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B mocnennee BpemMsi akTUBHO HM3Yy9aeTCs BO3MOXK-
HOCTh MHAYKIIMU HEHPOHANBbHOH I (PEepeHITNPOBKU B
KyABType XpoMah(hHUHHBIX KIETOK MO3TOBOTO BEIIIECTBA
HAATIOYCUYHUKOB, KOTOPHIE Pa3BHBAIOTCS U3 HEPBHOIO
rpe0Hs, a TakKe QyHKIMOHATIbHBIE 0COOCHHOCTH MOITY-
YEHHBIX B 3TUX KYJIBTypax HeHpoHOB [3, 5, 6]. OTu uc-
CJIeIOBaHMS IEPCIIEKTUBHBI B CBSI3H C TOTCHIUAIBHBIM
HCTIOJIE30BaHNEM COOCTBEHHBIX KJICTOK HAIIIOYCIHUKOB
MAaLUEHTA A7l IOTyYEeHUsI HEUPOHOB in Vitro 1 ayTOTpaHC-
IUIAHTAlUY IPU JICYEHUH HEHPOJereHePaTUBHBIX 3a0011e-
BaHUM.

XuzHecnocoOHOCTE 1 PyHKIMOHANIbHAS aKTHBHOCTh
KJICTOK IIPU KyJIBTUBHPOBAHUH i1l Vitro BO MHOTOM 3aBH-
CAT OT BBEIOPAaHHOTO CrIoco0a JAe3WHTErpaly TKaHu. B
ciryuae (pepMEHTATUBHOM JE3UHTErpaluy IHPOKO MpU-
MEHSIIOTCS KoJIJIareHa3a 1 TpuIickH [2]. CreneHb NoBpex-
JIeHUs] TKaHU NIPU BO3JECHCTBUY Ha HEE TPUIICUHOM WU
KOJUTareHa30i 3aBHCUT OT TUIIA KIETOK U MOXET BapbH-
poBath B IIMPOKUX Npeaenax [4].

Lenpio paboOTEl OBUIO M3YYNTH BIHMSHHE COCTaBa
(hepMEHTHOTO pacTBOpa, MPUMEHSIEMOTO /ISl AE3UHTET-
panuy TKaHU HaJTIOYEYHUKOB HOBOPOXKICHHBIX TOPOCSIT,
Ha MopdoJormueckre 0COOCHHOCTH MOTYYSHHBIX KIICTOK
IpU KYJITUBUPOBAHUH.

Krnetku noryyanu u3 HaIO4YeIHUKOB HOBOPOXKICH-
HBIX IIOPOCAT hEPMEHTATUBHBIM CIIOCOOOM C HCIIOIB30-
BaHMEM KoJitareHassl (1 Mr/Mit) ¥ Ie30KCHPUOOHYKIIea3bl
(0,1 mr/mur) mu6o Tpuncuna (1 Mr/mi) u ge30kcupudo-
nykieassl (0,1 mr/mi). KiteTkn KyabTHBUPOBAIIH B IIJ1ac-
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Nowadays the possibility to initiate neuronal diffe-
rentiation in cultured adrenal medulla chromaffin cells,
originating from the neural crest, as well as functional
features of neurons derived in these cultures are studied
[3, 5, 6]. These studies are promising due to the poten-
tial use of the patient’s own cells for procurement of
adrenal neurons in vitro and autotransplantation in the
treatment of neurodegenerative diseases.

Viability and functional activity of cells under in vitro
culturing are dependent to a large extent on the chosen
method of tissue disintegration. Collagenase and trypsine
are widely used in the case of enzymatic disintegration
[2]. The extent of tissue damage under exposure to tryp-
sin or collagenase depends on the type of cells and may
vary within wide limits [4].

The aim was to study the effect caused by enzyme
solution composition used for disintegration of adrenal
tissue of newborn piglets on the morphological features
exhibited by these cells in culture.

Cell suspension was procured from newborn piglets
adrenal glands using enzymatic method involved
collagenase (1 mg/ml) and DNase (0.1 mg/ml) or trypsin
(1 mg/ml) and DNase (0.1 mg/ml) combinations. Cells
were cultured in plastic flasks with media 199 or DMEM/
F12 supplemented with 10% fetal calf serum, antibiotics
(100 U/ml penicillin, 200 pg/ml streptomycin) and
amphotericin B (5 pg/ml) at 37°C and 5% CO,.

Cell viability was assessed by their ability to exclude
trypan blue (0.4%).
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THUKOBBIX (hnakoHax B cpene 199 nimm DMEM/F12 ¢ no-
O6aBnenueM 10% ¢eTanbHON TeNIYbeil CHIBOPOTKH,
anTubnotrkoB (100 en/mn menurrHa, 200 MKI/MII
cTpenToMuIinHa) U amporepuriuaa B (5 Mkr/min) npu
37°C u 5% CO,.

KuzHecnocoOHOCTh KIETOK OICHHBAIN IO MX CITO-
COOHOCTH UCKITIOYATh TpUNaHoBbli cuHui (0,4%).

J1s IMMYHOLIUTOXMMHWYECKUX HCCIIEOBAHUM HUC-
MOJIb30BaIM MepBUYHBIE MblIKHBIE anti-fB-111-tubulin
(TU-20) moHoxkioHanbHble anTUTeNa (1:500) 1 BTOpHY-
HbIe K03bH anti-mouse FITC-koHbIOTHPOBaHHBIC aHTUTEIA
(1:1000, Bce «Abcamy, Benukobpuranus). s uneHTu-
(UKanuM KIETOYHBIX slep K oOpasnam Io0aBIsuIH
nponuaus woauna (2 mkr/mi). Mccnenosanue u poto-
CHhEMKY 00pa3LOB BBIIONHSIIN C IOMOIIBI0 MHKPOCKOIIA
Axio Observer Z1 («Carl Zeiss», [epmanus) u aHanum-
3UpOBAJIM C UCIOJNb30BaHUEM Iporpammbl AxioVision
Rel. 4.7 («Carl Zeiss»).

KonnuecTBeHHBIEC TaHHBIE SKCIIEPUMEHTOB 00padarsI-
BaJM ctatTucTrdecky. [lokazaresnu npeacTaBicHb! B BUIIE
cpenHero + ommbka cperHero. CTaTHCTHYECKYTO 3HAUH-
MOCTb pa3jIMYuil MEeXIy MOoKa3aTeNlIMU ONpeAessuld C
WCTIONBb30BaHueM Kputepusi CThIONCHTA.

Bce axcniepuMeHTbI IPOBOAMIIH € COOIIOAEHHEM HOPM
OMO3THKH 1 TPaBHI OMOIOTHIECKOi 6€3011acHOCTH, YTO
MOATBEPKACHO 3akioueHueM KomureTra mo 6mMo3Tuke
WucTturyta mpobiaem KkpruoOHUOIOruH U KPUOMEAULIMHBI.

Ha nepBom 3tane uccienoBanus AJis e3UHTErpalliy
TKAaHU ¥ TOJYYCHUS KIETOK MPUMEHSIN (epMEHTHBIN
pacTBOp, coAepkKaliuii KojulareHasy U J1e30KCHpu0o-
nykineasy (Kon/IH). JKu3HecriocoOHOCTh MOIy4eHHBIX
KIIeTOK coctaisiia (74,4 + 15,5)%.

3aTeM MOJYyUYEeHHYI0 OOILIYIO CyCHeH3UI0 (KJIETKH
KOPBI, METYJLTbI, COSIMHUTEIIEHON TKaHU W SHJOTEIINS)
KyJAbTUBUpPOBau. [lepBuuHas KynsTypa Oblia 0XKHIaeMO
reTeporeHHa Mo KJIeTogyHoMy coctany. [Tocie 1-x cyTok
KyJbTUBUPOBAHUSA K MOBEPXHOCTU MPUKPEIIISIOCH
(71,7 £5,7)% nocaxeHHBIX KJIETOK, OOJIbIIAst 4aCTh KO-
TOPBIX pacIliacThIBAJIACh, a HEMPUKPEIHUBIINECS B
OCHOBHOM OBUIH IIpeJCTaBJIeHbl dpuTpouuTamu. Ilocie
MIPUKPEIUICHUS U PACIUIACThIBAHUS B KYJIBType peolia-
JaJi MyJIBTHIOISIPHBIE (PUOPOOIACTOMONOOHBIE , 8 TAKKE
OKpYIJIbIe KJIETKH C KOHTPACTHBIMU BKJIIOYEHHUSMHU
(IpernonoXKUTENILHO TOPMOHONIPOAYIIHpYomiue). B xone
MOCIEAYIOIIEro KyJIbTHBUPOBAHUS (OPMHUPOBAIHCH
YIIOPSI0YEHHBIE CTPYKTYPBI — «ITOTOKH» M3 TECHO MPHJIE-
TaBIIUX JPYT K IPYTY BBITSHYTHIX OUIOISAPHBIX GUOpO-
671acTOIIOJOOHBIX KIIETOK (PHUCYHOK, A). Takast opranus-
aIus KJIETOYHOTO MOHOCIIOS XapakTepHa JIIs iepexoaa
u3 log-da3el pa3BUTHA KYJIBTYpHI Ha CTaUIO IaTo [2].

Bo BTOpOI1 cepum 3KCIIEpUMEHTOB IS TTOTYYCHHUS
KJIETOYHOH CyCIIeH3HHU HCIOJIB30BaN (DEPMEHTHBII pacT-
BOD, COJIEPIKABIIMIA TPUTICUH H JC30KCHPUOOHYKIICa3y
(Tp/AH). B aToM ciy4ae KU3HECTOCOOHOCTh KJIETOK
ObL1a BEIIIIE, UeM B IepBOM U coctaBiisiia (87,3 + 3,2)%.
OpnHako y4eT KOIM4ecTBa NOITyIeHHBIX KIETOK B 000HX
Clly4asx He MMO3BOJIMJ NPU3HATh BTOPOH Meron Oosee
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Immunocytochemical assessment utilized primary
mouse anti-B-IT-tubulin (TU-20) monoclonal antibodies
(1:500) and secondary goat anti-mouse FITC-conjuga-
ted antibodies (1:1000, all by Abcam, UK). Cell nuclei
were visualized by propidium iodide (2 pg/ ml). Imaging
and photodocumentation of samples was made with
Axio Observer Z1 microscope (Carl Zeiss, Germany)
and analyzed using AxioVision Rel.4.7 (Carl Zeiss).

Quantitative experimental data were processed statis-
tically. Data are presented as mean + SEM. Statistical
significance of differences between parameters were
determined using Student’s t-test.

All the experiments were performed in compliance
with the norms and rules of bioethics and biological
safety that was confirmed by the Bioethics Committee
of the Institute for Problems of Cryobiology and and
Cryo-medicine.

At the first stage of the experiment, disintegration of
the tissue and cells procurement were performed by
enzymatic solution combined collagenase and deoxyribo-
nuclease (Col/DN). Viability of cells was (74.4 £ 15.5)%.

Thereafter the resulting total suspension (cells of
cortex, medulla, connective tissue and endothelium)
were cultured. Cell composition of primary culture was
heterogeneous as expected. After the first day of culture
(71.7+5.7)% of the seeded cells attached to the surface,
most of them flattened and non-adherent ones were
mainly erythrocytes. After attachment and spreading the
culture contained predominantly multipolar fibroblast-
like cells, as well as round-shape cells with contrast
cytoplasmic inclusions (presumably hormone-producing
cells). Further culturing resulted in appearance of or-
dered structures, ‘threads’ of closely adjacent to each
other elongated bipolar fibroblast-like cells (Figure A).
Such organization of the cell monolayer is characteristic
for the culture changing the log-phase of development
for the plateau stage [2].

In the second series of experiments, for obtaining of
cell suspension we used enzymatic solution containing
trypsin and deoxyribonuclease (Tr/DN). In this case,
cell viability was higher than in the first case and made
(87.3 £ 3.2)%. However, if we took in account the total
amount of the cells in both cases, the second method
was not recognized as more effective. Treatment of
tissue fragments from one adrenal gland with Col/DN
solution gave 6.50 &+ 3.57 million cells in average, and
Tr/DN did only 1.08 + 0.86 million cells.

Cultures of cells procured following enzymatic
treatment with Tr/DN were, in the large, similar to those
obtained in the case of Col/DN: they comprised fibroblast-
like cells and round-shape ones with contrast cyto-
plasmic inclusions. Along with that we observed the
differences: some areas of monolayer in cell cultures
derived following Tr/DN treatment were formed by dense
rounded groups of cells (Figure B) with well defined
boundary that separated these from the rest of monolayer
formed by fibroblast-like cells. It was noted that such
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s dexTuBHBIM. OOpaboTka QparmeH-
TOB TKaHU OJTHOTO HAJIIOYCYHUKA PACT-
BopomM Koin//IH nana B cpennem 6,50 +
3,57 mnH knetok, a Tp/JH — Bcero
1,08 + 0,86 muH.

KympTypBI KJIETOK, TIOJy9eHHBIX OC-
ne pepmeHTaTuBHOM 00padotku Tp//IH,
B II€JI0M OBUTH IIOXOKH Ha ITOTYICHHBIC
B ciyuae ucnosb3oBanus Kon/JIH: B
HUX MPUCYTCTBOBAIH Kak (pubOpodiac-
TOTOAO0HEIE, TAK M OKPYTJIBIC KICTKH C
KOHTPACTHBIMHU BKJIFOUeHUsIME. Hapsiny
C 9THM HAOIIONATN ¥ OTINYHS: OT/ICIIb-
HBIC YYaCTKH MOHOCIOS B KYJIBTypax
KJIETOK, noiy4deHHbix ¢ Tp/JH, Opuin
c(hOPMUPOBAHBI INTOTHBIMHU OKPYTIIBIMU
rpyInIaMu KJIETOK C YETKOM IpaHMIIEH,
OTZAETISIONIEH MX 0T MOHOCIIOA, 00pa3o-
BaHHOTO (PUOPOOIACTONONOOHBIMH KIIET-
kamu (pUCYHOK, B). PaHee oTrmeueHo,
YTO MOJ0OHBIE «OCTPOBKI (DOPMHUPYIOT-
CsI B KYJIBTYPaXx SIMHUTEIUOUIHBIX KIICTOK
[2], omHaKko NSl MOATBEPKACHUS WA
OTIPOBEPKECHUST BO3MOXKHOCTH ITOTO B
HAIINX SKCICPUMEHTAIBHBIX YCIOBHIX
HEOOXOIMMBI JaJbHEHIINE UCCISHO-
BaHUA. MOXHO MPEIINOJIOKUTh, YTO
(hepMmeHTaTHBHAS 00paOOTKA TKAHH KOJI-
JIAreHa301 B IEPBOM CITydae IPUBOAMIIA
K 3JMMUHAINN TaKUX ATHUTEINONIHBIX
saneMeHToB. OJHAKO M3BECTHO, YTO
00paboTKa KoJIareHa3ou, Ha00opoT, Co-
MPOBOXKIAETCSI MCHBIINM II0 CpaBHE-
HUIO C TPHUIICHHOM IOBPEKIAIOIIUM
addexTom. B To ke Bpems pa3HbIE THITBI
KJIETOK 00JTaafoT pa3Hoil yCTOHIHUBOC-
TBIO K AEHCTBHIO KaK TPHUIICHHA, TaK U
KoJutareHassl [4].

[ocne moctmwkenns 80% xoH(IOSHT-
HOCTH (3—5-€ CyTKH) B 000MX BapHUaHTaxX
KYJIBTYP Ha MOHOCJIOE (hOPMHPOBAIHCH
chepuueckne Kmactepsl (IUTochepsr)
U3 HECKOJBbKUX KJIETOK (pucynok, C).
[Ipu manpHeWHmIEM KyJIbTHBHPOBAHUU
uToc(ephl yBEIHINBAINCH B pazMepax,
nocturas 300 MKkM B quametrpe, H

KynbTypa KneTok Hagno4ye4YHUKoB HOBOPOXAeHHbIX nopocat (KKHHIT), nony-
YeHHbIX ¢ npumeHeHnem Kon/OH (A) u Tp/OH (B); nocneaytoliee doopmupoBaHmne
uutocdep B KKHHIM Ha 13-e cyTkn KynbTMBMpOBaHus (C) 1 BbiCENeHUe KNeTok
HenpoHonoaobHon Mmopdonornm u3 uutocdep Ha 5-e cyTku nocne nepecesa (D).
MonoxuTensHoe okpalunBaHue pryopecueHTHbIM Mapkepom Ha B-III-Ty6ynuH
COMbI ¥ OTPOCTKOB HEMPOHOMOAOOHbIX KNETOK, BbicenuaLumxcs us umtocdep (E;
7-e CyTKu nocrne nepecea; nyopecLeHTHass MUKPOCKONWS; SApa OKpalleHbl
nponuans NoanMaoM); OTCYTCTBUE MOSIOXKUTENBHOIO OKpaLLMBaHUS MapkepoM Ha
B-11I-Ty6ynuH B MoHoCnoe 13 hnbpobnactonogobHbIx kneTok (F; conyopecueHT-
Hasi MUKPOCKONWSA: SApa OKpaLleHbl MPONMAnS NOANLOM).

Newborn piglets adrenal cell culture (NPACC) obtained using Col/DN (A), and Tr/DN
(B); further formation of cytospheres in NPACC on the 13" day of culture (C) and
migration of neuron-like cells from the cytospheres in 5 days after cytospheres
passaging (D); soma and processes of neuron-like cells migrated from cytospheres
positively stained by fluorescent marker to B-lll-tubulin (E ; the 7*" day after passaging;
fluorescent microscopy; nuclei were stained with propidium iodide); and monolayer
of fibroblast-like cells with no positive staining with marker to B-lll-tubulin (F;
fluorescent microscopy; nuclei were stained with propidium iodide).

3PHUTENBHO YINIOTHSINCH. BEpOosITHO, 3TO CBSI3aHO C TEM,
9TO KJICTKHU B COCTaBE IIUTOC(EP CHHTEIUPOBAIIH HJICMEH-
ThI BHEKJICTOYHOTO MAaTpPHUKCa, CO3/1aBas HEOOX0AMMOe
MHUKPOOKPYKCHHE.

B HEKOTOpPBIX IKCIIEPUMEHTAX HUTOC(EPhl MEXaHHU-
YeCKH OTKPEIUISUIM NMUIETHPOBaHUEM M IepeceBaliy,
HCIIOINB3YS MUTATEIBHYIO CPEY TOTO JKe cocTasa. [locie
nepeceBa HUTOC(EPbl MPUKPEILISUIMCh K MOJJIOKKE,
MOCJIe 4ero HaONIOAaNoCh BBICEICHUE U3 HUX KIIECTOK
JIBYX THIIOB: GUOPOOIACTOMONO0HBIX, @ TAKIKE CPABHU-
TEJNHFHO HEOONBIINX HEHPOHOMIOIOOHBIX, OTPOCTKH KOTO-
pBIX (HOPMHUPOBATH CETh (PUCYHOK, D). UMMyHOIIHTOX -

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
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‘islets’ were usually formed in epithelioid cell cultures
[2 ], however, to confirm or refuse such a possibility in
our experimental conditions, further research is needed.
It can be assumed that the enzymatic treatment of tissue
with collagenase in the first case resulted in the elimination
of epithelioid cells. However, per contra it is known
that treatment with collagenase is accompanied with a
lesser, if compared with trypsin, damaging. At the same
time, different types of cells have different resistance to
both trypsin and collagenase [ 4].

After reaching the 80% confluence (days 3—5) on
the monolayer of both alternative cultures we found
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MHUYECKOE OKpalliBaHUe BBIBHIO dKcmpeccuro [-111-
TyOyaMHA B COME U OTPOCTKAX JaHHBIX HEHPOHOMOA00-
HBIX KJIETOK (pUCYHOK, E). DubpobiacTonono0HbIe KIeT-
KM MOHOCJIOS He dKcripeccupoBanu B-111-ty6ysuH, o 1uem
CBUIETEILCTBYET OTCYTCTBUE CIIELI(PUIECKOTO OKpAILIHU-
BaHUs (pUCYHOK, F).

®dopmupoBaHue chepruuecKux KICTOUHbIX KOJOHUN
IPH KyJIGTUBHPOBAHUH XapaKTEPHO MJIS Pa3IMIHBIX
CTBOJIOBBIX/TIPOTCHUTOPHBIX KIETOK [ 1]. Bo3aMosxHO, 4TO
¢dopmupoBaHue uTocdep B Hameld paboTe cBSI3aHO
HMMEHHO C PO (epaTHBHOM aKTHBHOCTHIO c11abo mudde-
PEHLMPOBAaHHBIX POTEHUTOPHBIX KIIETOK, IPUCYTCTBYIO-
mwmx B Meayiie. [IocKkonbKy B HaIIMX SKCHEPHMEHTax
Ha paHHMX 3Tarax KyJIbTUBUPOBAHUS HEUPOHOIIOAOOHBIX
KJIETOK B KYJIBTYpe He HaOJIF0a/I0Ch, MbI IPE/ITOI0KHIIH,
YTO WX TMOSBJICHUE SBJISECTCS pe3yiabraroM TuddepeH-
LUPOBKH KJIETOK LUTOCHEP.

Taxum obOpa3oMm, cocTaB (PEpPMEHTHOT'O PAacTBOpA,
MPUMEHSEMOT0 JIJIsl IE3UHTETPAIi TKaHW HaAIoYed-
HHUKOB HOBOPOJXKJIEHHBIX MOPOCSAT, BIUSET HA KOIHYECT-
BEHHBIN U KaU€CTBEHHBII COCTAB MOTYYEHHOM KIETOUYHOU
cycrnien3un. B mporecce KynbTUBHPOBaHUS TTOTYYEHHBIX
KJIETOK (hOpMHUPYIOTCS chepHuecKre KIeTOUHbIC Kiac-
TEPbI — IIUTOCQEPHI, U3 KOTOPHIX 3aTEM BBICEISIOTCS HEl-
poHonoao0HbIe KiaeTku. HelipoHansHas audhepeHIupoB-
Ka He 3aBHCeNa OT COCTaBa MUTATEIbHON CPElibl, B TOM
qHcie OT HAJHYUS KaKuX-InOo crennupuueckux (ak-
TOPOB poCTAa.
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formed spherical clusters (‘cytospheres’) of several cells
(Figu-re C). During further culturing the cytospheres
reached 300 micron diameter and became visually
compacted. This is probably due to synthesis of an
extracellular matrix that the cells comprising cytospheres
conducted to create a necessary microenviron-ment.

In some experiments the cytospheres were mechani-
cally detached by pipetting and subcultured using the
same medium composition. After the passage the
cytospheres attached to the substrate, and thereafter we
observed the migration of two cell types out of the
cytosheres: fibroblast-like cells, as well as relatively small
neuron-like ones with processes which formed a net-
work (Figure D). Immunocytochemical staining revealed
the expression of B-III- tubulin in the soma and processes
of neuron-like cells (Figure E). Fibroblast-like cells of
the monolayer did not express [3-III-tubulin, as evidenced
by the absence of specific staining (Figure F).

Forming of spherical cell colonies during culture is
characteristic for different stem/progenitor cells [1]. It
is possible that the formation of cytospheres in our
experiments is associated with proliferative activity of
poorly differentiated progenitor cells present in the
medulla. Considering that in our experiments no neuron-
like cells were observed in the culture at the early stages
of culture, we assumed that their appearance was the
result of differentiation of cytoshere cells.

Thus, the composition of the enzyme solution used
for disintegration of newborn piglets adrenal tissue
affects the quantitative and qualitative composition of
the resulting cell suspension. During the culture of these
cells spherical cell clusters, the cytospheres, were for-
med, which were then the source of neuron-like cells
migration. Neuronal differentiation did not depend on
the culture medium composition, in particular, on the
presence of any particular growth factors.
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