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Cryopreservation of Newborn Mice Adrenal Cell Suspension.
Il. Effect Caused by Concentration of Serum
as Component of Cryoprotective Medium

Pedepart. N3yyanu BnusaHve KoHUeHTpauun detanbHon Tenayben cbiBopoTkn (PTC) n gumetuncynbdgokenga (AMCO) B
cocTaBe KpMO3alUMTHOWM cpefbl Ha NokasaTenun XMU3HEeCrnoCOOHOCTN NO UCKIIOYEHMNIO TPUNAHOBOrO CUHEro, COXPaHHOCTM KOoNnyecTsa
N TOPMOHAaNbHOW aKTUBHOCTU KNETOK HaAMNoO4Ye4YHUKOB HOBOPOXAEHHbIX MbIlIEN Nocre 3amopaxuBaHusa-oTtamBaHus. Uc-
nonb3oBaHne CbIBOPOTKU B KoHUeHTpauun 10 u 25% no3Bonuno yBenuyuTb KOMMYECTBO KM3HECMOCOOHbBIX KNETOK HaAMoYeyHNKOB
HOBOPOXAEHHbIX MbILIEN NO CPaBHEHUIO C GeccbiBOPOTOYHbIMK cpefamMu. Hambonblune nokasatenu xu3HecnocobHoctn (ot 71,4
0o 76,0%) n coxpaHHocth (99,0%) Habnioganucb nocre 3aMopaXXMBaHUA-OTTaUBaHMSA KNeTOK HaAMOYeYHUKOB B cpefax, Coaep-
xawmx 10, 15, 20% OMCO n 25% PTC. OgHako ropmoHanbHas 1 nponugepaTMBHas akTUBHOCTM OKa3anucb CHWDKEHbI MO CPaBHEHUIO
C KOHTPOJIbHOW KyNnbTYpOMW.

KnioyeBble croBa: KpUMOKOHCEPBMPOBaHWE, HaAMOYEYHUKN, HOBOPOXAEHHbIe Mbiwmn, AMCO.

Pedbepart. BuByanu BnnuB KoHueHTpaui detanbHoi Tenayoi cuposatkn (PTC) Ta gumertuncynbdokeugy (AMCO) y cknagi
KPiO3axUCHOro cepefoBULLia Ha NMOKA3HMKU XXUTTE3AATHOCTI 3@ BUKITOYEHHSIM TPUMNAHOBOIO CUHbLOTO, 30EpPEXEHHsT Ta roOPMOHAanbHOI
aKTUBHOCTI KNiTUH HagHVWPHUKIB HOBOHAPOOXKEHUX MULUEN MiCNs 3aMOpPOXYBaHHA-BiAgTaBaHHA. BUKopucTaHHA cupoBaTku y
KoHLUeHTpauii 10 abo 25% [o3Bonsie NiABULWMTY KiNbKICTb XXUTTE3QATHUX KNiTUH HAAHUPHWKIB HOBOHAPOAXKEHUX MULLEW Y MOPIBHSAHHI
3 Kpi03axMCHMMMK cepefoBULLLIAMM, K HEe MICTUNU cupoBaTku. HambinbLi nokasHukn xuTTesgaTtHocTi (Big 71,4 no 76,0%) Ta 36epe-
XeHHs (99,0%) KinbKOCTi KNITUH cnocTepiranncb NiCNs 3amMOpOXyBaHHA-BiATaBaHHA CYCMeH3ii KMiTMH HaAHUPHUKIB HOBOHaPOXKEHNX
Muwen y cepeposuilax i3 smictom 10, 15, 20 AMCO T1a 25% ®TC. lNpoTe ropMmoHanbHa Ta nponicdepaTuBHa akTUBHOCTI Oynu
HWXKXYMMMU Y MOPIBHSAHHI 3 KOHTPOSIBHOK KYIbLTYPOIO.

KnrouoBi cnoBa: KpiokOHCepBYBaHHSI, HAAHUPHWKN, HOBOHApPOMXeHi muwi, AMCO.

Abstract. The effect of fetal bovine serum (FBS) and dimethylsulfoxide (DMSQ) concentrations within cryoprotective medium on
the viability indices by exclusion of trypan blue, survival and hormonal activity of adrenal cells of newborn mice after freeze-thawing
has been studied. Application of 10 and 25% serum enabled to increase a number of viable adrenal cells of newborn rats if compared
with serum-free media. The highest indices of viability (from 71.4 upto 76.0%) and survival (99.0%) were observed after freeze-
thawing of adrenal cells in the media, containing 10, 15, 20% DMSO and 25% FBS. However, hormonal and proliferative activities
were reduced if compared with the control culture.

Key words: cryopreservation, adrenal glands, newborn mice, DMSO.

JIJ14 aToIorn4ecKoro COCTOSIHUS HaJTIOYEYHHKOB
XapaKTepHbI NEPBUYHAA, XPOHUYECKas! HAITOYECUHH-
KOBasi HEZOCTaTOYHOCTh, (PEOXPOMOIITO3, CHHIPOM
Kymuara, remoxpoMaros3, THIEPaTbI0CTEPOHU3M.
Bcenencteue pacnpoCTpaHEHHOCTH T€HETHUYECKUX
HapylIeHUH U 3a00JeBaHUI aIpeHATOBOW CHUCTEMBI
HEOOXOAMMO M3y4YeHHE HaJITOYeYHUKOB Kak B (hu-
3uojoruueckux ycnoBusx [20, 21], Tak u npu marto-
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Primary and chronic adrenal failure, pheochromo-
cytosis, Cushing syndrome, hemochromatosis, hyper-
aldosteronism are characteristic for pathological states
of adrenal glands. Due to prevalence of genetic disor-
ders and diseases of adrenal system it is necessary to
study adrenal glands both in physiological [20, 21] and
pathological conditions [17, 22]. Tissue or cell culturing
is one of the widespread methods to research organ
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soruu [17,22]. OqHrM U3 IUPOKO pacipoCTPaHEHHBIX
METOJIOB MCCJIEIOBAHUS OCOOCHHOCTEH Pa3sBUTHA H
(hyHKIIMOHUPOBAHUS OpPraHa, a TAKXKE BITUSHUS HA HETO
BHEIIHUX ()aKTOPOB SIBISETCS KYJTUBUPOBAHHUE TKAHU
nin kietok. [Ipu HeoOXoaAMMOCTH COXpaHEeHHs CycC-
MIEH3WUU KIJIETOK HAaJIOYEYHUKOB B T€U€HNE BPEMEHH,
MPEBHIIIAIONIET0 MAaKCUMaJIbHBIA CPOK THIIOTEp-
MHYECKOTO XpaHEHUs, BAyKHA pa3padoTka crmocoba ee
JOJTOCPOYHOTO HU3KOTEMIIEpaTypHOTO XpaHeHus. B
HACTOSIIIee BPeMsI OIIFICAHBI PEKUMBI 3aMOPAKIBAHUS
OpPraHOTUINYECKON KyJIbTypbl HAANIOYEYHUKOB HOBO-
POKIEHHBIX MOPOCAT [3], KJIETOK B3pOCHBIX KpbIC [1,
19] 1 HOBOpOXKACHHBIX MbIlIeH [2]. OnHaKo MOoKa3a-
TEIN KXU3HECIMOCOOHOCTH KJIETOK HaANOYEYHHKOB,
OTMEUYEHHBIE B 3THX paboTtax, coctaBuiau 50-65% ot
UX KM3HECIOCOOHOCTH B HE3aMOPOXKEHHBIX 00pa3-
1ax, 4To 00yCJIOBHIIO aKTyaJIbHOCTh MOMCKA HOBBIX
PEe’XMMOB 3aMOpaXMBAHUSA, BKJIFOUask pa3paboTKy HO-
BBIX COCTaBOB KPHOIPOTEKTOPHBIX CPE.

B Hammx npeapIaynpx uccaea0BaHusIX YCTaHOB-
JICHO, YTO B YCIIOBUSX KPHOKOHCEPBUPOBAHHS KIJIETOK
HaanodednnkoB ¢ JIMCO B mmpokoM auama3oHe
koHIeHTpatwmii (0T 5 10 30%) HauBBICIITHE TOKA3ATENH
KHU3HECIOCOOHOCTH OBLTH IIPH Hcoib3oBaHuu 10, 15
n 20%-X pacTBOpOB KpHoONpoTeKkTopa [2].

Oo6menpunsTo, uto JIMCO B BBICOKHX KOHIICHTpAa-
LUSX OKa3bIBACT HEraTHBHBIC H(PPEKTH HA MHOTHE
knetouHsle pynkuuu. Panee ycranosneno [11], 9ro
KyJIBTHBHPOBAaHHE KIIETOK MOYKH Makaku Pesyc B
npucytcTBun 7,5-15% JAMCO B Teuenne 10—-60 Mmun
MPUBOANAT K aKKyMYIISIIIUHM JUMUJOB, YBEITUICHHUIO
YUCIIa JIU30COM, JETpaHyisaIuu mepoxoBatoro DIIP,
HaOyXaHHWIO W TIOBPEXICHHIO MHUTOXOHIPHATHHBIX
MemOpan. Qi W. u coast. [15] mokazanu, 4T0 mpu
WHKYOAIIMH KOXJIEapHOH OpPraHOTHITHYECKOH KYJBTYPBI
B TeueHHe cyTok B mpucyrctBuu 0,5-6% IAMCO
HaOmonaoTcsa HabyxaHue U yMEHBILICHHE KOJIMUECTBa
KJIETOK BOJIOCSIHBIX (DOJITHKYJIOB.

[lo naHHBIM MpeBIAYIINX UCCIEIOBAHUN OJXHUM
13 JIOTIOJTHUTEIHHBIX KOMIIOHEHTOB CPE]l, UCIIOIb3ye-
MBIX ISl KpHOKOHCEPBHPOBAHUS KIETOK, MOTYT BbIC-
TyTaTh OCITKOBBIC JOOABKH, 00JIa1at0IINEe KPHUO3AIIINT-
HBIMH cBolicTBamu [6, 9 11]. Hammpumep, B pabote Yc-
traeHko B.JI. [3] mokazaHO, 9TO MCIIOJb30BaHHUE
(deranpuo#t Tensuneit ceiBopoTkH (DPTC) B cocraBe
KPHO3AIUTHON CPebl MOBBIILAET KU3HECTIOCOOHOCTD
1 TOPMOHAJIbHYIO aKTUBHOCTD KJIETOK Ha{OYEYHHKOB
HOBOPOXAECHHBIX MOPOCAT MOCIE 3aMOpPaXKUBaHUS-
orrauBanus. Konnentpamuu OTC 10% [1]u 25% [4]
HCIIOJIB3YIOTCS B COCTaBE KPHO3ALIUTHBIX Cpel A
KpPUOKOHCEPBHUPOBaHMS HAATIOUYEYHUKOB HOBOPOXKIEH-
HBIX TIOPOCAT M B3POCIIBIX KPBIC.

Dimasi L. u coaBT. [6] yCTaHOBHIIH, UTO TIOKA3aTEb
)ku3HecnocooHocTH KieTok muanid CHO u Sp2/0, 3a-
MOPOXEHHBIX-OTTAsHHBIX B IPUCYTCTBHH aTbOyMHUHA,
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developmental and functional peculiarities, as well as
effect of external factors on it. If preserving adrenal
cell suspension is required for the time exceeding maxi-
mum term provided by hypothermic storage it is impor-
tant to develop the method of its long-term low-tempe-
rature storage. Nowadays, the freezing regimens of
organotypic culture of adrenal glands of newborn pig-
lets [3], cells of adult rats [1, 19] and newborn mice
[2] have been described. However, the indices of adre-
nal cell viability presented in these papers made 50—
65% of their viability in non-frozen samples, that made
searching the new freezing regimens relevant, including
the development of new compositions of cryoprotective
media.

In our previous research we established that under
freeze-thawing of adrenal cells in solutions of DMSO
of wide concentration range (from 5 to 30%) the hi-
ghest indices of viability were observed when using
10, 15 and 20% solutions of cryoprotectant [2].

It is commonly accepted that DMSO of high con-
centrations negatively affects many cell functions. It
was found previously [11] that culturing of cells of
Rhesus monkey kidney in the presence of 7.5-15%
DMSO for 10—60 min resulted in accumulation of lipids,
the increasing of lysosomes number, degranulation of
rough endoplasmic reticulum, swelling and damage of
mitochondrial membranes. Qi W. et al. [15] showed
that incubation of cochlear organotypic culture for
24 hrs in the presence of 0.5-6% DMSO resulted in
swelling and reducing of hair follicle cell number.

According to the previously reported data [6, 9, 11]
as additional components of cell cryopreservation
media could serve the protein additives, possessing
cryoprotective properties. For example, Ustichenko
V.D. [3] reported that using fetal calf serum (FCS) as
a component of cryoprotective medium resulted in an
increase of post-thaw viability and hormonal activity
of adrenal cells of newborn piglets. FCS concentrations
of 10 [1] and 25% [4] were used as a component of
cryoprotective media for cryopreservation of adrenal
glands of newborn piglets and adult rats.

Dimasi L. et al. [6] established that viability of CHO
and Sp2/0 cells frozen-thawed in the presence of albu-
min was not significantly differed from the index found
in the case of using FCS. Freeze-thawing of bone
marrow hemopoietic cells performed in DMSO rich
medium (20%) supplemented with homologous serum
resulted in preservation of colony-forming units [9].
Sericine, a protein of silk, has been successfully used
for cryopreservation of cells of different lines [18].

The research aim was to study the effect of different
concentrations of fetal calf serum, as a component of
cryoprotective medium based on DMSO, on post-thaw
viability and morphofunctional properties of adrenal
cells of newborn mice.
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JIOCTOBEpHO HE oTimdaeTcs oT TakoBeix B OTC. Ilpu
KPHOKOHCEPBUPOBAHUU T€MOIOITHYECKHUX KIIETOK
KOCTHOTO MO3ra 100aBJIeHHE TOMOJIOTHYECKON ChIBO-
POTKH B Cpeay C BBICOKMM coaepxkanuem JIMCO
(20%) cmocoOCTBOBaAJIO COXPAaHEHHIO KOJIOHHEOOpa-
sytomux enuHull [9]. CepunirH — 6€10K, BXOISIIHA B
COCTaB HIENKA, C yCIEXO0M ObLT CTIONB30BaH IIPH KPHO-
KOHCEPBUPOBAHNH KIIETOK Pa3INIHbIX TUHUH [18].
Lemnbto Hame# paboThI OBLTO H3YYHUTH BIUSHHE Pa3-
JIUYHBIX KOHIICHTpaui (eTalbHON TeNTIbel ChIBO-
POTKH B COCTaBE KPUO3AIIUTHON CPEJIbl, BKIIIOUAIOILIEN
JAMCO, Ha )u3Hecrnoco0HOCTh U MOPHODYHKIIHO-
HaJbHBIE CBOWCTBA KJIETOK HAAIIOYETHUKOB HOBOPOXK-
JIEHHBIX MBIIIEH ITOCIIE 3aMOPaKUBAHUA-OTTANBAHUA.

MartepuaJjbl 1 MeTOABI

HccnenoBanust npoBoAWIN B COOTBETCTBUH ¢ «O0-
LIMMU IPUHLIUIIAMHA SKCIIEPUMEHTOB Ha KHUBOTHBIXY,
onobpennbvu [11 HarronansHeIM KOHTpeccoM 1o Ouo-
atuke (2007, Kuer) v cortacOBaHHBIMU C TIOJIOKEHHSI-
mu «EBporielickoil KOHBEHIIMHU O 3aIUTE TO3BOHOYHBIX
YKUBOTHBIX, UCTIOIB3YEMBIX I KCTIEPIMEHTAIbHBIX
U Ipyrux HaydHBIX menei» (CtpacOypr, 1986).

O06bexToM HcciIeI0BaHns Oblla CYCIIEH3HS KIIETOK
HagnouedHnkoB (CKH) HOBOpOXKIEHHBIX MBIIIEH OT
1 1o 4 cyTok oboux mojoB gunuii ¢c57Black u CBH.
Knerku nonydanu ¢epMeHTATUBHBIM CHOCOOOM C
HCIOJb30BaHUEM KoJlareHasbl tuma V uiud IA
(«Sigmay, CIIA) B koHLIeHTparmu 1 Mr/mi [2] 1 Kyib-
tuBupoBanu B cpene 199 ¢ L-rmyramuaom u HEPES
(«PAA», Actpus) B ipucytctBun 10% OTC («PAAY»)
u armocdepe, oboramennon 5% CO,, mpu MOCTOSH-
HOW BraykHOCTH M TeMneparype 37°C. KneTku KyiabsTH-
BHUPOBaJM B 24-IyHOYHBIX TutaHmerax («Sarstedty,
I'epmanus) n gamkax Iletpu nuamerpom 35 mMm
(«Sarstedt»). TlocamodHas TUIOTHOCTH COCTaBIISIIA
5%10° kJeTok Ha JTyHKY muianirera u 1X10° Ha gamky
ITerpu. ITonHOCTBIO Cpeny KyIbTHUBUPOBAHMS 3aMEHSI-
11 pa3 B 3—4 mHs.

CycneH3uro KJIeTOK HaANMO4YEYHUKOB 3aMOpPaXu-
BaJIM B KPHO3AIIUTHBIX CPEaxX ¢ KOHEUHOH KOHLIEHTpa-
uueit IMCO 5;7,5; 10; 15; 20 u 30% B npucyTCTBUU
10 u 25% OTC («PAA») co CKOPOCTHIO OXJTAXKICHUS
1 rpag/mun 10 —40°C npu nocIeAyOUIEM NOTPYyKEHUH
KOHTEWHEPOB B KHIKUN a30T. OTorpeBanu o0pasiisl
Ha BozsHOU Oane mpu Temmeparype 40°C, a 3arem
[IOIIarOBO OTMBIBAJIM OT KPHOMPOTEKTOpA: KayKIble
60 c x 1 MJ1 pa3MOpOKEHHO TIPOOKI TOOABIISUIIH ITOCTIE-
nmoBatenbHO 0,5; 0,5; 1 u 2 M cpensl.

’Kr3HecrnocoOHOCTh CyCTIIEH3UH OIEHHUBAIH I10
KOJTMYECTBY KJIETOK, KOTOPBIE HCKITFOYATH TPUITAHOBBIN
CHUHUH, U BBIpaXKaJld B MPOLICHTHOM OTHOIIEHHH K
0011IeMy KOMn4ecTBY KiIeTOK. COXpaHHOCTb BBIYHCIISI-
JIM KaK COOTHOILIEHHE O0LIEero KOJIMYeCTBa KJIETOK MOC-
JIe OTTauBaHMA K KOJIMYECTBY KIIETOK JIO 3aMOPaKUBa-
HUS, BEIpaKEHHOE B IipolieHTax. KonmmuecTBo pacrutac-
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Materials and methods

The experiments were performed according to the
General Principles of Experiments in Animals, approved
by the 3" National Congress in Bioethics (Kiev, 2007)
and agreed to the statements of the European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (Stras-
bourg, 1986).

The research object was adrenal cell suspension
(ACS) of ¢57Black and CBH newborn mice of 14
days of both genders. The cells were obtained by enzy-
me method using type V or IA collagenase (Sigma,
USA) of 1 mg/ml [2] and cultured in medium 199 with
L-glutamine and HEPES (PAA, Austria) with 10%
FCS (PAA) in atmosphere with 5% CO,, constant
humidity and 37°C. The cells were cultured on 24-
well plate (Sarstedt, Germany) and 35 mm Petri dish
(Sarstedt). Seeding density made 5x10° cells per well
of plate and 1x10° cells per Petri dish. Culturing me-
dium was completely changed each 3—4 days.

Adrenal cell suspension was frozen in cryoprotec-
tive media with final concentration of DMSO of 5;
7.5; 10; 15; 20 and 30% with 10 and 25% FCS (PAA)
with the cooling rate of 1 degree/min down to —40°C,
thereafter the containers were plunged into liquid
nitrogen. The specimens were thawed in water bath
at40°C and thereafter stepwise washed from cryopro-
tectant: 1 ml of frozen-thawed sample was gradually
supplemented with 0.5; 1 and 2 ml medium with 60 sec
intervals.

Suspension viability was assessed by the number
of cells, excluded Trypan blue, and expressed in per-
cents of total cell number. Survival was evaluated as a
ratio of post-thaw number of cells and cell number
prior to freezing and expressed in percentage. A num-
ber of flattened and attached cells was calculated in 5
vision fields after a complete change of medium and
expressed in percents to the number of flattened and
attached cells in culture which was not exposed to
cryopreservation. Aldosterone secretion was measured
by radioimmune assay with RIA Aldosterone test-kit
(Immunotech, France) in culturing media to the days
2,4, 6,8, 12 for the control culture and to the 2™ day
for thawed samples. Cell proliferation was visually
assessed by the area occupied by monolayer in respect
to the total surface of the well.

The data were processed with non-parametric
Mann-Whitney criterion. The data were expressed as
M = m (n = 3). The results were considered as
significantly differing at p <0.05.

Results and discussion

The experiments were performed with 10 and 25%
concentrations of FCS, widely used during freezing of
various cells, including adrenal cells [3, 4, 10]. It has
been established that the presence of FCS in cryo-
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TaHHBIX U TPUKPETUIEHHBIX KJIETOK MOCUYNTHIBAIH B 5
TIOJIAX 3PEHUS TOCIe MOTHOM 3aMEHBI CPEJIbl U BBIpa-
YKaJH B MPOLIEHTHOM OTHOIIEHHUHU K KOJIMYECTBY pac-
IUTACTAaHHBIX U MPHUKPEIUIEHHBIX KIETOK B KyJBTYypeE,
KOTOpasi HE MOJBEprajack KPHOKOHCEPBHUPOBAHUIO.
Cexpenuto anpI0CTEPOHA U3MEPSUIN PAAHMONMMYHOJIO-
THYECKHM METOJIOM C TIOMOINBI0 TecT-Habopa «RIA
Aldosterone» («Immunotech», ®panuus) B cpenax
KyJITHBHpOBaHUs Ha 2, 4, 6, 8, 12-e CyTKH 1J1s1 KOHTPO-
JI ¥ Ha 2-€ CYTKH IS P00 T0CTIe 3aMOpaKUBaHUS-
orrauBanus. [Iponudepanuro KIeToK OleHUBAIH BHU-
3yaJIbHO MO TUTOIAIN MOHOCIIOS] OTHOCHTENIEHO 00IIIei
TUTOIIAN JTYHKH.

[pu 06paboTKe TaHHBIX UCTIOIB30BAIN HeMlapaMeT-
pudeckuil Kpurepuii MaHHa- YUTHU, TaHHbIE BBIpaXKa-
mu B Bune M = m (n = 3). JlocTOBEpHO OTIMYAIOIH-
MUCS CUATAIH pe3yasTarsl mpu p < 0,05.

Pe3yabTarsl m o0cy:xaeHne

B skcnepumenTtax ucnons3oBanu 10 u 25%-e xoH-
nentpanu OTC, Hanboiee 4acTo MPUMEHSIEMBIC TIPH
3aMOpaXKHBaHUH PA3TMIHBIX KJIETOK, BKIIOYast KIIETKH
HagnoueyHnkoB [3, 4, 10]. YcranoBieHo, 4T0 MpH-
cyrctBre O TC B KpHO3aMUTHON Cpeie HEJOCTOBEPHO
YBEINYHUBAJIO COXPAHHOCTH JI€KOHCEPBUPOBAHHBIX
CKH 1o cpaBHEHHIO C KJIeTKaMH, 3aMOPOKEHHBIMH B
OecceiBopoTOuHOM cpene (puc. 1, A), kpome mpoo,
3aMoposkeHHBIX B ipucyTctBuu 30% JIMCO. Coxpan-
HOCTh JOCTOBEPHO YMEHbIIAIaCh OTHOCHUTEIBHO
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protective medium insignificantly increased survival of
frozen-thawed ACS if compared with the cells, frozen-
thawed in serum-free medium (Fig. 1A), except the
case of 30% DMSO. The survival was significantly
reduced comparing to the control for the samples fro-
zen-thawed without FCS in 5 and 7.5% DMSO and
for all the cases with 30% DMSO. The viabilities of
ACS frozen in serum-free media and with FCS were
significantly different (Fig. 1B). For the cells frozen-
thawed in serum-free media the maximum indices of
viability made from 63.7 + 6.4 upto 66.7 + 7.3%, while
for the media, containing 10 and 25% FCS and 10, 15
and 20% DMSO they made from 71.4 £ 6.8 upto
76.0 +7.2% for the samples. No significant differences
were found in post-thaw viabilities between the media,
containing 10 and 25% FCS.

An important index of functional activity of ACS is
aldosterone secretion level. In the culture obtained from
freshly isolated ACS, aldosterone level to the 2—4®
day of culturing was 2155.27 + 473.21 pg/ml/mln
(Table), starting from the 6" day of culturing there
was observed a sharp decrease of its secretion down
to 34.94 + 26.80 pg/ml/mln. It may be likely associated
with the reduced aldosterone secretion, as well as pro-
liferation of adrenocortical cells in culture without the
required components of the medium, for example
endothelial factors [5], or ACTH [13].

Significant reduction of aldosterone secretion of
post-thaw ACS irrespective of composition of cryo-
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Puc. 1. CoxpaHHocTb (A) 1 xwusHecnocobHocTb (B) CKH HOBOpOXAEHHbLIX MbILIEN NOCMe 3amMopaXknBaHUSi-OTOrpeBa B
cpefax ¢ pa3nuyHbiM cogepxkanmem MCO n TC: O - 6e3 ©TC; d—c 10% PTC; M- c 25% PTC; K— KOHTponb, KNeTku,
He MoABepraBLUMECs 3aMOPaXKMBaHNIO-OTTaMBaHUIO,* — pasnuyns 4OCTOBEPHbI MO OTHOLLEHMIO K KOHTponto, p < 0,05.

Fig. 1. Survival (A) and viability (B) of ACS of newborn mice after freeze-thawing in the media with different content of
DMSO and FBS: O0- FCS-free; d— with 10% FCS; B —with 25% FCS; K- control, the cells not exposed to freeze-thaw-
ing; * — differences are significant relative to the control, p < 0.05.

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 23, Ne/issue1, 2013

69



KOHTPOJIS AJIst P00, 3aMOPO’KEHHBIX-OTTAsTHHBIX 0€3
OTC B 51 7,5% AMCO, u mis Bcex mpo0, 3amopo-
JKeHHBIX-0TTassHHBIX ¢ 30% JMCO. JocTtoBepHbie
pa3nuYus MUMeNU MOKa3aTeNH XKU3HECIMOCOOHOCTH
CKH, 3aMo0poKeHHBIX B OECCHIBOPOTOUYHBIX Cpenax
u B npucytctBuu ®TC (puc. 1, B). lns kneroxk, 3a-
MOPOKEHHBIX-OTTassHHBIX B OE€CCHIBOPOTOYHBIX Cpe-
Jlax, MaKCUMaJIbHBIE NTOKA3aTeN1 KU3HECTIOCOOHOCTH
cocraBysum ot 63,7 £ 6,4 10 66,7 = 7,3%, s cpex ¢
10 u 25% OTC c conmepxanmem JIMCO 10, 15 u
20% — ot 71,4 = 6,8 mo 76,0 + 7,2%. JlocToBepHBIX
pa3IUYni B ypOBHE )KH3HECTIOCOOHOCTH TTOCIIE 3aMO-
paXUBaHUSI-OTTAMBAHHUS MEXIY CpelaMH, COAepKa-
mumu 10 u 25% ®TC, ormeueHo He ObLIO.
BaxupM mokaszateneM (yHKIHOHAIbHON aKTHUB-
HoctH CKH siBnsieTcst ypoBeHb cekpenun aibaocTe-
pona. B kyneType, moTy4eHHOH U3 CBEKEBBIIECICHHON
CKH, ypoBeHb anbproctepoHa Ha 2—4-e CyTKH KyJlb-
TUBUPOBaHUS cOCTaBIsLT 2155,27 £473,21 nr/mn/mitH
(Tabnuna), HauuHast ¢ 6-X CYTOK KyJIbTUBHUPOBAHUS
HaONIOaJI0Ch PEe3K0e CHUKEHUE €Tr0 CEeKPEeUHH 0
34,94 + 26,80 rir/mur/mMitH. Bo3MOKHO, 5TO CBSI3aHO CO
CHIDKEHHEM CEKPEINH albIOCTEPOHA, a TAK)KE ITPOJIH-
(heparmu aIpEeHOKOPTUKATBHBIX KJIETOK B KYJIBTYPE TPH
OTCYTCTBHH HEOOXOINMBIX KOMIIOHEHTOB CPE/IbI, Ha-
IpUMep dHAOoTeNnaIbHBIX (pakTopos [5], AKTI [13].
HeszaBucumo oT cocTtaBa KpHO3alIUTHBIX CpeN
nociie KpUOKOHCEPBUPOBAaHUS HAOMIOAAIOCh 3HAYH-
TeNbHOE CHMKEHME cekpennn anpaoctepoHa CKH B
mpolecce ux KyJlbTuBrpoBanu (Tabnuua). [Tpu sTom
JIOCTOBEPHO YBEJIIMYUBAJICA YPOBEHb TOPMOHA M1OCIIE
3aMopakuBaHus-otorpesa B @TC-conepxamux cpe-
Jax 1O CPaBHEHHIO C OecchIBOPOTOUHBIMU. Kpome
TOT0, YCTAHOBJICHO, YTO C IOBBILIIEHHEM KOHIICHT PAIiN
KpPHOIIPOTEKTOPA YBEIUIHBAIIOCH COZIEPKaHHE aJIbI0-
CTepOHa B Cpezie KylIbTUBUpOBaHUs. B oOpasmax, 3a-
MOpOXEHHBIX B npucyTtctBuu 5 u 7,5% [AMCO,
coJiep KaHue alibI0CTEPOHA B cperie Ha 2-€ U 3-1 CYyTKH
KyJIBTUBUPOBaHMUs ObII0 HUKE 10 TIT/MI1/MITH KIIETOK,
TOTJa KaK HaUBBICIIHH ero ypoBeHsb (326,49 + 47,7 u
245,63 £+ 39,1 1r/mMi1/MITH KJIETOK COOTBETCTBEHHO ) OBLIT
xapakrepeH g CKH, 3amMopokeHHOW-0TTasgsHHOI B
npucytctsuu 20% JIMCO u 25% OTC.
Cnocobnocts CKH k npukperuienuto u nponude-
pauuu B IpoLecce KyJIbTHBUPOBAHUS OLCHUBAIU 10 U
OCJIe KPUOKOHCEPBUPOBAHUS M BEIPAXKAJIH B ITPOIICHT-
HOM OTHOIIEHWHU K KYNbType, HE IMOJABepraBIIeics
3aMOpaKMBaHUIO-0TTanBaHuUIO. Kak BUIHO 13 puc. 2, A,
HanOoJpIIee KOJUYECTBO MPUKPETIIEHHBIX KIETOK
xapaktepHo mist CKH, 3aMopokeHHON-OTTasTHHOU B
OTC-comepxamux cpexax ¢ 10, 15 u 20% JIMCO.
HaunGonbimmii mponeHT paciiacTaHHbIX KIIeTOK (51 £
3,1%) ycranosnen B kynsrype CKH, 3amoposxeHHOI-
orrasgHHOU B pucyTcTBUH 20% JAMCO 1 25% OTC
(puc. 2, B). B ocTranbHBIX ciydasx KOJIHYECTBO pac-
IUTACTaHHBIX KIJIETOK OBLIO JOCTOBEPHO HIKE U COC-
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CopepxaHue anbaocTepoHa B cpefe KynbTMBUPOBaHUSA
CKH HOBOpOXOEHHbIX MbIlen nocrne 3aMopaXvBaHUSA-
oTOrpeBa B cpefax C pasnuyHbiM cogepxaHvem OMCO
n OTC (M £ m)
Content of aldosterone in medium during culturing of
ACS of newborn mice frozen-thawed in media with
different content of DMSO and FCS (M £+ m)

CopepaHune anbfocTepoHa,
nr/Mn/MnH KNeTok
Aldosterone content,
pg/ml/min of cells

KoHueHTtpauma AMCO, %
(Hanuume/otcytctene ®TC)
DMSO concentation, %
(presence/absence of FCS)

2-e CYTKM 3-1 cyTKM
2" day 3rdday
5 (6e3 ®TC/no FCS) 3,46 + 2,86 1,97 £ 4,56
5 (25% ®TC/25% FCS) 21,67 £ 9,14 24,02 £ 13,13
7,50 (6e3 ®TC/no FCS) 0,16 = 1,08 0,39 = 2,40

7,50 (256% PTC/25% FCS) 11,29 + 6,83 3,61 + 6,72

10 (6e3 ®TC/no FCS) 0,06 = 2,3 0,07 + 1,88
10 (25% ®TC/25% FCS) 143,28 + 20,37 | 63,89 = 12,81
15 (6e3 ®TC/no FCS) 0,083 = 1,17 0,19 = 2,07

15 (25% ®TC/25% FCS) 54,70 + 23,64

20 (6e3 ®TC/no FCS) 0,06 = 2,01 0,16 = 1,69
326,49 = 245,63 =+
20 (256% ®TC)/256% FCS 47.71 39.10
30 (6e3 ®TC/no FCS) 0,02 + 0,98 0,05 = 2,04
30 (26% $TC/25% FCS) 1,15 £ 10,13 0,06 = 2,01

protective media was observed during their culturing
(Table). Herewith a hormone level after freeze-thawing
in FCS-containing media if compared with serum-free
ones is significantly increased. Moreover, it has been
established that with the rise in cryoprotectant concent-
ration the aldosterone content in culturing medium was
also increased. In the samples frozen-thawed in the
presence of 5 and 7.5% DMSO the aldosterone content
in the medium to the 2™ and 3" day of culturing was
lower than 10 pg/ml/mln of cells, whereas its maximum
level (326.49 + 47.7 and 245.63 £ 39.1 pg/ml/mln of
cells, correspondingly) was characteristic for ACS
frozen-thawed with 20% DMSO and 25% FCS.

The ablity of cultured ACS to attach and proliferate
was assessed prior to and after freeze-thawing and
expressed in percentage ratio to non-frozen-thawed
culture. Fig. 2A shows that the highest number of
attached cells is characteristic for ACS frozen-thawed
in FCS-containing media with 10, 15 and 20% DMSO.
The highest percentage of the flattened cells (51 +
3.1%) was revealed in ACS culture frozen-thawed in
the presence of 20% DMSO and 25% FCS (Fig. 2B).
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Puc. 2. KonuyectBo pacnnacTtaHHbIXx knetok B CKH HOBOpOXAEHHbIX MbIlWeN Nocrne 3amopaxuBaHus-oTorpesa B
KpMO3aLLMTHbIX cpefax ¢ pasnuyHbiM cogepxanvem AMCO, 10% ®TC (A) u 25% dTC (B) Ha 2-e CyTKM KyNbTMBMPOBAHWS:
O - obwee konuuecTBo krneTok B none 3peHus; Ml — konnM4ecTBO pacnnacTaHHbIX KNeTokK (¥ — pasnnyna AOCTOBEPHbI MO
OTHOLLEHUIO K KOHTPOTO, p < 0,05. [laHHble NpeacTaBneHbl B NPOLEHTHOM OTHOLLEHMU OT MOKa3aTersi CBEXEBbIAENEHHbIX
KNeTok).

Fig. 2. Number of flattened cells in ACS of newborn mice after freeze-thawing in cryoprotective media with different
content of DMSO, 10% FBS (A) and 25% FBS (B) to the 2™ day of culturing: O — total number of cells in field of vision; ll —
content of flattened cells; * — differences are statistically significant comparing to the control, p < 0.05. The data are
presented as percentage of indices observed in freshly isolated cells.

TaBisw10 oT 0 10 24 £+ 1,9% (ams myst Bcex KOHIIEHT-
pamuit JIMCO, kpome 20%).

B xyneType, moiay4eHHON U3 CBEKEBBIIEICHHON
CYCIIEH3HMH KJIETOK HAJMOYE€YHHKOB, BBIIBIECHO HEC-
KOJIBKO OCHOBHBIX MOP(OJIOTMYECKUX TUIIOB KJIETOK:
(hnGpobacTornog00HbIe ¥ SIUTEIMOUTHEIE, 3 TAKKE OK-
pyTJIBIE, UMEIOIINE TPH CBETOBOM MUKPOCKOITUH JKE-
TO-KOPHUYIHEBBIH I[BET 32 CYET MHOTOYMCIICHHBIX BKITIO-
yeHu#t (puc. 3, A). Ha 4-e cyTKu KynbTHBUPOBaHUS
HaOmonaeTcs GopMupoOBaHUE MOHOCTIOS, KOTOPHIN B
cpennem coctaBisan 40-50% oT Tutomany MmoBepx-
HOCTH JTyHKH. [locie KpHoKOHCEpBUPOBAHUS 3HAYN-
TeNbHAs nponudepaTHBHAST aKTUBHOCTH KJIETOK COX-
paHsnack B 00pasiax, 3aMOpOKEHHBIX B Cpeaax mpH 25%
OTC u 10-20% AMCO (puc. 3, B). B aTux odpazunax
Ha 4-¢ CyTKH KyJIbTHBHPOBAHU BBISBIEH MOHOCIION
KJIETOK, cocTaBisitoruii 10—15% oT ruiomaau noBepx-
HOCTH JTyHKU. EMMHNYHBIE OCTPOBKY AEIEHUS KIETOK
Habmonanuch B obpasuax, 3aMopokeHHBIX ¢ 10%
OTC u 10-20% AMCO, a Takxe py UCTIOIH30BaHUH
5u7,5% AMCO ¢ ®TC u 6e3 nee (puc. 3, C). B 06-
pasinax, 3aMOpOKEHHBIX 0e3 CBHIBOPOTKH, HaOIona-
JIUCH OMUHOYHBIE IPUKPETUIEHHBIE KJIETKH, TPU3HAKA
(hopmMHIpOBaHUS MOHOCIIOS OTCYTCTBOBaNH (puc. 3, D).

B menom 66110 yCTaHOBJIEHO TO3UTHBHOE BIMSIHNE
100aBOK CBHIBOPOTKM B KOHLEeHTpauusx 10 u 25% B
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In other cases a number of flattened cells was signi-
ficantly lower and varied from 0 to 24 + 1.9% (for all
concentrations of DMSO, except 20%).

In the culture obtained from freshly isolated suspen-
sion of adrenal cells we revealed some main morpho-
logical types of cells such as: fibroblastoid and epithe-
lioid ones as well as round-shaped stained yellow-brown
in transmission light microscopy due to multiple inclu-
sions (Fig. 3A). By the 4™ day of culturing there was
observed monolayer formation, which occupied in ave-
rage 40-50% of a well surface. A significant post-
thaw proliferative activity of cells was found in the
samples frozen-thawed in the media frozen-thawed in
the presence of 25% FCS and 10-20% DMSO (Fig. 3B).
To the 4" day of culturing these samples had the cell
monolayer, occupied 10—15% of well surface. Single
areas with dividing cells were observed in the samples
frozen-thawed in the presence of 10% FCS and 10—
20% DMSO, as well in the case of 5 and 7.5% DMSO
with FCS and without it (Fig. 3C). In the samples fro-
zen-thawed without serum we revealed only single
attached cells, and no evidence of monolayer formation
(Fig. 3D).

Generally we found a positive effect of serum
supplements of 10 and 25% into composition of cryo-
protective media on indices of viability, survival, ability

71



Puc. 3. KynbTypbl KNETOK, NOMyYEHHbIE N3 CBEXEBbLIAENEHHON U KpOKOHCepBUpoBaHHbIX CKH Ha 4-e cyTku: A — KynbTypa
13 CBEXEBbIAENEHHbIX KneTok (1— dunbpobnactonofobHble KNETKW, 2 — aNUTeNuogHble Knetkn, 3 — xpomadrHHbIE
knetkn); B — CKH, 3amopoxeHHas-otorpetad B npucytcteum 20% OMCO un 25% ®TC; C — CKH, 3amopoxeHHas-
oTorpetas B npucytctBumn 20% OAMCO n 10% PTC; D — CKH, 3amopoxeHHas-otorpetas B npucytcteumn 20% OMCO.

Fig. 3. Cultures of cells, obtained from freshly isolated and frozen-thawed ACS to the 4t day: A — culture from freshly
isolated cells: 1 — fibroblastoid cells; 2 — epithelioid cells; 3 — chromaffin cells; B — ACS frozen-thawed in the presence
of 20% DMSO and 25% FCS; C — ACS frozen-thawed in the presence of 20% DMSO and 10% FCS; D — ACS frozen-

thawed in the presence of 20% DMSO.

COCTaB KPHO3AMUTHBIX CPeJl Ha TIOKa3aTeln KU3He-
CIOCOOHOCTH, COXPAHHOCTH, CIOCOOHOCTH K ITPUKPETI-
JIEHUIO M POCTY, a TaKXe CEKPELHH albJI0CTEPOHA
KJIETKaMH HaJII0Y€YHIKOB HOBOPOKICHHBIX MBITIIEH.

CriocoGHOCTh YHJOKPHUHHBIX KJIETOK K CHHTE3Y
TOPMOHOB HEMOCPEICTBEHHO CBSI3aHa C IMPOCTPAHCT-
BEHHOM OpraHu3alei 1 B3auMoJIeiCTBHEM KOMIIOHEH-
TOB 1uTOCcKeseTa [8]. J{ist OoNbIIMHCTBA KIIETOK MJle-
KOTIUTAIOIIUX Hanbosee GU3HOIOTUIHBIM COCTOSTHUEM
SIBJISTFOTCSI IPUKPETIICHHE K CyOCTpaTy M pacIuiacThi-
BaHHe Ha HeM. [lo3ToMy nmaHHBIE 0 MaKCHMATBHOM
YPOBHE alIbJIOCTEPOHA B Cpe/ie KYJIETUBUPOBAHUS CO-
[JIaCyIOTCS C JAHHBIMH O MAaKCUMAIIbHOM KOJIMYECTBE
pacIIacTaHHBIX KJIETOK M UX BRICOKOH IpoudepaTs-
HOM aKTUBHOCTBIO JUIs 00pa3iia, 3aMOPOKEHHOTO MO
zammuroit 20% JIMCO u 25% ITC (puc. 2, B; Tabnua).

M3BecTHO, uTO KpHo3amuTHEIe cBolicTBa JIMCO
CBSI3aHBI C €T0 CIIOCOOHOCTHIO MPOHUKATH Yepe3 Kire-
TOYHYI0O MeMOpaHy H CBs3bIBaTh Bony. OH Takxke
OKa3bIBaeT HETAaTUBHOE BIUSHNWE, IPUBOSIIIEE K HE-
0o0paTUMbIM M3MEHEHHSM B KJIETKaX M MX THOENH.
Taxue 3peKThI 00YCIOBICHBI TUIIOM UCCIEAYEMBIX
KJIeTOK, KoHLeHTpauuei IMCO u BpeMeHeM 3KCo3u-
LU C KPUOIIPOTEKTOPOM. B 4acTHOCTH, TOKCHYHOCTH
JAHHOTO KPHOMPOTEKTOPA IS KIETKU 3aKII0YaeTCs
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to attach and proliferate as well as to secrete aldo-
sterone in adrenal cells of newborn mice.

An ability of endocrine cells to synthesize hormones
is directly associated with three-dimensional organi-
zation and interaction of cytoskeleton components [8].
For the majority of mammalian cells the most physio-
logical state is to attach to a substrate and to flatten on
in. Therefore the obtained data of maximum aldoste-
rone level in culturing medium were correlated with
maximum number of flattened cells and their high
proliferative activity found in the samples frozen-
thawed under the protection of 20% DMSO and 25%
FCS (Fig. 2B, Table).

Cryoprotective properties of DMSO are known to
be associated with its ability to penetrate through cell
membrane and bind water. Its negative effects result
in irreversible changes in the cell and its death. These
effects are pre-conditioned by the type of the studied
cells, DMSO concentration and time of exposure with
cryoprotectant. In particular, the toxicity of this cryo-
protectant for a cell is expressed in the pore formation
in cytoplasmic membrane when DMSO concentration
exceeds 20% [12], as well as in replacement of water
molecules in hydrate envelope of macromolecules,
resulting in changing their properties [7, 14]. Despite
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B TOM, YTO IIPH €r0 KOHLIEHTpauuu Boime 20% B 1iUTO-
I1a3MaTHYeCcKoil MeMOpaHe o0pasytoTcs mopsl [12],
TaK)kKe 3aMeIal0TCSd MOJIEKYJbl BOABI B THAPATHON
000J109Ke MaKpOMOJIEKYH, YTO MPUBOANUT K M3MEHe-
HUIO UX cBOMCTB [7, 14]. HecMOTps Ha HUTOTOKCHY-
HocTh, JIMCO ocTtaercst OqHUM U3 CaMbIX PacIpocT-
PaHEeHHBIX KPUOTIPOTEKTOPOB, a €ro MPHMEHEHHE BMEC-
T€ C HENPOHUKAIOLTIM KPHOIIPOTEKTOPOM, HATIPUMED
@OTC, no3BOMISAET YIyUINT PYHKIHMOHATIBHBIE TOKA3a-
TENH KJIETOK MOCJIE 3aMOPAKUBAHUA-OTTAaUBAHUS.

Hcnonp3oBaHne CHIBOPOTKH B KadeCTBE T0OABKU
K KPHO3AIIUTHBIM CpellaM UMEET DSl HEAOCTaTKOB,
KOTOpBIE CBSI3aHBI C HEMOCTOSHCTBOM COCTaBa, BO3-
MO>KHOCTBbIO KOHTAaMUHALlUH BUPYCAMH, NPUCYTCT-
BHEM B HEM HE)XENATeNbHBIX OMOJIOTHYECKH aKTHB-
HBIX BemiecTB [9, 16].

[Tockonbky ansOymun coctasusier 6onee 60%
0€JIKOB CHIBOPOTKH KPOBH MIIEKOIUTAIOIINX, TO UIMEH-
HO C HUM TIPHUHATO CBS3bIBATh KPHOMPOTEKTOPHBIE
cBoiicTBa ceiBOpoTkH [18]. beuto mokazano [6, 10],
YTO IIPH 3aMOPAKUBAHUU OBAPUANIBHBIX KJIETOK KH-
TAHCKOT0 XOMsIKa ¥ (POJITMKYIIOB OBAPHAILHON TKaHH
YeJloBeKa, B 3aBUCUMOCTH OT MCIOJIB30BaHUS B Ka-
YyecTBe J0OABKH CBIBOPOTKHU HIIH alTbOyMHUHA, )KU3HE-
CIOCOOHOCTbH KJIETOK M UX NposiudepaTHBHAS aKTHB-
HOCTb JOCTOBEPHO HE OTIMYAIOTCS.

B cnenmyromieii crarbe HaMu OyIeT pacCMOTpEHa
BO3MOYXHOCTH HMCIIOJIb30BaHMUS OBIYBEr0 CHIBOPOTOU-
Horo ansoymuHa 1 JIMCO 1151 KpUOKOHCEPBUPOBAHUS
CKH.

BoiBoabI

1. Ucnions3oBanue 10 u 25% O TC npu kppokoHcep-
BrupoBanu CKH HOBOpPOKAEHHBIX MBILIEH IIO3BOJISIET
YBEIUYUTh KOJUYECTBO KUZHECMOCOOHBIX KIETOK
HAJIMOYE€YHUKOB HOBOPOKACHHBIX MBIIIEH IO CpaBHE-
HUIO ¢ OECCHIBOPOTOYHBIMH CPEAaMHU.

2. HauBbicmine noka3aTeny ’KU3HECIOCOOHOCTH U
COXPaHHOCTH OBbLIN XapaKTEePHBI JIJIsI KIIETOK, 3aMOPO-
KEHHBIX-OTTasHHBIX B mpucyTcTBuu 10, 15 1 20%
AMCO u ©TC, ogHako TOPMOHONPOAYKIUS, KOJIHU-
YECTBO IPUKPEIUIEHHBIX U pacIlIaCTaHHbIX KIETOK, MX
nponudepaTUBHAsS aKTUBHOCTH OBLIN JIOCTOBEPHO
HIKE KOHTPOJIbHBIX 3HAYCHUH.
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of its cytotoxicity, DMSO has remained one of the
most widespread cryoprotectants and its application
with non-penetrating cryoprotectant, for example FCS
enables to improve functional indices of cells after
freeze-thawing.

Using of serum as a supplement to cryoprotective
media has some disadvantages, associated with
irregularity of it composition, possibility of viral conta-
mination and the presence in it of undesirable biolo-
gically active substances [9,16].

Albumin comprises more than 60% proteins of
mammalian blood serum, so namely it is associated
usually provide cryoprotective properties of serum [18].
It has been shown [6, 10] that the outcome (cell viability
and proliferative activity) of freeze-thawing of ovarian
cells of Chinese hamster and follicles of human ovarian
tissue was the same for the cases of using serum or
albumin as the additives to cryopreservation media.

In the next paper we will consider a possibility of
using bovine serum albumin and DMSO for cryopreser-
vation of ACS.

Conclusions

1. Application of 10 and 25% FCS during freeze-
thawing of ACS of newborn mice enabled to increase
the number of viable adrenal cells of newborn mice if
compared with the case of serum-free media.

2. The highest indices of viability and survival were
characteristic for the cells frozen-thawed in the
presence of 10, 15 and 20% DMSO and FCS, however
hormone secretion, number of attached and flattened
cells, their proliferative activity were significantly lower
than the control indices.
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