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Abstract. Cell culture of dorsal root ganglia (DRG) is a modern scientific platform for studying the mechanisms of
neurogenesis, neurotransmission, neuroregeneration, as well as a valuable source of neural stem cells for regenera-
tive medicine.

Goal. To study the expression of B-lll-tubulin, glutamine synthetase, S100 protein and chromogranin A in the
dorsal root ganglia cell culture of neonatal piglets by immunocytochemical method.

Methods. Cell suspension was obtained enzymatically from DRG of new-born piglets. Cells were seeded at a
concentration of 5x10° cell/ml on plastic Petri dishes with a surface covered by poly-D-lysine, and cultured in a nu-
trient medium a-MEM with the addition of 10% fetal calf serum (FCS). After reaching the confluent monolayer, the
cells of the primary culture were detached from the surface with a trypsin-EDTA mixture, washed by centrifugation,
diluted to the above concentration and subcultured in the same conditions. The cell monolayer formed on day 7 of
second passage was subjected to immunocytochemical labeling with antibody against neuronal marker B-Ill-tubulin,
neuroglia markers glutamine synthetase (GS) and S100 protein, as well as neuroendocrine cell marker chromoranin
A (ChrA).

Results. The immunocytochemical labeling showed a phenotypic heterogeneity of the culture. Cells expressing
B-lI-tubulin differed morphologically. Some of them were small with long branching processes that form a net-
work, so they were identified as neurons. Others were large elongated polygonal cells with small processes. Small
spindle-shaped and large polygonal cells expressed GS, which characterized them as satellite glial cells (SGC). They
represented the main cell mass of the obtained culture. S100-positive cells were not observed in the culture. A cer-
tain number of ChrA-positive cells were present in the culture. Morphologically, they were cells of various sizes and
shapes, among which cells with processes prevailed.

Conclusions. The results of the study allow us to conclude that neonatal piglets’ DRG derived cell culture ob-
tained in conditions of poly-D-lysine growth surface and 10% FCS supplemented nutrient medium is heterogeneous
in phenotypic composition. The main cellular subpopulations in it are neurons and SGC. This allows us to recom-
mend the obtained culture as a valuable model containing a combination of neurons and glial cells, physiologically

close to observed in the body.

Key words: dorsal root ganglia, cell culture, neurons, satellite glial cells, 3-11l-tubulin, glutamine synthetase, chro-

mogranin A.
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ACUMMETPUYHOE PACNPEOENEHUE ®OCOATUAUNIICEPUHA B MEMBPAHE
3PUTPOLUTOB NP KPUOKOHCEPBUPOBAHWUU C IMULLEPOJIOM U
NONUSITUNEHTNTUKONEM

MHcTUTYT Nnpobnem Kpnobuonorum n KpuomeguumHol HAH YKpauHbli (r. Xapbkos)

CBA3b nyb6/AMKauMm c NNaHOBbIMM Hay4YyHO-UCCAe-
AoBaTeNnbCcKUMM pabotamu. MNybanKaums nogrotosne-
Ha B pamKax Tembl «M3yyeHne mexaHU3mMoB moaudu-
KaLMu CTPYKTYPHbIX NAapameTpoB U meTabosnyeckoro
COCTOAHMA AAPOCOAEPIKALLMX KNETOK KOPAOBOWN U 3pU-
TPOLMTOB AOHOPCKOWM KPOBM MOA BANAHMEM PA3/INYHbIX
KPMO3aLWMTHbIX PacTBOPOB M HU3KUX TemnepaTyp» (Ne
rocygapcTBeHHon permctpaummn 0109U00278).

BctynneHue. [Munuepon, NpoHMKatoLWwmii Yepes nnas-
MaTMYecKyro MembpaHy, obecneymBaeT 3aLWmUTy 3pUTPO-
LMTOB YenoBeka npu 3amopaxkusaHun. CTabunbHOCTb
KPUOKOHCEPBUPOBAHHbIX KNETOK B (U3MONOTMYECKMX
YCN0BUAX NO3BONAET UCMOAb30BaTb UX B NMPaKTUYECKON
TpaHcdysmonormm [1]. OAHAKO TEXHONOTMA KPUOKOH-
CEPBMPOBAHMA Ha OCHOBE MNLLEPOA BKIOYAET MHOTO-
STanHbIA NPOLECC ero OTMbIBKM U3 Pa3MOPOXKEHHbIX
KNETOK, 4YTO TpebyeT 3HauyMTesIbHbIX MaTepuanbHbIX
3aTpat. Moatomy paspabotka 6e30TMbIBOYHbIX METO-
[0B Ha OCHOBE HEMPOHMKAKLWMX KPUOMNPOTEKTOPHBIX
areHToB (KMA) ocTaeTca akTyanbHOW npobiemoli Kpuo-
buonornyecknx uccnegosanHnii. K uncny takux KNA or-
HOCUTCA NONNITUNEHINIMKOAbL ¢ M.m. 1500 (MN3r), KoTo-
pblli NO3BOASET COXPaHUTb A0 98% 3pUTPOLUTOB Nocae
pasmopaxkusaHua. OgHaKo B GU3MONOTMYECKMX YCNO-
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BUAX KNETKU AEeMOHCTPUPYIOT HECTabUNbHOCTD, T.e. n-
3MpPYIOT C TeyeHnem BpemeHu [2]. MoHMMaHne NPUYMH
OAHHON NpobaemMbl MOMKET MOCAYKWUTb OCHOBOM AnA
KOPPEKLMM CTabUNABbHOCTU KNETOK, KOHCEPBUPOBAHHbIX
8 npucyTcTeum M3 1 cnocobcTBOBaTL CO3aaHMIO He30T-
MbIBOYHOM TEXHOMIOFMM KPUOKOHCEPBUPOBAHUA KPOBMU.

PaHee 6bl10 NokasaHo, 4YTo M3I BbI3bIBAaET CHUME-
HWe akTuBHOCTK Ca?*-ATda3bl [3] u cnocobeTayeT BXOAY
Ca?* B sputpouuntbl [4]. OgHAKo MNocneacTsua TaKuMX
M3MEHEHUI aNA CTabunbHOCTM MembpaH U KNeTok, B
Lenom, BO MHOFOM He MOHATHbI. B YacTHOCTU, Heus-
BECTHO, KaK 3TO BIMAET Ha aCUMMETPUYHOE TPaHCMeEM-
6paHHoe pacnpegeneHne dochonnnuaos. Mapkepom
HapyLeHUa AUNUAHOM aCUMMETPUU ABAAETCA KCTep-
Hanusaumsa ¢ocdatnguncepura (PC) Ha NoBepxXHOCTU
KNETKWU, NOCKONbKY B HOPME OH JIOKA/IM30BaH TOJ/IbKO
BO BHYTPEHHEM c/ioe membpaHbl [5]. BaXKHOCTb OLEHKM
[AHHOTO MapameTpa 0obyc/loBNEHa Tem, YTO acMmMme-
TpuyHoe pacnpegeneHua ®C B membpaHe KOHTPOAU-
pyeT aKTMBHOCTb M CTPYKTypHOe cocTosiHue nepude-
PUYECKMX U MHTErpanbHbiXx BeNKoB, 1, cnesoBaTesibHO,
B/IMSIET HA CBOMCTBA MemMbpaHbl B LLesioMm. Kpome Toro,
3KcTepHanmsauma PC aBnseTca NPM3HAKOM 3pMnposa
[6], BcneactBMe Yero makpodarM sAMMUHUPYIOT Takne
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KNETKM B pyc/ie KpPOBM peumnnueHTta. AHanu3 Hapylle-
HUIA IMNUOHON AaCMMMETPUM OCHOBAH Ha CBA3bIBAHWUU
®C, 3KCTEPHANM30BAHHOIO Ha HAPYKHOW MOBEPXHOCTY,
co cneunduyeckum 6enKom aHHEKCMHOM V, KOHbOTU-
pOBaHHbIM C hayopecLeHTHbIM KpacuTenem FITC.

Lienb nccnepoBaHmuA 3ak/a04anach B OLEHKE Hapy-
LWEeHU TpaHCMeMbpaHHOro pacnpeaeneHma pocdaTu-
OVAcepuHa nog, BAMAHWEM 3amoOpakMBaHMA-OTOrpe-
Ba 3PUTPOLIUTOB Yes0BEKA B MPUCYTCTBUU [NMLLEPONa
n N3T, a TakKe nocne yganeHua KpUOMPOTEKTOPHbIX
areHTOB M3 PAa3sMOpPOXKEHHbIX 06pa3LoB M MepeHoca B
dusnonormyeckune ycnosusa in vitro.

O6beKkT U meToabl uccnegoBaHua. O6bEKTOM UC-
CNefoBaHUA CAYKUAM 3PUTPOLUTbI KPOBM [OHOPOB,
3arotoBnieHHON B LleHTpe cnyx6bl KpoBM I. XapbKoBa.
DpUTPOLMUTLI TPUKAbI OTMbIBAZIN OT MIA3Mbl U IEAKOLU-
TapPHbIX KOMMOHEHTOB KPOBW C MOMOLLbIO LLeHTpUbyru-
poBaHusa npu 1200 g B TeyeHne 10 MUH NPUY KOMHATHOM
TemnepaType B pacteope A (150 mM NaCl, 10 mM Tpuc-
HCI (pH 7.4)). OTMbITble 3pUTPOLUTLI, UHKYBUPOBaAHHbIE
B cpese PuHrepa (125 mM NaCl, 5 mM KCl, 1 mM MgCl,,
1mM CaCl,, 32 MM HEPES (pH 7.4), 5 MM rtoko3a, 0.5%
BCA), cny*unm KoHTponem.

K annKBOTam OTMbITbIX 3pUTPOLMTOB (2 M) fo6as-
NnAnn pasHble 06bembl 30 %-HbIX PacTBOPOB MKULEpoa
(mpwn 20°C) n N3 (npu 5 °C) PactBopbl KMA gononHu-
TeNbHO cogeprkann 125 mM NaCl, 5 mM KCl, 32 mM
HEPES (pH 7.4). PaBHOBecHble KOHLUeHTpauuu KIA B
KNETOYHbIX CycneH3nax coctaBnanm ~20%. SputpouunTsl
3aMOPaXKMBA/IM NOTPYKEHMEM B KUAKUM a30T (-196 °C).
OTorpes npoBoauau B BogsaHou 6aHe npu 42 °C. Nocne
pa3mopaxkMBaHUA OTAE/bHbIE ANIMKBOTbI 3PUTPOLUTOB
oTmbiBanu ot KMA. 1na 06pa3uos, cogepiKalimx rnue-
pOA, OTMbIBKA BbINO/IHEHA B 3 3Tana METOAOM LLEHTPU-
¢byruposaHus (1200 g, 5-7 muH) ¢ ucnonbsosaHnem 600
MM NaCl (nepsas oTmbiBka) 1 150 mM NaCl (BTopas u
TpeTbs OTMbIBKM). [NA 3pUTPOLUTOB, KPUOKOHCEPBU-
poBaHHbIX € 131, OTMbIBKa BbINO/JIHEHA 1-3TaMHbIM LleH-
TpudyrnposaHvem (800 g, 5-7 MMH) C NpUMeEHeHUEM
pactBopa A. Pa3amMopoXKeHHble KNeTKM pa3BoguMAM B PaB-
HoBecHbIX cpen KMA (20%), cogepskawmx 125 mM NaCl,
5 mM KCl, 32 mM HEPES (pH 7.4), a KneTku, oTMbITble OT
KMNA — B pactBope PuHrepa Ao KoHueHTpauum 107 kne-
TOK/MA 1 MHKYBUpoBanu B TeueHue 1 1 24 u. [ina nusme-
PEHMIA KOHLEHTPALMIO KNETOK CHMXanun Ao 10° knetok/
MJ/1 B COOTBETCTBYIOLLMX PACTBOPAX, COAEPNKALLUX BCe
BblLLEYKa3aHHble KOMMOHeHTbI 1 2.5 MM CaCl,, n fobas-
nann 5 mkn aHHekcnHa V-FITC. KneTtkn nHKRybuposanm
B TeMHOTe B TeyeHue 20 MWH 1 onpeaenany cBA3blBa-
HWe KneTKamu aHHekcuHa V-FITC meTtogom npoTou-
HOM  uMTODNYyOPUMETPUU

rnobuHa Bblpakanu B NpoLeHTax, npuHMmas 3a 100%
remonuns aputpoumToB B npucytctemm 0.1% petepreHTa
TputoHa X-100.

CTaTucTMYeckyto 06paboTKy pe3ynbTaToB BbINOIHA-
1 € ucnonb3oBaHmem “Statgraphics plus 2.1 for Win”.
BbI6GOPKM MMeNIn HoOpManbHOE pacnpeaesieHne no Tecty
KonmaropoBa—CmnpHOBa. DKCNEPUMEHTbI NPOBEAEHbI
Ha KpoBW 6 AoHOpOB (n = 6). [lJaHHble npeacTaBaAeHbI
B BuAe M + SD (cpeaHee 3HayeHMe * cTaHAAPTHOE OT-
KNOHeHMeE). Pasnnuma mexay 3SKCnepumMeHTaNbHbIMU
rpynmnamu oLeHMBaAn ¢ NOMOLLbIO TecTa Konmaroposa—
CmupHoBa.

Pe3ynbTaTbl uccnegoBaHuii u ux obeyxaeHue. 3a-
MOpPaXKMBaHNE IPUTPOLUTOB NOJ, 3aLLMUTON FAMLEPONa
n N3l npMBOAMAO K MOABNEHUIO KNETOK, CBA3bIBAIO-
LLMX aHHEKCKH (puc. 1 6, B), KOTopble Ha rMcTorpammax
pacnpegeneHva npeactaBaeHbl 30HOM Mapkepa M2.
9TO yKas3blBaeT Ha 3KcTepHanmsaumio PC Ha nosepx-
HOCTU OTAENbHbIX KAeToK. B obpasuax, copepralumx
M3, KONMYECTBO KNETOK C HAPYLUEHHON acMMMETPUEN
®C 6onbwe, Yem B 06pasLax, COAEPNKALLUX TULEPO
(tabn. 1). Takum obpasom, B npucyTcTBum obounx KA
noA, BIMAHMEM LIMK/IA 3aMOPaArKMBAHUA-OTOrpPEBa B He-
KOTOPbIX K/IeTKax MpoUCXo4uT nepepacnpeseneHue
MeMbpaHHbIX Annuaos. OQHAKO AaHHble HapylleHuA
He BeAyT K IM3UCY KNETOK MPW YC/IOBUM COXPaAHEHMA
KMA B cpeae, 4To noATBepKAaeTcA HU3KMM YPOBHEM
remonusa B npucytcteum MN3C (tabn. 2). Cnegosatesb-
HO, HapylleHWe AUMNUAHOM aCUMMETPUM MPU KPUO-
KOHCEPBMPOBaAHUM XapaKTepu3yeT NPOLLeCChl, KOTOpble
He CBA3aHbl C HEMeJ/IeHHbIM pa3pyLeHnem KAeToK, a
cKopee onpezenAT nNpobiembl UX CTPYKTYPHO-OYHK-
LLMOHa/IbHOM MOZIHOLLEHHOCTU NpKu nepeHoce B ¢u3no-
JIOTUYECKMEe YCNOBUA BCAEACTBME U3MEHEHWUI MWUKPO-
OKpYKeHUs nepubepuyeckmx U MHTerpaabHblx 6esKkos
MeMbpaHbl 3pUTPOLUTOB.

B cBA3M C 3TMM BaXKHO OLEHUTb U3MEHEHUA B MeM-
6paHax Npu NepeHoce KPUOKOHCEPBUPOBAHHbBIX KNETOK
B du13nonornyeckue ycnosumsa in vitro. OTMbIBKa rauue-
pona M3 CycneHsnum KPUOKOHCEPBUPOBAHHBIX 3PUTPO-
LMTOB HeobxoaAMMa A/A MX BO3BPALLEHMA B OpPraHM3m
[1]. YoaneHue N3T He ABnseTca 0b6A3aTeNbHON Npoue-
AYPOM, NOCKONbKY OH He MPOHMWKAaeT yepe3 membpa-
HY, M B Cay4vae TpaHcdysMM ero KOHLEHTpauus mora
6bl YMEHbLIATLCA NyTEM MOCTEMEHHOrO Pa3BefeHus B
pycne Kposu. Tem He MeHee, 417 OLUEHKN U3MEHEHW
nccnenyemoro napameTpa B pU3NM0N0rnyecknx ycnoBum-
Ax M3l TakKe 6bln yaaneH, n OTMbITble KNETKU NepeHe-
CeHbl B pacTBop PuHrepa.
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PucyHokK 1 — Muctorpammbl pacnpeaeneHna aHHeKCUH V-FITC—meyeHHbIX 3pMTpoLUTOB nocne
pa3mopaxkuBaHua U MHKy6auumu B npucytcteum KA B teyenune 1 4 npu 37 °C. HaTUBHbIe 3pUTPOLUTLI
B cpeae PuHrepa (a), KoMOKOHCEPBUPOBAHHbIE IPUTPOLUTBI B NPUCYTCTBUM rnuepona (6) u M3 (B).
MpepacTaBneHbl TUNUYHbIE AAHHbIE IKCNEPUMEHTA.
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Ta6nuua 1 — Koanuectso spuTpoLUTOB C
HapyweHHo acummeTtpuein ®C B membpaHe
NpU KPUOKOHCEPBUPOBAHUM NOA 3aLLUTOM
rnvuepona v N3

KonnuyecTtBo K/eTOK, CBA3bIBAIOLWMX aHHEKCUH V — FITC, %
Ycnosusa PacTsOp Bpems

3KCnepMmeHTa 1uyac 24 yaca
KoHTposb Cpepa Punrepa| 0.5+0.2 1.2+0.5
Stan rauepon 14.3 +2.4* -
pasmopaxknsaHua nar 27.2+5.2* -
OTmbiBKa rnueponalCpega Punrepa| 1.8 +0.5% | 2.6+1.3
OTtmbiBKa M3r Cpepa PuHrepa|15.2 +4.1*(38.9 + 6.4**

MpumeyaHue: CTaTUCTUYECKME OTIMYMA [AHHbIX OT KOHTPONA B CO-
OTBETCTBYIOLME Nepuoabl Bpemeru (* p<0.05, ** p<0.001).

Ta6bnuua 2 — lemonuTMUeCcKue NoBpeXKaeHns
3PUTPOLUTOB NPU KPUOKOHCEPBUPOBAHUU B
npucyTcTBMKU ruuyepona u N3T
YpoBeHb remonusa, %
STan 3aMopa*kMBaHUA-OTOrpesa
ranuepon nar ravuepon nar
6.3+1.8* 2.0 +0.5* 17.2 £3.5%*% | 24.0 + 3.9%*

MpumeuaHue: CTaTUCTUYECKME 3HAYUMbIE OTINYMUA MEXKAY COOTBET-
cTeytowmMMm rpynnamm (* p<0.001, ** p<0.01).

ST1an oTmbiBKM KMA

B ¢dusmnonornyeckmx ycnosusx in vitro sputpoum-
Tbl, 3aMOPOXKEHHbIE NOJA, 3alLMTOW FAMLepona, nocse
yaanexnua KMA He oT/iM4anocb OT KOHTPOJAA MO YnUcay
KNEeTOK, CBA3bIBAIOWMX aHHEKCUH Ha npoTaxeHun 1 4
(tabn. 1). B To Bpems Kak KNeTKWU, 3aMOPOXKEHHbIE Nog,
3awmTon M3, NPoAEMOHCTPUMPOBANM 3HAYUTE/IbHbIE
HapyweHna acMMmmeTpuyHoro pacnpegenedna ®C B
aHanornyHbix ycnosuax (taébn. 1). AauTtenbHaa MHKy-
6auma (24 4) spuTpoLMTOB, OTMbITbIX OT KMA, 6onee
ybeanTenbHO AEMOHCTPUPYET pasimvuma 2 rpynn Kpu-
OKOHCEPBMPOBAHHbIX 3PUTPOLUTOB. 3aMOPONKEHHbIE
NnoZ 3alLMTOW FMLepona KNeTKM OCTaBaauChb CTabuib-
HbIMM, @ KOJIMYECTBO K/JETOK, CBA3bIBAIOLLMX aHHEKCUH,
CTaTUCTUYECKM He OTIMYANOCh OT KOHTpona (Taba. 1). B
QHANOTMYHbIX YCNIOBUAX B 0OpasLLax, 3aMOPOMKEHHbIX B
npucytcTeum M3, oTMeYanocb HapacTaHWe remosnmsa
M yBE/IMYEHUE YNCNIA KNETOK, CBA3bIBAOLLMX aHHEKCUH
(rabn. 1).

MN3BecTHO, 4TO aKcTepHanm3saumua PC KoHTponmpyerT-
€S NnepeHocYnKaMu IMNUA0B — CKpambaasamum u daunna-
3amu [5]. Mpu 3Tom cKpambiasbl paspyaeT acumme-
Tpu4yHoe pacnpegeneHve ¢ochonmnmuaos, cnocobcTayn
nossneHuto ®C Ha NoOBepXHOCTU MmembpaHsbl, a davna-
3bl BOCCTaHAB/IMBAIOT HAPYLIEHHYIO aCMMMeTpUIo, ne-
peHocAa @C 13 HapyKHOTO IMNUAHOIO COA BO BHYTPEH-
HUI. AKTUBaUMA cKpambsias U MHIMBUpoBaHue damnnas
NPOUCXOAAT NapanfieNlbHO U Bbi3bIBAKOTCA MOBbLIWEHWU-
€M YPOBHSA BHyTpWKaeToyHoro Ca?* [5]. YuuTbiBas, uto
M3l BbI3bIBAET CHUMMKEHME aKTUBHOCTU Ca?*-ATdasbl [3]
n cnocoberteyet Bxoay Ca%* B apuTpountbl [4], Habnto-
[aeMble HapylweHus acummetpum ®C B membpaHe spu-
TPOUUTOB MOFYT BbITb CNEACTBMEM KPUTUYECKOrO yBe-
INYEHUs KoHUeHTpaumm Ca®* B Knetke. CTabunbHOCTb
KNETOK, KPMOKOHCEPBUPOBAHHbLIX B MPUCYTCTBUWN NN-
Lepona, U CoXpaHeHWe AUNULHON aCUMMETPUN MOTYT
6bITb 0BYCNIOBNEHbI HE3HAYUTE/IbHbIM, B CPaBHEHWUM
¢ M3T, BanAaHmnem gaHHoro KIMA Ha perynauuio ypoBHA
BHYTpMKNeTouHoro Ca?* [7,8].

BaKHO OTMETUTb, YTO HapyLleHMe NUNUAHOM acum-
METPUMN 3aTparnmBaeT OTAe/bHble KAEeTKU. Takaa peak-

LM MOKeT b6bITb 06yCNI0OBNEHA BO3PACTHOMN reTeporex-
HOCTbO 3PUTPOLMTOB N HEOLHOPOLHOCTHIO USMEHEHW
dU3MYECKMX MapaMeTPOB Cpeabl NPU 3aMOPAXKMBAHUN-
oTTanBaHuMK. CTapble SpUTPOLMTDI, XapaKTepuaytoLine-
€Al HU3KOW aKTUMBHOCTbIO Ca**-ATda3sbl U MOBbILLEHHbIM
ypoBHem Ca?* [9,10], B cpaBHEHUM C FOHBIMW U 3PENbIMM
KneTkamu, 6onee YyBCTBUTE/IbHBI K CTPEccam U MOryT
nepBbIMM  AEMOHCTPUPOBATb MPU3HAKM HapyLeHuA
AMNUMAHOM acummeTpun. Kpome Toro, pasHasa yaanex-
HOCTb KNETOK OT CTeHOK KOHTelHepa npegnonaraer
HEOAHOPOAHOCTb U3MEHEHWUI cpeabl B npeaenax 3a-
MOparkmBaemoro obpasua. B pesynbrate HeKkoTopble
KNETKM MOryT 6biTb NOABEPHYTHI B BonbLeEM Mmepe He-
61aronpUATHBLIM BO34ENCTBUAM, YTO TaKKe onpeaenset
WX OMEPENKAIOLLYH PEeAKLMIO MO OTHOLIEHWUIO K APYyrum
K/IeTKaM Ha CTpecc U HapylweHne acummeTpum ®C.

MepepacnpegeneHne PC cBA3AHO C M3MEHEHMEM
3/1aCTUYECKMX CBOMCTB MeMbBpaHbl 3puTpounTos baaro-
[apA HapyweHWAM B3aMMOLENCTBUMA LIUTOCKENETHbIX
6enkoB ¢ ®C [11,12]. OTo cnNOCOHBCTBYET CHUMKEHUIO
YCTOMYMBOCTU KaeToK. OyeBMAHO, NOSTOMY B YC/IOBU-
AX aKTMBHOro meTtabonumsma npu 37°C B cpeae PuHrepa
KNETKU, KPMOKOHCEPBMPOBAHHbIe B npucytcTeum 3T,
NPoABAAIOT HECTAabUAbHOCTb U NoABEpPratTcA remonu-
3y, B OT/IM4ME OT SPUTPOLUTOB, KPMOKOHCEPBUPOBAH-
HbIX NOZ, 3aLWMTON INLEPONA.

BbiBOAbI

1. Vicnonb3oBaHuWe mmLepoaa nNpu KPUOKOHCEPBU-
pPOBaHUM 3PUTPOLIUTOB COMPOBOXKAAETCA MOABAEHNEM
nonynAauMn KNeToK € 3KcTepHanmsoBaHHbim PC. JaH-
Hble KNIETKN ABNAIOTCA NOBPEXAEHHbIMU U Pa3pyLUatoT-
cA B npouecce oTMbIBKM KIMA 13 pa3aMopoXKeHHbIX Kne-
TOYHbIX CYCMEH3U.

2. Pa3amopoXKeHHbIe 3pUTPOLMUTLI, OTMbITblE OT Mn-
Lepona, npu nepeHoce B GU3NONOTMYECKME YCAOBUA in
vitro cnocobHbl NOALEP!KMBATbL ACMMMETPUYHOE pac-
npeaenerne ®C B membpaHe M ocTatoTca CTabusbHbI-
Mu.

3. B aputpoumTax, KPMOKOHCEPBMPOBAHHbIX NOA, 3a-
wmtoi M3, HecMOTpsA Ha HWU3KUI YypPOBEHb remosansa
noc/sie pa3amoparkMBaHuA, HapyLeHUA aCUMMETPUYHOTO
pacnpegenerHma ®C B membpaHe npoasnstoTcs B 60/1b-
el cTeneHun, Yem Npu UCNONb30BAHUN FNLEpPONa.

4. MonynAauma spuTPOLUTOB C SIKCTEPHANTU30BAHHbIM
®C obHapyxkmBaeTca nocsie oTMbIBKK M3 U3 KPUOKOH-
CEPBUPOBAHHbIX 06PA3LOB U UX KOJIMYECTBEHHO YBENN-
YMBAETCA NPU NPOAOIKUTENBHOW MHKYBauuK B pusno-
JNIOTUYECKUX YCNOBUAX in vitro. HecTabunbHOCTb KNETOK,
3aMopOoXKeHHbIx ¢ MN3T, B GM3M0A0rMYECKUX YCAOBUAX in
vitro moxeT 6bITb 06yC/I0BNIEHA HAPYLIEHUAMMU acuM-
meTpun ®C n 6enok-NMnuaHbIX B3aMMOAENCTBUI B
membpaHe.

MepcnekTnBbl AanbHelWUX muccnepoBaHuin. bro-
KMpPOBaHME HapyLEeHUN AMNUAHOM aCUMMETPUN MeM-
6paH 3pUTPOLMTOB MOMKET ObiTb MCNONb30BAHO ANA
YNIYULIEHNA Pe3yNbTaToOB KPUOKOHCEPBUPOBAHUA 3dpu-
TPOLUTOB C MPUMEHEHMEM KOHCEPBAHTOB, OCHOBAHHbIX
Ha HenpoHuKatowmx KA. B HacToAwee BpemA M3BeCT-
Hbl MHIMBUTOPbLI, TOPMO3ALWMe U Aaxe 6AOKUpyowme
pa3BuTMe aKcTepHanmsauum OC [6]. K ux umcny oTHO-
CATCA aHTMOKCUAAHTbI, KaTexoNamMUHbI, HUTPOMpyccusa,
HaTpua (goHop NO) un pag apyrux papmaueBTUYECKUX
Bewects. OfHAKO NpPaBUAbHbIA BbIBOp HAOKMpPYHOLLMX
areHTOB HapyLEeHW MNUAHON aCUMMETPUM NPU Kpu-
OKOHCEpPBMPOBaHMM B MPUCYTCTBUN HEMPOHUKAOLLMX
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KMNA poneH 6bITb OCHOBaH Ha AeTa/IbHOM NOHMMaHUN
MexaHM3Ma HapyLUeHWA JaHHOro napameTpa, KOTopbIi
MOXeT BKYaTb A0MNONHUTENbHbIE PeryaaTOpHble 3Be-
HbA. TeM He MeHee, yuuTbiBas Beayllyto ponb Ca? B
KayecTBe Tpurrepa HapyLweHuin acummetpum ®C, KO-
YyeHMe B COCTaB KPMOMPOTEKTOPHbIX cpes dapmaLeBTu-

yeckux bnokatopos Ca?, MOXKeT BbITb NEePBbIM LIATOM
ONA U3YYEeHUA BO3SMOMKHOCTU BUOXMMUYECKOW KOppeK-
LLMN HEraTUBHbIX MPOLECCOB, CBA3AHHbIX C IKCTEPHANN-
3aument ®C, B spuTpOLMTaX B NPUCYTCTBUN HEMPOHUKA-
towmx KMA.
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ACUMETPUYHUI PO3MOAIN ®OCOATUOUNCEPUHA Y MEMBPAHI EPUTPOLIUTIB NMPU KPIOKOHCEPBYBAH-
HI 3 TNILEPO/IOM | NONIETUNEHINIKONEM

3emnaHcbkux H. I., babiituyk J1. A., MuryHosa P. K.

Pestome. MopylieHHs acumeTpii pocdhatuguncepuna (®C) B8 membpaHi Nif BNAMBOM KPiOKOHCEPBYBAHHA epu-
TpouuTie ntogmHu 3 rniveponom i NMEM gocnigkeHi 3a gonomoroto aHHeKcmHa V-FITC meTtogom NpoTOYHOI LMTOMe-
Tpii. 3aMOpPOXKYBAHHA 3 IMiLEePONOM Beae A0 NOABM NONYAALIT KNITUH 3 eKcTepHanizoBaHum PC, aAka pyMHYETbCA NPy
BiAMMBAHHI KPiONPOTEKTOPY 3 PO3MOPOXKEHUX 3pa3KiB. MepeHeceHHA B ¢i3ionoriyHi yMOBW in vitro epuTpouuTiB,
BIAMUTUX Bif, rNiLepony, xapakTepuyeTbes 36eperkeHHAM acumeTpii PC B membpaHi i cTabinbHicTIO KNITUH. BuKo-
puctanHs MET Beae Ao 6inbwnx, B NOPIBHAHHI 3 riLeponom, nopyweHb po3noginy ®C B pO3MOPOIKEHUX €PUTPOLLU-
Tax, He3BaXkakouM Ha HU3bKMI piBeHb remonisy. IHKybaLia epuTpounTis, BiamuTux Big MNEN, B disionoriyHmMx ymosax
in vitro cynpoBOAXKYETbCA 36iNbLIEHHAM YMCNa KNITUH 3 eKcTepHanizoBaHum OC i nigBulLeHHAm remonisy. MNopy-
LWEHHA B MembpaHax epuTpoLmTiB Npu 3amMopoXKyBaHHi 3 MEl, BoueBMAb, BUKAMKaHI NiABULWEHHAM KOHUEHTpaLil
Ca? B KNiTWHI. BkntoueHHA 6nokaTopis Ca?* [0 cKnafy KpioKOHCepBaHTY Ha OCHOBI MET Moxe cnpuaTh 36epeskeHHo
acumeTpii PC B membpaHi epUTpoLUTIB i NiABULLEHHIO iX CTabiNbHOCTI.

KnouoBi cnoBa: eputpount, MembpaHa, finigHa acMMeTpina, KpioKoHcepByBaHHA, rmiyepon, MET.

ACUMMETPUYHOE PACMNPEAENEHUE ®OCOATUAUICEPUHA B MEMBPAHE 3PUTPOLIUTOB NMPU KPUOKOH-
CEPBUPOBAHUU C MULLEEPONOM U NOJIMSITUNEHTNTUKONEM

3emnaHckux H. I., babuituyk /1. A., MuryHosa P. K.

Pe3tome. HapyweHusa acummeTtpun docoatnanncepmHa (©C) B membpaHe nos BAMAHUEM KPUOKOHCEPBUPOBA-
HUA SPUTPOLUTOB YenioBeKa ¢ ruueponom u N3 nccneposaHbl ¢ NomoLbio aHHeKenHa V-FITC metogom npoTou-
HOM UMTOMETPUU. 3aMOPaAXKMBaAHME C INTULLEPOSIOM BEAET K NOABAEHMIO NONYAALMM KNETOK C IKCTEPHAIN30BAHHBIM
®C, KoTOpan paspyLwaeTca NpuM OTMbIBKE KPUMOMPOTEKTOPA M3 Pa3MOpPOXKeHHbIX 06pa3LoB. NepeHoc B pusmonoru-
YyecKue yCn0BM1A in Vitro spuTPOLMTOB, OTMbITbIX OT IIMLEPO/IA, XapaKTepmayeTca coxpaHeHnem acummeTtpum ®C B
MembpaHe 1 cTabuabHOCTbIO KNeToK. Mcnonb3osaHue MIT BegeT K 601bWNMM, B CPAaBHEHWUM C IULLEPOSIOM, Hapy-
weHnam pacnpegeneHma ®C B pa3smopoKeHHbIX 3pPUTPOLUTAX, HECMOTPA Ha HU3KUI ypOBEHb remonmn3a. MHKyba-
LA 3pUTPOLUTOB, OTMbITbIX OT I3[, B PU3MONOTMYECKUX YCAOBUAX in Vitro CONPOBOXKAAETCA YBE/IMYEHMEM YMC/A
KNETOK C 3KCTepHann3oBaHHbIM PC 1 NoBbleHWEM remonmsa. HapyweHua B membpaHax spuTpoLMTOB NPU 3aMo-
paskmBaHum ¢ M3M, No-BMAMMOMY, BbI3BaHbl MOBbILEHWEM KOHLEeHTpauun Ca?* B KneTke. BkitoueHne 6aokaTopos
Ca* B cocTaB KPMOKOHCEPBaHTA Ha ocHoBe M3l MorKeT cnocobcTBOBaTb coxpaHeHMto acummeTpun ®C B membpaHe
3PUTPOLMUTOB M NOBbILLEHUIO UX CTaBUNBHOCTY.

KntoueBble cnoBa: sputpount, MembpaHa, iMNuAHas acCUMMeTPUA, KPMOKOHCepBUpoBaHue, muuepon, MN3T.

ASYMMETRIC DISTRIBUTION OF PHOSPHATIDYLSERINE IN ERYTHROCYTE MEMBRANE AT CRYOPRESERVATION
WITH GLYCEROL AND POLYETHYLENE GLYCOL

Zemlianskykh N. G., Babiychuk L. A., Migunova R. K.

Abstract. This study was aimed to the examination of disturbances of the transmembrane distribution of phos-
phatidylserine (PS) in human erythrocytes under freeze-thawing effect in the presence of glycerol and polyethylene
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glycol (PEG), as well as after removing of cryoprotective agents out of freeze-thawed samples and transferring them
to the physiological conditions in vitro. The PS externalization on the outer surface was assessed using annexin
V-FITC by the flow cytometry. Freezing with glycerol that penetrates through the plasma membrane led to the ap-
pearance of cell population with externalized PS, which was destroyed during the cryoprotectant removal out of the
thawed samples. Transfer of the glycerol-free erythrocytes to the physiological conditions in vitro was characterized
by the preserved PS asymmetric distribution in the membrane and the cell stability. Freezing of erythrocytes in the
PEG presence, which does not penetrate through the plasma membrane, caused more pronounced disturbances of
PS asymmetry in erythrocytes in a comparison with glycerol, despite a low level of hemolysis after freeze-thawing.
PEG removal is not a mandatory procedure, since it does not penetrate through the membrane, and in the case of
transfusion, its concentration could be reduced by gradual dilution in bloodstream. However, to determine the abil-
ity of erythrocytes cryopreserved with PEG to control the PS asymmetry distribution in membranes under the physi-
ological conditions, the cryoprotectant was removed and the washed cells were transferred into Ringer’s solution.
The incubation of PEG-free erythrocytes under the physiological conditions in vitro was characterized by an increase
in the amount of erythrocytes with the externalized PS and a rise of hemolysis with the course of time that indicated
the instability of structural and functional parameters of the erythrocytes. Disturbances in cell membranes during
freezing with PEG can resulted from an increase in Ca?* concentration inside the cells, since previously a reduction
in Ca?*-ATPase activity and an increase in Ca% influx at the presence of this compound have been shown, unlike
glycerol, whose effect on the intracellular Ca?* regulation was not as substantial as in the PEG presence. Increasing
in Ca** concentration inside the cells stimulates the scramblase activity and the flipase inhibition that leads to the
PS externalization in erythrocyte membranes. The instability of the cells frozen with PEG under the physiological
conditions in vitro may be related to impaired protein-lipid interactions in the membrane-cytoskeleton complex due
to the disturbances in the PS asymmetry distribution. Prevention of the lipid asymmetry distortion in erythrocyte
membranes can be used to improve the outcomes of erythrocyte cryopreservation with the use of cryoprotective
medium based on non-penetrating substances. Given the most likely mechanism of the development of disorders
in membrane structure the inclusion of Ca? blockers in the PEG-based cryoprotective medium can help to preserve
the PS asymmetry in erythrocyte membrane and increase the cell stability.
Key words: erythrocyte, membrane, lipid asymmetry, cryopreservation, glycerol, PEG.
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XAPAKTEPUCTUKWN HATUBHOW U KPUOKOHCEPBUPOBAHHOW KY/NIbTYP KNETOK

,CI,EPMAﬂbHOﬁ NANMUINIbI BUBPUCC HOBOPOXAEHHbLIX KPOJIMKOB
MHcTUTYT Nnpobnem Kpnobuonorum n KpuomeguumHol HAH YKpauHbli (r. Xapbkos)
ksuhanew7@gmail.com

CBA3b Ny6/MKauMmM C NNAHOBbIMM HAy4yHO-UCCNe-
AoBaTenbCckKMmu pabotamu. Pabota BbiNosHANACL B
paMKax BEAOMCTBEHHOW TeMbl OTAeNa KPUOIHOOKPU-
HonorMm MHCTUTYTa nNpobaem Kpuobuosnormm u Kpuo-
megmumHbl (MMKuK) HAH YKkpaunHbl « CTPYKTYPHO-OYHK-
LioHaNbHi BNaCcTUBOCTI Ta npoJiibepaTMBHMIA NOTEHLian
€HAOKPUHHUX TKAHWUH NPU KyNbTUBYBAHHI, KPiOKOHCEp-
BYBaHHi Ta TpaHcniaHTayii» (wudp 2.2.6.64, Ne rocy-
[apCcTBeHHOM permctpaumm —0111U001196).

BcrynneHue. BosnocsHoi GoONAMKyn npeacrasaset
coboi cnoXKHOe AMHAMWYHO MeHAlleeca obpasoBa-
Hue, cOpPMMPOBAHHOE KNETKAMM PasHbIX 3apogbllle-
BbIX c/10eB. Ocobblli MHTepec NpeAcTaBAAET Ny KAETOoK
AepmanbHoi nmanuanbl (4M), aaalOWMXCA NPOU3BO-
OHbIMW HepBHOro rpebHs, obecneunBaoWwmnx pPocT Bo-
/loca B TeYEHMe KU3HU. Bubpuccobl asnatotca Hanbonee
paHHUM TUNOM BONOC, KOTOPbIE 3aKNablBalOTCA B OH-
TOoreHese, OHM MMeIT pAf 0cobeHHOCTeW, Bbli3blBato-
LWMX ocobblt MHTEpPeC — CBA3b C MexaHopeLenTopamm
W YYBCTBUTE/IbHBIMW HEMPOHAMM, MOCTOSHHbIV penapa-
TUBHbIN POCT B TeueHwue Ku3Hu. [N obecneumsaet dpop-
MMPOBaHMWe BCEX TUMOB K/IETOK, B cocTaBe BO —obnasa-
eT WUPOoKMM anddepeHUMPOBOYHbIM NOTEHLMANOM. B
psae uccnegoBaHuii [1,2] o6HapyKeHo, YTo Npu nome-
LLEeHMM B ycnoBmsa in vitro knetku [ coxpaHAT CBOM

anbdepeHUMPOBOYHbIV NOTEHLMAN, U B ONPeaeNeHHbIX
ycnoBuax GOpMUPYHOT TPEXMEPHbIE CTPYKTYPbl — My/lb-
TUKNeTouHble chepomngbl (MC), obecneumBas, TakuUm
06pa3som MWKPOOKPYKeHMe, NPUBANKEHHOe K ecTe-
CTBEHHOW cpege. M3yyeHne CBOMCTB MYJbTUKIETOYHbIX
coepongos (MC) No3BOAUT Nydlle MOHATb Fymopasib-
Hble M MPOCTPAHCTBEHHbIE B3aMMOAENCTBUA, KOTOpble
MHULMUPYIOT CreuuManmsaumio Knetok. Kpome Toro,
NAPUNOTEHTHbIE KNeTKM 13 AN MmoryT npeacrasnAtb
WCTOYHUK KNETOK, NPUTOAHbIX A7 3aMeCTUTENbHON Te-
panuu, NOCKO/bKY UX NONyYeHMEe ABAAETCA OTHOCUTE b-
HO Ma/IOMHBa3MBHbIM, a NPOIMdEPATUBHbIN NOTEHLMAN
BbICOK, YTO JaeT BO3MOMKHOCTb B KOPOTKUI CPOK Ha-
KanimBaTb 3Ha4MTe/IbHOE KOAMYecTBO buomatepuana.
MOCKONbKY KPWOKOHCEPBUPOBaAHUE ABAAETCA €AMH-
CTBEHHbIM CMOCOBOM [0/ITOCPOYHOrO XpaHeHua 6uo-
maTepuana, HeobxoAMMO NOHMMAHME TOrO, HAaCKObKO
BO3A4elCTBMEe (AKTOPOB KPUOKOHCEPBUPOBAHUA BAUA-
IOT Ha POCTOBbIE XapaKTEPUCTUKM JAaHHOFO TUMA KNETOK.

Uenbto pabotbl 6bin0 UcCCnefoBaHWE BAUAHUA
KPUOKOHCEepBMPOBaHMA Ha MopdodyHKLMOHANbHbIE
CBOWCTBA M POCTOBOM MOTEHLUMAN KyabTypbl KaeTok Al
BMOPUCC KPOSIMKOB B HATUBHOM M KPMOKOHCEPBMPOBAH-
HOW Ky/NIbTypax v NP pas/inyHbIX Crocobax KyabTUBMPO-
BaHwMA.
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