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Pedepar: Wccneposana akcnpeccus xpomorpaHuHa A (XpA) B XxpomMadUHHBIX KreTkax HagnoYe4HWKOB HOBOPOXAEHHbIX
NMOpOCAT MOCIEe KPVMOKOHCEPBUPOBaHNSA. PparMeHTbl TKaHW Hafno4e4YHUKOB KPUOKOHCepBMpoBanu C ucnonb3oBaHvem 10% aume-
TUNCYNbMOKCUAA W KOHTPONMMPOBAHHOM CKOpOCTWU oxnaxaeHuns 1 rpag /mMuH go —80°C ¢ ganbHenwuMm MOrpy>XeHnem B XUOKUA
a3oT. B kayecTBe MHTaKTHOrO KOHTPOMNS MCMOMb30Banu He3aMOpOXeHHble dparMeHTbl. PepMeHTaTUBHLIM METOAOM U3 hparMeHToB
nony4anu CyCneH3uto KIeTOK, KOTOpYI0 MOMELLanu B YCNOBUS KyNnbTVBMPOBaHWA. KynmbTypbl KMETOK M3 MHTaKTHBIX UM KPYOKOHCEep-
BVPOBaHHbIX (hparMeHTOB MpeACTaBnsAny cobo MOHOCIION C MPUKPENSIEHHbIMU Ha HeM MYIbTMKNeTouHbIMK ccheponpgamm (MC). Me-
TOAOM LMTOMIYOPMMETPUMN C UCMONb30BaHNEM aHTuTen K XpA yCTaHOBMEHO, YTO KonmnyecTBO XPA-NMO3UTUBHBIX KIETOK B KPUOKOH-
CepBMPOBaHHbIX 00pa3uax 3HauMMo He oTnmyaetcst ot koHTpons ((31,1 = 2,7) n (32,9 + 3,6)% COOTBETCTBEHHO). VIMMyHOLMUTOXU-
MWYECKMM METOAOM B 0Oenx KynbTypax Ha HadalbHble CyTKW KyNbTUBMPOBAaHWS BbiiBMEHbl XPA-NO3VNTUBHbIE KIETKU Kak B COCTaBe
MoHocnos, Tak n B MC. B TeyeHue KynbTMBMPOBAHUS KOMMYECTBO 3TUX KIMETOK 3HA4YMMO He OTNMYarnochb, OAHAKO OHM nepepacrnpe-
Oensanucb: YMeHbLLanocb WX cogepXaHne B MoHocroe v yeenuymBanocb B MC. CxogHble OTHOCUTENbHOE KOMUYECTBO KIETOK
C akcnpeccuen XpA n xapakTep ux pacnpefeneHus B 06enx KynbTypax CBUAETENMbCTBYIOT O TOM, YTO KPMOKOHCEpBMpOBaHWe dpar-
MEHTOB HaAMOYEYHMKOB B MCMOSIb30OBAHHOM PEXUME COXPaHSIET OCHOBHbIE CTPYKTYPHO-(PYHKLMOHAaNbHbIE CBOMNCTBA XPOMadVHHbIX
KIETOK.

KniouyeBble cnoBa: KynbTypa KNeTok Haano4YeyHKoOB, MYIBTUKIIETOYHbIE cdhepounabl, XpPOMOrpaHUH A, KPMOKOHCEPBMPOBAHWE, XPO-
MadDUHHBbIE KNETKM.

Pedbepar: [JocnigxeHo ekcnpecito xpomorpaHiHy A (XpA) B xpomMadiHHUX KMiTMHAX HaAHUPHWKIB HOBOHAPOMKEHUX MOPOCHAT
nicnst KPioKOHCepPBYBaHHSA. PparMeHTN TKaHUHU HaAHUPHWKIB KPIOKOHCepBYBanu 3 BUKOPUCTaHHAM 10% AumeTuncynbdoKeuay i KoHT-
ponboBaHoI WBUAKOCTI oxonoaxeHHs 1 rpag/xs Ao —80°C 3 noganblwyM 3aHYPEHHAM Y PiAKWIA a30T. Y SKOCTI iHTaKTHOTO KOHTPOIO
BVIKOPUCTOBYBanM He3aMOpOXeHi dparmeHTn. PepmMeHTaTMBHMUM METOAOM i3 PparMeHTiB OTPUMyBanu CyCMeH3ito KMiTUH, SKy
noMilanyu B yMOBM KynbTMBYBaHHSA. KynbTypy KMiTWH 3 iHTAKTHWUX i KPIOKOHCEPBOBAHUX hparMeHTIiB Manu BUMMSA MOHOLWapy 3 npu-
KpINAIEHNMMN Ha HbOMY MYNBTUKNITUHHUMK cdhepoigamn (MC). MeTogom uMTOdIyopuMeTpii 3 BUKOPUCTaHHAM aHTUTIN Ao XpA BCTa-
HOBMEHO, LLO KinbkicTb XpA-No3NTUBHUX KNITUH Y KPIOKOHCEPBOBAHMX 3pa3kax 3Havylle He Bifgpi3HAeTbCA Big KoHTponio ((31,1 + 2,7) i
(32,9 £ 3,6)% BiANoOBIAHO). IMyHOUMTOXIMIHHUM MeTOoAOM B ODOX KynmbTypax Ha MoyaTkoBy A00y KynbTUBYBaHHA BUSiBMEHi XpA-
NO3NTUBHI KMITMHU K Yy cknagi MoHowapy, Tak i B MC. [MpoTarom KynbTMBYBaHHS KifbKICTb LMX KNiTUH 3Hadylle He BiApi3Hs-
nacsl, ofHaK BOHV Mepepo3noAiNanMcs: 3MeHLlyBaBCcs BMICT y MoHowapi, ane 36inbwysascad Yy MC. Cxoxi KinbKiCTb KMiTUH i3 eKc-
npecieto XpA Ta xapakTtep ix po3noginy B 060x KynbTypax cBigyaTb Mpo Te, WO KPiOKOHCEPBYBaHHSA (hparMeHTiB HafHWPHWKIB Y BU-
KOPUCTaHOMY pexuMi 36epirae 0OCHOBHI CTPYKTYPHO-(DYHKLIIOHaMNbHiI BNacTUBOCTI XpOMaiHHMX KMITUH.

Knro4yoBi cnoBa: KynbTypa KiTMH HaQHUPKOBKX 3ar03, MynbTUKMITUHHI cchepoiamn, XxpomorpaHiH A, KpioKOHCepBYBaHHS, XpoMadiHHi
KIiTUHW.

Abstract: The expression of chromogranin A (CgA) in chromaffin cells of adrenal glands of newborn piglets after cryopre-
servation was studied. Adrenal tissue fragments were cryopreserved using 10% dimethyl sulfoxide and a controlled cooling rate of
1 deg / min down to —80°C with further immersion into liquid nitrogen. Unfrozen fragments were used as an intact control. The cell
suspension was obtained by enzymatic method from the fragments, placed into culturing conditions. Cell cultures from intact and
cryopreserved fragments represented a monolayer with multicellular spheroids (MS) attached to it. Flow cytometry using anti-
bodies to CgA revealed that the number of CgA-positive cells in cryopreserved samples did not significantly differ from the
control ((31.1 £ 2.7) and (32.9 £ 3.6)%, respectively). By the immunocytochemical method, in both cultures, on the initial day of
culturing the CgA-positive cells were found both in the monolayer and in MS. During culturing the number of these cells did not
significantly differ, however, they were redistributed, i. e. their content in the monolayer decreased and it was increased in the
MS. Similar relative numbers of cells with the CgA expression and their distribution nature in both cultures indicated that
the cryopreservation of adrenal fragments in the mode used retained the basic structural and functional properties of chromaffin
cells.

Key words: adrenal cell culture, multicellular spheroids, chromogranin A, cryopreservation, chromaffin cells.
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XpomorpanuH A (XpA) — TepMOCTaOUIIBHBIN TH-
JIpOWIBHBIA KUCIBIA OEJIOK ceMelCTBa TPaHUHOB,
cocrosimuii n3 460 amuHOKHCIOT. OH CUHTE3UpYyeETCA
B KJIETKaX HEHPOIHAOKPUHHON CHUCTEMBI U BXOIUT B
COCTaB MX CEKPETOPHBbIX Ipanyi [15]. U3yuenue nu-
HAMHUKH KCIIpeccur XPA B OHTOI'€HE3€ BaXKHO IS
[IOHUMAaHUS MPUIUH (PU3MOJIOTMYECKUX U MATOJIOTH-
YECKUX MEPECTPOCK B HEUPOIHAOKPUHHOHN CHCTEME.

M3BectHO, uTO 3KCcmpeccus XpA Koppeaupyer
C KOJHMYECTBOM CEKPETOPHBIX T'paHyd B HEHpPOdH-
JOKPUHHBIX KIIETKaX, SIBISICTCS MapKepoM HX Au-
(epeHIIMPOBKH B HOpPME M TPH HEOIJIACTHYECKON
tpanchopmammu [11]. B xpomadhuHHBIX KieTKax
MO3TrOBOTO BEILIECTBA HAANOYEYHUKOB XpA cozep-
KHUTCS B CEKPETOPHBIX TPaHylIax U BBICBOOOXKIAET-
csl BMECTE ¢ KarexosamMuHaMmu. BHyTpu kietku XpA
y4acTByeT B OHMOCHHTE3€ CEKPETOPHBIX I'paHysl Ha
ypoHe amnmapara [omsmku [13]. O u3bupareasHO
peoOpasyercst B IENTUbI, PETYINPYIOIIUE YPOBEHb
HEKOTOPBIX OMOJIOTUYECKUX (DYHKITUH, BKITFOYAs Kile-
TOYHYIO TPONHQEpannio, aHTHOTeHE3 U CEKPELHUIo
ropmonoB [19]. Kpome Toro, XpA urpaer BakHYIO
pOJIb B MOAJIEPKAaHUH BHYTPUKIETOYHOIO TOMEOCTa-
3a KaJblKsl, 00J1a1aeT BHICOKOW KaJbLIUH-CBA3BIBAIO-
el cnocoOHocThI0. KpynHble cekpeTopHbIe rpaHy-
JIBl ¢ ONTHYECKH TUIOTHBIME sinpamu (large denseco-
re granules) B xpoMah(HUHHBIX KIeTKaxX (aKTUICCKH
MIPEJICTABIIAIOT CO00M pe3epByap Kambius [20].

B mpouecce 3amopaxuBaHHUs-OTOrpeBa Jro0as
KJIETKA IIpeTepIeBaeT TPaHC(HOPMAILUIO, CBI3AHHYIO
C HapyIICHHEM TIPOHHUIIAEMOCTH MEMOpPaHbI, (IIyK-
TyalussMu 00beMa, KOIMYECTBEHHBIMU U KaueCTBEH-
HBIMH W3MEHEHHSAMU BHYTPHKJIETOYHOTO COJEPKHU-
Mmoro [1, 10]. M3yuenue ntuHaMHUKH 3Kcripeccuu XpA
B KJETKaX MO3TOBOTO BEIIECTBA HAAMNOYEYHUKOB
HEOOXOOMMO JJIsl OLEHKH BIHMAHUS (aKTOPOB KPHO-
KOHCEpBUPOBAaHUSI Ha OMOTEHE3 CEKPETOPHBIX T'pa-
HYJ, B KOTOPOM IPUHUMAIOT y4acTHE MPAaKTUUYECKU
BCE KOMITOHEHTHI SHIOMEMOPaHHOH crucTemsl [9].

Kynerypa KJIETOK HaAIIOYEYHHKOB HEOHATAJIb-
HBIX CBHHEW SIBIAETCS YIOOHOW MOJEINbI0, TIOCKOIb-
Ky IJIs1 Hee pa3paboTaHbl CTIOCOORI KyILTHBUPOBAHUS
in vitro ¥ KpUOKOHCEPBUPOBaHMS [2—5].

Lenb paboThl — HM3ydYeHHE DKCIIPECCHU XPOMO-
rpaHuHa A B MEPBUYHOMN KyJIbType HAANMOYEYHUKOB
HEOHATAJIBHBIX MOPOCAT JI0 U MOCje KPHOKOHCEPBU-
pOBaHUsI.

MarepuaJibl 1 METObI

DKCIIepUMEHTBI ObLIH MPOBE/ICHBI B COOTBETCTBUH
¢ 3akoHOM YkpauHbl «O 3alIUTe KUBOTHBIX OT Ke-
cTokoro obpamenus» (Ne 3447-1V ot 21.02.2006 1)
npu coOmoneHnu TpeboBanuit Komurera mo Owo-
aTHKe MHCTUTYTa, COTIIACOBAHHBIX C ITOJIOKCHUSIMH
«EBponeickoil KOHBEHIIMM O 3alllUTE MO3BOHOYHBIX
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Chromogranin A (CgA) is a thermostable hyd-
rophilic acidic protein of the granin family, con-
sisting of 460 amino acids. It is synthesized in the
neuroendocrine system cells and is a part of their
secretory granules [10]. Studying the dynamics of
CgA expression in ontogenesis is important for
understanding the causes of physiological and patho-
logical rearrangements in the neuroendocrine system.

The CgA expression is known to correlate with
the number of secretory granules in neuroendocrine
cells, and it is a marker of their differentiation in
normal and neoplastic transformation [6]. In the
chromaffin cells of adrenal medulla, the CgA is
found in secretory granules and is released along
with catecholamines. Inside a cell the CgA is invol-
ved into biosynthesis of secretory granules at the
Golgi apparatus level [8]. It selectively trans-
forms into peptides, regulating the level of certain
biological functions, including cell proliferation,
angiogenesis, and hormone secretion [19]. In ad-
dition, the CgA plays an important role in main-
taining intracellular calcium homeostasis and it has
a high Ca-binding ability. Actually large densecore
granules in chromaffin cells represent a calcium
reservoir [20].

During freezing-warming, any cell undergoes a
transformation associated with an impaired memb-
rane permeability, volume fluctuations, and quan-
titative and qualitative changes in intracellular con-
tents [1, 5]. The dynamics of CgA expression in
adrenal medulla cells should be studied to assess the
effect of cryopreservation factors on the biogenesis
of secretory granules, in which almost all components
of the endomembrane system participate [4].

Neonatal pig adrenal cell culture is a convenient
model because the in vitro culturing and cryopre-
servation methods have been developed forit[11, 12,
15, 16].

The research aim was to investigate the ex-
pression of chromogranin A in the primary adrenal
gland culture of neonatal piglets prior to and after
cryopreservation.

Materials and methods

The experiments were carried out in accordance
with the Law of Ukraine 'On the Protection of Ani-
mals Against Cruelty' (N 3447 — IV dated of Feb-
ruary 2", 2006), when keeping the requirements
of the Institute’s Bioethics Committee, consistent
with the provisions of the European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Stras-
bourg, 1986).

The experiments were performed in adrenal
glands of pigs of early neonatal age (days 1-3 after
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YKUBOTHBIX, UCTIOJIB3YEMbIX JIJISl SKCIICPUMEHTABHBIX
U Ipyrux HayuHbIX Henei» (CtpacOypr, 1986).

OnbITEl TPOBOAMIIN HA HAJIIOYEYHHKAX MOPOCST
paHHEro HEeOHATaIhHOTO Bo3pacTa (1-e — 3-u cyTkH
rocie pokaeHns). OpraHbl U3BIEKAIH U KaXKIABIH H3-
Menpdanu Ha 5 — 6 ¢parmenToB. OmHy 9acTh Qpar-
MEHTHPOBAHHBIX HAAMMOYEYHHKOB 3aMOPAKUBAIHA B
kpuornpodupkax («SPLy», I'epmanus) co CKOPOCTBIO
oxyaxaenus 1 rpag/mus 10 —80°C Ha IporpaMMHOM
3amopaxkuBarene «3[IM-1» (HIIK «Oten», Ykpau-
Ha), 3aTeM NOTPYXKalli B )KUAKHN a30T ¥ XPaHUIH JI0
ucnonb3oBanusi. OOpaslbl KPHOKOHCEPBUPOBAIH B
cpene, coaepxaiieiit DMEM («Biowesty, ®panmus)
u 10%-it numermicynbdokeus (JIMCO). Kpuokon-
CEepBHUPOBAaHHBIC (DparMeHThl HAAMOYEYHUKOB Xpa-
HWIA B TeueHUe Mmecsna. Js momydeHus KyabTy-
PBI KJIETOK (hparMeHTHl OBICTPO Pa3MOPAKUBAIH HA
BomstHOM OaHe mpu 37°C W OTMBIBAJIA OT KPHOIIPO-
TEKTOpA.

CyCneH3nro KJIETOK MOTydair METoIoM (hepMeH-
TaTUBHOM Je3arperanuy 1o paHee OMUCaHHOMY TpPO-
ToKoIy [4]. st 9TOro MCmonb30Baid BTOPYIO YacTh
(parMeHTOB (MHTAKTHBIA KOHTPOJIb) W JEKOHCEP-
BHUpPOBaHHBIEC ()parMEeHTHI HAAMOYCTHUKOB.

Knetku BoiceBanu B KoHIIEHTpanuu 4 X 10° ki1/mMi
Y KyJbTUBUPOBAIH B TEUYECHHUE 15 CyTOK B yCIOBHSIX
CO,-unky6aropa npu 37°C u 5% CO, B yamkax
[lerpu msa xynaeTyp kinerok («SPLy»). Mcmombs3oBa-
mu nutarenbHyto cpenry DMEM/F12 («Bio-westy),
conepxamyro 10% dQeranbHON Tensdbeil ChI-
Bopotku (DPTC, «Biowest»), 1-ii % pactBOp
AHTUOMOTHKA-aHTUMHUKOTHKA («Biowesty).
3aMeHy cpenbl OCYMIECTBISIIM Ha KaKIble
TPETHH CYTKH.

OTHOCHUTENPHOE KOJMMYECTBO XPA-TI03H-
TUBHBIX KIJIETOK aHAJU3UPOBAIHA C TIOMOIIHIO
MPOTOYHON HUTOGIYOPUMETPHA U HMMYHO-
LUTOXUMUH.

Panee ObuIO yCTaHOBIIEHO, YTO B CYCIICH-
3UM KJIETOK, TOIYYCHHBIX (DepMEHTATUBHBIM
CrocO0OM M3 HaJIOYEYHUKOB, MPUCYTCTBYET
HECKOJIbKO TUIOB KieTok [18]. B ycroBusx

the birth). The organs were removed and each
was crushed into 5 — 6 fragments. One part of the
fragmented adrenal glands was frozen in cryovials
(SPL, Germany) with a cooling rate of 1 deg / min
down to —80°C using the ZPM-1 program freezer
(SPC Otel, Ukraine), then immersed into liquid
nitrogen and stored before use. Samples were
cryopreserved in a medium containing DMEM
(Biowest, France) and 10% dimethyl sulfoxide
(DMSO). Cryopreserved adrenal fragments were
stored for one month. To obtain a cell culture,
the fragments were quickly warmed in a water
bath at 37°C and washed from the cryoprotec-
tant.

The cell suspension was obtained by enzymatic
disaggregation according to the previously described
protocol [15]. For this, the second part of the frag-
ments (intact control) and warmed adrenal frag-
ments were used.

Cells were plated at a concentration of 4 x 103 cells /
ml and cultured for 15 days ina CO, incubator at 37°C
and 5% CO, in Petri dishes for cell cultures (SPL).
We used nutrient medium DMEM / F12 (Biowest)
containing 10% fetal bovine serum (FBS, Biowest),
1% solution of antibiotic-antimycotic (Biowest).
The medium was changed every 3 days.

The relative number of CgA-positive cells was
analyzed by means of flow cytometry and immunocy-
tochemistry.

l MpoToyHas
umMTOdONyopumMeTpust

KyJABTUBUPOBAHUS OJHA CYONOMyJsIIMs KJie-
TOK HAUMHACT MPHUKPEIUIATHCS cpasy, a Apyras,
K KOTOpOH OTHOCATCI W XpoMadUHHBIC
KJIETKH, — TIO3Ke. Takum o0paszom, s H3yde-
HUsl TMHAMUKH 3KCIpeccuu XpA B KyJbType
HEOOXOJMMO YYHTBIBATh JBE CYOTIOMYISIHN
KIIETOK — MPHUKPEIUICHHYIO U (IIOTUPYIOIIYIO.
OOmias cxema SKCIEPUMEHTa TMpeCcTaBIeHa
Ha puc. 1.

Kaxipie Tpoe CyTOK KyNBTUBHPOBAHHS CO-
Oupaly MUTaTeJbHYIO Cpely C HENMpPUKpEILICH-
HBIMH KJeTKaMH ((roTupyromas cyOmnorry-
nsmst). MOHOCIIOM KJIETOK CHUMAJIH C IOBEPX-

N UMMYHOLUUTOXNMUA

Flow cytometry and
immunocytochemistry

37°C
5%CO,

Puc. 1. Cxema aKkcnepumeHTa Mo MonyYeHNo N KPYOKOHCEPBY-
POBaHWIO NMEPBUYHON KyNbTYpbl KNETOK HaAMO4YeYHUKOB: 1 — UH-
TakTHble hparMeHTbl TKaHU HAAMNOYEYHNKOB; 2 — KPUOKOHCEPBU-
poBaHHble parMeHTbl TKaHU HaAMOYEYHUKOB; 3, 4 — KynbTypbl
KMETOK, NOMyYeHHble U3 UHTAKTHbLIX (KOHTPOMb) U KPUOKOHCEPBH-
pOBaHHbIX (PParMEHTOB TKaHM.

Fig. 1. Design of experiment on obtaining and cryopreservation
of primary culture of adrenal cells: 1 — intact fragments of adrenal
tissue; 2 — cryopreserved adrenal tissue fragments; 3, 4 — cell
cultures obtained from intact (control) and cryopreserved tissue
fragments.
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HOCTHU KYJIBTYpPaJbHOTO TJIACTUKA, UCIIONB3YS CMECh
pacTBOpPOB TpHUIICHHA (KOHEYHAs] KOHIEHTpPAaIHs
0,05%) u Bepcena, ormbiBanu npu 300g (npukpen-
neHHast cyonomynsiys). OIOTHPYIONYI0 W TPUK-
pPEIUIEHHYIO CYOTOMYNSIUY KJIETOK HATUBHBIX H
KPUOKOHCEPBUPOBAHHBIX KYJIBTYp B T€UeHUE 15 MUH
(ukcupoBamm 2%-M pacTBOpoM mapadopmaibie-
ruga («Sigma», CHIA), ormseiBamm ¢ocdarHo-co-
neBeiM Oydepom (PBS) mpu 300 g m mepmeadu-
nusupoBaiu 0,02%-m pactBopoMm carnonnHa («Cal-
biochem», CIIA) B teuenue 30 muH. OOpasiisi
OKpalllMBaJId TIEPBHIMH KPOJMYBHMHU aHTHUTEIIAMH
K XpA («Abcamy», BenukoOpurtanus) B pa3BeicHUH
1:200. MukyOupoBamu C aHTUTENaMH B PacTBOPE
PBS (pH 7.4) ¢ no6asnenuem 0,02% Triton X-100
(«Sigma») B Teuenue 12 4 mpu Temmeparype 4°C,
3areM JBaxzAbl OoTMbIBaiu B PBS. OxkpammuBanue
BTOPBIMH aHTUKpOIMYbUMU  Alexa488-KOHBIOTH-
poBaHHBIMU aHTHUTeNamMu («Abcam») B pasBe-
neraun 1:400 mpoBogmiu B TeueHne 30 MUH B TEM-
HOTE MpU KOMHaTHOW Temreparype. Hecnennduue-
CKYI0 (pIIyOpECIICHIMIO OIEHHBAIH MPH MHKYOAIHH
KIETOK TOJBKO CO BTOPHIMH aHTUTENAMU. AHaK3
nposoamnn Ha 1mToduyopumerpe «FACSCalibury»
(«BDBioscience», CIIA) ¢ moMomiplo mporpamm
«CellQuestPro» («Becton Dickinson», CIIA) u
«WinMDI 2.8» (CLLA).

Jus  mMMyHO(IYOPECHIEHTHOTO —aHaln3a MoO-
HOCJIOM KIIETOK KOHTPOJIBHBIX W KPHOKOHCEPBH-
POBAaHHBIX KyIbTYp Ha KaXIble TPETbH CYTKH
¢ukcupoBamn B Teuenwe 15 muH B 4%-M pact-
Bope mapadopmanpaeruna. KyiapTypsl OTMBIBaIN
B PBS tpwxner mo 5 wmwun. Ilepmeabunuzanuio
npoBoawin B 0,3%-m pactBope Triton X-100 B Te-
yenne 10 muH. BrokumpoBanu Hecnenuduyeckoe
CBSI3bIBaHME aHTUTEN pacTBopoM PBS, conepxamum
0,1% Triton X-100; 1% OBIUYBEr0 CHIBOPOTOYHOIO
anpOymuHa, 0,3 M mmununa («Reanal», Benrpus)
Ha TMPOTSHKCHUU Yaca NMpU KOMHATHOM TeMmmeparype.
Jis MedeHUs WCIIONB30BANM yKa3aHHBIE II€PBBIC
(paszBenenue 1:200) u BrOphIe (pasBemenue 1:400)
agTUTena. MHKyOammio C TEpBBIMHA aHTUTEIIAMHU
npoomw npu 4°C Ha TPOTSHKCHUH HOYH, 3aTEM
TpwKAsl oTMbIBam PBS, co BropsiMu aHTHTE-
JaMH — TPU KOMHATHOW TeMIiepatrype B TEUYCHHUE
30 muH B TemHOTe. J[ns Bu3yanuzanuu saep QuK-
CHpOBaHHbBIE KIETKH IOCIEe WHKyOaluu C aHTHUTe-
JaMH JTOKpAIlMBaJld PAacTBOPOM TPONMUAMS HOAHUIA
(2 mr/mim). MukpooTOChEeMKY OCYIIECTBIISUIM Ha
¢yopecuienTHOM Mukpockone «Carl Zeiss Axio
Observer Z» («Carl Zeis», I'epmanus). OtHocH-
TEIbHOE KOJIMYECTBO XPA-TIO3UTHUBHBIX KJIETOK
B MOHOCIJIOE, HCKIIOYas MYJIBTHKIIETOUHBIE Cce-
pouabl (MC), ompenmensii IMyTeM IOACYETa IISATH
MHKpodoTOrpaduil s KaKI0M MPoOkI, BRIpasKan
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It was previously established that in the suspen-
sion of cells obtained by the enzymatic method
from the adrenal glands, several types of cells are
present [18]. During culturing one subpopulation
of cells begins to attach immediately, and the
other, which chromaffin cells belong to, starts it
later. Thus, in order to study the dynamics of CgA
expression in culture, it is necessary to take into
account two subpopulations of cells, i. e. the attached
and floating ones. The general experimental design
is shown in Fig. 1

The nutrient medium with non-adhered cells
(floating subpopulation) was collected every three
days of culturing. A monolayer of cells was remo-
ved from the surface of the culture plastic using
a mixture of trypsin (0.05% final concentration)
and versene solutions, washed at 300g (attached
subpopulation). Floating and attached subpopu-
lations of cells of native and cryopreserved cultures
were fixed for 15 min with 2% paraformalde-
hyde solution (Sigma, USA), washed with phos-
phate-buffered saline (PBS) at 300 g and perme-
abilized with a 0.02% saponin solution ( Calbiochem,
USA) for 30 minutes. Samples were stained with
the first rabbit anti-XPA antibodies (Abcam, UK)
at a 1: 200 dilution. They were incubated with
antibodies in PBS solution (pH 7.4) with the ad-
dition of 0.02% Triton X-100 (Sigma) for 12 h at
4°C, then washed twice in PBS. Staining with second
anti-rabbit Alexa488-conjugated antibodies (Abcam)
at a dilution of 1:400 was carried out for 30 min
in the dark at room temperature. Nonspecific
fluorescence was assessed by incubating cells with
only second antibodies. The analysis was carried
out with a FACS Calibur cytofluorimeter (BDBios-
cience, USA) using the CellQuestPro programs
(Becton Dickinson, USA) and WinMDI 2.8 (USA).

For immunofluorescence analysis, a monolayer
of cells from control and cryopreserved cultures
was fixed for 15 minutes in a 4% paraformaldehyde
solution for every third day. The cultures were washed
in PBS three times for 5 minutes. Permeabilization
was carried out in a 0.3% Triton X-100 solution
for 10 minutes. Nonspecific antibody binding
was blocked with a PBS solution containing
0.1% Triton X-100; 1% bovine serum albumin,
0.3 M glycine (Reanal, Hungary) for one hour
at room temperature. For labeling, the indicated
first (1: 200 dilution) and second (1: 400 dilution)
antibodies were used. Incubation with the first anti-
bodies was carried out at 4°C overnight, then
washed three times with PBS, with the second anti-
bodies at room temperature for 30 minutes in the
dark. To visualize nuclei, fixed cells after incubation
with antibodies were stained with propidium
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B npoueHTax. 3a 100% mnpuHuManu odiee Koinde-
CTBO TOJICYUTAHHBIX KIIETOK.

Juis  craructudeckol oOpabOTKU JTaHHBIX HC-
MOJIb30BANIA  TTpOTpaMMHBIE TipuioxkeHus «Excel»
(«Microsofty, CIIIA) u «Statistica 7.0» («StatSofty,
CIIA). JlagHple TPEACTABISUIA B BHAC CPEIHUX
3HAUEHU =+ CTaHJapTHOE OTKJIOHEHHWE. Pazmuuus
MEXIy BBIOOpPKAMH OIICHUBAIH C ITOMOIIBIO OIHO-
(hakTOpPHOTO ITUCTIEPCHOHHOTO AaHaJIN3a, 3HAYNMEI-
MU curTanu pazauams mpu p < 0,05.

Pe3yabTarnl u 00CyxKaeHHE

MeTtonoM MPOTOYHOH LUTO(PIYOPUMETPUH yCTa-
HOBJICHO, YTO B CYCIICH3MH KJIETOK, BBIICJICHHOH M3
HWHTAKTHBIX ()ParMEHTOB HAAIIOYCYHUKOB HEOHATAIIb-
HBIX TOpocsT, conepxurcs (32,9 + 3,6)% XpA-no-
3UTHUBHBIX KJIETOK, & W3 KPHOKOHCEPBUPOBAaHHBIX —
(BL1£2,7)%.

W3menenune comepkanns XpA-TTO3UTHBHBIX KJle-
TOK B Tpoliecce KYJIBTUBUPOBAHUS IPEJCTABICHO
B Tabmuue. CieayeT OTMETHTh, YTO Ha HadallbHbIC
CYTKH KyJBTUBUPOBAHUS TMPHUOIU3UTEIBHO TPETh
KIETOK B KOHTPOJBHOM M KPHOKOHCEPBUPOBAH-
HOW KynbTypax mpeObiBajia BO  (IIOTHUPYIOLIEM
cocTosiHMM. Takoe COOTHOILEHHE KIETOK CoXpa-
HSUIOCH B TEUYEHHE 15 CyTOK KyJIbTUBUPOBAHUS,
XOTS KaXJble TPO€ CYTOK U3 KyJIbTyphl OTOMpa-
JIU TIMTaTEeNIbHYI0 CPely BMecTe ¢ (IOTHPYIOIIMMH
KJIeTKaMH. BO3MOYKHO, B HCITONIE30BaHHBIX yCIIOBH-
SIX KYJIbTUBHPOBAHHUS TPOUCXOJUT TMepexon XpA-
MMO3UTHBHBIX KJIETOK W3 TPHUKPEIUIEHHOTO COC-
TOSAHUS BO (IOTHpyromee. DTO TPEAIONOKEHHE
MOJKPEIUISICTCST paHee MOTYYCHHBIMH JaHHBIMU O
TOM, 4TO XpoMa(QHUHHBIE KJIETKH CIIOCOOHBI Mpe-
OBIBaTh B CYCIICH3UOHHOM KyNbType [14].

iodide solution (2 mg / ml). Microphotography was
carried out with a Carl Zeiss Axio Observer Z fluo-
rescence microscope (Carl Zeiss, Germany). The
relative number of CgA-positive cells in the mo-
nolayer, excluding multicellular spheroids (MS),
was determined by counting five micrographs
for each sample, expressed as a percentage. Total
number of counted cells was assumed as 100%.

For statistical data processing, the Excel (Mic-
rosoft, USA) and Statistica 7.0 (StatSoft, USA)
software were used. Data were presented as
means + standard deviation. Differences between
the samples were evaluated using one-way analysis
of variance, the differences were considered signi-
ficant at p < 0.05.

Results and discussion

Flow cytometry revealed that a suspension
of cells isolated from intact adrenal fragments of
neonatal piglets contained (32.9 £ 3.6)% of CgA-
positive cells, and (31.1 £ 2.7)% of cryopreserved
cells.

The change in the content of CgA-positive
cells during cultivation is presented in the Table.
It should be noted that on initial day of culturing,
approximately a third of the cells in the control and
cryopreserved cultures were in a floating state. This
cell ratio was maintained for 15 days of cultivation,
although every three days a culture medium was
taken from the culture along with floating cells. It
is possible that under the used culturing conditions,
the CgA-positive cells transit from the attached state
to the floating one. This assumption is supported
by the previously obtained data that chromaffin cells
are capable of remaining in suspension culture [9].

KonnyectBo XpA-No3nTHBHBIX KIETOK B KOHTPOIMBHOW M KPMOKOHCEPBMPOBAHHOM KynbTypax KNeToK Hagno4ye4HKOB HEO-
HaTarnbHbIX MOPOCAT Ha pasHble CYTKW KynbTYBUPOBaHWSA

The number of CgA-positive cells in the control and cryopreserved cultures of neonatal piglet
adrenal cells on different days of cultivation

KonuuectBo XpA-no3anTuBHbIX KINEeTOK
B KOHTPOMNbHOW KynbType, %
Number of CgA-positive cells in control culture, %

KonunuectBo XpA-no3nTUBHbIX KNETOK
B KPMOKOHCEPBUPOBAHHOM KynbType, %
Number of CgA-positive cells in cryopreserved culture, %

CpoK KynbTUBUMPOBAHUA, CYTKU

Cultruing terms, days dnoTtupytowlan MpuKpenneHHana dnoTupytoLan MpukpenneHHana
cybnonynauua cybnonynauma cybnonynauua cybnonynauua
Floating Adhered Floating Adhered

subpopulation

subpopulation

subpopulation subpopulation

2 9,2 + 3,2 21,8 £ 3,1 10,7 = 4,1 26,5 £ 4,4
7 10,4 £ 21 24,6 £ 4,0 15,1 = 2,9 18,2 £ 4,2
12 14,3 £ 2,8 16,7 = 2,2 11,2 £ 2,2 21,7 £ 11
15 11,1 £ 2,2 13,0 £ 1,6* 12,9 = 2,0 17,2 = 1,2*

MpumevaHue: *— pasnnynsa CTaTMCTUYECKU 3HAYMMbI MO CPABHEHUIO CO BTOPbIMU CyTKaMu KynbTuemMpoBanus, p < 0,05.
Note: *— the differences are statistically significant compared with day 2 of cultivation, p < 0,05.
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KomnuyectBo XpA-MO3UTHBHBIX KIETOK KaK BO
¢roTupyome, Tak U B IPUKPEINICHHON CyOnomyJisi-
LUSX 3HAYMMO HE OTIMYAIOCh MEXIY KOHTPOJIBHOM
U KPUOKOHCEPBUPOBAHHOW KyJbTypaMH (TabmuIa).
3TO CBUIETENBCTBYET O TOM, YTO BEIOPAHHBIN PEKUM
KPUOKOHCEPBUPOBAHUS I03BOJISIET COXPAaHUTH XPO-
MadPUHHBIC KIETKH B )KU3HECTIOCOOHOM COCTOSHUM.

K 15-m cyTkam KynbTHBHpPOBAaHHS B MOHOCIOE
00eHX KyJbTYp HaONONAIOCh 3HAYMMOE YMEHb-
LIeHWE KONMU4ecTBa XPA-MO3UTHBHBIX KIETOK IO
CPaBHEHHUIO C HMCXOJHBIMU CYTKaMH KyJIbTHBHPOBa-
Hus (Tabnmuna). B KOHTpONBHOW KynbType 3TOT TO-
Kazatenb ymenblancs Ha (8 £ 0,12), a B KpHOKOH-
cepupoBanHoil — Ha (9 £ 0,15)%. Bo3moxHO, 3TO
MIPOMCXOJUIIO B PE3yNbTaTe BBITECHEHHS XpA-To-
3UTUBHBIX KJIETOK KJIETKaMHU APYTHX OBICTPO MPOJIU-
(hepupyromux cyomonynsanuid. B meixom xomndecTBo
KJIETOK, JKCIPECCUPYIOIUX XpA, B KOHTPOIHHOU
U KPHUOKOHCEPBHUPOBAHHOM KYJIBTypax CXOIHO, YTO
noATBepkAaeT 3G (HEeKTUBHOCTh BEIOPAHHOTO CIIOCO-
0a KpMOKOHCEPBHUPOBAHUSI.

KonmuuectBo XpA-TO3UTHUBHBIX KJIETOK B KOH-
TPOJIBHOM U KPUOKOHCEPBUPOBAHHOM KYJIBTYpax Kile-
TOK HaAMOYEYHUKOB HEOHATAIBHBIX MOPOCAT Ha pas-
HBIC CYTKH KYJIbTHBHUPOBAHUS

Ha cnenyrommem atane uccieaoBaHusi B KOHTPOJIb-
HOW M KPHUOKOHCEPBHPOBAHHOHM KyJabTypax HaJIIo-
YEYHUKOB C IIOMOIIBI0 MMMYHOLIUTOXHMHYECKOTO
MeTO/la HaMHu ObLI IPOBEACH KAaueCTBEHHBIN aHAJIN3
KJIETOK, aKcnpeccupyronmx XpA. bbuio ycTtaHosme-
HO, YTO OTHOCHUTEJILHOE KOJINYECTBO XPA-IO3UTHB-
HBIX KJIETOK B MOHOCJIO€ 00€UX KYJIBTYP CHIYKAIOCh C
7-x cyTOK (puc. 2). 3aMeTHM, 9TO KJICTKH, HaXOSIITH-
ecs B coctae MC, He MOACUUTHIBAIUCH, TOCKOJIBKY
KOpPPEKTHasl OIIEHKa JIaHHOTO MOKa3aTessi HEeBO3MOXK-
Ha. Yepe3 7 CyTOK KyIbTUBUPOBAHMSI OTHOCHUTENb-
HO€ KOJIMYECTBO XPA-TIO3UTHBHBIX KJIETOK YMEHbB-
IaJIOCh B KOHTPOJBHOM KynbsType — B 1,8 pasa, a B
KpUOKOHCEpBUpOBaHHOU — B 1,6 paza. Uepes 15 cyTox
OTHOCHUTEIILHOE KOJIMYECTBO JAHHBIX KJIETOK yMEHb-
IaJIOCh B KOHTPOJIbHOMU KybType 110 (1,5 + 0,7) %, a
B KpruokoHcepBrupoBanHoi — 110 (0,9 + 0,8)%.

Hamu ObTO BBISBIEHO HECOOTBETCTBUE MEXKIY
pesyiabraTaMu  TUTO(IyOPUMETPHUECKOTO U UMMY-
HOIIUTOXMMHYECKOTO aHAJIN30B, MOCKOJIBKY B IIO-
CIIE/IHEM Cilydae Mbl HaONroganu Oosee 3HAUYNTEIIb-
HOE YMEHBIICHHE KoJH4YecTBa XPA-MO3UTUBHBIX
kietok. OJHAaKo BU3yajbHAas OLIEHKA SKCIPECCHU
XpA B KynbType KJICTOK HaIO4YEUHUKOB HEOHATAIIb-
HBIX MOPOCAT IMO3BOJMIA OOBSCHUTH JAaHHOE IPO-
tuBOpeune. Ha 2-e cyTku B KynabType HaOmromasics
(hopmMupyrommiics MOHOCIOH KIETOK C paBHOMEP-
HBIM pacrpeaeieHueM XpA-MO3UTUBHBIX KJIETOK
(puc. 3, A). Haunnas ¢ 7-X CyTOK KyJIETUBUPOBAHHSI
XapakTep KJIETOYHOTO paclpeieseHuss W3MEHHIICS:
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KonunyectBo XpA-no3nTnBHLIX KNETOK, %
Number of ChA-positive cells, %
(0]
1

Cpok uccrnegoBaHust, CyTku

Term of study, days
Puc. 2. OTHocuTenbHoe konmnyectBo XpA-Mo3NTUBHbBIX
KINeToK B MOHOCIOe: M — HATUBHbIE; [0 — MOCMe KPUOKOH-
cepBuUpoBaHus. Budyanusauusa ¢ noMoLLbio MMMYHOLIMTO-
XMMMYECKOro METOAA C MCMomnb3oBaHWem aHTuten k XpA.
* — pasnuuna CTaTUCTUYECKU 3HaYMMbl MO CPaBHEHMIO
CO BTOPbIMW CYyTKaMu KynbTUBMPOBAHWUSI COOTBETCTBYHO-
en Kynetypsbl, p < 0,05.

Fig. 2. Relative number of CgA-positive cells in monolayer:
B — the native cells; O — the cells after cryopreservation.
Imaging with immunocytochemical method using antibo-
dies to CgA. * — differences are statistically significant
compared with day 2 of cultivation of the corresponding
culture, p < 0.05.

The number of CgA-positive cells in both the
floating and attached subpopulations did not sig-
nificantly differ between the control and cryopreser-
ved cultures (Table). This suggests that the selected
cryopreservation mode allows the preservation of
chromaffin cells in a viable state.

By the 15" day of culturing in the monolayer of
both cultures, a significant decrease in the number
of CgA-positive cells was observed if compared
with the initial days of culturing (Table). In control
culture, this index decreased by (8 + 0.12), and
in the cryopreserved culture it did by (9 = 0.15)%.
This likely occurred as a result of the displace-
ment of CgA-positive cells with the cells of other
rapidly proliferating subpopulations. In general,
the number of cells expressing CgA in the control
and cryopreserved cultures is similar, which confirms
the effectiveness of the selected cryopreserva-
tion method.

At the next stage of the study, in the control
and cryopreserved adrenal cultures using the
immunocytochemical method, we qualitatively ana-
lyzed the cells expressing CgA. It was found that
the relative number of CgA-positive cells in
monolayer of both cultures decreased starting
from day 7 (Fig. 2). It should be noted that the
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XpA-MeueHHbIE KJICTKH ObLTM MPEUMYIIESCTBEHHO
cocpenotoueHbl B MC, XOTsI €IUHUYHBIE MEYCH-
HbIE KJIIETKH H3peiKa BCTPEYaIuCh B MOHOcioe. Ha
15-e cyTkm HaOMIOMANOCH YBEIMYEHUE pa3MepOB
MC, cocTosiuiuX B OCHOBHOM U3 XPA-NO3UTHBHBIX
xirerok (puc. 3, B). B MoHOCIIOE maHHBIE KICTKH
MpaKTUIECKH OTCyTCcTBOBaNM (puc. 3, C).

Panee Obum ommcaHbl J[Ba CHIOC00a TOyYEHUS
KPHUOKOHCEPBUPOBAHHON KYIBTYPHI KJICTOK M3 Hal-
MMOYCYHUKOB HEOHATAIBHBIX CBUHEH. [IepBrlit criocob
3aKJII0YAeTCS B TOMYYCHUH TEPBHUYHON KYyIBTYpPHI
KJIETOK U €€ KPUOKOHCEPBUPOBAHUM C UCIOIH30Ba-
HUEM KpHO3alUTHBIX cpeq Ha ocHoBe [IMCO. brino
YCTaHOBJICHO, YTO KPHUOKOHCEPBUPOBAaHUE IEPBUY-
HOM KyJIBTYpBI KJIETOK HaIIIOYEYHIUKOB HOBOPOXK/ICH-
HBIX TOPOCAT B cpenax, cogepxkammx 10% IAMCO
¢ nob6asieaneM DOTC, co CKOPOCTHIO OXJIAXICHHS
1 rpan/mMuH mo3BOJseT coxpaHuTh 10 80 % kn3HE-
CHOCOOHBIX KJIEeTOK [6]. BTopoii cmoco6 mpemmno-
JaraeT KpUOKOHCEPBHPOBaHUE (PArMEHTOB TKaHU
HajanouedHukoB B cpene ¢ 10% JIMCO c ucnonb3o-
BaHUEM HU3KUX CKopocrtel oxmaxaenus 0,3—1 rpan/
muH. [Ipu >TOM mepBuUYHAs KyabTypa, MOTydeHHAs
13 KPUOKOHCEPBHUPOBAHHBIX (hparMeHTOB, oOnajaaia
CXOIHBIMU MOPGHOPYHKIIMOHATHLHBIMU CBOMCTBAMHU
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Puc. 3. VMmmyHouuMTOXMMUYECKOE MedeHue aHTuTena-
Mu K XpA (3eneHas cdrnyopecueHUMs) B KynbType KINeTok
HaaMNO4YEe4YHNKOB HeOoHaTamnbHbIX CBUHEN Ha 2-e (A) n 15-e
(B, C) cytkm kynbtuBupoBaHusi. A — XpA-No3nTUBHbIE
KNeTKkn paBHOMEPHO pacnpefeneHbel B MoHocroe; B —
akcnpeccns XpA nNpeumyLLEeCTBEHHO B MYIbTUKIETOYHbIX
chepovpax; C — otcyTcTBMEe akcnpeccun XpA B Knetkax
MOHOCIOS. AApa KNeToK KOHTPacTMPOBaHbl MPONMANA No-
Anaom (kpacHas driyopecLeHums).

Fig. 3. Immunocytochemical labeling with antibodies
to CgA (green fluorescence) in culture of neonatal pig
adrenal cells on days 2 (A) and 15 (B, C) of culturing. A —
CgA-positive cells are evenly distributed in monolayer;
B — CgA expression mainly in multicellular spheroids;
C — lack of CgA expression in monolayer cells. Cell
nuclei are contrasted with propidium iodide (red fluore-
scence).

cells being a part of the MS were not counted, since
the correct assessment of this index is impossible.
After 7 days of cultivation, the relative number of
CgA-positive cells decreased in the control culture
in 1.8 times, and in cryopreserved that diminished
in 1.6 times. After 15 days the relative amount of
these cells decreased in the control culture down
to (1.5-0.7)%, and in cryopreserved culture it did
down to (0.9 £ 0.8)%.

We revealed a discrepancy between the results of
cytofluorimetric and immunocytochemical analyses,
since in the latter case we observed a stronger decrease
in the number of CgA-positive cells. However, a
visual assessment of CgA expression in neonatal
piglet adrenal cell culture allowed this contradiction
to be explained. On day 2 in culture, a monolayer of
cells was formed with uniform distribution of CgA-
positive cells (Fig. 3A). After 7 days of cultivation,
the nature of cell distribution changed, namely the
CgA-labeled cells were predominantly concentrated
in the MS, although single labeled cells were rarely
found in the monolayer. On day 15 an increase in the
size of MS was observed, consisting mainly of ChrA-
positive cells (Fig. 3B). In monolayer, these cells
were virtually absent (Fig. 3C).
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[7]. J)Ku3HecmocoOHOCTh KJIETOK, MX CIIOCOOHOCTH
K ajare3uu, MopQooruiyeckue OCOOCHHOCTH, 3KC-
IpeccHsi HEKOTOPBIX (DEHOTUITMYECKUX MapKepOB,
Hanpumep, PBlII-TyOynuaa, mpu maHHOM crocobe
KPHOKOHCEPBUPOBAHUS Y WHTAKTHOW M KPHOKOHCEP-
BHPOBAaHHOW KYJIBTYp 3HAUUMO HE OTIINYAIOTCS.

B Hacrosmieit paboTe MBI HCIIONB30BAIH BTOPOU
Croco0 TONY4YeHHs KPHUOKOHCEPBUPOBAHHOW KyIlb-
TYpbI KJIIETOK HAJMOYCUHUKOB, & IMEHHO — KPUOKOH-
cepupoBanue pparmenToB Tkanu ¢ 10% JIMCO u
CKOPOCTBIO OXJIXKIeHUsI | rpaj/MUH. YCTaHOBJICHO,
YTO CYCIICH3HS KJIETOK, MOJTYYCHHAs M3 MHTAKTHBIX
(hparMeHTOB HAJTIOYEYHUKOB HOBOPOXKICHHBIX TIOPO-
AT, conepkana okono 30 % KIETOK, 3KCIPEeCcCUpyro-
mux XpA. KpuokoHcepBupoBaHUE CyIIE€CTBEHHO HE
BIIMSUIO HA TOT ITOKa3aTellb.

WHTEepecHO, YTO KOIMYECTBEHHOE COOTHOIIIE-
HAe XpA-TIO3UTHUBHBIX KJIETOK BO (IIOTHPYIOIICH U
MIPUKPETJICHHON CYONOMyISIHSIX MEePBUYHON Kyib-
Typbl KIETOK HAINOYCUYHHKOB HEOHATAIBHBIX II0-
pPOCST COXpaHSAJIOCh TOCIEe 3aMOpaKHBaHUSA-OTOT-
peBa. B KOHTPONBHONH M KPUOKOHCEPBUPOBAHHOMU
KyJIbTypax HaunHas ¢ 7-X CyTOK 3HAYMMO CHHKAJI0Ch
KOJIMYECTBO KIJIETOK, KCIpecCUpyIoImX XpA, BO3-
MOJKHO, 3@ CUET MIPEUMYILECTBEHHOTO AEIEHUS ApY-
TUX OBICTPO MPOTUPEPUPYIONINX TUIIOB KIETOK.

XpomadduHHBIE KIETKH MO3TOBOTO BEIIEeCTBa
HAJIOYEYHUKOB — 3TO HEWPOIHIAOKPUHHBIE KIIET-
KH-TTPOM3BOJIHBIE HEPBHOTO I'peOHs. BmecTe ¢ cum-
MaTHYeCKUMH HEHpOHAMM CIWHHBIX TaHIJHEB, a
TaK)Ke MEJIKUMH WHTEHCHBHO (DIyopecrupyromuMn
KJIETKAMH OHH COCTAaBIISIOT CHMITaTOaAPEHAIIOBYIO
JIUHUIO TIPOM3BOAHBIX HEepBHOTO rpedHs [12]. Panee
OBUIO BBISIBIIGHO CBOMCTBO KJIETOK MO3TOBOTO Be-
[IECTBA HAJIMIOYCYHUKOB PA3HBIX BUIOB MJICKOIUTA-
IOIUX M 4YelioBeKa K oOpazoBaHnio MC B KynbType
[3, 8, 16, 17]. IIpu >TOM Ba)XKHO OTMETHUTb, YTO KO-
JINYECTBO, pa3Mep, CIIOCOOHOCTh K KOJIOHHEOOpa3o-
BaHUIO, (eHOTHUNMUecknid coctaB MC 3aBHUCAT OT
YCIIOBUHM WX TMONydeHHs (BHI KyJIbTypajJbHOW ITO-
BepxHocTH, npucyrcresue @TC B cpeae, Hamuue u
KOMOWMHAIHAS POCTOBBIX (DAKTOPOB).

B macTosmeit paboTe ycTaHOBICHO, YTO KJICTKH,
skcrpeccupyomuye XpA, NPUHUMAKOT ydacTue B
(dhopmupoBanrr MC B yCIIOBUSIX KYJbTHBUPOBAHUS
KJIETOK HAJIIOYCUYHUKOB HEOHATAIBHBIX IMOPOCIT B
cpene ¢ @TC Ha anre3uBHOi nosyiokke. Ilpu atom
B IpOILECCE KYITBTUBUPOBAHUS BBISIBICHO U3MCHEHUE
pacnpenencHusi XpA-MO3UTUBHBIX KIETOK: CHUXKE-
HUE X OTHOCHTEILHOTO KOJIMYECTBA B COCTABE MO-
Hocos 1 noBbimeHne B MC. Mexann3m oOpa3oBa-
Hust MC B KynbType KJIETOK HaAIIOYEYHUKOB TpedyeT
OTAENHFHOTO MCCIIEOBAHUS, OTHAKO MOYKHO TIPEIIO-
JIOXKUTh, UTO KIETKH, SKCIIpeccupyrome XpA, urpa-
IOT B 3TOM IPOIECCE BAKHYIO POJIb.
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Two methods have previously been described
for preparing a cryopreserved cell culture of adrenal
glands of neonatal pigs. The first method is to
obtain a primary cell culture and its cryopreservation
using cryoprotective media based on DMSO. It
was found that cryopreservation of the primary
culture of adrenal gland cells in newborn piglets
in the media containing 10% DMSO with the ad-
dition of FBS, with a cooling rate of 1 deg / min,
allows up to 80% of viable cells to be preserved
[17]. The second method involves cryopreservation
of adrenal tissue fragments in a medium with 10%
DMSO using low cooling rates of 0.3—1 deg / min.
Moreover, the primary culture obtained from cryo-
preserved fragments had similar morphofunc-
tional properties [2]. Cell viability, their ability
to adhere, morphological features, expression of
some phenotypic markers, for example, BIII-tu-
bulin, do not significantly differ in this method of
cryopreservation in intact and cryopreserved cultures.

In this research, we used the second method
for obtaining a cryopreserved adrenal cell culture,
namely, cryopreservation of tissue fragments with
10% DMSO and a cooling rate of 1 deg / min. It was
found that a cell suspension obtained from intact
adrenal fragments of newborn piglets contained about
30% of cells expressing CgA. Cryopreservation did
not significantly affect this index.

It is of interest that the quantitative ratio of
CgA-positive cells in the floating and attached
subpopulations of the primary culture of neonatal
piglet adrenal cells was kept after freezing-warming.
In the control and cryopreserved cultures, after 7 days
the number of cells expressing CgA was significantly
reduced, possibly due to the predominant division
of other rapidly proliferating cell types.

Chromaffin cells of the adrenal medulla are
neuroendocrine cells derived from the neural crest.
Together with the sympathetic neurons of the dorsal
ganglia, as well as small, intensely fluorescent cells,
they make up the sympathoadrenal line of the neural
crest derivatives [7]. Previously, the property of
adrenal medulla cells of different mammalian and
human species to the formation of MS in culture
was revealed [3, 12—14]. It is important to note that
the amount, size, colony forming ability, phenotypic
composition of MS depend on the conditions of their
preparing (type of culture surface, presence of FBS
in medium, presence and combination of growth
factors).

In this work the cells expressing CgA were found
to participate in the formation of MS during cul-
turing of adrenal gland cells of neonatal piglets in
the medium with FBS on an adhesive substrate. Mo-
reover, during the cultivation a change in the distri-
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BriBOABI

1. KpuoxoncepsupoBanue (HparMeHTOB HaJIIO-
YEUHHUKOB HOBOPOXICHHBIX IOPOCIT C KOHTPOJIU-
pyemoii ckopocteto 1 rpam/mun mo —80°C B 3a-
mutHOU cpene ¢ 10% AMCO 3HauuMMoO He BIUsIET
Ha KOJMYECTBO KJIETOK, JKCIpeccupyromux XpA
(32,9 = 3,6)% B xoutpomeHOii 1 (31,1 = 2,7)%
B KPHOKOHCEPBHUPOBAHHOW CYCIEH3UAX KIIETOK).

2. B mepBuuHON KyJabType KJIETOK HAIOYEYHH-
KOB HOBOPOX/IEHHBIX MOPOCAT Ha4YMHAA C 7-X CYyTOK
KyJBTHUBUPOBAHUS CHUKAETCS KOJIUYECTBO XpA-Io-
3UTHUBHBIX KJIETOK, BEpOSATHO, 3a CYET IpenMy-
LIECTBEHHOTO POCTa JAPYrux ObIcTpo mponudepu-
PYIOIIMX CYOIOMySIMIA KIETOK.

3. B npouecce KyIbTUBUPOBAHUS KIETOK HAJIIO-
YEUHHUKOB HOBOPOXKJECHHBIX IOPOCIT MIPOUCXOIUT
U3MEHEHHE pacnhpenesieHus] XpA-MO3UTUBHBIX Kile-
TOK: CHM)KEHHE WX OTHOCHTEJIBHOIO KOJUYECTBA
B COCTaBe MOHOCTOs U moBkImeHne B MC.

4. CxomgHoe cooTHOIIeHNE XPA-TTO3UTHBHEIX KJIe-
TOK B KOHTPOJIBHOH UM KPUOKOHCEPBUPOBAHHOMN
KyJIbTypax, a TakKe OJMHAKOBas JWHAMHUKA HX Tie-
pepacipeneseHus Mpu pocTe KyJAbTypbl CBUAETEb-
CTBYIOT, UYTO KpPHMOKOHCEpBHpOBaHHE (hparMeHTOB
HAJMOYEYHUKOB B MCIIOJIb30BAHHOM pEXHUME 3Ha-
YUMO HE BJIMAET HAa OCHOBHBIE CTPYKTYpHO-(YHK-
[IMOHAIIFHBIE CBOWCTBA XpoMa(pUHHBIX KIIETOK.
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bution of CgA-positive cells was revealed, i. e.
a decrease in their relative amount in the monolayer
and an increase in MS. The mechanism of the
formation of MS in adrenal cell culture demands a
separate study, however, it can be assumed that the
cells expressing CgA play an important role in this
process.

Conclusions

1. Cryopreservation of adrenal fragments of new-
born piglets with a controlled rate of 1 deg / min
down to —80 C in a cryoprotective medium with
10% DMSO did not significantly affect the number
of cells expressing CgA ((32.9 + 3.6)% in the control
and (31.1 £ 2.7)% in cryopreserved cell suspen-
sions).

2. In the primary culture of adrenal gland cells of
newborn piglets, the number of CgA-positive cells
decreased since day 7 of culturing, probably due
to the predominant growth of other rapidly prolife-
rating cell subpopulations.

3. During the culturing of adrenal gland cells of
newborn piglets, a change in the distribution of CgA-
positive cells occurs: a decrease in their relative
number in the composition of monolayer and an
increase in MS.

4. A similar ratio of CgA-positive cells in the
control and cryopreserved cultures, as well as the
same dynamics of their redistribution during culture
growth indicate that cryopreservation of adrenal
fragments in the mode used did not significantly
affect the basic structural and functional properties
of chromaffin cells.
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