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Effect of Cryopreservation in Serum-Free and Serum-Enriched
Cryoprotective Media on Formation of J-Aggregates
in Rat Adrenal Cortex Cells

OnHKMM 13 HEOOXOIMMBIX YCIIOBHI IS OCYIIECTBIICHUSI CTEPOUIOTeHHO# QyHKIMK KiteTkamu kopbl HaanoueynnkoB (KKH) siisiercs
HaJM4Ue NOTEHIMANA Ha MEMOPaHe MUTOXOR U (A, ). JI71s €ro OIEHKH YacTo MCIONb3YETCsl KaTHOHHBIH KpacuTesb JC-1, koTophiid
croco0eH 00pa30BBIBATH j-arperaThl B MUTOXOHIPUH IPU HATMYMH OTEHIIHANIA Ha ee MeMOpaHe. B Haieit paboTe MBI OLICHUBAIIH ATY
criocobHOCTh B KKH KpEBIC MTOCIHTE 3aMOpakHBaHUSA-0TOTPEBA B OECCHIBOPOTOUHBIX U CHIBOPOTKOCOICPKAIINX KPHO3AIMIUTHBIX Cpeaax
B KOHLeHTpauoHHoM psiny JAMCO. Yeranosneno, uro konnuectBo KKH, conepikariunx j-arperatsl, yBeIN4YUBaIOCh BO BCEX KPHO-
3aIIUTHBIX CPEJIax MOCIIE 3aMOPAKUBaHU-0TOrpeBa. JJaHHbIN 3()PEKT COXpaHsUICS MOCIIE KPATKOCPOUHOTO KYJIBTHBHPOBAHUS B TCUCHHE
24 g tonmbko B KKH, 3aMOp0XKEHHBIX-OTOTPETHIX B 0€CCHIBOPOTOYHBIX KPUO3ALIUTHBIX Cpeax, ¥ Obl1 Hanbolee BRIpa)KEHHBIM B cpeax
¢ konnerTpanusaMu JJIMCO 5 u 7%. Kinetku kopbl HaAMIOYEIHUKOB, KPHOKOHCEPBUPOBAHHBIE B CHIBOPOTKOCOEPIKAIIUX Cpeaax, Mo
KOJINYECTBY KJICTOK C j-arperaramMy He OTIIMYaJIiCh OT HATHBHBIX.

Knrouessie cnosa: xiieTku KOpbI HAANOUYSYHUKOB, CTEPOUIOTEHES, ()IIyOPECLEHTHBIN KPACUTEIb, j-arperaTbl, MUTOXOHAPHAbHBII
TIOTCHIHAIL.

OpnHi€ro 3 HEOOX1THIX YMOB I 3111 ICHEHHS CTepoinoreHHol GyHKIii KiiTnHaMu Kopu HagaupHUKiB (KKH) € HasiBHICTE MOTeHITIay
Ha MeMOpaHi MiToXoHpi# (A, ). [l #oro oLiHKM 4acTO BUKOPUCTOBYEThCS KaTioHHUH OapeHuk JC-1, skuii 3naTHuii cTBOpIOBaTH
j-arperaTu B MiTOXOHAPIT TPY HasBHOCTI MOTeHLiay Ha if MeMOpaHi. Y Hamrii poboTi Mu oriHioBanH 1o 3xatHicts y KKH niypis micis
3aMOpPOKYBaHHSBIIITPIBAaHHS Y KPi03aXHCHUX CEPEIOBHUILNAX 3 BMICTOM CHPOBATKH Ta 0e3 Hel B KoHIeHTpauiiHoMy psxy AMCO.
Bcranosieno, mo kinbkicts KKH, siki MicTsTh j-arperaty, 30iblyBanach miciist 3aMopoxxyBaHHs-BigirpiBanns KKH y Beix kpiozaxucHux
cepenosuinax. Jlanuit edext 30epiraBcst miciist KOPOTKOCTPOKOBOTO KyIbTHBYBaHHs HpoTsiroM 24 roauH Tibku B KKH, 3amoposxennx-
BIZIITPITHX Y KPi03aXHCHUX cepenoBHIIax 0e3 CHpOBaTKH i OyB HAWOIIBII BUPAKCHUM Y cepeoBUIIaxX 3 KoHIeHTpanismMu JJMCO 5 i
7%. KiiTHHY KOpY HaTHUPHHKIB, KPIOKOHCEPBOBaHI B CEPEIOBHUIIAX 3 CHPOBATKOIO, 3 KUIBKICTIO KIIITHH 3 j-arperaraMu He BiIpi3HAINCS
BiJl HATUBHUX.

Knrouoei cnosa: xnitTnHy KOpy HATHUPHUKIB, CTEpOioreHe3, GIyopecleHTHUH OapBHUK, j-arperaTy, MiTOXOH/IpiaIbHHUIT TOTEHIIAI.

One of necessary conditions to perform steroidogenesis by adrenal cortex cells (ACC) is the presence of the potential on mito-
chondrial membrane (Ay ). To assess it the cationic dye JC-1 capable of forming j-aggregates in mitochondrion with the presence of
a potential on its membrane is frequently used. In this research we estimated this ability in rat ACC after freeze-thawing in serum-free
and serum-enriched cryoprotective media in DMSO concentration row. It has been established that the number of ACC containing
j-aggregates increased after freeze-thawing in all cryoprotective media. This effect was kept after short-term culturing during 24 hrs
only in ACC, frozen-thawed in serum-free cryoprotective media and was the most manifested in the media with 5 and 7% DMSO.
Adrenal cortex cells cryopreserved in serum-enriched media did not differ from native cells by the number of cells with j-aggregates.

Key words: adrenal cortex cells, steroidogenesis, fluorescent dye, j-aggregates, mitochondrial potential.

[ns nedeHus XpOHUYECKON HaANOUYEUHUKOBOU
HEJOCTATOYHOCTHU BCE Yallle MPUMEHSETCA KIeTOUHAas
Y TKaHEeBasl TPAHCIUIAHTAINS, 2 KPHOKOHCEPBUPOBAHUE
OMOJIOTMYIECKOTO MaTepuaia, B TOM YHCIIE U JHIO-
KPUHHBIX KJIETOK, SIBJISETCS OAHUM M3 CIIOCOOOB €ro
JIOJITOCPOYHOTO XPAHECHISI IO MOMEHTA TPaHCIUIAHTa-
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Cell and tissue therapy is now used to treat chronic
adrenal insufficiency and cryopreservation of biological
material, including endocrine cells is one of the methods
of'its long-term storage prior to transplantation [2, 3].
However, freeze-thawing can affect structural and
functional state of transplanted material and as a result
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1 [2, 3]. OpHako npoLece 3aMopakKMBaHUA-0TOrPeBa
MOJKET BIIMSTH Ha CTPYKTYPHO-()YHKIIHOHAIBHOE COC-
TOSIHHE TPAHCIJIAHTHPYEMOTO MaTepuana U B UTOTE
orpenesieT ero 3pHEKTUBHOCT B OPraHU3ME Pelu-
nuenTta [2,7]. Takum oOpa3oMm, OJHOHN W3 TIIABHBIX
3a]a4 KPHOKOHCEPBUPOBAaHUS KJIETOK KOPBI HaIIOoYed-
uHukoB (KKH) sBnsieTcst coxpaHeHHe UX CTEpOUIOTEeH-
HBIX CBOMCTB.

Baxublii aTan OMocHHTE3a CTEPOUIHBIX TOPMO-
HOB — IIPEBpAICHHE XOJECTEPHHA B MPErHEHONIOH C
y4acTHEM OCTPOTO PETYISITOPHOTO CTEPOHIOTEHHOTO
oenka (StAR), mpu ydacTum KOTOPOTO XOJECTEPHH
nocrasisieTcs Kk hpepmenty P450scc, nokanusoBaH-
HOMY Ha BHyTpeHHEH MeMOpaHe MUTOXOHIpUH [12].
Jist oGectieueHus 3TOTo ImpoIiecca 00sM3aTeNbHO HAJIH-
4re MEMOPAHHOTO TMOTeHIMaNa (AY, ) Ha MHTOXOH]I-
pusx [13], KoTOpbIit MOXKHO OIIEHUTH C MTOMOIIBIO Ka-
THOHHOTO (uryopecieHTHoro kpacurens JC-1 [9, 16,
18]. [IpucyTcTBHE HA MUTOXOHIPHUAX Ay, 0becnedn-
Baet npoxoxkaenue JC-1 BHyTpb OpraHesuisl, I1e, akKy-
MYJIHPYSCh B JOCTATOYHOM KOJIMYECTBE, OH (POPMHU-
pyer j-arperatsl, hIyopecHupyIOLIHe B KpaCHO-OpaH-
xkeBoi obnactu. B mporuBHOM ciyuae JC-1 He MOXxeT
HaKaIUIMBaThCs, OCTaBasCh B MOHOMEpPHOH (popme B
LUTOIUIa3Me, U (IIyopecLupyeT B 3eJIeHOH 00sacTu
[14]. Takum 0Opa3om, KIETKHU C MOTCHIHAIOM Ha
MeMOpaHe MATOXOH/IPUH JIETKO OTIIMYUTH 10 HATHYHEO
JIBOMHOM 3€JICHON M KPacHO-OPAHKEBOU (ITyopeciieH-
LN

J1J1s1 KpHOKOHCEPBUPOBaHMS CTEPOUIOTEHHBIX SHI0-
KPUHHBIX KJIETOK Hambosiee 4acTo B Ka4eCTBE KPHO-
MIPOTEKTOPA HCIIONB3YIOT KOMOWHUPOBAaHHBIE KPHO3a-
LIUTHBIE CPeIbl HA OCHOBE JUMETHIICYJIb(OKCHAA
(JAMCO) u ceiBopoTKH KpoBH. OIHAKO 1IeIeco00pas-
HOCTB IPUMEHEHHS CHIBOPOTOYHON JOOABKH HEOTHO3-
HayHa [6, 8, 19] u olleHKa MEMOPAHHOTO MMOTEHITAANIA
MHTOXOHJPHUHN KJIETOK, MOJBEPIrHYTHIX 3aMOpaXKu-
BaHUIO-OTOI'PEBY B KOMOMHHPOBAaHHBIX CpeAax, Be-
POSITHO, TTIOMOXKET OIEHUTHh HEOOXOIMMOCTh €€ IMpH-
CYTCTBHA B Cpele.

Henb nanHON paboOTHl — U3y4YEeHUE BIUSHUS YCIIO-
BUH KPUOKOHCEPBUPOBAHUS B O€CCHIBOPOTOUYHBIX U ChI-
BOPOTKOCOJIEPKAIINX KPHUO3AIIUTHBIX CPElax ¢ pas-
HBIM coaepxkanueM JMCO Ha popmupoBaHue
j-arperaroB B KKH xpsic.

Matepnanbl 1 metoAbI

DKCHEePUMEHTHI TIPOBOAMIN B COOTBETCTBUH C
“O0UMMH STUIECKUMU PUHITUITAMHU SKCIIEPUMEHTOB
Ha XUBOTHBIX”, onoOpenHbiMu [11 HannonanpHbIM
koHTpeccoM 1o 6mortuke (Kues, 2007), u momoxke-
HuAMH “EBpomneiickoil KOHBEHIIUH O 3alIUTe O3BOHOY-
HBIX JKHBOTHBIX, UCIIOJIB3YEMBIX IS DKCIICPUMEH-
TaJIbHBIX U Ipyrux Hay4dHbIX Heseir” (CtpacOypr, 1986).

B paboTte ncmnonp30Bain CyCeH3UI0 KIETOK KOPBI
HagnouedHnkoB (KKH) 3-mecsuHbIX momoBo3penbix
KPBIC, TOJTyYeHHYTO0 ()epMEHTATUBHBIM cTIocoO0oM. [1iist
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determines its efficiency in a recipient's organism [2,
7]. Thus, one of the main tasks of adrenal cortex cells
(ACCs) cryopreservation is preservation of their steroi-
dogenic properties.

An important stage of steroid hormone biosynthesis
is a transformation of cholesterol into pregnenolone
with steroidogenic acute regulatory protein (StAR) due
to which cholesterol is delivered to enzyme P450scc
localized on interior membrane of mitochondrion [12].
To facilitate this process the presence of membrane
potential (Ay_) on mitochondria is required [13] and
this may be evaluated using cation fluorescent dye JC-1
[9, 16, 18]. The presence of Ay on mitochondria faci-
litate a penetration of JC-1 into organelles, where
following concentrating it forms j-aggregates with red-
orange fluorescence. Otherwise JC-1 can not be accu-
mulated and is monomeric in cytoplasm and in this case
its fluorescences is green [14]. Thus, the cells with
potential on mitochondria membrane are easy to be
distinguished by double green and red-orange fluores-
cence.

To cryopreserve steroidogenic endocrine cells the
mostly used cryoprotective media are combinations of
dimethylsulfoxide (DMSO) solutions and blood serum.
However, the expedience of serum enrichment is still
questionable [6, 8, 19] and assessment of membrane
potential of cell mitochondria after freeze-thawing in
combined media probably would help to estimate if it
presence in medium is nessessary.

The research aim is to study the effect of cryo-
preservation conditions in serum-free and serum-
enriched cryoprotective media with different content
of DMSO on formation of j-aggregates in rat ACCs.

Materials and methods

The experiments were carried-out according to the
General ethical principles of experiments in animals
approved by the 3™ National Congress in Bioethics
(Kiev, 2007) and agreed with the statements of Euro-
pean convention for the protection of vertebrate animals
used for experimental and other scientific purposes
(Strasbourg, 1986).

In the research we used the adrenal cortex cell
(ACC) suspension of 3 month-old adult rats derived
by enzyme method. Adrenal cortex was separated
from medulla under visual control of microscope
MBS-10. Cortical adrenal tissue was placed in medium
199 (Biolot, Russia) with enzyme mixture containing
collagenase V type (1 mg/ml, Sigma, USA), DNAase
I type (0,1 mg/ml, Sigma) [10] for 15 min at 37°C,
incubation was performed with constant agitating. Then
the suspension was dispersed with Pasteur pipette and
thrice washed free of enzyme solution in the medium
199 with 0.2% bovine serum albumin (Sigma) using
centrifugation for 3 min at 1,500 rpm.

Cell viability was evaluated by their supravital
staining with trypan blue. Viable cells exclude pene-
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aToro mox MukpockornoM MBC-10 oTaemnsiiu KopTeKe
HAJMIOYEYHUKOB OT MeAyiIbl. KOpTHKaIbHYIO TKaHb HaJl-
MOYEYHHUKOB TIoMeraiu B cpeny 199 (“buonor”, Poc-
cusl) ¢ (epMEHTATUBHBIM KOKTEHIIEM, Conep KaliiuM
kosareHasy V tuna (1mr/min “Sigma”, CILIA), JIHKa3y
I'tuma (0,1 mr/mo, “Sigma’) [10], Ha 15 musa pu 37°C u
MIOCTOSIHHOM BCTPSAXHMBAaHUH. J{ucrieprupoBav ¢ moMo-
LIBIO TACTEPOBCKOM MUMETKH U TPUKIBI OTMBIBAJIH OT
dhepmenTaTuBHOTO pacTtBopa B cpeme 199 ¢ 0,2%-m
OBIYEMM CHIBOPOTOYHBIM ahOymMuHOM (“Sigma’)
myTeM neHTpudyruposanus 3 MuH npu 1500 06/MuH.

KuzHecnocoOHOCTD KIIETOK OLIEHUBAJIM 10 OKpALIH-
BAaHMIO MX CYNPaBUTAJIBHBIM KPACHUTEIEM TPHUIIAHO-
BBIM CHHUM. JKH3HECTIOCOOHBIE KIIETKH MUCKIIOYAOT
MIPOHUKAIOLINN BHYTPb KPaCHTElb, B OTJIMUUE OT MEPT-
BBIX, KOTOpPbIE OKpAaIIMBaIOTCS CHHUM LBETOM. B
noy4uernHo# cycnensnu KKH >xm3HecrmocoOHOCT B
cpemreM cocraBisuia 85%. Coxpannocts KKH ompe-
JeJSUIA KaK KOJMYECTBO KIIETOK B CYCIIEH3UH MOCTe
WHKYOAalny ¢ KpUO3aIUTHEIMU CpeiaMH HITH 3aMOpa-
YKUBAHHUA-OTOTPEBA [T0 OTHOIIECHHIO K KOJIMIECTBY KJIe-
TOK JT0 MHKYOAITH WV 3aMOPaKUBaHUS, BRIPAXKEHHOE
B [IPOLIEHTAX.

B skcnepumenTax UCmoib30Bain O€CCHIBOPOTOY-
HBIE KPUO3AIUTHBIE CPEIbI, IPUTOTOBIICHHBIE Ha CPEZIe
199, ¢ xornentpanuamu JJMCO 5, 7, 10, 15% u chI-
BOPOTKOCOJIEpKAIUE CPEAbl C TAKUMH Ke KOHIICHT-
pauusmu JIMCO u ¢ no6asnennem 25% >MOpruoOHaIIb-
Hoit Terstuneit ceiBopoTku (OTC) (“buonor”, Poccwus).

J1s MEHIMH3aIA OCMOTHYECKOTO TIOBPEXKIAt0-
LIEro ACWCTBUSA KPHO3ALIUTHBIC CPElbl 100aBIIsIH
ctyneHyaTsM cioco6oM. K 500 Mk1 cycrieH3uu Kie-
TOK HAIIIOYEYHHKOB B 5 3TaroB nodasisuu 1o 100 M
pactBopa IMCO nBykpaTHOH KOHIEHTpaluu C
HHTEpBAJIOM | MUH, 3aTeM HHKYOUPOBAIN 5 MUH IIpH
22°C asst nOCaeIy0IIEro 3aMopaxuBanus win 20 MuH
JUTSL OLIEHKH BIIMSTHHUSI PACTBOPOB KPHOTIPOTEKTOpA Ha
COXPAaHHOCTbH U )KM3HECTIOCOOHOCTD KIIETOK.

Cycnensuro KKH oxnaxpanu co ckopoCThIO
1 rpag/mun 10 —40°C Ha TPOrpaMMHOM 3aMOPAKH-
Barene “Cryoson” (I'epmanus) ¢ MOCIEAYIOMIHAM II0-
rpy’KeHHEM B KUIKUH a30T [5].

Jnst ynaneHuss KpUO3ALIUTHBIX Cpell MO3TAIHO
yMeHblanu konueHtpauuo JMCO c nanpHedmmm
ueHtpudyrupoanuem npu 1500 06/MuH B TeueHUe
3 muH. CTymeH4Yaroe ygajlieHHue KpHOMPOTEKTOpa
MPeaIoiarajio MocieI0BaTeIbHOE pa3BeAeHUE cpe-
noii 199 ¢ 10% DTC myTtem modaBieHUS aTMKBOT TIO
500, 500, 1000, 2000 Mk ¢ uaTEpBaTIOM 1 MHH.

J11g KpaTKOCPOYHOTO KYJIHTHBUPOBAHUS Pa3MoOpo-
JKEHHYIO CyCIIEH3HIO KJIETOK oMelanu B cpeay 199
¢ 10% OTC Ha KOIareHOBYIO MOANIOKKY B 96-TyHOU-
Hbli ranmer Ha 24 1 npu 37°C B armocdepe 5% CO,.

Krnerku xops! HaamouedHnkoB okpammuBain JC-1
(10 mkr/mn) B Teuenune 30 mun npu 37°C B cpene
JIMEM (“Sigma”) 6e3 (heHOIOBOTO KPaCHOTO, IMOCIIEe
YETo JBaXIbl OTMBIBAIIN 3TOH K€ CPEIOH.
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trating dye unlike blue stained dead ones. In derived
ACC suspension viability in average made 85%.
Survival of ACCs was determined as cell number in
suspension after incubation with cryoprotective media
or freeze-thawing in relation to a cell number prior to
effect, and expressed in percent.

In the experiments there we used serum-free cryo-
protective media prepared on the base of medium 199
with 5; 7; 10; 15% DMSO concentrations or serum-
enriched ones with the same DMSO concentrations
and supplemented with 25% fetal bovine serum (FBS)
(Biolot, Russia).

To minimize a damaging effect of osmotic factors
the cryoprotective media were added to cell suspesion
step-wise. Double concentration of 100 pl DMSO was
added through 5 steps into 500 ul of adrenal cell
suspension by 1 min interval and then incubated for
5 min at 22°C for following freezing, or 20 min to
evaluate the effect of cryoprotectant solutions on a
cell survival and viability.

ACC suspension was cooled with the rate of
1 degree/min down to —40°C using Cryoson program-
mable freezer (Germany) and then plunged into liquid
nitrogen [5].

To remove cryoprotective media the concentration
of DMSO was stepwise reduced and then sample was
centrifugated for 3 min at 1,500 rpm. Stepwise removal
of cryoprotectant supposed a serial dilution with
medium 199 with 10% FBS by addition of aliquots of
500, 500, 1,000, 2,000 pl with 1 min interval.

For a short-term culturing the frozen-thawed cell
suspension was placed into the medium 199 with 10%
FBS on collagen-coated surface in 96-well plate for
24 hrs at 37°C in 5% CO, atmosphere.

Adrenal cortex cells were stained with JC-1
(10 pg/ml) for 30 min at 37°C in medium DMEM
(Sigma) without phenol red, thereafter twice washed
with the same medium.

Microscopic researches were performed with fluo-
rescent microscope Olympus X71 (Japan) using light
filters, exitation wave-length was 485 nm and emission
was observed in green zone of spectrum at 520 nm, in
red one at 590 nm. In each zone (with magnification
400) a cell number with and without j-aggregates was
calculated.

ACCs stained with JC-1 were studied with flow
cytofluorimeter FACS Calibur (BD Bioscience). The
analysis of the data obtained in FACS Calibur was
performed with WinMDI software.

To evaluate a mitochondrial potential there was
used the coefficient of double fluorescence, which was
calculated by the formula:

C greentred
a ’

green
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MuKpOoCKOTIMYEeCKIE HCCIIeJOBAHM IIPOBOIMIIH Ha
(dnyopecuenTHoMm Mukpockore “Olympus X717 (Smo-
HUS) C KCTIOJIb30BAHNEM CBETO(DHIBTPOR: [UTMHA BOITHBI
BO30yxkeHus 485 HM M SMUCCHH B 3€JIeHOW 00acTn
cnektpa 520 HM, B kpacHOH — 590 HM. B kasxgoM mmosne
(yBemmuenue 400) MoACYUTHIBAIH KOJTHYECTBO KIICTOK,
COJIep KaIIMX 1 HE COAEPIKALINX j-arperarsl.

Ha nporounom nutodmyopumerpe “FACS Calibur”
(“BD Bioscience”, CIIIA) uccnegosanu KKH, oxpa-
menHbie JC-1. AHanu3 JaHHBIX, MOJYUYCHHBIX Ha
“FACS Calibur”, oCcyIiecTBISIN MPH TOMOIIH MTPO-
rpamMmMbl WinMDI.

st OlleHKHM MHUTOXOHJIPHAJIbHOTO MOTEHIHAa
KCIIOJIb30BaIHM KO3 (PHUIIMEHT NBOHHON (IIyopeciieH-
LIUU, KOTOPBIH PAaCCYUTHIBAIIN IO (hOpMYIIe:

K 3enen+kpach
op 7

seqen
e KJWWW_H — KOJIMYECTBO KJIETOK C KPaCHOM U 3e-
JIeHOH (uryopecueHumneit; K, = — KOJIHYECTBO KIETOK
TOJILKO C 3€JICHOU (ITyOpeCIICHIINEH.

[Mosbimerue K, » CBUIICTENLCTBYET O NONAPU3ALIHI
MeMOpaH MUTOXOHIPHH, TOT/Ia Kak NoHMKeHne K, b
o pemosipu3ary [17].

[Ipu cratucTuueckoit 00pabOTKe pe3yabTaTOB HC-
M0JIb30BAIN OJHO(AKTOPHBIN TUCTICPCHOHHBIHN aHATIN3
u t-xpurepuil CtproneHTa. [J[oCTOBEpHBIMH CUUTAIIN
paznuuud npu p < 0,05. /laHHBIE IPEACTABIUIN KaK
CpeqHee 3HAUCHUH, TOTyYEeHHBIX B CEPUH aHAJIOTHY-
HBIX 3KcTiepuMeHTOB (1 = 10),
+ cTaHAApTHOE OTKJIOHEHHE.

where C,_ ., is cell number with green and red
fluorescence; Cgmn is cell number only with green
fluorescence

The increase of C, testifies to polarization of mito-
chondria membranes, whereas the decrease of C P
means depolarization [17]. ‘

Statistical processing of the results was performed
using one-factor dispersion analysis and Student's t-
criterion. The differences were significant at p <0.05.
The data were presented as mean obtained during the
same experiments (n = 10), + standard deviation.

Results and discussion

To examine cytotoxicity of cryoprotective media
the viability and survival of ACCs were evaluated after
incubation for 20 min at room temperature 22°C
(Fig. 1). During the experiment an incubation duration
was selected to conform the time within which the
cells contact liquid cryoprotective media. The cell
survival did not significantly differ from the control in
serum-enriched cryoprotective media with 7 and 10%
DMSO concentrations and in serum-free one with 10%
DMSO. The lowest cell integrity was observed in
serum-free medium with 15% DMSO. In the rest
observed cryoprotective media it varied within the
range of 70—85%.

Viability and survival of ACC were also evaluated
after freeze-thawing of suspension. It was established
that in serum-free cryoprotective media with different
DMSO concentrations in average nearly 50% of cells
were preserved (Fig. 2). Herewith ACC viability made

100
Pe3yAstatbl u 00CykaeHue 901
J1s omipeieeHus I TOTOK- 80 - * * 4
CHYHOCTH KPUO3AIUTHBIX CPE/T 70 - #
(=]
OLIEHUBAJIM )KM3HECTIOCOOHOCTE ~ °. g | .
x
u coxpannocts KKH nocsie vn- o |
KyOaruu B Teuenne 20 MUH B g E 40
YCIIOBHUSIX KOMHATHOH TeMIIepa- g E )
Typbl 22°C (puc. 1). Ilpu npo- T 30 1
BCIACHUHM DKCIICPUMEHTA MPO- Z8 201
JOJKUTENEHOCTh WHKYOAIHH é 10 4
ObL1a BBIOpaHa UCXOS U3 TOTO 0
T T T T T T T T
IIEproJa BpEMCHH, B TCHCHNUE K 7 10 15 5+9TC 7+3TC 10+3TC 15+3TC

KOTOPOTO KJIETKH KOHTAKTHPO-
BaJIH C KHUAKO(Da3HBIMH KPUO-
3anTHREIMU cpenaMu. CoxpaH-
HOCTh KJIETOK JIOCTOBEPHO HE
OTJIMYaIach OT KOHTPOJIS B ChI-
BOPOTKOCOJIEPKAIINX KPHUO3a-
IIUTHBIX CPE/Iax ¢ KOHIICEHTpa-
nuasmMu JIMCO 7 u 10% un
0eCCBIBOPOTOYHOM cpene — ¢
10% IAMCO. Camas Hu3Kas
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409

5+FBS 7+FBS 10+FBS 15+FBS

KoHueHTpaums AMCO, % DMSO concentration, %

Puc. 1. Bnusane uaky6arm KKH B kpro3anmTHbIX cpefax pa3HOro cocTaBa B TeUe-
nue 20 muH npu 22°C Ha xxuzHecniocooHocTh (O) n coxpannocts (H) knerok; K —
KOHTPOJIb; * — OTJIMYHS )KU3HECIIOCOOHOCTH IOCTOBEPHBI OTHOCHUTEIBHO KOHTPOJIS;
# — OTIINYMA COXPAaHHOCTH JOCTOBEPHBI OTHOCHTENBHO KOHTpOIIA, p < 0,05.

Fig. 1. Effect of ACC incubation in cryoprotective media of different composition
during 20 min at 22°C on cell viability (O) and survival (H); K — control; * — the
differences in viability are significant if compared to the control; # — the differences
in survival are significant if compared to the control; p <0.05.
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COXPaHHOCTH KIIETOK HaOIo/1a-
J1ach B 0€CCHIBOPOTOYHOM Cpe-
ne ¢ 15% JIMCO. B octanbHbIX
HCCIIEeyEeMbIX KPUO3AIIUTHBIX
cpenax oHa Koliebanach B Ipe-
nemax 70— 85%.

[ToxazaTenu KH3HECTIOCO0-
HoctH U coxpanHocty KKH one-
HUBAJIM TaKXKe IMocie 3aMopa-
KHBaHHSI-OTOTPEBA CYCIICH3UH.
YcraHoBIEHO, YTO B 6€CCHIBO-
POTOYHBIX KPHO3AIUTHBIX CPE-
JIaxX ¢ pa3inYHON KOHI[CHT-
panueit IMCO coxpansieTcs B
cpenHeM okoiio 50% KiIeTok
(puc. 2). XXuzHecrmocoOHOCTh
KKH npu aTom cocrapmsina 39—
55%: MUHUMAaTBHAS — IS Cpe-
el ¢ 15% u mMakcuManbHas —
¢ 10% AMCO.

ITocne 3aMmopakxuBaHU-
ororpeBa KKH B cbiBopoTKO-

100
90 A
80 A
70 * 4
60 - #o*y *
50 A
40 -
30 A
20 A
10 -

0 T T T T T T T T
K 5 7 10 15 5+9TC 7+3TC 10+3TC 15+3TC
5+FBS 7+FBS 10+FBS 15+FBS

KonuyecTtBo kneTtok, %
Cell number, %
*
F

KoHueHTpaums AMCO, % DMSO concentration, %

Puc. 2. Bnusune ycnosuii kprokoncepsupoBanus KKH B kpro3anuTHbeIX cpenax
pa3Horo cocraBa Ha ku3HecrocobHocTs (K) n coxpannocts (H) kirerok; K— koHT-
POITB; * — OTIIMYHSI JKU3HECTIOCOOHOCTH TOCTOBEPHBI OTHOCHUTEEHO KOHTPOJIST; ¥ —
OTJIMYHSI COXPAHHOCTH JJOCTOBEPHBI OTHOCHUTEJILHO KOHTpOJIs, p < 0,05.

Fig. 2. Effect of ACC cryopreservation conditions in cryoprotective media of diffe-
rent composition on cell viability ((O)and survival (H); K — control; * — the differences
in viability are significant if compared to the control; * — the differences in survival

COZEpIKaIUX Cpeiax HauOob-

1Iee KOJIM4eCTBO KI1eTok (82%)

COXpaHsIoch B cpeae ¢ 7%

JIMCO, a naumensinee (35%) — B obpasmuax ¢ 5 u
15% AMCO. Kuznecnocobnocts KKH cocrasmisina
70% B cpemax ¢ 7u 10% IAMCO, 57% — ¢ 5% JAMCO.
HammeHsbliee KOMMYECTBO JKU3HECTIOCOOHBIX KJIETOK
(46%) mabmronanock B cpene ¢ 15% JAMCO. Takas
HH3Kas KXU3HECIOCOOHOCTh KIETOK B cpene ¢ 5%
JAMCO, B03MOXHO, O0YCJIOBJICHa HEIOCTATOYHBIM
3aIUTHEIM 3 PEKTOM TaHHON KOHLEHTPaLUUuu KPHO-
MIpOTEKTOpA, a B cpene ¢ 15% AMCO —ero Tokcnuec-
KHUM BIUSHHEM.

Jis OLIEHKM MHUTOXOHIPHANbHOTO IMOTEHIMaIa
nocne orrauBanus KKH okpammsanu JC-1 u ¢ mno-
MOIIBIO TPOTOYHOTO HUTO(ITYOPHUMETPA OLCHUBAIH
KOJTMYECTBO KJIETOK C IBOMHOMU (KpacHOM U 3eJIeHOMH)
1 TOJTBKO 3€JICHON (PITyopecIieHITHEH.

[Mpw aHaM3€E MOTYYSHHBIX JJAHHBIX HA [ATOTPaAMME
IO MapamMeTpam MPSIMOTO U YTIIOBOTO CBETOPACCESTHUS
BBIJICJSUTH ““pETHOH COOBITHN, OTBEUAOIINNA pa3Me-
pam uccienoBaHHBIX KIeTok (puc. 3, A). danee ero
aHaJTM3UPOBAIN IO MapaMeTpaM (GIyopecleHIru B
3eJICHOM U KpacHoii o0nacTsax cnekrpa (puc. 3, B). Ilpu
9TOM BBIACIISUIA TPH HOMYJISLUH KIETOK: 1) Heokpa-
LICHHBIE, CPEI KOTOPBIX OCHOBHYIO YaCTh COCTABIIS-
JIU 3PUTPOLUTHL; 2) QIyopecuupyromue B 3eJIeHOi
obnactu criekTpa; 3) guryopecuupyrontue B 3eJICHOM
1 KpacHOMU 00J1acTAX CIieKTpa (BoitHas (iryopeciieH-
nus). Mer moacunteiBasin konndectBo KKH, mmero-
IIUX IBOHHYIO ()ITyOpPECIEHITHIO. DTa OIS KJle-
TOK COZIeprKaia j-arperaThl, 4YTO CBHCTEIHCTBOBAIIO
0 HAJIMYMU TIOTEHIMajIa Ha MeMOpaHe MUTOXOHIPUH 1
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are significant if compared to the control, p <0.05.

39-55%: minimum for medium with 15% and ma-
ximum with 10% DMSO.

After freeze-thawing of ACC in serum-enriched
media the biggest amount of cells (82%) was preserved
in the medium with 7% DMSO, and lowest survival
(35%) was in the samples with 5 and 15% DMSO.
Viability of ACC made 70% in the media with 7 and
10% DMSO, 57% viability was with 5% DMSO. The
least number of viable cells (46%) was observed in
the medium with 15% DMSO. Such a low cell viability
in the medium with 5% DMSO is probably stipulated
by insufficient protective effect of this cryoprotectant
concentration, and in the medium with 15% DMSO it
was due to a toxic effect.

To assess a mitochondrial potential after thawing
ACCs were stained with JC-1 and a number of cells
with dual (red and green) and just green fluores-cence
was evaluated with flow cytometer.

Analyzing the obtained cytograms by direct and side
scattering parameters we determined ‘region of events’
corresponding to the dimensions of the investigated
cells (Fig. 3A). Later it was analyzed by the parameters
of fluorescence in green and red spectrum regions (Fig.
3B). Furthermore three populations of cells were deter-
mined: 1) unstained cells (predominantly erythrocytes);
2) cells fluoresced in green spectrum region; 3) cells
fluoresced in green and red spectrum regions (dual
fluorescence). We estimated ACCs having a dual fluo-
rescence. This population of cells contained j-aggre-
gates. This fact testified to the presence of a potential

problems
of cryobiology

Vol. 21, 2011, Ne4



KOCBCHHO YKa3bIBaJIO HAa BO3-

60,9%

1023

MO>KHOCTb aKTHBHOT'O CTEPOU-
JIOT€HEe3a B KJIETKAX.
YcTaHOBIIEHO, UTO B CBEXKE-
BBIJICJIEHHOU CYCIIEH3UU OKOJIO
30% KKH ob6xananu nBoitHoM
KpacHO-3eJIeHO! (iryopeciieH-
nueit (puc. 4). Ilocne orrau-
BaHusa KKH, 3aMopokeHHBIX B
0eCCBHIBOPOTOUHBIX KpHO3a-
LIMTHBIX CpeAax, HauOoJblee

SSC-H

102

JC-1 red fluorescence

10

KpacHas cnypecueHums JC-1

>

=)

KOJIMYECTBO KIJIETOK C ABOMHOM
¢ayopecueHnueii B mpobe ¢
5% AMCO coctaBuio 70%, a
B OCTaJIbHBIX Mpobax — 45%.
Knerku xopsl Haamoueu-

FSC-H 10,60%

10! 10° 10°
3eneHas cnypecueHuma JC-1
JC-1 green fluorescence

1023 10¢
28,0%

Puc. 3. llurodayopumerprueckuit ananm3 KKH, okpamrennbix JC-1: A —nutorpamma
10 TapaMeTpaM MpsIMOTo U yroBoro ceetopaccesHust KKH; B — murorpamma mo
mapaMeTpam 3eJICHOH U KpacHOH (hIyopecICHIINN.

HUKOB, KPUOKOHCEPBHUPOBAHHLIC
B CBIBOPOTKOCOIEPKAIIUX CPEe-

Fig.3. Cytofluorimetric analysis of ACCs stained with JC-1: A —cytogram by direct
and side scatter ing parameters of ACCs; B —cytogram on green and red fluorescence
parameters.

nax ¢ kouterTparwsvu JIMCO

5 u 7%, conepxainu okoino 60%

KJIETOK C TBOMHOM Quryopecteriueii; B cpeae ¢ 10%

AMCO — 43%, a B cpene ¢ 15% JAMCO — 50%.
Koadduiment nBoiiHoi (uyopecieHIun s

ceexeBblaeneHHol cycnensun KKH cocrasun 1, a B

KIIETKaX, KpHOKOHCEPBUPOBAHHBIX B OECCHIBOPOTOY-

HO¥t cpene ¢ 5% JAMCO, — 5 (puc.5). B octanbHbix

KPHO3AIIMTHBIX Cpefiax K, , COCTABIIAN OKOJIO 3, KpOME

CBIBOpOTKOCconepkaiei cpeast ¢ 15% JAMCO (1,5).

on mitochondria membrane and indirectly pointed to
the possibility of active steroidogenesis in cells.

It was that in fresh suspension about 30% of ACCs
had dual red-green fluorescence (Fig. 4). After thawing
of ACCs frozen in serum-free cryoprotective media
the biggest amount of cells with dual fluorescence in
the sample with 5% DMSO was 70%, and in the rest

Ha ocHoBe mosyueHHBIX AaH-
HBIX MOXHO 3aKIIOYHUTh, YTO
nociie KpUOKOHCEPBUPOBAHHUSI
KKH Habmronanoch yBennde-
HHE KOJIMYeCTBa KIJIETOK C OIS
PU30BaHHBIMH MHUTOXOHIPHSI-
MH, COTEPKaITUX j-arperarsl.
M3BecTHO, 4TO MOBpEK/Ie-
HUS KJIETOK, BO3HUKIIINE BCIIE/I-
CTBHE 3aMOPaXKMBaHU-OTOTPe-
Ba, MOTYT UMETh OOpaTUMBIA
xapakrtep. Penapanus kinerod-
HBIX 1€()EKTOB MOKET MPOUCXO-
JIITH TIPY BO3BPAILICHUH KIIETOK
B (PH3HOJIOTHYECKHE YCIOBUS
[1]. B cBs3u ¢ atum KKH mocie
3aMOpaXKMBaHUI-OTOTpEBA
KyJbTHBHPOBaNH 24 9 1 OKpa-
muBanu JC-1. Haubomnsmee
KOJIMYECTBO j-arperar-coaeprka-
ux kietok (40%) Habmonanu
B 0€CCBIBOPOTOUYHOM cpefe C
7% IAMCO (puc. 6). B ocraib-
HBIX CJIy4asgX KOJUYECTBO
TaKUX KJIETOK KojeOaloch B
npeaenax 12-20% (MuHUMAITB-
Hoe 11 cpensl ¢ 10%, makcu-
MaibpHOE — ¢ 5% JAMCO).
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samples it made 45%.
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K 5 7 10 15 5+3TC 7+3TC 10+3TC 15+3TC
5+FBS 7+FBS 10+FBS 15+FBS

KoHueHnTpauusa OMCO, % DMSO concentration, %

Puc. 4. BausHue ycnoBuil KpUOKOHCEPBHUPOBAHHUSA B OECCHIBOPOTOYHBIX U
CBIBOPOTKOCOJICPKAIIUX cpeax ¢ pa3Hoil konmenrparuei JIMCO Ha duyopec-
uenunto KKH, okpamennsix JC-1 HenmocpeacTBeHHO nociie orrauBanus; K —
KOHTPOJIb; * — pa3ii4usi JOCTOBEPHBI [0 CPABHEHHUIO C OCTATBHBIMHE JaHHBIMHE; * —
OTIIMYHE JI0CTOBEPHO OTHOCUTEIBHO Takoi xe KoHieHTpanuu JIMCO B 6ecchiBOpo-
TOYHOM KpHo3alluTHOM cpene, p < 0,05.

Fig. 4. Effect of cryopreservation conditions in serum-free and serum containing
media with different DMSO concentrations on fluorescence of ACCs stained with
JC-1 immediately after thawing; K — control. * — the difference is significant as
compared to other data; * — the difference is significant as compared to the same
DMSO concentration in serum-free cryoprotective medium, p <0.05.
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[Tociie KyIbTHBUPOBAHHUS 7

=

3aMOPOKEHHBIX-OTOTPETHIX B ;:: 6.
CHIBODOTKOCO/ICPYKAIMX KPHO- 5 G
3AlIMTHBIX Cpeflax ¢ mecne-  S& 5
JlyeMbIMH KOHIEHTpauusamMu € 8
JMCO konuuectso KKH ¢ S8 41
j-arperataM IOCTOBEPHO HE & & 5] *
OTIIMYANIOCH OT KOHTPOMIS M I0C- . * i
THUrano 5% OT uX OOIIETO KOJIH- 52 5]
YecTBa. g E |_X—‘

Ha ocHoBanuu pesysnsraros, € 17
MONYYEHHBIX MPU U3ydeHUH 2 0 ’_X—‘ . . .
TOKCHYHOCTH KPHOIIPOTEKTOPOB K 7 " 545TC 743TC 10+43TC 15+3TC

JI0 3aMOpaKUBAHUS, MOYKHO 3a-
KIIFOUHTh, YTO TPU HUCIOIB30-
BaHMU KoHUeHTpanuun IMCO
cepime 10% yMeHbIIaeTcs
coxpanHocTs KKH.

[Mocne 3amopaxuBaHusi-
OTOTpEBa CHIIKAETCSI COXpPaH-
HOCTBh M JXKM3HECTIOCOOHOCTH
KKH no cpaBHEHUIO C HATUBHBI-
mu obpasuamu g0 50-70%. Heobxomumo oTMeTHTH
MOJIOKHUTEIHHOE BIIMSTHUE IPUCYTCTBUS CBIBOPOTKH B
COCTaBe KPHO3AIIUTHBIX CPEJT Ha JKU3HECTIOCOOHOCTh
KKH. DT0T pakT, BO3MOXKHO, OOBICHAETCS CIOCO0-
HOCTBIO CBIBOPOTKH KOMIIEHCUPOBAaTh OCMOTHYECKOE
JaBJIEHUE, N3MEHSIONIEeCs B MPOIECCE 3aMOPaKH-
BaHHS-0TOTPEBa KIETOYHOU cycrieH3uu. B nmureparype

100

5+FBS 7+FBS 10+FBS 15+FBS

KoHueHnTpauusa OMCO, % DMSO concentration, %

Puc. 5. Koapdunuent aoiiHo duryopecueniuu. K — koHTposs; * — oTiuune
JIOCTOBEPHO OTHOCHUTENBHO KOHTpOJIS, p < 0,05.

Fig. 5. Coefficient of double fluorescence; K — control; * — the difference is
significant as compared to the control, p <0.05.

Adrenal cortex cell suspension cryopreserved in
serum-enriched media with 5 and 7% DMSO con-
centration contained about 60% of cells with dual
fluorescence; in the case of 10% DMSO it was 43%,
and 50% were observed in the suspesion cryopreserved
in the medium with 15% DMSO.

The coefficient of dual fluorescence for fresh ACC
suspension was 1, and in the
cells cryopreserved in serum-
free medium with 5% DMSO

90 -
80 -
70 4
60 -
50
40 -
30

20 4
10 4 - .
0_j _E

KoadhdpumumeHT aBoriHoW dnypecueHunm
Dual fluorescence coefficient

it made 5 (Fig. 5), in other
cryoprotective media C of it
was about 3, exept serum-
enriched medium with 15%
DMSO, where it was 1.5.
Thus we may conclude that
freeze-thawing of ACCs re-
sulted in rised number of cells
with polarized mitochondria
comprising j-aggregates.

It is known the cell dama-
ges appearing after freeze-

B =

5+3TC 7+3TC
5+FBS 7+FBS 10+FBS 15+FBS
KoHueHTpauua OMCO, % DMSO concentration, %

Puc. 6. Biusaue ycnoBuit KPUOKOHCEPBUPOBAHHS B 6GCCBIBOpOT0‘IHI>IX CBIBOPOTKO-
COICPIKAIIMX M KPHO3AIIUTHBIX CPE/[aX C PA3HOM KOHIICHTPALeil KPHOIPOTEKTOPA Ha
¢dopmuposanue j-arperaroB B KKH nocie kparkocpodHoro KyisTuBHpoBaHus; K —
— OTJIMYHE IOCTOBEPHO OTHOCUTENBHO KOHTPOIIs, p < 0,05.

Fig. 6. Effect of cryopreservation conditions in serum-free, serum containing and
cryoprotective media with different concentration of cryoprotectant on j-aggregates
formation on ACCs after short-term culturing; C — control; * —

KOHTpOJIB; *

significant if compared to the control, p <0.05.

npo6ne|v|b|
proﬁwonorvm

T.21,2011, Ne4

thawing may have a reversible
character. Reparation of cell
defects may occur during cell
transfer to physiological con-
ditions [1]. For this aim we
cultured ACCs after freeze-
thawing for 24 hrs and then
stained with JC-1. The high-
est number (40%) of cells
containing j-aggregates was

10+3TC 15+3TC

the difference is
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3¢ dexT nodaBIeHUS CHIBOPOTKH B KPHO3AIIUTHYIO
cpemy ommvcaH npotuBopednBo [8, 19], oqHako B pa-
0o0Te [6] Tarke OKa3aHa BBICOKAS JKU3HECITIOCOOHOCTh
U COXPAaHHOCTb KYJIBTYpBl KJIETOK HAANOYEUHHUKOB
HOBOPOXIEHHBIX TIOPOCST P KPHOKOHCEPBUPOBAHHUN
MIEPBUYHOI B KPHO3AIIUTHBIX Cpe/iax ¢ J00aBICHUEM
OTC.

[Tockonbky ctepougorene3 B KKH 3aBucur ot
MEMOPaHHOIO MOTeHIMaNa MUToXoRapuit Ay [11, 15],
MBI OLIEHUBAJIH €T0 C IOMOIIBIO OKPAITUBAHUS (IIyo-
pecueHTHbIM KpacuteneM JC-1. YcraHoBneHo, 4TO
[ocje KpUOKOHCEPBUPOBAHUSA BO BCEX M3YYEHHBIX
kpuo3amuTHbIX cpenax B KKH obpasyercs 6omnbiiee
KOJTMYECTBO KJIETOK C j-arperaraMmH 110 CpaBHEHHIO CO
CBEKEBBIACICHHBIMHU KieTKaMu. Hanbonpmee ux
konu4ecTBo (72%) HabIOIanoCh MOCIe KPHOKOHCEP-
BHpOBaHMS B 6ecchIBOpoTOUHOM cpene ¢ 5% JIMCO.
Bo3MoxHO, 3TO CBA3aHO CO CTUMYJIUPYIOLIUM JEeHCT-
BueM JJMCO B jaHHON KOHIIEHTPAlUU HA aKTUBHOCTh
aJCHUNIATIMKIIA3bl U CEKPELMIO CTEPOUIHBIX TOPMO-
HOB [3, 4]. YBennueHne KOITMIeCTBa KIETOK C j-arpe-
raramu B KKH KocBeHHO ToaTBEp)KIaeT TaHHBIE 00
aKTHBALUK 0a3aJIbHON CEKPELIMU CTEPOUIHBIX TOPMO-
HOB TOCJIE KPHOKOHCEPBUPOBaHUS [ 7].

[ocne KynsTHBHUPOBAaHUS B TeUEHHE 24 9 KOJTHYECT-
Bo j-arperat-cogepxamux KKH, 3amopoxeHHBIX B
CBIBOPOTKOCOZIEPKAINX KPHO3ALUTHBIX Cpelax, He
OTJIIMYAeTCsl OT KOHTPOJIBbHBIX 3HAYEHHH, TOrjaa Kak
nocne kpuokoHcepBupoBanusi KKH B 6eccriBopo-
TOYHBIX CpPeJax COXpaHIeTCs MOBBIIIEHHOE KOJTHYECT-
BO KJIETOK ¢ j-arperaramu. [1o Hariemy MHEHHIO, TaKoe
SIBJICHUE HOCUT HETaTUBHBIA XapakTep, M03TOMY I
kprokoHcepuporanua KKH Gonee mpemnoututenbHbI
CBIBOPOTKOCOIEPIKAIIIIE KPHO3ATUTHBIE CPEIBI, 103~
BOJISIFOILIME HUBEIMPOBATH 3TO BIUSHUE.

BuiBOAbI

1. HauGonee BbIpaXKeHHBIH ITATOTOKCHYECKAN 3(h-
(beKT 10 MoKa3aTeN0 COXPAaHHOCTH IPU MHKYOaIu B
KpHO3aIIUTHBIX Cpeaax OKazana 0ecChIBOPOTOYHAs
cpena ¢ konnenrpamnuen JJMCO 15%, a Hanmenee —
CBIBOPOTKOCOJIEPIKAIINE CPEIbl C KOHIEHTPAIUIMHU
JIMCO 7 u 10 %.

2. Hauny4muMuy mokasaTensiMu KH3HECIoco0-
HocTu U coxpaHHocTd KKH B H3ydeHHBIX yCIOBUAX
KPHUOKOHCEPBUPOBaHUS 00Nagata CBIBOPOTKOCOIEP-
’Karas cpena ¢ konuentpauuei JMCO 7%.

3. KomnuectBo KKH, conepsxammux j-arperarsl,
YBEJIMYNBAJIOCH MOCIIE 3aMOPAXKUBAHUSI-OTOTPEBA BO
BCEX KPHO3AIIUTHBIX CPENlaX M COXPaHSIIOCh MOCIe
KpatkocpouHoro KyisTuBupoBanus KKH, 3amoposxen-
HBIX-OTOT'PETHIX B OECCHIBOPOTOUHHIX cpenax. [Ipu
ATOM HanboJiee BEIPAKEHHEIHN 3 eKT HabIoaancs B
cpenax ¢ korneaTpanusiMu JIMCO 5 u 7%.
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observed in serum-free medium with 7% DMSO
(Fig. 6). In other cases their number varied within 12—
20% (minimal for the medium with 10%, maximal for
the one with 5% DMSO).

After culturing of frozen-thawed cells in serum-
enriched cryoprotective media with the investigated
DMSO concentrations the number of ACCs with j-ag-
gregates did not significantly differ from the control
and reached 5% of their total number.

The results obtained during the studying of cryopro-
tectant toxicity prior to freezing attest to the fact that
ACC survival decreases at DMSO concentration over
10%.

After freeze-thawing the ACC survival and viability
decrease down to 50-70% as compared to the non-
frozen-thawed samples. A positive effect of serum
presence in cryoprotective media on ACC viability in
should be noted. This fact could be explained by pro-
bable ability of serum to compensate osmotic pressure
variations during freeze-thawing of cell suspension.
The effect of serum adding to cryoprotective medium
is reported as controversial [8, 19]. Earlier we have
shown [6] a high viability and survival of a primary
culture of newborn piglet adrenal cells after freeze-
thawing in cryoprotective media enriched with FBS.

Because steroidogenesis in ACCs depends on the
mitochondria membrane potential Ay _[11, 15], we
assessed it by staining with fluorescent dye JC-1. We
established that after cryopreservation in all the studied
cryoprotective media a higher content of ACC with
j-aggregates is observed if compared with fresh sus-
pension. The highest content (72%) was observed after
cryopreservation in serum-free medium with 5%
DMSO. Probably it is associated with stimulation effect
of DMSO in this concentration on activity of adenylate
cyclase and secretion of steroid hormones [3, 4]. The
increase of ACC with j-aggregates content indirectly
confirms the data for activation of steroid hormones
basal secretion after cryopreservation [7].

After the day of culturing the number of cells
containing j-aggregates did not change in the case if
ACCs were frozen-thawed in serum-enriched medium
and does not differ from the control values, whereas
in the case of serum-free medium their number remains
increased. We believe that this phenomenon is of
negative nature therefore serum-enriched cryopro-
tective media enabling to neutralize this effect are more
preferable for ACC cryopreservation.

Conclusions

1. The most expressed cytotoxic effect on survival
index during incubation in cryoprotective media was
manifested when using serum-free medium with
DMSO concentration of 15%, and the lowest effect
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was observed in serum-enriched media with 7 or 10%
DMSO concentrations.

2. Serum-enriched medium with 7% DMSO con-

centration provided the highest indices of ACC viability
and survival in the studied conditions.

3. Number of ACCs containing j-aggregates increa-

sed after freeze-thawing in all the cryoprotective media
and was kept after short-term culturing of ACCs fro-
zen-thawed in serum-free media. Herewith, the most
pronounced effect was observed in the media with 5
and 7% DMSO concentrations.
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