, 3[3-THIPOKCHCTEPOUIICTUAPOTeHA3-
Hasg aKTUBHOCTH, HAaJUYHE JIUMTHIHBIX BKIIOYCHHN )
CKU u @T, koTopbie ObLIH KPHOKOHCEPBUPOBAHEI CO
ckopocthio 1-2°C/mun no —40 u —70°C ¢ nocneny-
FOIIUM NIOTPYKEHUEM B KUJIKUM a30T. Ha ocHOBaHUM
9TUX JAHHBIX CHIETaTh BHIBOJ O BIMSHUH HAa COXPaH-
HOCTb MaTepuaja MeIJICHHOTO OXJIXICHUS U Pa3HOU
KOHEYHOMH TeMIepaTyphl OXJIaKACHUS 00pa3ua nepex
MOTPY>KEHUEM B KUAKHUN a30T. JlaTh CpaBHUTEIBHYIO
OLICHKY CTE€POHMIOTCHHBIX CBOMCTB OMOJIOTHYECKOTO
marepuana tectucoB B Bujge CKU u OT.

Matepuaabl n meToAbI

DKCHEePUMEHTH IIPOBEACHBI B COOTBETCTBUH C
“OO0MKUMH MPUHITUIIAMH SKCIIEPUMEHTOB Ha KHBOT-
HBIX”, omoOpenubME 11 HanimoHnamsHBEIM KOHTpECcCOM
o 6uostrke (20.09.04 1., Kue) u coriacoBaHHBIMHY €
TIOJIOKCHISIMU ““EBPOITECKON KOHBEHIIMH O 3alTUTE
ITO3BOHOYHBIX )KHBOTHBIX, HCTIOIB3YEMBIX IS DKCITe-
PUMEHTANBHBIX U APYTHX HaydyHbIX Heneir” (Crpac-
Oypr, 1985).

Marepuan TeCTUCOB MOJIyYalld OT MOJIOBO3PEIIbIX
JKUBOTHBIX B Bo3pacte 4—5 mecsues. [locne sxcTupmna-
LIMU CEMEHHUKHU 0CBOOOKIAIH OT 000I0YKH, U3METb-
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material preservation, if compared with those obtained
for the fragments. During cryopreservation of cells it
is necessary to take into account physical processes
occurring in the system under cooling at different
cooling rates within various temperature ranges for
the creation of the most optimal regimens enabling to
preserve steroidogenic cells.

Based on the data about the integrity of steroid-
producing cells depending on their cooling rates within
various temperature intervals we have designed the
freezing protocol for testes biological material of mature
rats as interstitial cell suspension (ICS) [1]. Freezing
program comprised initial cooling rate of 1-2°C, the
procedure of programmable overcooling dismissal,
following use of higher rates (15-20°C) during cooling
down to —40°C and within the temperature interval
from —40 down to —70°C (20-25°C/min) with following
immersion of samples in liquid nitrogen.

The research aim is to study the effect of different
freezing regimens on integrity of steroidogenic pro-
perties of ICS and testes fragments (TFs).

In accordance with the set goal there was proposed
to solve the following tasks: to study the integrity of
steroidogenic properties (production of testosterone,
3B-hydroxysteroiddehydrogenase activity, presence of
lipid inclusions) of ICS and TFs, cryopreserved with
the rate of 1-2°C/min down to —40 and —70°C with
following plunging into liquid nitrogen; based on these
data to conclude on the effect of slow cooling and dif-
ferent final temperature of sample cooling on material
integrity prior to submerging into liquid nitrogen; to
comparatively estimate the steroidogenic properties of
biological material of testes as ICS and FTs.

Materials and methods

The experiments were performed in accordance
with “General principles of experiments in animals”,
approved by the 2™ National Congress on bioethics
(20.09.04, Kiev) and coordinated with the statements
of European convention for the “Protection of verteb-
rate animals used for experimental and other scientific
purposes” (Strasbourg, 1985).

The material of testes was obtained from mature
animals aged from 4 to 5 months. After extirpation the
coating was removed from testes, afterwards they
were disintegrated into fragments by 0.5-1 mm?,
washed-out from blood with medium 199 and used as
the TFs.

For ICS obtaining the testes after extirpation were
subjected to mild treatment with collagenase (4 mg/
ml) in medium 199 with 20 mM Hepes (pH 7.4) at 32—
34°C and constant mixing for 15 min. Prior to
separation of the resulted suspension of cells in sucrose
gradient density the primary sedimentation of tubular
structures was performed, afterwards the fraction of
cells with the density of 1.127-1.176 g/cm® was
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yanu Ha pparmeHTsl 0,5—1 MM®, IPOMBIBAJIN OT KPOBU
cpenoit 199 u ucnonszoBanu kak OT.

s nomydenust CKU TecTrchl mocie 3KcTUpHanun
TMIO/IBEPTajIy MSITKOM 00pabOTKe KoJuTareHa3ou (4 Mr/min)
Ha cpene 199 ¢ 20 MM HEPES (pH 7,4) npu 32-34°C
1 HETIPEPHIBHOM BCTPSIXMBAHUH HA MPOTSHKEHUH 15 MUH.
Ilepen pazneneHrem NOay4eHHON CYCIIEH3UM KIETOK
B Ipa/Ii€HTE TUIOTHOCTH CaXapo3bl OCYIECTBRIISITH TIEep-
BHYHOE OCaXJEHHE TyOyIsIpHBIX CTPYKTYp, IOCIe
4yero ObpuIa morydeHa (Gpaxius KIeTOK IUIOTHOCTHIO
1,127-1,176 r/cm®. Knetku otMmbiBanu cpeaoit 199 ¢
20 MM HEPES (pH 7,4) nns nanpHe#Iero ucnoiab30-
BaHUS B SKCIIEPUMEHTAX.

ITokazarenu @T u CKHM Ha gaHHOM >Tare uccie-
JOBAaHUM MPUHUMANHN 38 KOHTPOJbHbIE (MHTaKTHBIN
KOHTPOJIB).

[Tpu xpuoxoncepsuposannu T n CKU ucnonn3o-
Baju pacTBop kpuompotekTopa JIMCO, xoTophIit
rotoBuwn Ha cpene 199 ¢ 20 mM HEPES u B coot-
HomreHuu 1:1 mo0aBIsiian K KIIETKaM JUIS JOCTHKEHUS
KoHewUHOH KoHIeHTpannu 10%. O6vem 3amopakuBae-
Moro o0Opa3sia cocTaBisur 1 M.

[Tocne moGaBneHust pacTBOpa KPHOMPOTEKTOpa
00pa3upl OXJNaXAadl Ha MPOrPaMMHOM 3aMOPaXKH-
Batene “Cryoson” (I'epmanus) B kpuoammynax
(“Nunc”, CIIA). Peructpanuio mporpaMmsl 3aMmopa-
KUBaHUS TPOBOIWIIN MTPU TOMOILN yCTAaHOBJICHHOM B
KpUOaMITyJibl MeIb-KOHCTAaHTaHOBOM TEpMOIMAaphl
camornucia tamna “Endim” 622.01.

[Ipu kprOKOHCEPBUPOBAHNN 00PA3IIOB HCIIOIH30-
BaJIU CJIEAYIOIINE TPOTPaMMBI:

— nporpamma 1 (st @T u CKN): ot 22-24 mo —
40°C 006pa31p! OXJIaXKIaIl Co CKOpocThio 1-2°C/MuH.
[Mocne moctmxkenus temnepatrypsl —40°C oOpasisl
MOTPY>KANHN B )KUIKUH a30T;

— nporpamma 2 (ans CKN): ot 22-24 no —70°C
00pa3Ibl OXJIaXKIaIH cO CKOpocThio 1-2°C/muH. [loc-
e nocTwxeHus remneparypsl —70°C oOpasipl norpy-
KaJi B )KUIKUH a30T;

—nporpamma 3 (s CKH): o6pasis! oxiaxkaanm
ot 22-24°C co ckopoctsio 1-2°C/mun. Ilocne mpor-
PaMMHOTO CHATHS MTEPEOXIIAXKACHNUS, TPETyCMOTPEH-
HOTO BO3MOKHOCTSIMHU 3amopaxuBatens “Cryoson”,
ckopocTh oxnaxkaeHus 10 —40°C osrta 15-20°C/MumH, a
B mHTepBane Temmneparyp ot —40 mo —70°C — 20—
25°C/muH.

OtorpeBainu 00pa3iibl Ha BOJITHOM OaHe [Py TeMIIe-
patype 32-34°C. AMCO ynansnu npu nocTeneHHOM
CHIDKEHUH €T0 KOHIIEHTPALUU B CPEIE.

l'ucToxummuyueckoe OKpalMBaHUE Ha BBISBICHUE
aKTUBHOCTH 3[3-THAPOKCUCTEPOUIACTUAPOTCHA3HI
(3B-I'CT) mpoBOIMIN METOIOM, OIHCAHHBIM B [6].
Jlost aToro 2—4%10° KI1eTOK HHKYOUPOBAJIKCH B 2,5 MIT
3a0ydepennoro pusronorunyeckoro pacteopa (pH 7,4),
cogepxamiero 0,2 MI/MJ HUTPOCHHETO TETPa30JIHs,
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obtained. The cells were washed out with medium 199
with 20 mM HEPES (pH 7.4) for further use in expe-
riments.

Characteristics of TFs and ICS on this stage of
investigations were considered as control values (intact
control).

During cryopreservation of TFs and ICS there was
used the solution of DMSO cryoprotectant, prepared
with medium 199 with 20 mM HEPES and in 1:1 ratio
was added to cells for achieving the final concentration
of 10%. The volume of the samples under freezing
was Iml.

After adding the cryoprotective solution the samples
were cooled with programmable freezer “Cryoson”
(Germany) in cryovials (“Nunc”, USA). The recording
of freezing program was performed using the copper-
constantan thermocouple adjusted in cryovials and with
recording device of the “Endim” 622.01 type.

During cryopreservation of the samples the follo-
wing protocols were used:

—program 1 (for TFs and ICS): from 22-24 down
to —40°C the samples were cooled with the rate of 1—
2°C/min. When achieving —40°C the samples were
plunged into liquid nitrogen;

—program 2 (for ICS): from 22-24 down to —70°C
the samples were cooled with the rate of 1-2°C/min.
When achieving —70°C the samples were plunged into
liquid nitrogen;

— program 3 (for ICS): the samples were cooled
from 22-24°C with the rate of 1-2°C/min. After
programmable dismissal of overcooling foreseen with
the capacities of “Cryoson” freezer, the cooling arte
down to —40°C was 15-20°C/min and 20-25°C/min
within temperature interval from —40 down to —70°C.

The samples were thawed on water bath at 32—
34°C. DMSO was removed by stepwise reduction of
its concentration in the medium.

Histochemical staining on revealing the activity of
3b-hydroxysteroiddehydrogenase (33-HSD) was per-
formed with the method described [6]. For this aim 2—
4x10°cells were incubated in 2.5 ml buffered physio-
logical solution (pH 7.4), containing 0.2 mg/ml nitro-
blue tetrasoliuim, 1 mg/ml NAD and 0.12 mg/ml dehyd-
roepiandrosterone for 90 min at 32-34°C. Positively
stained cells (HSD(+)-cells) had violet staining on
recovered tetrasolium.

Staining with nile red (NR) was performed on the
method reported [10]. The dye (1 g) was diluted in
1 ml DMSO. Prior to staining the solution of dye was
diluted by 1:100 with physiological solution with
phosphate buffer (pH 7.4) and 15ml of this solution
was added to 1 ml of physiological solution with
phosphate buffer. The recording of fluorescence was
done at excitation wavelength 455-500 nm with
fluorescent microscope “Olympus IX 717.
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1 mr/mMa HA /] 1 0,12 Mr/mi geruaposnuaHapocTepoHa
B Teuenne 90 muH npu 32-34°C. [lo3uTBHO OKpa-
mennble kieTkd (['CJI(+)-kreTkr) umenn (GruoneToByro
OKPAacKy BOCCTAHOBJIEHHOTO TETPA30JIHSL.

OxpamuBanue HUIbCKUM KpacHbiM (HK) mpoBo-
WK TI0 MeTony, onucanHomy B [10]. B 1 ma JIMCO
pactBopsiu 1 Mr kpacurens. [lepen okpammBanueM
pactBop Kpacutens pazsoawnu 1:100 ¢pusnonornuec-
KUM pacTBopoM Ha ¢ocdarnom Oydepe (pH 7,4) u
n00aBIsUIM 15 MKJT TaHHOTO pacTBopa K 1 M1 KJIETOUHOM
cycnensun (1-2x10° ki/mut). OxpanmBaiu 10 MuH mpu
32-34°C. Ilocne okpammBaHus KJIETKH OJHOKPATHO
OTMBIBAJIM OT M30bITKa Kpacutens 1 mi pu3noIorn-
Yyeckoro pacTBopa Ha hocharHom Oydepe. Perucrpa-
U0 (QIFOOPECHEHIINN TPOBOJIUIIN TIPH JITTHHE BOJIHBI
B030yxaeHus 455-500 um npu momoriu ¢iroopec-
LEHTHOro Mukpockona “Olympus [X 717

Hns onpenenenust oOmield COXpaHHOCTH KIIETOK,
coxpanHoctd ['CJ](+)-KIeTOK ¥ KIIETOK, BKITFOYAFOIITIX
HK (HK(+)-xnerkn) Bo @T, ux 1onoaHATEIHHO 00pa-
0aTpIBaNK KOJJIareHa30d M pa3fesisuiv MOJyYeHHYIO
CYCIIEH3UIO KJIETOK B IPaJUEHTE IUIOTHOCTH CaXxapo3bl
aHanornyHo MeTtoy nomydenus CKU.

CoxpaHHOCTh KJIETOK KOHTPOJIHPOBAIN METOAOM
CYIIPaBUTAIFHOTO OKPAIIMBAHNSA TPUTTAHOBBIM CHHHM.
OO01IyI0 COXPaHHOCTD KJIETOK ITOCIIE 3aMOPaKUBAHUS
[0 pa3iIMYHBIM MPOrpaMMaM, a TaKKe COXPaHHOCTb
I'CA(+)- u HK(+)-kmeTok BeIpaXkaii B MPOILIEHTAX 10
OTHOLICHHUIO K KOJIMYECTBY 3THX KJIETOK B 00pasLax
J10 3aMOpaKMBaHHUS.

ba3zanbHy10 M CTUMYITMPOBAHHYIO CEKPELIUIO TECTO-
cTepoHa uccienoBanu mytem nakyoaunu CKU u ©T
B cpeae 199 ¢ 20 mM HEPES B Teuenue uvaca npu
32-34°C. Kak CTUMYIATOp CTEPOUIOTEHE3A UCTIONB30-
BaJIM XOpHOHHYECKHH roHaoTpornuH (XI') B KOHIIEHT-
pauuu 1 ME/Mn. ConepskaHue TecTOCTEpOHa U3Mepsi-
JIY B MTHKYOAIIMOHHOM CpeJie paJIMOMMMYHOJIOTHYECKUM
MeTonoM Tipu momomtu HabopoB “PUA CT-tecto-
CTEpOH”’ M PACCUMTHIBAIN Ha KOIMYECTBO KIIETOK B 00-
pasmax a0 3aMOpaKUBaHMS.

Craructryeckyro 00paboTKy pe3ynbTaToB IIPOBO-
UM C UCIIOJIb30BaHUEM OJHO(AKTOPHOIO AWCIEp-
CHOHHOTO aHayin3a U t-kpurepust CTbIOOEHTA C II0-
MolIbio naketa nporpamm Excel.

Pe3yAbTaThl M 00CyXAeHue

@®parMeHTbl TECTUCOB COCTOAT U3 IByX OCHOBHBIX
KOMITOHEHTOB: CEMEHHBIX KaHAJIBIIEB U PACIIOIOKEH-
HOTO MEXJy HUMH KOMIUIEKCAa MHTEPCTHULHATIBHBIX
KJIETOK, BKJIFOYAIOIIMX KJIeTKY Jleiinura, oTBETCTBEH-
HBIE 33 CHHTE3 MY’ KCKHX ITOJIOBBIX CTEPOHIHBIX TOPMO-
HOB.

3B-I'C/I npencraBiseT cob0i OMUH U3 KIFOYEBBIX
(hepMEHTOB B peakusiX NpeBpaiieHus 3QUpoB Xoec-
TEpUHA, HAXOJSIIUXCS B KIETKE B BUJIC TUITUAHBIX Ka-
ek, B TectoctepoH. Takum oopasom, 3B3-I'C n Hamm-
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For determining the total integrity of cells, integrity
of HSD(+)-cells and those including NR (NR(+)-cells)
into TFs, they were additionally treated with colla-
genase and the resulted suspension of cells was centri-
fuged in sucrose density gradient similar to the method
of ICS obtaining.

Cell integrity was controlled with the method of
supravital staining with trypane blue. Total integrity of
cells after freezing on various programs in respect to
the number of these cells in the samples prior to freezing
was expressed in percentage.

Basal and stimulated secretions of testosterone
were studied by means of incubation of ICS and TFs
in the medium 199 with 20 mM HEPES for an hour at
32-34°C. Chorionic gonadotropin (CG) under 1 IU/ml
concentration was used as steroidogenesis stimulator.
Testosterone content was measured in incubation
medium with radio immunological method using the
kits “RIA ST-testosterone” (Russia) and counted per
the number of cells in samples prior to freezing.

Statistical processing of the results was performed
using single factor dispersion analysis and Student’s t-
criterion with Excel software.

Results and discussion

Testes fragments consist of two main components:
seminiferous tubules and located between them
complex of interstitial cells, including Leydig cells
responsible for the synthesis of male sexual steroid
hormones. 33-HSD represents one of key enzymes in
the reactions of transformation of the cholesterol ethers,
being in a cell as lipid drops, into testosterone. Thus
3B-HSD and presence of significant amount of lipid
inclusions are the characteristics of steroid-production
of cells in testes. To reveal the activity of 3B-HSD the
histochemical reaction with nitroblue tetrasolium [6] is
used and for the visualization of lipid inclusions the
NR staining is used [10].

Fig. 1, a shows that total inetgrity of cells, the one
of HSD(+)- and NR(+)-cells sharply decreased after
cryopreservation of ICS and TFs using program 1. In
these samples the number of HSD(+)-cells reduced
almost down to 30% and the integrity of NR(+)-cells
did not exceed 10%.

The ability to basal and stimulated steroidogenesis
of ICS and TFs, cryopreserved with program 1, was
also reduced if compared with non-frozen samples
(Fig. 1, b). testosterone content in incubation medium
of TFs after CG secretion stimulation made about 23 +
0.33 nmol/10' cells, that was more than twice lower
than prior to freezing (49 + 1.0 nmol/10™ cells) and
48 + 5 nmol/10" cells in incubation medium of ICS,
that was also twice lower the level found prior to freezing
(976 nmol/10"*cells). This testified to a significant cryo-
damage of steroidogenic cells, developing during
cryopreservation with program 1.
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Puc. 1. Coxpannocts ki1etok @T u CKH nocie KpuoKOHCEpBUPOBAaHUS C CIOIB30BaHUEM IIporpamMMmel | (a): [J— obmras
coxpaHHocTh; @ — coxpannocth ['C/I(+)-knerox; M — coxpanHocth HK(+)-knetok. CmocoOHOCTh K 0a3aJibHOMY H
CTUMYJIMPOBaHHOMY cTepounorenesy (0): 0 — 6azanbHas cekpenyst; E— ctuMynupoBaHHas cekpetst. | —HatuBHBIX OT;
2 — naruBHoi CKU; 3 — xpuoxoHcepBupoBanHbXx OT; 4 — kpuoxoHcepBupoBanHoit CKU; * — pa3nugust 70CTOBEPHBI
otHOcuTenbHO HAaTUBHEIX DT (p<0,05); # — pasnuuns qocroBepHBI oTHOcUTEIpHO HatuBHON CKU (p < 0,05).

Fig. 1. Integrity of TFs and ICS cells after cryopreservation using program 1 (a): 0 — total integrity; @ — integrity of
HSD(+)-cells; B — integrity of NR(+)-cells. Ability to basal and stimulated steroidogenesis (b): O — basal secretion; E—
stimulated secretion. 1 — native TF; 2 — native ICS; 3 — cryopreserved TFs; 4 — cryopreserved ICS; * — differences are
statistically significant versus native TFs (p< 0.05); # — differences are statistically significant versus native ICS (p <0.05).

Y€ 3HAYUTEIHLHOTO KONMYECTBA JUIUAHBIX BKIIO-
YEHUH SABISAIOTCS XapaKTEPUCTUKON CTEPOMANPOIY-
LUPYIOIIUX KJIETOK B TecTrcax. sl BBISIBICHUS aK-
tuBHOCTU 3[3-T'CJ MCMONB3YIOT THCTOXUMUYECKYTO
pPeakIuio ¢ HUTPOCHHHUM TeTpa3oiueM [6], a st Bu-
3yaJIM3aly JUMUAHBIX BKIt0YeHUH — kpacutenb HK
[10].

Kak BugHO 13 puc. 1, 001mas COXpaHHOCTH KJIETOK,
coxpanHoctb ['C/I(+)- m HK(+)-xmeTok pe3ko cHmka-
nuck nocie kpruokoHncepsuposauust CKU u OT ¢ uc-
MoJB30BaHUEM mporpamMmbl 1. B aTux oOpasmax
yMeHbInaiock komudectBo ['CJI(+)-KkneTok mpakTu-
yecku 110 30%, a coxpanHocTs HK(+)-K11eTok He ipeBbI-
mana 10%.

CrnocoOHOCTE K 6a3JIbHOMY M CTUMYJTUPOBAHHOMY
crepougnorenesy CKU n OT, kprokoHCEpBUPOBAHHBIX
1o mporpaMme 1, Takke CHIKaJIach 10 CPAaBHEHHIO C
He3aMOpOoKeHHBIME oOpasiiamu (puc. 1, 6). Coxep-
XKaHue TecTocTepoHa B cpene uHkyOanmnu OT mocie
CcTUMYIAIMK cekpenuu XI' cocraBnano okono 23 +
0,3 umois/10' kieToK, 9TO GoJIee UeM B 2 pa3a HIKE
1o 3amopaxkuBanus (49 + 1,0 amons/ 102 kj1eTOK), a B
cpene nnky6anuu CKU —48 + 5,0 umons/ 102 kinetok,
YTO OBLIO TaKKe B 2 pa3a HUXKE YPOBHSI, yCTaHOBJICH-
HOTO J10 3aMopakuBauus (97 + 6,0 amob/10'2 KI1eToK).
OTO CBHAETENHCTBOBAIO O 3HAYUTENIFHOM KPHOIIOB-
PEXIEHUH CTEPOUIOTEHHBIX KJIETOK, KOTOPBIE pa3BH-
BAIOTCS IPU KPUOKOHCEPBUPOBAHUH 110 TIporpamme 1.

Hcnonp3oBaHne OTHOCUTENBHO MEUIEHHBIX PEXH-
MoB oxnaxaeHus (1-2°C/mun) no —40°C ans dpar-
MEHTOB TECTHCOB OBLIO OTMEYEHO B [2, 5]. D10 ompas-
JIaHO B CBSI3H C BO3MOXKHOCTBIO HETATUBHOT'O BIUSHUS
TEMIIEPaTYPHBIX TPAJUECHTOB U HANIPSHKEHUIA, BHI3BaH-
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Use of relatively slow cooling regimens (1-2°C/min)
down to —40°C for testes fragments was reported else-
where [2, 5]. This is feasible due to possible negative
effect of temperature gradients and tensions caused
with irregular ice propagation in a sample during
freezing that impairs the structure of fragment tissue
and reduces the cell integrity in them.

In [7, 9] there was shown the use of slow cooling
at cryopreservation of Leydig cells, herewith their
viability made 75%. The samples were cooled with
constant rate of 1°C/min down to —70°C, afterwards
they were plunged into liquid nitrogen. In our expe-
riments the application of program 2 for ICS did not
result in the increase of total cell integrity, the one of
HSD(+)- and NR(+)-cells if compared to the prog-
ram 1 (Fig. 2, a). Basal and stimulated steroidogenesis
as well statistically and significantly did not differ from
the indices of testosterone level, found at program 1
realization (Fig. 2, b).

Use of programs 1 and 2 during ICS cryopreser-
vation did not result in satisfactory integrity and func-
tional activity of steroidogenic Leydig cells in ICS.

When investigating the effect of overcooling and
cooling rate within different temperature intervals on
3B-HSD activity and integrity of cells having lipid
inclusions as well as their hormone production we have
proposed the cooling protocols on program 3[ 1], com-
prising programmable dismissal of overcooling, fore-
seen with the capacities of “Cryoson” freezer and
higher if compared with programs 1 and 2 cooling rates
down to —70°C.

The result of using program 3 (Fig. 3, a) was an
increased integrity of cells with 33-HSD activity by
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HBIX HEpaBHOMEPHBIM pacIIipPEeHUEM JibJa B oOpasie
B Ipollecce 3aMOPaKUBaHMA, YTO HAPYIIAET CTPYK-
Typy TKaHel (parMeHTa U CHUXKAET COXPaHHOCTb
KJIETOK B HUX.

B [7, 9] Obu10 MOKa3aHO MCTIOIB30BAHIE MEJICH-
HOTO OXJIYK/IEHHUS ¥ TIPU KPHOKOHCEPBUPOBAHUH KIIETOK
Jleiiura, MpH 3TOM UX )KU3HECTIOCOOHOCTH COCTaBIIS-
11a 75%. O0pa3Isl OXJIaXKIATH C TOCTOSTHHON CKOPOC-
Th10 1°C/MuH 10 TemnepaTypsl —70°C, 3aTem norpy-
JKaIu B XKUJAKUU a30T. B HammX 3KCIEpUMEHTax
rcnosbs3oBanue nporpammsl 2 1st CKU ve npusoauio
K YBEJIMYCHUIO 0011el COXpaHHOCTH KJIETOK, COXPaH-
Hoctu ['CHI(+)- m HK(+)-kneTok mo cpaBHEHHIO C
nporpammoii 1 (puc. 2, a). basansHbIil 1 cTUMYNTHPO-
BaHHBIN CTEPOUIOTEHES TAK)KE JOCTOBEPHO HE OTIH-
yajics OT MOKa3aTelel ypOBHS TECTOCTEPOHA, YCTaHOB-
JIEHHBIX TIPH peau3aliy nporpammsl 1 (puc. 2, 6).

HUcnonr3oBanne npu kpuokorcepsupoBaanu CKN
mporpaMM | 1 2 He MPUBOANT K yAOBIETBOPUTEIHHON
COXPAaHHOCTH M (YHKIIMOHAIBHON aKTUBHOCTH CTE-
pouporeHHbIX KieTok Jleiiaura B CKU.

[Ipu nccnenoBaHNU BIUSHUS TIEPEOXITAKICHUSI U
CKOPOCTH OXJIQXKJICHHUS B Pa3JIMUHBIX TEMIIEPaTypHBIX
unTepBanax Ha 3(3-I'C/l akTHBHOCTb M COXPAaHHOCTh
KJIETOK, MMCIOIIMX JIMIHUIHbIC BKIIOYCHHUS, a TaKKe
UX TOPMOHOIPOAYKIMIO HaMHU OB IPEIOKEH PEKUM
OXJIaXJeHHus 1o mporpamme 3 [1], BKIroUaromui
MIPOrpaMMHOE CHATHE MTEPEOXIIAXKIEHUS, IPETYyCMOT-
pEeHHOE BO3MOXKHOCTSIMH 3aMopakuBatels “Cryoson”,
u OoJtee BRICOKHE MO0 CPAaBHEHUIO C TporpamMmMamiu 1 u
2 CKOPOCTH OXJIAXKICHUS 110 TeMieparypsl —70°C.

PesynpraToM MCHONB30BaHUA MPOTPAMMBI 3
(puc. 2, a) ObUTO yBeNWYEHHUE COXPAHHOCTH KIIETOK,
obnamatorux 3B-I'CJ] aktuBHOCTBIO, Ha 50% (¢ 33
110 83%) M KIIETOK, MIMCIOIIUX JIMITHIHBIC BKIIOYCHHS
(o 32%), mo cpaBHEeHMIO ¢ porpammamu 1 u 2. Taxke
3HAYUTENIFHO OblIa cCOXpaHeHa criocoOHOCTh K O6a3alib-
HOMY U CTUMYJIHPOBaHHOMY CTEPOUIOTEHE3y (puc.
2, 0). ConeprkaHue TECTOCTEpPOHA B CpeJie HHKYOauK
CKU, kproKOHCEpBHPOBAHHOM IO TIPOTpaMMe 3, TIPH
crumysinmd X1 cocTaBisuio 75 + 6 umons/10'? kireTok
(77% oT HaTUBHOTO KOHTPOJIS).

Taxum 00pa3om, UCTIONb30BaHNE KPHOKOHCEPBH-
POBAHHOTO KJIETOYHOTO MaTepHalia TECTHCOB B BHJIE
CKMU, xpnoKOHCEpBUPOBAHHOM 110 ITporpaMMme 3, Kax
HUCTOYHHKA CTEPOMAOTEHHBIX TOPMOHOB OoJiee mpen-
MOYTHUTENBHO, YeM (PparMeHTOB TKaHH.

CpaBHUBasl CTEpPOMIOTEHHBIE CBOMCTBa OMOJIO-
THYECKOTO MaTepuana TECTUCOB B BUE KPUOKOHCED-
BHpoBaHHOI 1o nporpamme 3 CKU ¢ pesynpraramun
HCTIOJIb30BaHMs aHAJIOTHYHBIX PEKUMOB OXJIaKACHUS
[7, 9], nHamu OblTa MMOKa3aHa JIydIasi COXPaHHOCTh
KJIETOK, OTBETCTBEHHBIX 32 CHHTE3 TECTOCTEPOHA.

B pesynbrare cHATHS mepeoxyiaXaeHUs U MOBHI-
IIEHNUSA CKOPOCTH OXJaXACHHUS YIaJloCh MONYYUTH
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Puc. 2. Coxpannocts kiierok CKU (a): [0— o6miast coxpaH-
HOCTh; [ — coxparHocts ['C/] (+)-kietok; ll— cCOXpaHHOCTh
HK (+)-knerok. bazanpHas U CTUMYJIHPOBaHHAS CEKPELIUs
tecroctepoHa CKH (6) mocne KpHOKOHCEPBUPOBAHUS C
UCIIONB30BaHUEM PA3IMYHBIX IPOrpamMm oxaxaenus: O —
6azanpHas cekpelys; 0 — cTUMYJIHpOBaHHAS CeKpenus; * —
pasinurAa JOCTOBCPHBI OTHOCUTCIIBHO JJaHHBIX AJIA ITpOrpam-
MeI 1 (p<0,05).

Fig. 2. Integrity of ICS cells (a): O — total integrity; @ —
integrity of HSD(+)-cells; B — integrity of NR(+)-cells.
Ability to basal and stimulated secretion of testosterone
by ICS (b) after cryopreservation using different cooling
protocols. [0 — basal secretion; M — stimulated secretion;
* — differences are statistically significant comparing to the
data for progam 1 (p< 0.05).

50% (from 33 to 83%) and the cells having lipid inclu-
sions (up to 32%) if compared with programs 1 and 2.
As well there was significantly preserved the ability to
basal and stimulated steroidogenesis (Fig 2, b). Content
of testosterone in incubation medium of ICS cryopre-
served on program 3 with the CG stimulation made
75 £ 6 nmol/10" cells (77% versus native control).
Thus, use of cryopreserved cell material of testes
as ICS (program 3) as the source of steroidogenic hor-
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KkprokoHcepsupoBaHHbIi MaTepuan CKU ¢ 83% cox-
PaHHOCTBIO KIJIETOK, 00JIalafolINX aKTHBHOCTHIO
3B-I'C/1, koTopast ABISIETCSA OMHUM U3 MAPKEPOB KJie-
Tok Jlefiaura. DTOT MOKa3aTeIb 3HAYNTEIBHO MPEBbI-
LIaeT pe3ysbTat, MOJYUYSHHBIH MPU UCIIOIb30BaHUH
ckopoctu oxnaxaenus 1-2°C/mus (75%) [9].

Hamwu 6b11a mommyuena 77%- cOXpaHHOCTB CIIOCOO-
HOCTH KJIETOK K CTUMYJIHPOBAHHON CEKPELUH TECTO-
CTEpOHA B OTBET HA TPOIHYIO CTUMYJISIHUIO, YTO HE
YCTYINAET aHAIOTHYHBIM TIOKA3aTeIsIM, TPUBEICHHBIM
B[7,9].

Hcnonp3oBanue B mporpamMme 3 6ojiee HU3KHX
koHuenrparuit JIMCO (10%) no cpaBHenuio ¢ 15%
JAMCO B [7, 9] sBngeTcs MpeuMyIIECTBOM, TaK Kak
AMCO B 06o0jee BBHICOKMX KOHIIEHTPALMSIX MOXKET
MPOSIBIATE TOKcHYecKue 3G exTsl 3, 4].

BbiBOAbDI

Hcnonb3oBanue ckopoctu oxnaskaeHus 1-2°C/muH,
HEKOHTPOJINPYEMOI CKOPOCTH OXJIaXKICHUS B TEMIIEpa-
TypHOM nuana3oHe oT —40 1o —70°C mpu KpuoKoHCEp-
BHPOBAHUH OHOJOTHYECKOTO Marepraya TECTHCOB B
Buge CKU u OT mpuBoauT K THOETH 3HAYUTEITHLHOTO
KOJIMYECTBA CTEPOUAOTCHHBIX KJIETOK M CHIDKEHHUIO
CHOCOOHOCTH MaTepHaia K IpOLyKIH TECTOCTEPOHA.

[IporpamMMHOe CHATHE TIEPEOXTaKACHIS U yBEIIH-
YeHHe CKOpOCTH oxyaxaeHus a0 15-20°C/mMun npu
oxnaxaenun 1o —40°C, a B quana3oHe TemMrepaTyp
—40...=70°C po 20-25°C/mun (nporpamma 3) npu-
BOJIUT K YBEJTMUEHUIO COXPAHHOCTH KPUOKOHCEPBUPO-
BaHHBIX CTEPOMIOTCHHBIX KJI1eTOK Ha 50% 1 ux croco0-
HOCTHU K 06a3aJIbHOMY M CTUMYJIUPOBAHHOMY CHHTE3Y
U CEKpELNH TeCTOCTEPOHA Ha 26%.

buonoruuecknii marepuan tectrcos B Buae CKU,
KPHOKOHCEPBHUPOBAHHBIH C UCTIOIH30BAHUEM IIPOTPaM-
MBI 3, obsaaeT OoJbIeH CITOCOOHOCTRIO K CHHTE3Y
U CEKPEUHH TOJOBBIX CTEPOUIOB MO CPABHEHHIO C
HATUBHBIMU U KprokoHcepBrpoBaHHBIME DT (75 + 6,0
npotuB 49 + 0,5 u 23 + 0,3 amoinb/10'? KiIeTOK ).
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mones was more preferable if compared to the tissue
fragments.

When comparing the steroidogenic properties of
biological material of testes as the cryopreserved on
program 3 ICS with the results we have shown higher
cell integrity responsible for testosterone synthesis.

As aresult of dismissal of overcooling and increase
of cooling rate it was managed to obtain cryopreserved
material of ICS with 83% integrity of cells having 3[3-
HSD activity, which is one of the markers of Leydig
cells. This index significantly exceeds the result
reported [9] when using cooling rate of 1-2°C/min
(75%).

We have obtained 77% integrity of cell capability
to testosterone stimulated secretion in response to
tropic stimulation, and this fact is in coordination with
the same parameters reported [7, 9].

Use of lower DM SO concentrations (10%) if com-
pared with 15% DMSO in program 3 is the advantage,
since DMSO under higher concentrations may manifest
toxic effects [3, 4].

Conclusions

Use of cooling rate of 1-2°C/min, non-controlled
cooling rate within temperature range from —40 down
to —70°C during cryopreservation of biological material
of testes as ICS and TFs results in the death of
significant number of steroidogenic cells and reduced
ability of the material to produce testosterone.

Programmable removal of overcooling and rise in
cooling rate up to 15-20°C/min during cooking down
to —40°C and within the temperature range from —
40...=70°C up to 20-25°C/min (program 3) leads to
the increase of the survival of cryopreserved
steroidogenic cells by 50% and their ability to basal
and stimulated synthesis and secretion of testosterone
by 26%.

Biological materials of testes as ICS cryopreserved
using the program 3 possesses higher ability to syn-
thesize and secret sexual steroids if compared with
native and cryopreserved TFs (75.0 £ 5.0 vs. 49+ 0.5
and 23 + 0.33 nmol/10'2 cells).
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