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Cryopreservation of Newborn Mice Adrenal Cell Suspension:
1. Effect of DMSO Concentration

as a Component of Cryoprotective Medium

Wzyuanu Bausaue kounenTpanuu JIMCO B cocTaBe KPHO3ANMUTHOMN CPEbl Ha MOKA3aTEIH KU3HECIIOCOOHOCTH, COXPAHHOCTH H
d)yHKLlMOHaHbHOﬁ AKTUBHOCTH KJICTOK HAAITOYECYHUKOB HOBOPOXKACHHBIX MbIIJ.Ieﬁ IIOCJIC 3aMOpaXKMBAHUA-OTTAUBaHU . Maxcnmanbﬂme
3HaueHus Kxu3HecrocobHocTH (63,7; 66,7%) u coxpannoctu (78,3; 95,7%) HabiarogaloTcs NPy 3aMOPaXKUBAHUM CYCIICH3UH KIIETOK
HaanoyeuyHukoB (CKH) HoBopoxeHHBIX Mbllel B cpenax ¢ cogepxanueM JIMCO 15 u 20%. HecmoTps Ha BbICOKHE IIOKa3aTenu
*)u3HecocooHocTy U coxpannocty B CKH mocre 3aMopaxuBaHHsI-0TTanBaHUsI HU OJIHA M3 UCIIONIB30BaHHbIX KoHIeHTparwmii JJMCO He
cMoria 00ecrednTh COXpaHeHUs IPoIrdepaTHBHOIM U TOPMOHOIPOAYUPYIOLIeH GYHKIHN KIETOK.

Knrouesvie cnosa: KppuoKOHCEPBUPOBAHUE, HAITIOUCUHUKH, HOBOPOXKAeHHBIC MbItH, [IMCO.

Hocnimxysanu BB koHueHtpauii JMCO y ckiiazi Kpio3axucHOro cepejoBHUILA HA TOKa3HUKH KU TTE3aTHOCTI, 30epeKeHHs Ta
(yHKIIOHAIBEHOT aKTHBHOCTI KJIITHH HaJHUPHHUKIB HOBOHAPOHKESHUX MHILISH MiCIIs 3aMOPOKYBaHHS-BiITaroBaHHs1. MakcuMalibHi 3HAYCHHS
XKHUTTE3HATHOCTI (63,7; 66,7%) Ta 36epexenns (78,3; 95,7%) cnoctepiraeTbes NpU 3aMOPOXKYBaHHI CyCIieH3i1 KIIITHH HaIHUPHHUKIB
(CKH) HoBOHapomKeHHX MUlLeH y cepenoBuiiax i3 BMicrom JIMCO 15 Ta 20%.He3Baxaroun Ha BUCOKi IIOKa3HUKH KUTTE3AATHOCTI Ta
36epexxennst y CKH micnst 3aMopo)KyBaHHsI-BiATalOBaHHs, XO/HA 3 BUKOpUCTaHUX KoHIeHTpauid JJMCO He 3Moruia 3a0e3nednuTH
30epexeHHs npoidepaTUBHOI Ta TOPMOHOIPOAYKYI040T GPYyHKIIN KIIITHH.

Kniouogi cnosa: xpiokoHcepByBaHHsI, HAAHUPHUKH, HOBOHapopkeHi muti, JIMCO.

Influence of DMSO concentrations as a component of cryopreservative medium on viability, survival and functional activity of the
newborn mice adrenal cells after freeze-thawing cycle has been established in this study. Maximal values of viability (63.7; 66.7%) and
survival (78.3; 95.7%) are observed after freezing of newborn mice adrenal cell suspension (ACS) in the medium with 15 and 20%
DMSO. Regardless the high values of ACS viability and survival after freeze-thawing cycle, none of the DMSO concentrations being

used was not capable to preserve proper post-thaw cell proliferation and hormone production.
Key words: cryopreservation, adrenal glands, newborn mice, DMSO.

Ha ceropnsimmHuii AeHb MBIIIN SBISIIOTCS Kiac-
CHYECKHM OOBEKTOM IS U3yYEeHHS] MOJIEKYIISIPHO-
TEeHETUIECKUX MPOITeccoB [ 16], 0COOCHHOCTEH TeX WITH
WHBIX BUJIOB KJIETOK JHO0 CII0KHBIX MTaTOJIOTUIECKIX
COCTOsIHUH [2, 14], Tak KaK UX T€HOM MOJIHOCTBIO pac-
mwdposan i 17 muawmii [16, 20]. {o 90% reHos, npu-
YaCTHBIX K BOSHUKHOBEHHIO PA3IMIHBIX 3a00JIeBaHUI
YeJIOBEKa U MBIIIH, UACHTUYHBI [8]. Y Bcex He3peno-
POXXKIEHHBIX BUJIOB, K KOTOPHIM OTHOCSTCSI MBIIIH,
CTaHOBJICHHE TUIOTAIAMO-TUNIO(U3apHO-HAIIOYEY-
HUKOBOM CUCTEMBI IIPOUCXOAUT B IIEPBBII MECSI] IOCT-
HaTaJIbHOTO pa3BuTHUs. HaamoyeuHnKky HOBOPOKIECH-
HBIX )KUBOTHBIX UMEIOT 3HAYUTEIbHYIO YACTh KIETOK-
MIPOM3BOAHBIX HEPBHOTO IpedHs [11, 15, 25], uto ouenp
Ba)XHO INPU U3YUYEHUHU BOMPOCOB OpPTraHOTEHE3a U
CBOICTB CTBOJIOBBIX/TIPOTEHUTOPHBIX KIIETOK.
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For today mice are popular research subjects to
investigate molecular genetic processes [16], peculia-
rities of cell types or complicated pathological states
[2, 14], since their genome has been completely deco-
ded for 17 lines [16, 20]. Up to 90% genes involved
into the appearance of different diseases in human and
mice are identical [8]. In all immature born species to
which the mice are referred to, the establishing of hypo-
thalamus-pituitary-adrenal system occurs during the
first month of postnatal development. Newborn animal
adrenal glands have a significant part of the neural
crest-derivative cells [11, 15, 25], which is very impor-
tant when studying the questions of organ genesis and
properties of stem/progenitor cells.

Cryopreservation is the most optimal and widely
used method of long-term storage of cell suspensions
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KpuokoHcepBupoBaHue — Hanboee OnTUMaTbHBIN
Y IHUPOKO MPUMEHSIEMBI CIOCO0 IOJITOCPOYHOTO
XpaHEHUs CYCIIEH3UH U KYNbTyp KJIeToK. [IpoTokomnsl
KPHUOKOHCEPBUPOBaHUS ObLTH pa3padOTaHbI IS CyC-
MIEH3UN KJICTOK HAJIMOYCYHUKOB HOBOPOXKICHHBIX
nopocsT [4] 1 B3pocbIx Kpeic [1]. YcTaHOBIEHO, 9TO
HanOoJbIIee KOJINYECTBO KU3HECTIOCOOHBIX KIIETOK
(50-55%) momy4anu npu UCTIOIE30BaHIH KOHIICHTPA-
uu JIMCO 7% u ckopocTy oxjakaeHus 1 rpai/MuH.
YenenrHoe 3aMopakuBaHKE KJIACTEPOB U3 KIIETOK Me-
JyJBl HAJATIOYEYHUKOB YelloBeKa B mpucytcteuu 10%
JIMCO obcyxnaercs V. Silvani u coast. [22]. D¢-
(heKTHBHOCTH TpaHCIUIAHTAIUH (ETANbHOW TKaHU
HAJIOYEYHUKOB MTOCIIE 3aMOPaXKHUBAHUA-OTTaNBAHUS
ormevanack H. Till u coaBt. [26] 6e3 aeramuzanuun
pexuMa KpruokoHcepBupoBaHus. Padotsr [15,27, 28]
TIOCBSIICHBI HMCCIIEAOBAHUIO XpOMaPHUHHBIX KIIETOK
HAJIITOYCTHUKOB MBIIIEH U UX MPEANICCTBCHHUKOB, a
TaKKe aCIIEKTOB UX JU(HEPEHIIUPOBKH.

Kpurepusmu miist onpeneseHus Xu3Hecmoco0-
HOCTH KJIETOK MTOCJIE IMKJIa 3aMOPaKUBAHUA-OTTaNBa-
HHSI MOTYT CIIYKUTh TaKHE TIOKA3aTeIH UX (YyHKIHO-
HaJIBHOT'O COCTOSTHUSI, KAK TOPMOHOCEKPELHsI, pacIuiac-
THIBAaHUE U JICTICHUE NPU KYJTbTUBUPOBAHUH.

enpro manHONW pabOTHl OBUIO W3YYUTH BIIUSHHC
pasnraHbIX KoHIeHTpanuid JIMCO B cocTaBe kpro3a-
LIMUTHOW CpeAbl Ha )KU3HECHOCOOHOCTh U OCHOBHEBIE
MOp(h o YHKITMOHATLHBIE CBOWCTBA KJICTOK HAJIIOYEY-
HUKOB HOBOPOXKJICHHBIX MBITIICH MTOCIIE KPHOKOHCEPBU-
POBaHMUSL.

Martepnaabl 1 metoAbI

UccnenoBanus mpoBeaeHbl B COOTBETCTBUH C
«OO0mMMH TPUHIIUIIAMH SKCTIEPUMEHTOB Ha KHBOT-
HBIX», 0100peHHbIMU 111 HarimoHamsHBIM KOHTpeccoM
o ouostuke (2007, KueB) u cormacoBaHHBIMH C
MoJ0XXeHUsIMU «EBpOTneCKON KOHBEHIIMHU O 3alllUuTe
[T03BOHOYHBIX JKHBOTHBIX, HCTIONB3YEMBIX JIJIS IKCTIe-
PUMEHTANBHBIX U APYTHX Hay4HbIX menei» (Ctpac-
oypr, 1986). O0beKTOM HCCIIe0BaHUS ObLIa CYCIICH-
3ust KieTok HaamodeyHnkoB (CKH) HOBOpoXXAeHHBIX
MBIIIEH BO3pacToM OT 1 110 4 cyToK 000WX MOJIOB JIMHHAN
c57Black u CBH. Oprassl BeLIEISIIN U TIOMEIIATN B
pacTBOp OXJaXKICHHOM Ha Jbay cpensl 199 (¢ L-ry-
tamuaoM B HEPES; «PA Ay, ABctpust). Kitetku mosy-
qa (pepMEHTATUBHBIM CITOCOOOM, JJIST YETO MX HHKY-
oupoBanu npu Temneparype 37°C U MOCTOSTHHOM
MIOMEIIMBAaHUY B paCTBOPE KOJIJIareHasbl THIa V WIN
IA («Sigmay, CIIA) B xontenTpanuu 1 mr/min. Haz-
MTOYEYHHKH 3 pa3a MoABeprajiu AeUCTBUIO pepMeHTa-
TUBHOTO PaCTBOPA, BPeMsI SKCIIO3UINH C (EPMEHTOM
cocraBuio nociuegosarensHo 20, 10 u 10 mun. [omy-
YEHHYIO CYCIIEH3HIO CBE)XEBBIJCIIEHHBIX KIETOK OT-
MBIBaJIN OT (PEPMEHTHOTO PaCTBOPA OXJIaKICHHON Ha
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and cultures. Cryopreservation protocols were designed
for adrenal cell suspension of newborn piglets [4] and
adultrats [1]. It has been found that the highest number
of viable cells (50—55%) was obtained when using 7%
DMSO and 1 grad/min cooling rate. Successful freezing
of clusters from human adrenal medullar cells in 10%
DMSO presence is discussed by V. Silvani et al. [22].
Efficiency of adrenal fetal tissue transplantation after
freeze-thawing was reported by H. Till et al. [26]
without details about the cryopreservation regimen
utilized. The publications [15, 27, 28] describe the
chromaffin cells of mice adrenal glands and their
progenitors, as well as the aspects of their differen-
tiation.

Such indices of cells’ functional state as viability,
hormone secretion, flattening and expansion in culture
could serve as the criteria to examine the cell viability
during culturing.

The research aim was to study the effect of different
DMSO concentrations as a component of cryopro-
tective medium on viability and preservation of main
morphofunctional properties of newborn mice adrenal
cells after cryopreservation.

Materials and methods

The studies were performed in compliance with
General principles of experiments in animals approved
by the 3" National Congress on Bioethics (2007, Kiev)
and coordinated with the statements of European
convention on the protection of vertebrate animals used
for experimental and other scientific purposes (Stras-
bourg, 1986). Research objects were ACS of newborn
c57Black and CBH mice aged from 1 to 4 days of
both sexes. The organs were isolated and placed into
the cooled on ice medium 199 solution supplemented
with L-glutamine and HEPES (PAA, Austria). The
cells were isolated by enzyme method, i.e. they were
incubated at 37°C and constant stirring in the solution
of collagenase V or IA (Sigma, USA) in concentration
of 1 mg/ml. The adrenal glands were thrice subjected
to the effect of enzyme solution, the exposure time
with enzyme made consequently 20, 10 and 10 min.
The resulted cells suspension (hereinafter fresh sus-
pension) was washed free of enzyme solution with
cooled on ice medium 199. The cells were cultured
either in DMEM/F-12 or medium 199 (PAA) containing
Ampbhotericin (PAA), Gentamicin (Zdorovye, Ukrai-
ne), 10% FBS (PAA) in atmosphere with 5% CO, at
constant humidity and temperature of 37°C. The cells
were cultured in 24-well plates (Sarstedt, Germany),
and 35 mm Petri dishes (Sarstedt). Seeding density of
cells per well of 24-well plate made 5x10°; for Petri
dish it was 1x10°. Culturing medium was completely
changed once each 3—4 days.
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by cpenoit 199. KneTku KyaTbTHBUPOBAIH B Cpelnax
DMEM/F-12 («PAA») mu6o 199, conepxamux amdo-
tepuniuH («PAA»), reatamunud («310pOBbeE»,
Vkpauna), 10% OTC («PAA»), B atmocdepe ¢ 5%
CO, npu NOCTOSHHON BJIAKHOCTH U TEMIEPATYPE
37°C. KieTku KyJIbTUBUPOBAIH B 24-TyHOYHOM IUIaH-
mere («Sarstedt», I'epmanus), yamkax Ilerpu nua-
MetrpoM 35 MM («Sarstedty). [Tocagouynas mioTHOCTH
KJIETOK Ha JIYHKY 24-TyHOYHOTO TUTaHIIIeTa COCTaBMIIa
5x10%; gamky ITerpu — 1x10°. TTomHOCTBIO Cpemy
KYJIETUBUPOBAHUS 3aMEHsITH pa3 B 3—4 mHs.

CycneH3H10 KIETOK HaAMTOYE€YHUKOB B KOHIIEHTpa-
nuu 5%10° 3aMOpakuBaii B KPHO3AIIUTHBIX Cpeaax
¢ KoHeuHoM KoHteHTparueit IMCO 5; 7,5; 10; 15; 20
u 30%. Haceplenue KaeTok KpUOIpPOTEKTOPOM OCY-
LIECTBJISUTH B TEYEHUE 5 MUH IPU KOMHATHOH TeMIiepa-
type. O6pasnsr CKH 3amopaknBaim co CKOPOCTHIO
1 rpap/muH 10 —40°C Ha IPOrPaMMHOM 3aMOpaKUBa-
tene «Cryoson» (I'epmanms) m 3aTeM morpykaiu B
JKUJIKHAH a30T.

Knetkn pazMopaxuBaiyu Ha BOISHOW OaHe mpH
temneparype 40°C u cTynmeHyaTo OTMBIBAJIN OT PacT-
BOpa KPUOIIPOTEKTOPa Cpenoil ¢ aM(pOTEpULIMHOM H
TCHTAaMHULTHOM.

’KuznecrocoGHOCTD KIIETOK OLIEHNBAIIM OKpAIIBa-
HUEM TPUTIAHOBBIM CHHUM, PACCUUTHIBAIN KaK OTHO-
IICHHUE JKUBBIX (HEOKPAIICHHBIX) KIETOK K 00IIeMy
KOJIMYECTBY KJIETOK B 00paslie 1 BbIpaskasiv B POLICH-
Tax. COXpaHHOCTB KJIETOK B CYCIIEH3UH ITOCIIE KPHO-
KOHCEPBHUPOBAHUS PACCUUTHIBAIN KaK KOJIWYECTBO
KJIETOK I1OCJIE OTTaNBaHHUS M0 OTHOIIEHHIO K KOJINYECT-
By KJIETOK JI0 3aMOpPa)XMBaHUSI U BBIpa)KaJd B IPO-
nenTax. KommdecTBo paciiiacTaHHBIX U TPUKPEIUICH-
HBIX KJIETOK MTOJICYUTHIBAIN B 5 MOJISIX 3pEHHS TTOCIIe
MOJTHOM 3aMEHBI CPEMIbl U BBIpAXKald B MPOLEHTHOM
OTHOILICHUH K KOJIMYECTBY PACIIACTAHHBIX U IPUKPEI-
JICHHBIX KJIETOK B KYJIBType, KOTOpas He TIo/IBepraiach
KPHOKOHCEPBHPOBAHHUIO.

ATNBAOCTEPOH U3MEPSUIM PaJHOMMMYyHOJIOrHYEC-
KHM METOJIOM C TTOMOIIbI0 TecT-Habopa «RIA Aldo-
steroney («Immunotechy, @panrtust). s onpeneeHus
COJIEpXKaHUA albJ0CTepOHa Cpely OTOMpau exe-
JTHEBHO.

[pu oLieHKE JaHHBIX UCTIONB30BAIN HETIApaMeTpH-
yecKuil kputepuii ManHa- YUTHH, TaHHBIE BBIPAXKaIu
kak M+ m (n =3). JloCTOBEpHBIMH CUUTAIIA OTITAIHS
pu p <0,05.

Pe3yAbTatbl M 00CyXKA€HHeE

U3BecTHO, 9TO 3((HEKTHBHOCTH KPHO3AIIUTHOTO
neiictBuss [IMCO Bo3pacTaeT ¢ yBEIMYEHUEM KOH-
LIEHTpAIMH, HO B TO Y€ BPeMs [IOBBIIIAETCS €70 TOKCH-
YeCKOe ¥ OCMOTHYECKOe BIMsHIE Ha KiteTku [19]. Uro-
OBl YCTaHOBUTH HAWTYUINIyI0 KOHIIeHTpanuo [IMCO
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Adrenal cell suspension in concentration of 5x103
was frozen in cryoprotective media with final DMSO
concentration of 5; 7.5; 10; 15; 20 and 30%. Cells were
exposed to cryoprotectant for 5 min at room tempe-
rature. The samples of ACS were frozen with the rate
of 1 deg/min down to —40°C using programmable free-
zer Cryoson (Germany) and then plunged into liquid
nitrogen.

The cells were thawed in water bath at 40°C and
stepwise washed from cryoprotectant by the medium
with Amphotericin and Gentamicin.

Cell viability was assessed with Trypan blue staining
and counted as the ratio of live (unstained) cells to
total number of the cells in a sample and expressed in
percentage. The cell survival in suspension after cryo-
preservation was calculated as the ratio of cell number
after thawing to the one prior to freezing and expressed
in percentage. The number of flattened and adhered
cells was calculated in 5 vision fields after a complete
change of the medium and expressed in percentage in
respect to the number of flattened and adhered cells
in culture, which was not subjected to cryopreservation.

Aldosterone in culturing medium of ACS was mea-
sured with radio immune assay by means of RIA
Aldosterone test kit (Immunotech, France). To examine
the hormone content the medium was taken daily.

When estimating the data there was used non-para-
metric Mann-Whitney criterion, the data were expres-
sed as M +=m (n=13). The differences were considered
as statistically significant at p <0.05.

Results and discussion

It is known that efficiency of cryoprotective effect
of DMSO enhances with the rise of concentration,
but at the same time its toxic and osmotic effect on
cells increases [19]. To select the best concentration
of DMSO for cryopreservation of newborn mice ACS
we have studied the cell response to freezing using
wide range of DMSO concentrations (5-30%).
Previously it has been established [1, 4] that cryopre-
servation of rat and piglet adrenal cells using low
cooling rate, in particular 1 deg/min under 7% DMSO
protection enabled the obtaining of 50-55% viable cells
after thawing.

In this research the maximum values of viability
(63.7 £ 6.4 to 66.7 + 7.3%) were achieved after
freeze-thawing of ACS in the media with DMSO
concentration of 15 and 20% (Fig. 1). When using the
cryoprotectant concentrations of 5; 7.5; 10 and 30%
there was observed statistically significant lessening
of ACS viability if compared with the control (fresh
cell suspension).

Generally, the cell survival was high after freeze-
thawing in all the used media, except the medium with
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st kpuokoHcepBupoBanus CKH HOBOpOXKIEHHBIX
MbIIIei HaMu ObliIa HCCIIeT0BaHa PEaKIus KIETOK Ha
3aMOpaXMBaHHUE B IIMPOKOM psANYy KOHLIEHTpanun
JIMCO (5-30%). Panee Obio ycranosneno [1, 4],
YTO KPUOKOHCEPBUPOBAHHE KJIETOK HAIAIOYEUHHKOB
KpBIC ¥ TIOPOCAT C HU3KOW CKOPOCTHIO OXJIAXKACHHUA,
B yacTHOCTH 1 rpaa/muH mox 3amuton 7% JIMCO,
MO3BOJIAET NOMY4YUTh 50—55% KU3HECTIOCOOHBIX KJle-
TOK TIOCJIE Pa3MOPaKUBAHMS.

B manHOM mMccienoBaHUM MaKCHMajbHBIE 3HaYe-
HUS XKHU3HeCIocoOHOoCTH (0T 63,7 &+ 6,4 10 66,7 +7,3%)
JOCTUTAIIUCH TIocTe 3aMmopaxuBanus-otorpesa CKH
B cpenax ¢ koarenTpanueit JJIMCO 15 u20% (puc. 1).
IIpu ucnonb30BaHUM KOHIIEHTPAIUH KPUOTIPOTEKTOPa
5; 7,5; 10 u 30% HaOmIOaI0Ch TOCTOBEPHOE YMEHB-
menne xuszHecrnocoonoctu CKH mo cpaBHenuio c
KOHTPOJIEM (CBEKEBBIICTICHHBIMHU KJIETKAMH).

B 1ienmom coxpaHHOCTB KJIETOK ObIIa BEICOKOH ITpH
3aMOpa)XMBAaHUU BO BCEX HCIOJB3YEMBIX Cpelax,
KpoMme cpensl ¢ conepxanueM IMCO 30% (puc.l).
HawuBricinie 3Ha4eHHs] COXPAHHOCTH YCTaHOBJIEHBI
1utst cpen ¢ kormentparueit IMCO 10, 15 u20% (73—
95%), mokazarenu COXpaHHOCTH B 00pa3uax, 3aMo-
poskeHHbIX B ipucyTcTBuu 5; 7,5 n 30% JAMCO, nocro-
BEpPHO OTINYAIHCH 0T 00pasina ¢ 20% JIMCO. Munu-
MaJlbHbIC 3HaYCHMsI COXpaHHOCTH (48% ) ObUH Xapak-
TepHBI 11 cpenbl ¢ koHneHTpamnueit JJMCO 30%.

CrnocoOHOCTh KJICTOK K IPUKPEIICHUIO U pacIliac-
THIBAHMIO Ha cyOcTpare ABIseTcs (PU3HOIOTHIECKON
peakuurei 1 cBI3aHa ¢ HEOOXOIMMOCTBIO peasln3aluy
KJIETOYHOTO ICTICHHs1, CEKPELIMU OMOTIOTHUECKH aKTHB-
HBIX BelecTB [12]. DTa cnocoOHOCTH peanusyercs
MMOCPEACTBOM TPOCTPAHCTBEHHOTO Tepepacipesie-
JIEHUS KIIETOYHBIX OpraHent ¥ ((OpPMHUPOBaHUS BHY TPH-
KJIETOYHBIX KOMIIAPTMEHTOB [3], 4TO MPOUCXOIUT IIPU
B3aMMO/ICHCTBUY KOMIIOHEHTOB ITUTOCKENIETA, B 4aCT-
HOCTH aKTHMHOBBIX MUKPO(HUIAMEHTOB, U SBISETCS
9HEPro3aBUCUMBIM IporieccoM [5]. B cBsa3m ¢ atum
¢ynkunonansHoe cocrostuue CKH mocne xprokoH-
CEpBUPOBaHUS OLIEHUBAIIH 110 KOJTMIECTBY MTPUKPEILICH-
HBIX ¥ pacIijIaCTaHHBIX KJIETOK PU KyTHTHBHPOBAHHH.
B xynpType, moiayueHHON U3 CBEKEBbIICTICHHBIX KIIe-
TOK Ha 2—3-1 CYyTKHU KyJIbTUBUPOBaHUS, HAOIIOAAIOCH
3HAYUTEIbHOE KOJIMYECTBO MPUKPENUBIINXCS U pac-
IJTACTaHHBIX KJIETOK, (QOPMHUPYEMBII HIMH MOHOCIION
JOCTHUTaJI KOH(TFOIHTHOCTH Ha 5—6-€ CyTKH KyJIBTUBH-
POBaHMs IIPH IIOCEBHOM J103¢ KIeToK 5%10° Ha TyHKY
24-nyHo4HOTO MUaHmiera, nu6o 1x10° Ha yamky
Ilerpu 35 mMm. Kynerypa Opiia ipencrasiena pudpo-
071aCcTOIOJOOHBIMHU, SITUTETHOUTHBIMU U OKPYTIIBIMA
KJIeTkaMu (puc. 2, A), a mocie 3aMOpa)KMBaHUSI-
OTTauBaHUA — AMHUYHBIMH OKPYTJIBIMHU U puOpobiac-
TOTIOAOOHBIMH KJIE€TKAMU, SITUTEITHOUTHBIX KJIETOK HE
HaOmonanock (puc. 2, B).
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Puc. 1. XXusnecriocobnocts 1 coxpanrocts CKH HOBOpOXK-
JICHHBIX MBIIIEH IIOCIIe 3aMOpPaKUBAaHUA-0TOTPEBA B CPEHax
¢ pasznuuHbIM cogepxkanueM JMCO: O — xusHecno-
cobHocTh; M—coxpaHHOCTh; K —KOHTpOIIB (CBEXEBbIEIICH-
Hasl CyCIeH3usl); ¥ — pa3iinuusi JOCTOBEPHBI [10 OTHOIICHHIO
K KOHTpomto, p < 0,05; # — pa3iau4us 10CTOBEPHBI IO OTHO-
nieHuto k koHueHtpauun JIMCO 20%, p <0,05.

Fig. 1. Viability and survival of newborn mice ACS after
freeze-thawing in media with different DM SO concentration:
O - viability; Bl — survival; K — control (fresh cell suspen-
sion); * — differences are statistically significant vs. the
control; p <0.05;*— differences are statistically significant
vs data for 20% DMSO concentration, p <0.05.

30% DMSO content (Fig. 1). The highest survival
values were found for the media with DMSO concent-
ration of 10, 15 and 20% (73-95%), survival indices in
the samples frozen-thawed in the presence of 5; 7.5
and 30% DMSO statistically and significantly differed
from the sample with 20% DMSO. Minimal survival
values (48%) were characteristic for the medium with
30% DMSO concentration.

Ability of cells to adhesion and flattening on a sub-
strate is a physiological reaction and is related to the
need to implement the cell division and secretion of
biologically active substances [12]. This ability is imp-
lemented by means of spatial redistribution of cell or-
ganelles and formation of intracellular compartments
[3], occurring at interaction of cytoskeletal compo-
nents, in particular actin microfilaments, and is energy-
dependent process [5]. In this connection, the func-
tional state of ACS after cryopreservation was as-
sessed on the number of adhered and flattened cells
during culturing. In the culture obtained from fresh cell
suspension to the 2-3" day of culturing there was ob-
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Ha BropsbIe CyTKU KyJIBTUBHPOBaHUsI [10CIIE 3aMO-
pakuBaHUsI-OTTauBaHUs oOHapyxeHo, yto B CKH
COXpaHSETCsl CIOCOOHOCTD KJIETOK K MPUKPETIICHUIO
(puc. 3), Takke B KyJIbType HaOIIOIaIUCh AMHUYIHBIC
Cllyyad pacIuiacThiBaHus KieTok. OgHako o6a 3Tu

MoKa3aTels MoCie 3aMOpPaKUBaHUS-OTTAUBAHUS
JIOCTOBEPHO YMEHBIIAINCH OTHOCUTEILHO KOHTPOJIA.
HaunGonpuiee konuuecTBO pacIuiacTaHHBIX KIETOK
0buT0 ycTaHoBeHo a1 CKH, kpriokoHCepBUPOBAHHON
B cpenax ¢ koHnenrpamnueit JIMCO 5u 10 (5,5+0,6
u 6,7 £ 0,8% ot xouTpons). Hanbonbimuii npoueHT
MpUKperuieHHbIX ki1eTok (33,2 + 10,151 36,5 +12,5%)
nabmonancs B CKH mocie kpruokoHCepBUPOBaHUS B
cpene, conepxamieit 10 u 15% AMCO. ®opmupo-
BaHUsI MOHOCJIOS HEe HaOIFOaI0Ch, XOTS OTMEYAIHUCh
HeOOJbIIINE YYaCTKH Mpoludepannuy B KyJabTypax,
MOTy9EHHBIX U3 BCEX 00Pa31ioB, KPOME 3aMOPOKEHHOH-
otorperoit B mpucytcteuu 30% IAMCO. JoctaTtouHo
BBICOKHE IT0KA3aTeII COXPAHHOCTH KJIETOK U UX JKU3-
HECITOCOOHOCTH BO BCEX 00pasiax Mmpu OTHOCUTEIIEHO
HEeOOITBIIIOM KOJIMYECTBE PACIIACTAHHBIX U TIPUKpETI-
JICHHBIX KJIETOK (pHC. 3) MOTYT CBHIETEIHCTBOBATH
0 TOM, YTO TMIOBPEIKICHUSI, TIOTyYCHHBIC KIICTKAMU, TIPH-
BEIM K CHIDKCHHIO (DYHKIMOHAJIHHOW aKTHBHOCTH,
CIOCOOHOCTH K PacIUIACTHIBAHUIO W MPUKPETUICHHIO,
OJTHAKO COXPAaHMIIU IEIOCTHOCTh KJICTOYHOU MeMO-
paHbl. B KyneType, He moaBepraBuIeiics 3aMOpaKH-
BaHHIO, KOJIMYECTBO PACIUIACTAHHBIX KJIETOK OTHOCH-
TEJIHHO MPUKPETUICHHBIX cOCTaBIsUI0 50%, B TO BpeMs
KaK B 00pasiax rmocie 3aMopaxuBaHUs-OTTAUBAHUS —

= Npo6nembl

“1*) Kpnobmonorun
T.22,2012, Ne1

Puc. 2. KynsTypa KIETOK Ha{IIOYEYHUKOB HOBOPOXKICHHBIX
MBILICH U3 CBEXEBBIACICHHBIX KICTOK (A) U KIETOK,
HOJBEPrHY THIX KPUOKOHCEPBUPOBAHUIO B IPUCYTCTBHHU 5%
JAMCO (B).

Fig. 2. Cell culture of newborn mice adrenal glands from
fresh cell suspension (A) and cells frozen-thawed in 5%
DMSO presence (B).

served a significant number of adhered and flattened
cells, formed by them monolayer reached the con-
fluence to the 5-6" culturing day with cell inoculum
of 5x10° per well of the 24-well-plate, or 1%10° per 35
mm Petri dish. The culture was represented by fibro-
blast-like, epithelioid and roundish cells (Fig. 2A) and
after freeze-thawing we observed only single roundish
and fibroblast-like cells, and no epithelioid cells were
found (Fig. 2B).

To the second culturing day post thaw it has been
found that in ACS the ability of cells to adhesion was
preserved (Fig. 3) as well we observed single cases of
cell flattening in the culture. However, both these indi-
ces after freeze-thawing were statistically and signifi-
cantly reduced if compared to the control. The highest
number of flattened cells was found for ACS, frozen-
thaed in the media with 5 and 10% DMSO concent-
ration (5.5 £ 0.6 and 6.7 = 0.8% of the fresh suspen-
sion). The highest percent of adhered cells (33.2+10.15
and 36.5 £12.5%) was observed in ACS after freeze-
thawing in the medium containing 10 and 15% DMSO.
No formation of monolayer was found, though there
were noted small sites of proliferated cells in the cultu-
res, obtained in all the samples, except the one frozen-
thawed in 30% DMSO presence. Quite high indices
of cell survival and viability in all the samples together
with relatively small amount of flattened and adhered
cells (Fig. 3) may testify to the fact that cell damages
resulted in a decreased functional activity, i. e. ability to
flattening and adhesion, whereas the cell membrane
integrity was preserved. In the culture of non-frozen-
thawed cells the number of flattened cells in respect
to the adhered ones made 50%, meanwhile in the
samples after freeze-thawing it was 25 (5% DMSO)
down to 10% and even less (7.5; 10; 15; 20 and 30%
DMSO). These data testify to insufficient efficiency
of the used cryoprotective media and the need of fur-
ther studies.

We have studied the ability of ACS to synthesize
aldosterone during culturing. For cell culture of fresh
suspension the content of aldosterone in the medium
to the 2" and 3" culturing days made 3,748 and 3,734
pg/ml/min cells. Thereafter the aldosterone secretion
reduced to the 5-6" culturing days and made 174.3 pg/
ml/mln cells.
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ot 25 (5% JAMCO) no 10% u menee (7,5; 10; 15; 20
u 30% AMCO). Otu gaHHBIE CBUACTEILCTBYIOT O
HeAOCTaTOYHOH 3(()EKTHUBHOCTH HCIOIb30BaHHBIX
KPHO3AIIUTHBIX CPE U HEOOXOAMMOCTH AaJIbHEHIINX
HCCIIEI0BaHUM.

Hawmu 651512 n3yuena cnocodnocts CKH cunTesn-
pOBaTh aubIOCTEPOH NPU MOMEUICHHH B YCIOBHS
KyJbTUBHpPOBaHUs. J{7151 HATUBHOH KyJIbTypbl Ha 2-€ U
3-1 CyTKM KyJIETUBUPOBAHUS COMIEpIKaHUE aIbI0CTe-
poHa B cpene coctaBisiio 3748 u 3734 nr/mn/minH
KJIIETOK. B tuHaMuke cekpenus aipa0CTepOHa yMEHb-
mrajach Ha 5—6-¢ CyTKH KyJIbTHBHUPOBAaHUS U COCTAB-
nsna 174,3 ir/Mir/MiTH KIIETOK.

[Tocne 3amopaknuBaHUsA-OTTanBaHUs HaOIIOMA-
JIOCh PE3KOe MaJileHUE CIIOCOOHOCTH KyJIBTHBUPYEMBIX
KJIETOK K CEKpPELINU CTEPOUI0B. YPOBEHB CUHTE3A aJlb-
JIOCTEpOHA KJIETKaMH, 3aMOPOXXEHHBIMHU B TIPUCYTCT-
BHH Bcex koHneHTpanwii JIMCO, Haxomuyics B Tipee-
nax 0,1-0,3% ot xkoHTpoIA.

JAMCO mmpoko ucnonb3yeTcs 1y KpUOKOHCep-
BHPOBAHUS TKaHEH YHIOKPUHHBIX xkene3 [1,4,17, 18,
19]. Bonpoc o nomyctumsbix koHmeHTpanusx AMCO
aKTHBHO O0OCYXJaeTcs Ha MPOTSHKEHUH MHOTHX JIET.
N3BecTHO, YTO HUTOTOKCUYHOCTh KPHUOMPOTEKTOpA
3aBHCHT OT THIIa KJIETOK, B KOTOPbIE OH MPOHUKAET,
1 OKa3bIBaeMbIi 3¢ (peKkT MOoXKeT OBITh pa3HbIM. Bo
MHOTHX pa0oTax M0 KPHOKOHCEPBUPOBAHHIO KJIETOK
9HIOKPHUHHBIX KeJe3 HCHOIb3YIOT 10CTaTOYHO BBICO-
kue kornentpanuu IMCO [17, 18, 19]. Ilo nanasmM
T. Keane u coasrt. [16] u J.R. Lakey u coasr. [17]
JAMCO siBrsieTcst HEOOXOIUMBIM KOMIIOHEHTOM KPHO-
3aIIMTHBIX CpeJ] TP 3aMOPaKUBAHUN OCTPOBKOB IO~
JKEITYIOYHOMN JKEeJe3bl, MPUYEM ONTUMAIBHON SIBIIS-
nack KoHneHTpamus 2 M (15,6%). [nst 3amopaxu-
BaHUsI OCTPOBKOB MOKEITYIOUHON KeJe3bl YeIOBEeKa
rcnons3oBany 2 M JIMCO npu cKOpOCTH OXJIQXKICHUS
0,3 1 1 rpag/mMuH, 9YTO MO3BOJIMIIO OTYYUTH CTPYKTY-
PBL, 3¢ GEeKTUBHBIE IPH TPAHCIUIAHTAIMH C TOKa3aTes-
MU JKM3HECTIOCOOHOCTH MOCIIE Pa3MOpakuBaHus 00-
nee 50 u 65% coorBerctBenHo [10]. B. Vasir u coabr.
YCTaHOBUJIY, YTO JUI OCTPOBKOB IIOJKEITYOUHOH >Ke-
ne3sl Kpbic koHteHTpanus JIMCO 20% apmnstercs Han-
oonee rpdpexrusHoi [29]. Konuenrparus IMCO 15%
SIBIISIETCS] ONTUMAIILHOM IIPH 3aMOPaKMBAHUH KIETOK
Jlelinura, mo3BoJIsAsl COXpAaHUTh MTOCIIE pa3MOpak1Ba-
HUS KXHU3HECIIOCOOHOCTh KJIETOK (B cpemHeM 75—
85%) Kak 1 UX CIOCOOHOCTH K CEKPEIUU TECTOCTEPO-
Ha [6, 24]. [Tocne 3aMoOpaKUBaHUA-0TOTPEBa POIITH-
KYJIOB OBapHaJIbHOM TKAaHH OBIIEI 1o 3amuToi JIMCO
KOJIYECTBO JKU3HECTIOCOOHBIX (DOJITHKYJIOB COCTABHIIO
81,4%, uTo OBUIO BHILIE [0 CPABHEHUIO C APYTHMU
KpUONpoTeKTOpaMH [9].

B Hammx uccienoBaHusX yBEIUYEHNE KOHIIEHTa-
mn JIMCO no 15-20% mnoBbITIaI0 3HAYCHIS )KH3HE-
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Puc. 3. KomraectBo pacrtactansbix kiterok B CKH HoBoposk-
JIGHHBIX MBIIIEH IOCNie 3aMOpaXHBAaHUA-OTTaUBaHUSA B
KPHO3ALUTHBIX CPEAax ¢ pa3H4YHbIM cogepxkanueM JJMCO
Ha 2-e CyTKH KyJasTHBHpOBaHUS: [ — olIiee KoIM4yecTBO
kieTok; ll — KoMYecTBO paciIacTaHHBIX KIeToK. JlaHHbIe
MIPE/ICTABIICHBI B ITPOIIEHTHOM OTHOIICHHUH OT MOKa3aTeeh
CBEKEBBIJICJICHHBIX KIETOK.

Fig. 3. Number of flattened cells in ACS of newborn mice
after freeze-thawing in cryoprotective media with different
DMSO concnetration to the 2™ culturing day; 00— total cell
number, l — number of flattened cells. The data are
presented in percentage to the indices of fresh cell
suspension.

After freeze-thawing a sharp decrease of the ability
of cultured cells to secrete the steroids was observed.
The aldosterone synthesis level in cells frozen-thawed
in the presence of all the concentrations of DMSO
was within the ranges of 0.1-0.3% of the control.

DMSO is widely used to cryopreserve the tissues
of endocrine glands [1, 4, 17-19]. The question about
admissible DMSO concentrations has been discussed
during many years. It is known that cytotoxicity of
cryoprotectants depends on a type of cells, wherein it
penetrates and the rendered effect may be various. In
many reports on adrenal cell cryopreservation high
DMSO concentrations have been used [17-19]. Ac-
cording to T. Keane et al. [16] and J.R. Lakey et al.
[17] DMSO is an essential component of cryopro-
tective media when freezing pancreas islets, moreover
an optimal concentration was 2 M (15.6%). For freez-
ing human pancreas islets there was used 2 M DMSO
and cooling rate of 0.3 and 1 deg/min, correspondingly,
enabling the obtaining of structures effective for trans-
plantation with post-thaw viability indices above 50 and
65% [10]. B.Vasir et al. have established that for rat
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CIOCOOHOCTH M COXPAHHOCTH 10 CPABHEHHIO C KOHIIEHT-
panmeii 7% [1, 4] OnHako, HECMOTPS Ha YBEIMUEHUE
MOKa3aTels KU3HECOCOOHOCTH, TOPMOHOCEKPETH-
pyromas pyHKIHS, a TAK)Ke CIOCOOHOCTH KJIETOK K ajl-
re3un u nponudepauy ObUTH HI3KUMHE. BeipaxkeHHoe
tokcudeckoe Biausaue JJMCO, KoTopoe BhIpakaaoch
B CHI)KEHUH >KH3HECTIOCOOHOCTH, COXPaHHOCTH, OTCYT-
CTBUU CEKPEINH alIbIOCTEPOHA, HAOIIONaI0Ch B KOH-
nenTpammn 30%, 17151 KOTOpOo# OBLTO MTOKa3aHO YMEHb-
[IEHUE YPOBHS BCEX WCCIEAOBAHHBIX IMOKa3aTelen
CKH.

B 10 e BpeMs ycTaHOBIIEHHBIC (PYHKIIMOHATHHBIE
pazuaus (CHIKESHHUE CTTIOCOOHOCTH K CEKPETINH aJIh]I0-
CTEpOHa, PaCIIACTHIBAHUIO U TPOIH(EpaIin) 1o cpaB-
HEHUIO C KYJIbTYPOU CBEKEBBIJICIICHHBIX KJIETOK, Ha-
omonatormmecs B CKH mocine 3amopakuBaHusi-oTTan-
BaHMSA B cpenax ¢ Konnentparusamu JIMCO 15 u 20%,
MOT'YT OBITH CBSI3aHBI C TEM, YTO HA HCCIACAYEMBIX
CPOKax KJICTKH HE YCIICIH PerapupoBaTh MOBPEXK/Ie-
HUsI, TTOIYYCHHBIC B PE3YJITATe 3aMOPaKUBAHUS-
orranBaHus. VIcxoas U3 peACTaBICHHBIX Pe3y/ibTa-
TOB, HIHTEPECHO MPOBECTHU JAaTbHEHUIITHE UCCIICTOBAHUSI
B JAHHOM 00JIACTH.

BbiBOABI

1. MakcuMajIbHBIC 3HAUCHHS KU3HECIIOCOOHOCTH
I10 OKPAIIMBAHHIO TPUTIAHOBBIM CUHUM (63,7; 66,7%)
u coxpanHoctH (78,3; 95,7%) HabmonaroTcs mocie
3amopakuBaHusA-ortanBanuss CKH HOBOpOXIEHHBIX
MBEITIIeH B cpenax ¢ comepkanuem JIMCO 15 u 20%.

2. HecMOTps Ha BBICOKHE MOKA3aTEIH KU3HECIIO-
cobnoctu u coxpannocty B CKH nocne 3amopakuBa-
HUS-OTTAaMBaHMS, HU OJHA W3 MCIOJIb30BaHHBIX
koH1eHTparuit JIMCO He cMoTIIa COXpaHUTh MPOJTH-
(hepaTHBHYIO U CTEPOUIOTCHHYIO (YHKIIMH KIIETOK,
[TO3TOMY HEOOXOMMO JTANTEHEHITIee U3YUCHUE BOZMOXK-
HOTO COCTaBa KPHUO3AIMIUTHBIX CPe ISl JaHHOU CycC-
TICH31H.
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pancreas islets the 20% concentration of DMSO is
the most efficient [29], and 15% concentration is an
optimal one when freezing Leydig cells, allowing to
preserve their ability to testosterone secretion [6, 24].
When freezing the follicles of sheep ovarian tissue un-
der DMSO protection the number of viable follicles
made 81.4%, that was higher if compared with other
cryoprotectants [9].

In our studies the rise in DMSO concentration up
to 15-20% increased the viability and survival values
if compared with 7% concentration [1, 4]. However,
in spite of the rise in viability index, hormone-secreting
function as well as cell ability to adhesion and prolife-
ration were low. Toxic effect of DMSO manifested in
reduced post-thaw viability, survival, and absence of
aldosterone secretion in ACS were found in the case
of using 30% concentration.

At the same time the revealed functional differen-
ces (decrease in aldosterone secretion ability, flattening
and proliferation) if compared with fresh cell suspension
observed in ACS after freeze-thawing in the media
with DMSO concentration of 15 and 20% may be rela-
ted to the fact that in the studied terms the cells were
not able to repair the damages resulted from freeze-
thawing. The presented results suggest the need of
further investigations in this field.

Conclusions

1. Maximum viability values on Trypan blue staining
(63.7,66.7%) and survival (78.3, 95.7%) are observed
after freeze-thawing of newborn mice ACS in the
media with 15 and 20% DMSO.

2. Despite high indices of viability and survival in
ACS after freeze-thawing none of the media with all
the studied DMSO concentrations could preserve
proliferative and steoroidogenic functions of cells, the-
refore the further study of possible composition of
cryoprotective media for this suspension is necessary.
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