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Cryopreservation of Cell Culture Derived
from Dorsal Root Ganglia of Neonatal Pigs

Pedbepar: Y poboTi gocnigxysanu BMMUB KPIOKOHCEPBYBaAHHA 3 Pi3HUMW KOHUEHTpauigMmn aumeTtuncynedokengy (AMCO) Ha
MopOyHKUIOHaNbHI BMACTMBOCTI KyNbTypu KNiTWMH 3i cniHanbHux ranmmiie (KKCI). KnituHu oTpumyBanu 3i cniHanbHWX raHrmiis
HeoHaTasnbHWUX MOPOCAT i KynbTUBYyBanv npoTsarom 7 Aib y xusunsHomy cepeposuLli a-MEM 3 10% detanbHoi Tensayoi cuposatku ($PTC).
3a JaHuMX yMOB CMOCTepiraeTbCsl MepeBaXHU PiCT MaHTiHMX rmioumTiB (MIM). OTpumaHy KynbTypy KpiOKOHCepByBamu Ha etani 1 3i
wewuakicTio 0,5 rpaa/xs go —20°C, Ha eTtani 2 — 1 rpaa/xB go —80°C, nicns Yoro 3paskv 3aHyproBanu y pigkui as3otr. BukopuctoByBanu
KpiO3axXMCHI po34nHM Ha OCHOBI cepepoBuwa a-MEM, 25% OTC ta OMCO B kiHUeBMX koHUeHTpauisx 5, 7,5 ta 10%. Micna Bigirpisy
Ha 10-Ty goby CyOKynmbTMBYBaHHSI OLHIOBANM XUTTE3AATHICTb KMITWH, BIAHOCHY MIIOLLY MOHOLIAPY Ta EKCMpecito ryTamMiHCUHTe-
Tasun sk mapkepa MI. BctaHoBneHo, wo kpiokoHcepyBaHHs KKCI™ 3 Bukopuctanham 7,5% OMCO 3abesnedye nicns Bigirpisy 87,7%
XUTTE3AATHUX KMiTMH Ta 85% BiAHOCHOI MOLLi MOHOLWApPY BiA iHTakTHoro koHTposnto. Kinbkicte MIT ctaHoBuna 6nmsbko 95%. Opep-
XaHi pesynbTati [03BOMSOTb PEKOMEHAyBaTU OOpaHui pexunM Ans HU3bKOTEMMepaTypHOro 36epiraHHst KynbTyp KniTwH, 36arave-
Hux MT.

Knio4yoBi cnoBa: KpiokOHCEpPBYBaHHS, KynbTypa KMiTUH, CMiHanbHi raHrmii, cateniTHi rmiounTy, AMMEeTUNCynbgoKeua, ryTamiHCUH-
TeTasa.

Abstract: The effect of cryopreservation with various concentrations of dimethyl sulfoxide (DMSO) on morphofunctional
properties of the dorsal root ganglia cell culture (DRGCC) was investigated in this research. Cells were obtained from
the dorsal root ganglia of neonatal piglets and cultured for 7 days in a-MEM with 10% fetal calf serum (FCS). These condi-
tions promote a predominant growth of satellite glial cells (SGCs). The resulting culture was cryopreserved at a rate of
0.5 deg / min to —20°C at stage 1, and at 1 deg / min to —80°C at stage 2, afterwards the samples were immersed into
liquid nitrogen. Cryoprotective solutions based on a-MEM, 25% FBS, and DMSO at final concentrations of 5, 7.5, and 10%
were used. After warming on day 10 of sub-culturing, the cell viability, relative monolayer area, and glutamine synthetase
expression as a marker of SGCs were evaluated. It has been established that cryopreservation of DRGCC using 7.5%
DMSO provided 87.7% of viable cells after warming and 85% relative monolayer area in respect of an intact control.
The amount of SGCs was about 95%. The obtained results allow us to recommend the chosen regimen for low temperature
storage of cell cultures enriched with MG.

Key words: cryopreservation, cell culture, spinal ganglia, satellite glial cells, dimethyl sulfoxide, glutamine synthetase.

Crninanpni rannmi (CI') B emOpiorenesi ¢op-
MYIOThCSI 3 KIIITHH-TIOXIJJHUX HEPBOBOTO T'PEOCHSI.
[Ncronoriyno ra"miii MiCTUTH TiNla YyTIMBUX HEHU-
poniB (UH), siki OTOYEHI MaHTIHHUMH TIIOIUTAMH
(MT'), 1 mieniHi3oBaHi HepBOBi BoJjoOkHA. CriHAIBHI
TaHMIii MarOTh CIIONYYHOTKAaHUHHY Karcynay Ta Tpo-
IapKH €HJIOHEBPIIO 3 KPOBOHOCHUMH CyJIHHAMHU.

KynapTypu KITITHH, OTpHMaHi 3 YyTIMBHUX TaHT-
TiiB, MIUPOKO BUKOPUCTOBYIOTH JJIS JOCIIJKEHHS
MOp(hOJIOTIYHHUX, PEHOTHIIOBUX BJIACTHBOCTEH HEM-
poHiB 1 nepudepudHoi i, eneKkTpodizionoriuHux
XapaKTepUCTHK HEHPOHIB, MEXaHi3MiB Iepeaadi Hep-
BOBOTO iMIYJIbCY, HOIMIIEMINI i pereHeparii akco-

HiB [12, 13, 19]. OcKijabKK YyTIHMBI TaHIIil B eMO-
]
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In embryogenesis the dorsal root ganglia (DRG)
are formed from the neural crest-derived cells.
Histologically, the ganglion contains the bodies of
sensory neurons (SN), which are surrounded by
satellite glial cells (SGCs) and myelinated nerve
fibers. The dorsal root ganglia have a connec-
tive tissue capsule and layers of endoneurium
with blood vessels.

Cell cultures derived from sensory ganglia
are widely used to study the morphological,
phenotypic properties of neurons and peripheral
glia, electrophysiological characteristics of neu-
rons, mechanisms of nerve impulse transmission,

nociception, and axonal regeneration [11, 12, 19].
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piorenesi GopMyIOThCSI 3 HEPBOBOIO IpeOeHs, BOHH
€ IIHHUM JDKEPEJIOM MYIBTUIIOTEHTHUX CTOBOY-
poBux kiituH [16, 17].

Ha ocobnuBy yBary criemiaiicTiB y rairy3i Meau-
KO-010JIOTIYHMX HayK 3aciyroByroTb MI' — rmiamb-
Hi KIITHHU TepudepuIHoi HEpBOBOI cHcTeMH. Pe-
3yIBTaTH TOCTIKEHb OCTAHHIX POKIB CBITJaTh PO
BayuBy ponb MI' y CTBOpeHHI MIKpOOTOYEHHS
UH, cunanTuuHili nepeaadi HEPBOBOTO IMITYJIbCY,
PELMPKYISIIl  Helpomeiaropy IyTamary, BiAro-
BiJi Ha 3amajeHHs abo MOIIKOIKEHHS Iepudepuy-
HOTO HEpBa, a TakoK y (opMyBaHHI MaTOIOTi4HO-
ro xpoHiuHoro 6oito [7, 18, 25]. BcraHoBneHo, 110
MI' maroTh XapaKTEepUCTHKH HEHpalbHUX CTOBOY-
POBHX KIIITHH Y KyIbTypi in vitro [3, 11, 26], Tomy
MOXYTh OyTH BUKOPHCTaHI B pereHepaTuBHIA MeJu-
IMHI.

3acTocyBaHHs JKUBWJIBHOIO CEpPElOBMIINA 3 JIOC-
tatHiM BMicToM (10-15%) ¢eranpHOi Temsgoi cu-
posarku (PTC) no3somnsie orpumaru 3i CI' KynbTypy
kiituH, 30aradeny MI [1, 4, 14, 23]. Januit mia-
xijg Oyyno peasizoBaHO B INPEACTaBICHIH poOOTI
JUIsL OTPUMAaHHSI KYJAbTYPH KJIITHUH CIiHAJbHHUX TaH-
oiiB (KKCI'), 30arauenoi MI.

BinmoBigHO 10 cydacHUX TEHACHIIN MO0 BIIO-
PSAKOBYBaHHS MPOBEIEHHS EKCIIEPUMEHTIB Ha TBa-
puHax [8], KpiOKOHCEpPBOBaHI KyIBTYpH KIITHH €
3pyYyHUM MarepiajJoM Ui BUpINIEHHS Oaratbox
Olomennuanx 3amad. [lpm mpomy [uIst excTpamoss-
mii OTpUMaHWUX MAHWX HA JIIOOUHY CIIJI BPaXoBY-
BaTH BHJ CKCIIEPUMEHTAJbHOI TBAPUHU SIK JUKEpE-
J1a OfiepKaHHS KYJAbTYPH KIITHH. Y IIBOMY acCIIeKTi
OUTBII MPUAHITHUM OO’€KTOM € CBHUHS, y SIKOi Oy-
JnoBa 1 (yHKIisT 0ararbOX OpPraHiB HE3PIBHSIHHO
OLITBII CXOXKi 3 JIFOACHKOIO, HIXK Y JIAOOpaTOPHUX TPH-
3yHiB [10]. Ha migcraBi HaBelIEHOTO BHILE MOXHA
BBaXKaTH, IO OJEPXKaHHS KYJIbTyp KJIITHH i3 TKa-
HUH CBUHEH € MEPCHEKTUBHUM.

KpiokoHCcepByBaHHS — 3araJbHONPUNHATHIA Me-
TOA JIOBTOCTPOKOBOTO 30epiraHHsl NEpPBHHHHUX Ta
MIePEeIIETUTIOBAaHNX KYIbTYp KIiTHH. OHAK Y TOCTY-
Hii HAYKOBIH JITEpaTypi BiACYTHI BiIOMOCTI OO
gymmmBocTi KKCI' 10 YnHHUKIB KPIOKOHCEPBYBaHHSI.

Meta poOoTH — OIIHKA BIUIMBY KPiOKOHCEPBY-
BaHHS 32 PI3HUX KOHIEHTpAIil AMMETHICYIb(OK-
cujly Ha MOP(GOQPYHKIIOHAIBHI BJIACTHUBOCTI KYJlb-
TYpH KIITHH 31 CHiHAJIBbHUX TaHINIIiB HEOHaTalb-
HUX TIOPOCHT, 30arayeHoi MaHTIMHUMH TT1OIIUTAMH.

Marepianu i MmeToau

ExcriepuMeHTH MPOBOAMIN BiJMOBIAHO 10 3aKO-
Hy Ykpaian «IIpo 3aXHCT TBapHH Bij| KOPCTOKOTO
roBoKeHHD (Ne 3447-1V Bim 21.02.2006 p.) 3 mo-
TpuMaHHsAIM BuUMor Komitety 3 6ioetnku IHCTHTYTY
mpobnem kpioGiosorii i kpiomeanumau HAH Vk-
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Since sensory ganglia in embryogenesis are for-
med from the neural crest, they are a valuable
source of multipotent stem cells [15, 16].

The experts in biomedical sciences pay a special
attention to SGCs, i. e. glial cells of the peri-
pheral nervous system. The results of recent studies
indicate an important role of SGCs when creating
the microenvironment of SN, synaptic transmis-
sion of nerve impulse, neurotransmitter glutamate
cycle, response to inflammation or damage of
the peripheral nerve, as well as in the formation of
pathological chronic pain [6, 17, 25]. SGCs have
been shown to have characteristics of neural stem
cells in culture in vitro [2, 10, 26], and therefore
can be used in regenerative medicine.

The use of a nutrient medium with sufficient
content (10-15%) of fetal calf serum (FCS) allows
to obtain cell culture enriched with SGCs from
DRG [1, 3, 13, 23]. This approach was implemen-
ted in the presented research to obtain of dorsal
root ganglia a cell culture (DRGCC) enriched
with SGCs.

According to current trends to regulate the expe-
riments in animals [7], the cryopreserved cell cul-
tures are a convenient platform for solving many
biomedical tasks. In this case, to extrapolate the
obtained data to humans, the species of experimen-
tal animal as a source of cell culture should be
considered. In this respect, a pig is more suitable
object in which the structure and function of many
organs is incomparably more similar to that of
humans than those of laboratory rodents [9]. Ba-
sed on the above, we can assume that the deriving
of cell cultures from pig tissues is promising.

Cryopreservation is a common method of long-
term storage of primary and transplanted cell cul-
tures. However, the available scientific reports lack
an information on the sensitivity of DRGCC to
cryopreservation factors.

The aim of this study was to evaluate the effect
of cryopreservation in the presence of different
concentrations of DMSO on morphofunctional pro-
perties of cell culture derived from neonatal pig-
lets’ dorsal root ganglia enriched with satellite
glial cells.

Materials and methods

The experiments were carried out in accordance
with the Law of Ukraine ‘On the Protection of
Animals Against Cruelty’ (No. 3447-1V of February
2%, 2000) in compliance with the requirements of
the Committee in Bioethics of the Institute for Prob-
ems of Cryobiology and Cryomedicine of the Natio-
nal Academy of Sciences of Ukraine, in accordan-
ce with the provisions of the ‘European Convention
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paiHu, Y3roKEHHUX 13 TTOJIOKECHHSIMH «EBpONEHCHKOT
KOHBEHIIIT PO 3aXUCT XpeOSTHUX TBAPHH, SKi BUKO-
PHUCTOBYIOTBCSI JUIsl €KCHEPUMEHTAIBHUX Ta 1HIIMX
HaykoBuX 1inei» (CtpacOypr, 1986).

PobGotry mpoBommmm Ha CI' mopocsaT moOoBoro
Biky. Cycnensito kiitTuH 31 CI' oTpumyBanu muis-
XOM TPBOXETAIMHOI (EePMEHTATHBHOI OOpOOKM 3a
meroaoM A.C. de Luca i cmiBaBrt. [6]. ns mporo
CI' crioyarky iHKyOyBajlu MPOTSATOM TOAWHHU B PO3-
yuHi 1,25 mr/mn komarenasu tuny A («IlanEko»,
Pocist), sikuii roryBasim Ha cepenoBuini o-MEM.
depMeHTaTUBHUN PO3YMH BHIAJISUIH, OMOJICKYBAIH
CBDKMM CEpelIOBHUIIEM 1 MOBTOPIOBAIN TPOLEAYPY
00poOkn 3 komareHaszoro. llotim Bunmamsam ¢ep-
MEHTAaTHUBHUH po3uuH i 00polisim 0,25%-M po3un-
HoM Tpuricuny-EJ[TA 3 comssmu Xenkca («IlanEko»)
mpotsiroM 30 xB. MexaHiuHy Jie3arperamiro KIiTHH
CI' mpoBomuiy TUIAXOM TineTyBaHHI. OTpuUMaHy
CYCIICH3iI0 KIITHH (QIIBTPYBIM UYepe3 HEHIOHOBE
cuTo 1 BimmuBanu Asidi mpu 110g.

Kuitunu BuciBamu B KoHIeHTpamii 5 % 10° xi1/mMi
Ha TUIaCTUKOBI uaiku [letpi 3 moBepxHero, 00pobIIe-
Hoto moii-D-nizuHom («Orange Scientificy, benb-
rist), 1 kyneruByBaiu npu 37°C B armocdepi 3 5%
CO, na xuBunbHOMY cepenosumi oa-MEM i3 mona-
BanHsM 10% DTC («BioSera», ®paHniris), reHTami-
uuny («IlanExo», 100 mkr/mi) i amdorepinuny B
(«[TanExo», 2,5 Mxr/Mi1). 3aMiHy cepeloBHINA 3iiic-
HIOBalM KokHI 3—4 mobm. Yac KyJIbTUBYBaHHS
crtanoBuB 7 1i6. Beworo 3 orpumanas KKCI' Gymo
MIPOBeNEeHO 14 eKCIIEPUMEHTIB.

Jna cyOKkynsTMBYBaHHS a00 KpIOKOHCEpPBYBaH-
HSl KIITHHU TEPBUHHOI KYJIBTYpH BIAKDIIUILIH Bij
migknaaku 0,25%-m po3unHom tpurcuny 3 EJITA
3 comsimu Xenkca («[lanExo») 1 BizmMuBanu y xu-
BWJIBHOMY cepenoBumi 3 nomaBaHHsiM OTC mus-
XOM UeHTpudyryBaHHs npotsrom 5 xB mpu 110g
Ha ueHtpudysi MPW-260R («MPW Med. Instru-
mentsy, [lonpma). OTpumany KIITHHHY CYCIHEH3i0
nimuny Ha ABi yactuHU. OnHy YacTUHY (KOHTPOJIb)
BuciBanmn B 24-myHkoBi mmanmeTtn («SPL Life-
Sciences», PecnyOmika Kopest) Ha >KUBHIBHE cepe-
JIOBUILIE BHIIEBKA3aHOIO CKJIaay 1 IPOLOBKYBa-
T KylIbTUBYBaTd. [lOCiBHA KOHIIEHTpAIlisl KIIITHH
craHoBuia 4 x 10* xwi/mi. JIpyry 4acTUHY KIITHH
KpPIOKOHCEPBYBaJH B 3aXMCHOMY PO34YMHI, IO Mic-
TUJIO KUBWIBHE cepenoBuie o -MEM, 25% OTC Ta
JIMCO («AppliChem», HimeuunHa) y KIHIIEBHX KOH-
uentpanisx 5, 7,5 ta 10%. o 0,5 mMa kimiTUHHOI
cycrensii 3 koHreHtpamiero 2 x 105 kin/min gona-
BaJIM PiBHUHM 00’€M MOIEPEAHBO BUTPUMAHOTO IPH
10°C cepenoBuina 3 TOABIMHOI KOHIEHTPAIIEIO
JAMCO. TakuMm 4MHOM 3araibHUN 00’€M KPiOKOH-
cepBoBaHOi cycreH3ii cranoBuB 1 mur. HacuaeHns
KpiOTIPOTEKTOPOM POBOIMIH pOTsiroM 10 xB.

on the Protection of Vertebrates, Used for Experi-
mental and Other Scientific Purposes’ (Strasbourg,
1986).

The research was performed in DRG of day-
old piglets. The suspension of cells with DRG was
obtained by three-step enzymatic treatment accor-
ding to the method of A. de Luca et al. [5]. For
this purpose, DRG was first incubated for one hour
in a solution of 1.25 mg/ml collagenase type 1A
(PanEco, Russia), which was prepared with a-MEM.
The enzyme solution was removed, rinsed with
fresh medium and the treatment with collagenase
was repeated. Then the enzyme solution was remo-
ved and treated with 0.25% trypsin-EDTA solu-
tion with Hanks salts (PanEco) for 30 min. DRG
cells were mechanicaly disaggregated by pipetting.
The resulted cell suspension was filtered through
a nylon sieve and washed twice at 110g.

Cells were plated at a concentration of 5 x 10°
cells/ml to plastic Petri dishes with a surface trea-
ted in poly-D-lysine (Orange Scientific, Belgium),
and cultured at 37°C in an atmosphere of 5%
CO, with a-MEM with the addition of 10% FCS
(BioSera, France), gentamicin («PanEco», 100 pg/ml)
and amphotericin B (PanEco, 2.5 pg/ml). The
medium was changed every 3—4 days. The cultivation
time was 7 days. In total, 14 experiments were
performed to obtain the DRGCC.

For sub-culturing or cryopreservation, the pri-
mary culture cells were detached from the substrate
with a 0.25% trypsin EDTA solution with Hanks
salts (PanEco) and washed in nutrient medium by
the addition of FCS by centrifugation for 5 min
at 110g MPW- 260R (MPW Med. Instruments,
Poland). The resulted cell suspension was divi-
ded into two parts. One part (control) was seeded
into 24-well plates (SPL LifeSciences, Republic
of Korea) with the nutrient medium of the above
composition and culturing continued. The seeding
concentration of cells was 4 x 10* cells/ml. The
second part of the cells was cryopreserved in a
protective solution containing o-MEM, 25% FCS
and DMSO (AppliChem, Germany) at final concent-
rations of 5, 7.5 and 10%. To 0.5 ml of cell suspen-
sion at a concentration of 2 x 10° cells/ml was ad-
ded an equal volume of pre-incubated at 10°C
medium with double concentration of DMSO. Thus,
the total volume of cryopreserved suspension was
1 ml. The saturation with cryoprotectant was carried
out for 10 min.

Samples were frozen in SPL Life Sciences test
tubes at step 1 at a rate of 0.5 deg/min to —20°C, and
at 1 deg/min to —80 °C at step 2, and then immersed
into liquid nitrogen. The samples were warmed in
a water bath at 37°C. To remove the cryoprotectant,
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3pa3ku 3aMOpoKyBasM y Kpiompobipkax («SPL
Life Sciences») Ha erami 1 3i mBuakictio 0,5 rpan/
xB 110 —20°C, Ha erami 2 — 1 rpag/xB q0 —80°C, micius
YOro 3aHypIOBajJM B PiAKUI a30T. 3pa3ku Bimirpi-
BaJi Ha BOJAHIN OaHi mpu Temmeparypi 37°C. s
BUJAJICHHS KPIOIPOTEKTOPY A0 PO3MOPOXKEHOI Cy-
CTeH31i KIITHH 10 Kparmmix aomaBaim 10-kpaTHHI
00’eM KUBWIBHOTO cepenoBumia o-MEM, 1ien-
TpudyryBamu mpotrsirom 5 xB mpu 110g, cymep-
HaraHT Buaasu. KiituHM BuciBaiu B 24-TmyH-
KOBI TUIAHILICTH 1 KYJIbTUBYBAJIH, SIK BKA3aHO BHIIIE.

30epekeHICTh 1 BHUXiA KIITHH TMIiCIAs KPiOKOH-
CEpBYBaHHsI OLIHIOBAIM 3a JIOIIOMOTOI0 METOAY 3a-
OapBIIOBaHHA 3 TPUMAHOBMM CHHIM. Jlns 1npo-
ro BukopuctoByBanmu 0,4%-ii po3unH OapBHUKA,
SIKUM JI0/1aBajil 0 CyCIeH3ii KJITHH Y CITiBBiJHO-
menHi 1:1. TlokasHuk 30epekeHOCTI KJIITHH BH3-
Ha4Yald y BIACOTKAaX SK BIAHOIICHHS KUTBKOCTI
He3a0apBIeHUX KIITHH M0 iX 3araabHOIl KiIBKOCTI.
Buxin miTHH BU3HAYAIA y BIJICOTKaX SK BiTHO-
IICHHS KIJTBKOCTI He3a0apBiICHUX KIITHH TTiCIs
KpIOKOHCEPBYBaHHsS 710 IX KUIBKOCTI J10 KpIOKOH-
CepBYBaHH.

Krnitunanit MoHomap, copMoBaHuil micis me-
peciBy KOHTposibHOT abo KpiokoHcepBoBaHoi KKCIT
(cyOkynbTHBYBaHHS), MigAaBand MopdoaorivHOMy
aHamizy. BigHOCHY mIionry KIIITHHHOTO MOHOIIApY
OIIIHIOBAJIM HA Pi3HY 100y KYJIBTUBYBaHHS 32 Me-
tomoMm E. M. Ilmakcuroi Ta cmiBaBt. [2]. g mboro
KJIITHHH, KyJIGTHBOBaHI B 24-TyHKOBUX IUTAaHIIC-
Tax, ¢ikcyBamun B 4%-My posumHi mapadopmaib-
nerimy («Sigmay, CIIA) mpotsrom 30 XB, mMOTiM
320apBJIFOBAIM TeMATOKCHIIHOM 1 eo3uHoM. [lnaHime-
TH ckaHyBanu Ha ckaHepi «Epson Perfection V10»
(«Epsony, Snonist). BigHocHy oy, 3aiiMaHy Mo-
HOILIApOM KJITHH, MiIpaxoByBald 3a JOTIOMOTOIO
nporpamu  «AxioVision Rel. 4.8» («Carl Zeiss»,
Himeuuuna) 3a dopmyoro:

=XS /S

MOHOIIApy 3a0apBIeHNX AITTHOK

e = 100%.
Excnpeciro mmyramincunrerasu (I'C) sk map-
kepa MI' BUBUAIHM IMYHOIIUTOXIMIYHHM METOJIOM.
BuxopuctoByBanu mepmri kpoistdi aHtuTina go ['C
(«Abcamy, Benuka bpuranis) B po3enenni 1:700
Ta Jpyri ko3s4i aHThkpoisdi Alexa488-koH’ roro-
BaHi aHTHTIIA («Abcamy) y po3BeaenHi 1:800. Kiitun-
HUK MoHomap ¢ikcyBamu 15 xB B 4%-My po3umHi
napadopmaiberigy 3 MoAaibIIMM BiJMHUBaHHIM
PBS tpuui mo 5 xB. [lepmeabinizauito mpoBOAMIH
B 0,3%-my pozumni Triton X-100 («Sigmay) Bmpo-
nox 10 xB. Hecneumdiune 3B’sS3yBaHHS aHTHUTLI
OnokyBanu po3unHoMm PBS, sxuit mictus 0,1% Tri-
ton X-100 («Sigma»); 1% O6uyaqoro cupoBaTKOBOIO
ansoyminy («biomoty, Pocis); 0,3 M rminuny («Rea-
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a 10-fold volume of a-MEM was dropwise added
to the thawed cell suspension, centrifuged for 5
min at 110g, and the supernatant was removed.
Cells were seeded in 24-well plates and cultured
as indicated above.

Preservation and cell yield after cryopreserva-
tion were evaluated using the trypan blue staining
method. To this end, a 0.4% dye solution was
used, which was added to the cell suspension in
a | : 1 ratio. The cell retention rate was defined as
a percentage as the ratio of the number of unstained
cells to their total. Cell output was defined as
a percentage as the ratio of the number of unstai-
ned cells after cryopreservation to their number
prior to cryopreservation.

The cell monolayer formed after transplanta-
tion of control or cryopreserved DRGCC (sub-
culturing) was subjected to morphological analysis.
The relative area of the cell monolayer was evaluated
at different days of cultivation by the method of
E.M. Plaksina et al. [18]. With this aim the cells
cultured in 24-well plates were fixed in 4%
paraformaldehyde (Sigma, USA) for 30 min, then
stained with hematoxylin and eosin. The culture
plates were scanned on an Epson Perfection V10
(Epson, Japan) scanner. The relative area occupied
by the monolayer of cells was calculated using
the AxioVision Rel. 4.8 (Carl Zeiss, Germany) by
the formula:

=2S /S _ .. % 100%.

monolayer stained sections’ > wells

The expression of glutamine synthetase (GS) as
a marker of SGCs was studied by immunocytoche-
mistry method. There were used the first rabbit
antibodies to GS (Abcam, UK) at a 1:700 dilution
and the second goat anti-rabbit Alexa488-con-
jugated antibodies (Abcam) at a 1:800 dilution.
The cell monolayer was fixed for 15 min in a 4%
paraformaldehyde solution, followed by washing
with PCS three times for 5 min. Permeabilization
was performed in 0.3% Triton X-100 (Sigma) solu-
tion for 10 min. Nonspecific antibody binding was
blocked with a PCS solution containing 0.1% Tri-
ton X-100 (Sigma); 1% bovine serum albumin (Bio-
lot, Russia); 0.3 M glycine (Reanal, Hungary) for
one hour at room temperature. Incubation with the
first antibodies was performed overnight at 4°C fol-
lowed by PCS washing, with the second antibodies
30 min in the dark at room temperature followed
by PCS washing. Cell nuclei were stained with a solution
of Hoechst 33342 (5 pg/ml, Sigma) in PCS for 30 min
in the dark at room temperature. The relative num-
ber of GS-positive cells per 100 cells of the mono-
layer was calculated and expressed as a percentage.
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nal», YropuyHa) BOPOJAOBXK TOAWHH TPH KiMHAT-
Hill Temmeparypi. lHkyOamiro 3 mepuMMH aHTHTI-
JaMyd TpoBOIWIM TpoTsiroM Howi mpu 4°C i3 mo-
manpuM BimmuBaHHsIM PBS, 3 npyrumu aHTHTI-
mamu — 30 XB y TeMpsIBi IPH KiMHATHIN TemIeparypi
3 momaibmuM BigmuBanHaAM PBS. fnpa xmitun
3abapeioBain po3unHoMm Hoechst 33342 (5 mkr/mu,
«Sigmay») y PBS mnpotsrom 30 XB y TeMpsiBi mnpu
KiMHaTHi# Temmeparypi. IlizpaxoByBajii BiJTHOCHY
KibKicTh ['C-mo3utuBHUX KiiTHH Ha 100 KiIiTHH
MOHOIIAPY 1 BUpaKalH y BiJICOTKAX.

MikpodoTo3iHOMKY 3A1MCHIOBAIN 33 JOTIOMOTOIO
iHBepToBaHoro Mikpockona «biomen-41» («bio-
Mmen», Pocist) 3 Bineookymsipom «ToupCam 9 Mmke»
(«ToupCam», Kuraii) i ¢myopecieHTHOro Mikpoc-
korra «Carl Zeiss Axio Observer Z1» («Carl Zeiss»).
MopdomMeTpruyHIi aHami3 MPOBOIWIA 3 BUKOPH-
crauasam nporpamu « ToupView 3.7» («ToupCamy) i
«AxioVision Rel. 4.8» («CarlZeiss»).

OLiHKY PO3MOIY JaHUX MPOBOAMIN 3a JIOMO-
Moroto W-kputepito Illamipo-Yinka, 3Ha4ymicTsh
BIIMIHHOCTEH pO3paxoByBalH 3a MapaMeTPUUYHUM
t-kpurepiem CrplogeHTa (I8 Tpyn i3 HOpMallb-
HUM PO3IMOJIIIOM JIaHHWX) 1 HemapaMeTPUYHOTO KpH-
tepito Kpackena-Yommica (mi1st Tpyn i3 HeHOpMalib-
HUM PO3IMONIJIOM JaHWX). BigMIHHOCTI BBakaiu
CTaTHCTUYHO 3HaYyIuM pu p < 0,05.

Pe3yabraTtu Ta 00roBOpeHHst

3a cxmagom nepBuaHa KKCI' HeoHarampHHX TIO-
pocsT € rereporeHHoro (puc. 1). Ha 7-my no0y Kyiib-
TUBYBaHHS B Hill BHSBISIIOTBCS KJIACTEPH CBITIMX
BEIIMKAX KIITHH 1 MOHOIIAp, MIO CKJIAJAETHCSI 3
¢iopobnacromnonionux kiituH (PBK), monironans-
HUX 1 BEPETCHONOAIOHUX KIITHH 13 JBOMa TOH-
KHMH BifjpocTKamu. Sk Oyno paHilie BCTaHOBJICHO,
KJlacTepu BENUKUX KITHH € Tinamu YH, a momi-
TOHAJIBHI Ta BEPETCHOMOIOHI KIIITUHU BiTHOCATHCS
no MI' [4, 14, 23]. Onepxana KyasTypa Oyna mifa-
JlaHa KPiOKOHCEPBYBAHHIO.

KpiokoHCcepByBaHHS y BCIX BHKOPHUCTaHHX 3a-
XHCHUX CEpeJIOBUINAX 3MEHIIYBallo MOKAa3HUK 30e-
pPEXKEHOCTI KITHH, sSKkui y KoHTponbHIH KKCI'
cranoBuB (92,6 + 1,6) % (puc. 2), micis KpiOKOH-
cepByBaHHs B cepenoBuiiax 3 51 10% JAMCO Bin
3HmKyBaBes Ha 9,3 1 8,9 % BignosinHo (p < 0,05),
a B cepenosuii 3 7,5% JAMCO — Ha 4,9%. Buxin
JKUTTE3NATHUX KINITUH OyB MakCUMallbHHM 32 YMOB
BUKOPHCTaHHS KPiO3aXHMCHOTO CEpeloBHILNA HAa OC-
HOBi 7,5% JAMCO (puc. 2).

Mopdororiuauii aHai3 Mmokasza, MO MICHS TIe-
peciBy B KOHTpoOusbHiHM 1 kpiokoHcepsoBaHii KKCIT
tina YH Oymm Bimcythi (puc. 3). Ha mouarko-
BHX CTPOKax KynbTHBYBaHHS (1—6 100a) y KOHTPOIIb-
HId KyIbTypi MOHOIIAp ckiamaBcs 3 MI, posra-
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TMBYBaHHS. [10Broto CTpifkot nosHaveHo knactep Tin YH,
KopoTkumu — MT.

Fig. 1. DRGCC of neonatal piglets on day 7 of cultivation.
The long arrow indicates the cluster of SN bodies, the short
ones indicates SGCs.

Microphotography was performed using an in-
verted microscope Biomed-41 (Biomed, Russia) with
a video eyepiece ToupCam IMP (ToupCam, China)
and a fluorescence microscope Carl Zeiss Axio
Observer Z1 (Carl Zeiss, Germany). Morphomet-
ric analysis was carried out using ToupView 3.7
(ToupCam) and AxioVision Rel. 4.8 (CarlZeiss).

The data distribution was estimated using
the Shapiro-Wilk W-test; the significance of the
differences was calculated using the Student’s para-
metric t-test (for groups with normal data distribu-
tion) and nonparametric Kraskell-Wallis test (for
groups with abnormal data distribution). The dif-
ferences were considered significant at p < 0.05.

Results and discussion

Composition of primary DRGCC of neonatal
piglets is heterogeneous (Fig. 1). On day 7 of cul-
tivation, the clusters of light large cells and a
monolayer consisting of fibroblast-like cells (FBCs),
polygonal and spindle-shaped cells with two thin
processes are found in it. As previously establi-
shed, large cell clusters are SN bodies, and polygonal
and spindle cells belong to SGCs [3, 13, 23]. The
resulted culture was cryopreserved.

Cryopreservation in all protective used media
reduced the cell rate, which in the control
DRGCC was (92.6 + 1.6)% (Fig. 2), after preser-
vation in media with 5 and 10% DMSQO, it decreased
by 9.3 and 8. 9% respectively (p < 0.05), and in
the medium with 7.5% DMSO it did by 4.9%. The
yield of viable cells was maximal when a cryoprotec-
tive medium based on 7.5% DMSO was used (Fig. 2).
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Morphological analysis showed that
after cubculturing in the control and
cryopreserved DRGCC, the SN bodies
were absent (Fig. 3). At initial cultiva-
tion terms (1-6 days) in the control
culture, the monolayer consisted of
SGCs located on a substrate with FBC
(Fig. 3A). Cryopreservation influenced
the cellular composition and rate of
monolayer formation. In cryopreserved
cultures, MG growths were first obser-
ved, which formed a cellular ‘network’,
whereas active growth of FBC was

KoHTporb 5 7,5
Control
KoHueHTpauia AMCO, %

DMSO concentration

Puc. 2. 36epexenicte (m) Ta Buxig (O0) KKCIT HeoHaTanbHWX NOpocsiT
nicrns KpiOKOHCEpPBYBaHHA B KPiO3aXUCHUX CepefoBuLLax i3 PisHUMU
KoHUeHTpauismu OMCO. * — pi3HMUS 3Ha4YyLLa NMOPIBHAHO 3 KOHTPOMEM

(K), p < 0,05.

Fig. 2. Preservation (m) and yield (O0) of DRGCC of neonatal piglets
after cryopreservation in cryoprotective media with different concentra-
tions of DMSO. * — difference is significant compared to the control,

p <0.05.

moBanux Ha miaknaaui 3 GBK (puc. 3, A). Kpio-
KOHCEpPBYBaHHsI BIUIMBAJIO Ha KIITHHHUH CKIag Ta
IMIBUJKICTh (OpPMYBaHHS MOHOIIApy. B KpiokoH-
CEpBOBAHUX KyJbTypax CIIOYATKy BinOyBajiocs po3-
pocranasa MI, saxi ¢dbopmyBamu Komipyacty «mMepe-
Ky», TOII K akTHBHE pospoctanHs OBK cmocrepi-
rajocs mi3zHime (puc. 3, B-D).

Ha 4-ty noOy B KOHTpONi BIJIHOCHA IUIOMNIA
MoHomapy cranosmia (86,2 + 4,7)% (puc. 4), y kpio-
KOHCEPBOBAaHUX 3pa3Kax BoHa Oyna Maiibke B 2 pasu
menma. [lpu upomy nanmit mokaszuuk y KKCI,
KpPIOKOHCEPBOBAHUX 13 PI3HUMH KOHIEHTPALisIMH
IMCO, 3nmauyme He BiapisHsses: 5 % JAMCO —
(36,2 = 6,2)%; 7,5 % AMCO — (37,5 = 5,0)%;
10% AMCO — (45,0 = 7,1)%. Ha 10-ty no0y 3nauy-
X BiIMIHHOCTEW IMOKa3HWKAa MK KOHTPOJIBHHOIO
Ta KPIOKOHCEPBOBAaHUMHM KyJbTYpaMH BXE HE CIIO-
cTepiramocs.

XapakrepHoro ocobnmuBicTIo MI™ € BeTukmii BMiCT
I'C — depmenty, sikuii Karamizye HepeTBOPEHHS
miyramary B miytamid [15]. OpHak Bijomo, M0
LIBaHHIBCHKI KIIITHHH, $SKi 3a0e3MedyloTh Mieli-
Hizanito akconis UH Tta npucytni B CI, He ekcrnpe-
cytotb I'C [26], ToMy BHKOpHUCTAaHHS aHTUTUI O
I'C nozBonsie BigpizHuTH cyomnomysmsaniro MIT Bix
iHIIMX npeacTaBHUKiB nepudepuanoi rmi y KKCT.

3abapBienHs antutiiamu go ['C  migrBepam-
JIO HAJIEKHICTH TIOJNITOHAJBHUX 1 BEPETEHOIIO-
MIOHUX KIITHH 13 JBOMa TOHKHMH BiIPOCTKAMH
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observed later (Fig. 3, B-D).

Onday 4 in the control, the monolayer
relative area was (86.2 + 4.7)% (Fig. 4),
in cryopreserved samples it was almost
2 times smaller. At the same time, this
indicator did not differ significantly in
DRGCC, cryopreserved with different
concentrations of DMSO: 5% DMSO —
(36.2 + 6.2)%; 7.5% DMSO - (37.5
+ 5.0)%; 10% DMSO — (45.0 = 7.1)%.
On day 10 the strong differences bet-
ween the control and cryopreserved
cultures were no longer observed.

A characteristic feature of SGCs is a high con-
tent of GS, an enzyme that catalyzes the conversion
of glutamate to glutamine [14]. However, it is known
that Schwann cells, which provide myelination of
CN axons and present in SG, do not express GS
[26], so the use of antibodies to GS allows to dis-
tinguish a subpopulation of SGCs from other repre-
sentatives of peripheral glia in DRGCC.

Staining with antibodies to GS confirmed the
identity of polygonal and spindle cells with two
thin processes to SGCs (Fig. 5). The relative num-
ber of GS-positive cells in the control culture was
(80.0 = 1.2)%, and in cryopreserved samples dif-
fered depending on the concentration of DMSO
in the cryoprotective medium (Fig. 6). The highest
number of such cells was observed in DRGCC
frozen with 7.5% DMSO ((94.5 = 5.1)% of control),
and in samples frozen in the presence of 5 and
10% DMSO was (67.3 = 7.6) and (75.4 £+ 6.9)% of
the control, respectively. Thus, the selected cooling
mode with the use of a cryoprotectant medium ba-
sed on 7.5% DMSO is best for maintaining the
maximum amount of SGCs.

It is known that the morphological and functio-
nal properties of cell cultures derived from DRG
depend on the culture conditions. After culturing
in the absence of FCS, but with the addition of
N2 nutrient and EGF/FGF growth factors from
DRG of adult rats, multicellular spheroids contai-
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Puc. 3. KKCI" HeoHaTanbHMx nopocATt Ha 8-my [oby: KOHTponbHa KynbTypa nicng nepecisy (A); KynbTypa nicrs KpiokoH-

cepByBaHH4A 3 5% (B); 7,5% (C); 10% (D) OMCO Ta nepecisy.

Fig. 3. DRGCC of neonatal piglets on day 8: control culture after re-plating (A); culture after cryopreservation with 5% (B);

7.5% (C); 10% (D) DMSO and re-plating.

no MI' (puc. 5). Bimnocna kinbkicts ['C-mio3uTHB-
HUX KIITHH Y KOHTPOJBHIA KyJIBTYpl CTaHOBHJIA
(80,0 £ 1,2)%, a B KpiIOKOHCEPBOBaHMX 3pa3Kax
BiJIpi3HsUTacs 3ajexxHO Bim KoHueHtpanii JMCO
B Kpio3axucHOMY cepenoBuii (puc. 6). HaiiOinbma
KUTBKICTh TakuxX KIiTHH cnocrepiranacs B KKCI,
3aMopoxeHiil y npucytnocti 7,5% JIMCO ((94,5 +
+ 5,1)% Bix KOHTPOIIO), a Y 3pa3Kax, 3aMOPOKECHUX
y npucytrocti 5 1 10% JIMCO, cranosnmna (67,3 +
+ 7,6) i (75,4 £ 6,9)% Bij KOHTPOIIO BIJAIMOBITHO.
Takum 9MHOM, OOpaHHUH PEKUM OXOJIOKCHHS 3a
YMOB BUKOPHCTaHHS KpiO3aXHCHOTO CEpeOBUILA
Ha ocHOBI 7,5% JIMCO e Haiikpammm Juist 30epe-
JKCHHSI MAKCUMaJIbHOT KiJTbkoCcTi MI.

Bigomo, mo Mopdonoriyni Ta QyHKIiOHAIBHI
BJIACTUBOCTI KJIITHHHUX KYJBTYp, opepkanux 3i CI,
3ajIe)KaTh Bl YMOB KyJNbTUBYBaHHS. [licis KyabTH-
ByBaHHA 3a BincytHocti @TC, ame 3 momaBaHHSM
noxuBHOI noMimku N2 i1 pocroBux ¢axropiB EGF/
FGF 3i CI' mopocnux mrypiB 0yi10 OTpUMaHO MYib-
TUKIITHHHI  chepoiam, sKi MICTHIM HEHWpasbHi
cTOBOYpOBI KiiTHHU [22]. MeToa eKCIUTaHTIB 103-
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ning neural stem cells were obtained [22]. The me-
thod of explants allowed H. Li et al. to obtain
progenitor cells from DRG, which differentiated
not only into different types of glial cells but also
into neurons [10]. Exposure of cell culture from
rat DRG to Neurobasal nutrient medium with B27
serum substitute enabled A. Svenningsen et al. to
isolate oligodendrocyte precursor cells [24]. More-
over, they were detected in cultures derived from
DRG embryos (E17) and week-old animals, but
not adults. Based on this, the authors concluded
that the investigated progenitor cells exist in the
SG for a limited period.

Cultivation of cells derived from sensory gang-
lia in the presence of FCS promotes increased growth
of SGCs [3, 4, 13, 23]. In our previous work, it
has been shown that multicellular spheroids are
formed from neonatal piglets under -culturing
conditions in serum-free media, and in the presence
of 10% FCS, the culture looks like a monolayer [1].
Because the subject of these studies was SGCs, we
used a nutrient medium with FCS and did not create
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Puc. 4. BigHocHa nnowa MOHOLIapy KOHTPOSbHOI Ta
KpiOKOHCEPBOBaHOI B MPUCYTHOCTI PIi3HMX KOHLEHTpaLin
OMCO KKCI™ nicns nepeciBy: kpuBa 1 — KOHTPOmb, KpuBa
2 — 5% OMCO, kpuea 3 — 7,5% OMCO, kpua 4 — 10%
OMCO. * — pisHMUs 3HaYyLla MOPIBHSAHO 3 KOHTPOMeM,
p <0,05.

Fig. 4. Relative area of the DRGCC monolayer (control
and cryopreserved with different concentrations of DMSO
after subculturing): curve 1 — control, curve 2 — 5% DMSO,
curve 3 — 7.5% DMSO, curve 4 — 10% DMSO. * — diffe-
rence is significant compared to the control, p < 0.05.

BonuB H. Li i chiBasr. [11] orpumartu 31 CI' nporeHi-
TOPHI KIITHHU, AKi TUQEPEHIIIOBAINCS HE TITbKU
B pi3HI THUNM TMaNbHUX KIITHH, aje i B He#po-
HU. Butpumka xymerypm kimituH 31 CIT mypis
Ha XUBWJILHOMY cepemoBuili Neurobasal i3 3amiH-
HUKOM cupoBarku B27 no3ommia A. Svenningsen
1 cmiBaBT. [24] BHAIIUTH KIITHHHU-TOTIEPETHUKN
onirofieHApouunTiB. [Ipuuomy BOHHM OyJau BHSIBICHI
B KyJbTypax, orpumanux 3i CI' emOpioniB (E17)
1 TBApHH THKHEBOTO BiKY, aje¢ HE Yy 3pUIMX OCOOWH.
Ha migcraBi mporo aBTOpM 3pOOHIN BUCHOBOK, IIO
JOCHIJDKYBaHi MPOTreHITOpHI KIITHHU icHytoTh y CI
MIPOTSITOM OOMEXKEHOTO TIEPioy.

KyneruByBaHHS KIIITHH, OTPUMAHUX i3 UyTAMBHX
ra"miiiB, y npucytHocti ®TC crpwusie miaBUIIeHOMY
pocty MI' [4, 5, 14, 23]. YV Hamti# monepenHii poOoTi
Oyro moka3zaHno, 1o 3i CI” HeoHaTamTbHUX TTOPOCSAT 3a
YMOB KYJIGTHBYBaHHSI B O€3CHPOBATKOBUX CEPE/IOBH-
IaX YTBOPIOIOTHCS MYJIBTHKIITUHHI cepoinn [2], a
B nipucyTHocTi 10% OTC kynsTypa Mae BUIJISLI MO-
Homapy [1]. OckuTbKM 00’ €KTOM JTaHUX JIOCIIJIKCHb
Oymu MI, MH BHKOPHCTOBYBAJIM >KUBUIIbHE CEpPEIO-
Bumie 3 ®TC i He cTBOpIOBajM crHeliaJbHUX YMOB
JUIl TIATPUMKH HEWPOHIB, L0 MPU3BOAMIO 10 iX
esiMiHaii 3 KyJabTypH Micisl nepeciBy. Y pesyiabrari
oTpuMaHa cyOKynbTypa kit 31 CI' HeoHaTaaIpHUX
MTOPOCSAT y XOA1 KyJIbTUBYBaHHS B ipucyTtHoCcTI OTC
npubmm3ao Ha 80% ckmamanacs 3 MI.
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special conditions to support the neurons, which
led to their elimination from the culture after
subculturing. As a result, approximately 80% of
neonatal piglets’ DRG cell subculture was main-
tained in the presence of FCS consisted of SGCs.

In the report of V. Belzer et al. [3] it has been
found that after two days of cultivation, the ex-
pres-sion of GS in SGCs derived from the ganglia
of adult mice decreased. However, on day 14, we
revealed a high expression of GS in both control
and cryopreserved DRGCC of neonatal piglets.
Such a contradiction may be explained by the
use of different species of animals in these stu-
dies.

Puc. 5. Bigyanisauig MC-nosutueHux knitnH y KKCI™ Heo-
HaTanbHUX MopocAaT Ha 14-Ty foby cyOKynbTUBYBaHHSA:
A — 3eneHa cnyopecueHuia; B — cuHsa dnyopecueHLis;
C — cBiTno, gke npoxoautb; D — noegHaHa 3eneHa i cuHA
dnyopecueHuia. 3abapeneHHs Alexa488-koH toroBaHumm
aHTuTinamm go 'C (3eneHa dnyopecueHuis) i saep KiTuH
Hoechst 33342 (cuHsa cnyopecueHLis).

Fig. 5. Visualization of GS-positive cells in DRGCC of
neonatal piglets on day 14 of sub-culturing: 1 — green fluo-
rescence; 2 — blue fluorescence; 3 — light that passes;
4 — combined green and blue fluorescence. Staining with
Alexa488-conjugated antibodies to GS (green fluores-
cence) and Hoechst 33342 cell nuclei (blue fluorescence).

One of the pressing issues of cryobiology is
the cryopreservation of cells derived from DRG.
Currently, there are methods of cryopreservation
of isolated sensory DRG neurons of dogs and rats
in a protective environment based on 10% DMSO
and FCS [20, 21]. However, studies aimed at investi-
gating the sensitivity of SGCs to cryopreserva-
tion are virtually absent. In addition, it is known
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VY po6oti V. Belzer i cniBabt. [4] Oyno BCTaHOB-
JICHO, 110 Ticis IBOAOOOBOrO KyJIBTUBYBAaHHS 3HU-
xyetbest excrpecia ['C y MI, orpuManux i3 rasr-
niiB popocnux mume. OmHak Ha 14-Ty m00y mMu
BHSBIJIN BHCOKY ekcrpecito ['C sk y KOHTPONbHIH,
Tak ¥ kpiokoHcepBoBaHii KKCI' HeoHarambHHX
nopocaT. Take NIpPOTUPIYUS MOXKE IOSCHIOBATHCS
BHKOPUCTAHHSIM y JTOCHIHKEHHAX PI3HUX BHUIIB TBa-
pUH.

OnHuM 13 aKkTyaldbHUX MUTaHb Kpiobioyorii €
KpiOoKOHCepBYBaHHsI KimiTuH, oTpumanux 31 CI. Ha
JaHWH Yac iCHYIOTh CIOCOOM KPiOKOHCEpBYBaHHS
i30mp0BaHMX yyTIuBUX HelponiB CI' cobax i mrypis
y 3axucHoMy cepemoBuili Ha ocHoBi 10% JIMCO
ta ®TC [20, 21]. OgHak HOCHiHKEHHS, CIIPSIMOBaHI
Ha BuUBUYEHHA uymimBocTi MI' 10 KpiokoHCepBy-
BaHHS, MpakTHYHO BiAcyTHi. Kpim Toro Bimomo,
mo migBumeHHs koHmeHTpamii JJMCO B kpio3za-
XMCHUX PpO3YMHAX HETaTWBHO BIUTUBA€ HA CTPYK-
TYpHO-(DYHKIIIOHATbHI BIACTUBOCTI KJIITHUH [9], TO-
My BaXJHMBa pO3po0OKa CepeloBHUI 3i 3MEHIICHUM
BMICTOM IIOTO KPiOIPOTEKTOPY. 3 OISy Ha BHUIIC-
BUKJIaJIcHe, HaMu Oyl MPOTECTOBaHI Kpio3axMCHI
cepenosuina 3 koHrenrpaiiew JIMCO menm 10%.

Bceranosneno, mo KKCI' HeoHaraabHHX IIO-
POCAT € OCUTH CTIMKOIO J0 MOLIKOIKEHHS (haKTo-
pamu KpiokoHcepByBaHHsS. Ha kopucts 1poro daxry
CBITUNTH BHUCOKa 30epexeHicTh KimithH (83-87%)
BiJlpa3y miciisi pO3MOPOXKYBaHHS, fKa 3ajekaia BiJl
rxouneHTpamii JIMCO. Opnak micias KyJbTHBYBaH-
HA PO3MOPOKEHWX KIITHH KOHIIEHTpAIifd Kpio-
MIPOTEKTOPY B KPiO3aXHCHOMY CEpEJOBHUII HE YH-
HWIA 3HAYHOTO BIUIMBY Ha HIBHJKICTH YTBOPEHHSI
MOHOIIApY.

30epexenicte  MI' 3anexana Bij KOHIEHTpa-
uii AMCO. ¥ kynbTypax miciisi KpiOKOHCEpBYBaHHS
3 5 ta 10% JAMCO BinHOCHa Kinbkicte MI' 3meH-
myBasiacsi Ha 33 Ta 25% BIANOBIAHO MOPIBHSHO
3 KoHTposeM, a 3 7,5% JAMCO BoHa 3Hauylie He
BiJIpi3HsUTAaCS BiJ KOHTPOJIO.

TakuMm 4MHOM, OTPUMaHIi Pe3yJabTaTH JO3BOJISIOTH
pexomermyBaTu Bukopuctanas JIMCO B KOHIICHT-
pamii 7,5% y ckiazi 3aXHCHOTO CEPEIOBHINA IS
kpiokoncepyBanHst KKCT,, 36araqenoi MI.

BucHoBkn

KpiokoncepsyBanust KKCI™ y mpucyTHOCTI Kpio-
nporekTopy JAMCO 3a yMOB MOBIJIBHOTO OXOJOJ-
xenHs (eram 1 — 0,5 rpag/xB qo —20°C; eran 2 —
1 rpan/xB no —80°C 3 mopmajblIMM 3aHYPEHHSIM Y
pigkuit azor) mosBomsie 30epertu 83—87% KuTTE-
3MATHAX KIITHH, ajle 3HWXKYE MBUAKICTH (hopmy-
BaHHS MOHOIIIAPY B YMOBax CyOKYJIBTHBYBaHHS.

JlomilbHE BUKOPHUCTAHHS KPiO3aXHCHOTO cepe-
nosuma Ha ocHOBI 7,5% JIMCO, OCKUIbKH TOpiB-
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p < 0,05.

Fig. 6. Relative number of GS-positive cells on day 14
of sub-culturing of DRGCC, cryopreserved in media with
different concentrations of DMSO. Number of GS-posi-
tive cells in the control DRGCC was assumed as 100%.
* — difference is significant compared to the control,
p <0.05.

that increasing the concentration of DMSO in cryo-
protective solutions adversely affects the structural
and functional properties of cells [8], so the deve-
lopment of media with a reduced content of this
cryoprotectant is vital. In view of the above, we
have tested the cryoprotective media with DMSO
concentration of below 10%.

DRGCC of neonatal piglets has been estab-
lished to be quite a resistant to damage by cryo-
preservation factors. This fact is evidenced by
the high safety of cells (83-87%) immediately
after thawing, which was dependent on DMSO
concentration. However, after culturing the tha-
wed cells, concentration of cryoprotectant in cryo-
protective medium did not significantly affect the
rate of monolayer formation.

SGCs preservation depended on DMSO concent-
ration. In cultures after cryopreservation with 5
and 10% DMSO, the relative amount of SGCs
decreased by 33 and 25%, respectively, compared
with the control, and with 7.5% DMSO it was
not significantly different from the control.

Thus, the obtained results allow us to recom-
mend the use of 7.5% DMSO as part of a protective
medium for cryopreservation of the DRGCC enri-
ched with SGCs.
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HSIHO 3 KOHTPOJIEM JIOCSTAlThCS MAaKCUMAJIbHI I10-
Ka3HUKHU: KUIBKICTh JKUTTE3ATHUX KIITUH — 87,7%,
BigHOCHA KiabKicTh MI™ — 94,5%.
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Conclusions

The DRGCC cryopreservation in the presence
of DMSO cryoprotectant under slow cooling condi-
tions (stage 1 — 0.5 deg/min to —20°C; stage 2 —
1 deg/min to —80°C with further immersion into
liquid nitrogen) allowed the preserving of 83—
87% viable cells, but reduced the rate of mono-
layer formation under sub-culturing conditions.

The cryoprotective medium based on 7.5%
DMSO is advisable to be used, since the maxi-
mum values were reached in comparison with
the control: the number of viable cells was 87.7%,
the relative amount of SGCs made 94.5%.
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