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Effect of Different Cooling Rates on Viability

and Cell Populations in Adrenal Cell Suspensions

During Cryopreservation

3a I01oMOror0 MeTOoIiB (h1yopeCcLieHTHOT MiKPOCKOIIii, TPOTOYHOT IIUTO(GIYyOpUMETPii i riCTOXiMiYHOTO 3a0apBiieHHs Oyiia BUBYEHA
CyCIIeH3is KIITHH HATHUPKOBUX 3aJI03 JOPOCIHX IIypPiB 0 Ta Micias KpioKOHCepBYBaHHs. [l0ka3aHo, 10 MBUIKOCTI OXOJIOIKCHHS
YHHSTH CEJICKTHBHY JIiI0 Ha )KUTTE3ATHICTD KIITHH HAJHUPHUKIB. HU3bKi IIBUAKOCTI OXOJIOKEHHST JO3BOJIIOTH 30€perTi HailOiibIy
KiJIBKICTh SAPOBMICHUX KJIITHUH B CyCIIEH3IT MiCJIsl 3aMOPOXKYBaHH-BiAirpiBy.

Kniouosi cnosa: cycniensis KIiTUH HaJHUPKOBHX 3aJ103, SAPOBMICHI KIIITHHHU, KPIOKOHCEPBYBaHHS, IIBUIKICTH OXOJOKEHHS,

JKUTTE3NAaTHICTD.

C nomo1pi0 MeTo0B (hiryopeclieHTHOH MUKPOCKOIIHNH, IPOTOYHOMH UTO(IIYOPUMETPHU H THCTOXMMHYECKOT0 OKpAIIMBaHKUs Obl1a
M3y4eHa CYCIIeH3Us KIeTOK HaJAlIOYEUHUKOB B3POCIIBIX KPBIC JI0 U IIOCJIEe KPUOKOHCEpBUpOBaHus. [loka3aHo, YTO CKOPOCTH OXJIAXKICHUSA
OKAa3bIBaIOT CEJIEKTUBHOE IEWCTBUE Ha XKU3HECTIOCOOHOCTh KJICTOK HA INOYeYHUKOB. HU3KME CKOPOCTH OXJIaXKICHNUS ITO3BOJIIIOT COXPAHUTh
HanOoJIbIlIEe KOTUYECTBO APOCOAEPKAIINX KIETOK B CYyCIIEH3UH MTOCIIE 3aMOPaKMBaHH-0TOIPEBA.

Kniouesvie cnosa: cycrniensus KI€TOK HaJIIIOYETHUKOB, SAPOCOEPKAILUE KIETKU, KPHOKOHCEPBUPOBAHUE, CKOPOCTh OXJIAXKAEHH,

JKH3HECITOCOOHOCTb.

Adrenal cell suspension of adult rats was assessed prior to and after cryopreservation using fluorescence microscopy, flow
cytometry and histochemical staining. It was found that cooling rates render a selective effect on viability of the adrenal cells. The low
cooling rates allow to preserve the highest number of nucleated cells in the post-thaw suspension.

Key words: adrenal cell suspension, nucleated cells, cryopreservation, cooling rate, viability.

TpancmanTawis KpiOKOHCEPBOBAaHNUX TKaHUH 1 KJTi-
THH €HJJOKPHHHHUX 327103 — [1€ METO]] BITHOBJICHHS] TOPMO-
HAJBHOTO MTOTEHITiaJTy, BTPaYe€HOTr0 BHACIJOK XBOPOOH
[4-6]. KpiokoHCepBYBaHHS JO3BOJISIE HE TITBKH 30€per-
TH XHUTTE3JATHICTb Ta (QYHKLIOHATBHY aKTHBHICTb
KJIiTHH HaHupKoBuX 3a103 (KH3) [3], ane i moaudikye
IO HHAN CKJIaT KIIITHHHOI CYCIIEH311 BHACTI 0K
HEOJHAKOBOI YyTAMBOCTI KIITHH OO OXOJOMKEHHS.
[IBUAKOCTI OXONOHKEHHSI TAKOXK MPOSABIISIIOTH CEJIEK-
THUBHY 1110 Ha 30epeKeHICTh KIITHH KipKOBOi 1 MO3KOBOI
pedoBHH HaAHUPHUKIB [4]. Lle mo3BoIIsie BUAAINTH He-
OakaHi KJIITHHU 200 30araTUTH OTPUMaHMH Ipenapar
MOTPIOHOKO TOMYJIAIIIERO KITITHH, OTHAK MOYKE TIPH3BECTH
1 10 BTpaTH TOPMOHAIBHOI aKTUBHOCTI CyCIIeH3ii 3a
PpaxyHOK BUOIPKOBOTO BUIAJICHHS 3 Hel €HIOKPHUHOITATIB
i, 9ac 3aMOPOKyBaHHA-BiIrpiBaHHs. Y 3B S3KY 3
LM IIUTAHHSI PO BILJIMB KPiOKOHCEPBYBaHHsI Ha CyO-
MIOMYJIALIHHNHN CKIIaJ CyCTIeH311 KIIITHH, OTPIMaHUX 3
HA/IHUPKOBHUX 3aJ103, TOTPeOy€e BUBUCHHS.
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Transplantation of cryopreserved endocrine gland
tissues and cells is the method for recovery of hormo-
nal potential lost due to disease [4—6]. Cryopreservation
enables to preserve viability and functional activity of
adrenal gland cells (AGCs) [3] as well as to modify
populational composition in cell suspension due to diffe-
rent sensitivity of various cell types to cooling. Cooling
rates also render a selective effect on survival of adre-
nal cortex and medulla cells [4]. This allows to remove
unwanted cells or to enrich the resulted preparation
with needed cell population, however, it may result in
the loss of suspension’s hormonal activity due to selec-
tive removal of endocrinocytes during freeze-thawing.
Herewith the issues of cryopreservation effect on sub-
populational composition of cell suspensions obtained
from adrenal glands requires the thorough investigation.

The research aim was to study the effect of different
cooling rates on viability and changes in cell populations
in AGC suspension during cryopreservation.
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Merta nociipKeHHS — BUBYNTH BIUTUB Pi3HUX ITBH/I-
KOCTEH OXOJIOMIKCHHS Ha JKUTTE3ATHICTD 1 3MiHY KJTi-
TUHHOTO cKiany cycrnensii KH3 npu kpiokoHcepBy-
BaHHI.

Martepiaan i mertoam

006’ exToM nocmimxenHs Oyna cycnensis KH3 mo-
pocnux mrypiB. [TonpiOHeHi Ha PpparMeHTH HaAHUPKOBI
3JI037 TIOMIIIAIN B cepenoBuiie 199, ske MicTHIIO
konarenasy tuny V 1 mr/mna («Sigmay, CIIA)
i JJHKa3y I 0,1 mr/mn («Sigma») Ta iHKyOyBanu Ha
BoIsHIM Oani mpu Temmepatypi 37°C B 3 eranu: 30; 10
ta 10 xB. [licig koXHOTO eTarry iHKyOaIlii cyrnepHaTanT
30MpaiTy Ta 10AaBau 10 HEOro 0,5 MJI CHPOBATKH KPO-
Bi Benmkoi poraroi xynoou (BPX, «biomor», Pocis).
JecTpyKuito TKaHUHY TPOBOIMIIN HIISIXOM IiNeTyBaH-
H$, TICTIS 90T0 00’ € IHYBAITM Pa30M 3 CYTIEPHATAHTOM 1
BiaMuBau cepenonutieM 199, sxe mictumo 0,2% Ou-
yagoro cuposarkoBoro ansOyminy (BCA, «Sigmay).
Cycriensito KITHH QinbTpyBaiu Kpi3b HEHIOHOBHMA
¢binsTp 3 miamerpom nop 100 MKM 1 BigMHUBaIIH.

B sikoCTi KpionmpoTeKTOpa BUKOPHUCTOBY BN JIFIME-
tuncyiabokena (JAMCO). Po3unn kpiomporekTopa
rotyBayu Ha cepenoBuili 199 y konuentpauii 10, 14 1
20% 3 Bmictom 10% cuposarku BPX. Jlns momans-
IIOTO 3aMOPOXKYBAHHS KPIOMPOTEKTOP JI0IABANIH T10-
eranno. /1o 500 mxn cycnensii KH3 3 intepBanom 1 xB
npu temmneparypi 4°C B 5 eramiB gogasanu mo 100
mx1 pozanny JIMCO. Kinnesa konnentpartis JJMCO
B 3pa3kax ckiagana 5; 7; 10%. 3pa3ku 3aMopoKyBaIu
B Kpioammynax 00’emom 1,8 mi («Nuncy, CILA) B
nporpaMHoMy 3amopoxyBadi («Cryoson», Himeu-
yuHa). [Ipn 3aMOpoKyBaHH1 3pa3KH 0XOJIOKYBAIH 3
nocTianME mBHAKoCcTIMH 1; 5; 10; 15; 20 rpan/xs
1o Temnepatypu —40°C, a HoTiM 3aHypIOBaJI y piIKuUii
azot (—196°C). KpiokoHcepByBaHHS 31 IIBHIKICTIO
oxonomkeHHss 40 rpan/xB 3miHCHIOBANN HaJ I3ep-
KaJIOM PiZIKOTO a30Ty MPH MOCTIiHIN TeMIeparypi 10B-
ki —145..—150°C. 3pa3ku 3aMOpOXKYBaIH TaKOK
HpSMUM 3aHypPEHHAM y pinkui a3ot (1 LN,). Bci 3pas-
K BiairpiBanu Ha BoaaHin 6aHi (37°C) 1o 3HUKHEHHS
TBepaoi (hasu (BizyanbHe oriHioBaHH: ). KpiompoTtek-
TOP MiCJIS 3aMOPOKYBaHHSA-BIAITPiBY BUAAISLIM HOETAIl-
Ho. [lo cycnensii KH3 3 inTepBanom | XB npu Temrie-
patypi 4°C nomasanu 500; 500; 1000; 2000 mxx cepe-
nosuia 199, ske mictuiio 10% cuposarku BPX 12,5%
BCA. Cycnensito ueHTpryryBaiy mpoTsrom 3 XB npu
225g.

J71s1 KOHTPOITIO 3aralIbHOT KITBKOCTI KIIITHH B CyC-
TIeH311 iX migpaxoByBay B reMoruromMeTpi [ 1]. 36epe-
KEHICTb KJIITHH MiCIs KPIOKOHCEPBYBaHHS BU3HAYAIH
SIK 3arajbHy iX KiIbKICTb TiCTIsI BiZirpiBY 1O BiJHOILIECH-
HIO JI0 3aTaJIbHO KUTBKOCTI KIIITHH 10 3aMOPOKYBaHHS,
BHPaXEHY Y BIJICOTKAX, JKUTTE3AATHICT KIITHH — SIK
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Materials and methods

The research object was AGC suspension of adult
rats. Fragments of adrenal glands were placed into
medium 199 containing V-type collagenase of 1mg/ml
(Sigma, USA) and DNAase I of 1 mg/ml (Sigma) and
incubated in water bath at 37°C by 3 steps: 30, 10 and
10 min. After each incubation step the supernatant
was collected and supplemented with 0.5 ml bovine
blood serum (Biolot, Russia). Tissue was destructed
by pipetting and after that mixed with supernatant and
washed with medium 199 containing 0.2% bovine
serum albumin (BSA, Sigma). Cell suspension was
sieved through nylon filter with 100 m pore diameter
and washed.

Dimethyl sulfoxide (DMSQ) was used as a cryopro-
tectant. Cryoprotectant solution of 10, 14 or 20%
concentration was prepared on the base of medium
199 supplemented with 10% bovine blood serum. For
further freezing cryoprotectant was added stepwise.
500 pl of AGC suspension was supplemented with
100 pl of DMSO solution with 1 min interval at 4°C by
5 steps. Final DMSO concentration in the samples made
5;7; 10%. The samples were frozen in 1.8 ml volume
cryoampoules (Nunc, USA) in a programmable free-
zer (Cryoson, Germany). Freezing of samples was per-
formed with constant cooling rates 1; 5; 10; 15;
20 deg/min down to —40°C, and following plunging into
liquid nitrogen (—196°C). Cryopreservation with cooling
rate of 40 deg/min was performed above a mirror of
liquid nitrogen at constant environmental temperature
of —145...—-150°C. The samples were also frozen by
direct plunging into liquid nitrogen (L LN,). All the
samples were thawed in water bath (37°C) until solid
phase disappeared (visual assessment). After freeze-
thawing the cryoprotectant was removed stepwise.
Every minute AGC suspension was supplemented with
500; 500; 1000; and 2000 1 of medium 199 containing
10% bovine blood serum and 2.5% BSA. Procedure
was performed at 4°C. Suspension was centrifuged
during 3 min at 225g.

To control the total number of cells in suspension
they were calculated in hemocytometer [1]. Cell sur-
vival after cryopreservation was determined as their
total number after thawing in relation to the total number
of cells prior to freezing and expressed in percents,
viability of cells was expressed as the number of viable
cells in relation to total cell number and expressed in
percents. Percent of viable cells was determined by
supravital staining with 0.2% aqueous solution of trypan
blue and fluorescent dyes, fluorescent diacetate (FDA,
Sigma) and propidium iodide (PI, Sigma) [7]. Fluores-
cence was recorded with luminescent microscope
Olympus IX-71 with excitation at 488 nm. If the cell
was stained with FDA and a green fluorescence was
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KUIBKICTB KUTTE3MATHUX KJIITUH IO BITHOIIEHHIO 10
3arajpHOI iX KITBKOCTI, BUPaKEHY Y BiZICOTKAx. Binco-
TOK KUTTE3ATHUX KIITUH BU3HAYAJIH 32 IOTIOMOTOI0
CyNnpaBiTaJIbHOTO 3a0apBIEHHS 3 BUKOPHCTaHHSAM
0,2%-T0 BOAHOTO PO3YMHY TPUIIAHOBOTO CHHBOTO, &
TaKoX (JIyOpPECIEHTHUX OApBHUKIB — (yopecieiny
nianerary (DA, «Sigmay) i npomigiym doguny (I11,
«Sigmay) [7]. Peectpauiro ¢ayopecuenwii npoBoauiu
Ha JIFOMiHecIleHTHOMY Mikpockomi «Olympus IX-71»
ipu 30y/IPKeHH1 CBITIIOBUM ITYYKOM 3 JIOBKHHOIO XBHJTI
488 uM. [Ipu 3a6apenenHi kit GIIA crioctepiranach
3eneHa (IIyopeCIeHINis, TKa CBiIUMIIa PO X KUTTE-
3IaTHICTH, a 1IpH 3a0apsreHHi kmituH [1I — yepBoHa
(hiryopectieHttis, 1o 0yJIo 03HAKOIO X HEKUTTE3IaTHOC-
Ti. [ligpaxyHox ¢ayopecuirorounx 00’ €KTiB npu 30y-
JOKEHHI 3 JOBKHUHOIO XBIII 488 HM, a TAKOXK OJHOYACHO
3araJibHOi KiTPKOCTI KJIITHH B TIPOXiTHOMY CBIT/Ii JTO3BO-
JISIB BUSIBUTH HASIBHICTH 0€3’ AepHUX KITITHH.

Jisa Bizyamizamii B KIIITHHAX JIITITHUX BKIIOYEHb
MPOBOIWIIN 3a0apBIeHHS HITBCHKUM YepBoHuM (HY,
«Acros Organics»). B 1 mn IMCO po3uunnsiiau 1 mr
OapeHuKa. llepen 3abapBieHHSM PO3YUH OapBHUKA
pozsoamu 1:100 dizionoriyunnm pozunHoM Ha Gocgart-
Homy Oydepi (pH 7,4) 1 nogaBanu 15 Mka uporo pos-
yuny 10 1 M kimitrHHOT cycnensii (10° kir/mir). 3abap-
BioBanu 10 xB mpu 37°C, micns 40ro ogHOPa3oBO
BiJIMHMBAaNH BiJ HAAJMUIIKYy OapBHUKA (i310710TTYHUM
pozunHOM Ha pocharnomy Oydepi. Peectparito yo-
peCIIeHIIiT TPOBOAWIIH TIpH 30yPKEHH1 CBITIIOBUM ITyd-
KOM 3 JTOBXHHOIO XBwi 455-500 uM. 30epeskeHHs
HY*-kiTun 10 Ta micis KpioKOHCEpBYBaHHS BU3HAYA-
JIY 332 BMICTOM Y LIUTOMJa3Mi KIiTHH 3a0apBICHUX
BKJIFOYEHB 1 BUPAXKaH y BIACOTKAX IO BiHOIIEHHIO
10 3araibHOI KUTBKOCTI KJIITHH Y 3pa3Ky ITiCIIs BiITPiBY.

JI7st BUSIBIICHHS B KJIITHHAX aKTHBHOCTI 3 [3-TiApoK-
cucrepoinaeriaporenasu (3BI'CJI) cycrneHsito KITiTHH
(10% xa/mi) inkyOyBanu B 2,5 Mt i3ionoriaHOro
po3uuny Ha pocharHomy Oydepi (pH 7,4), o micTus
0,2 mMr/mn HiTpocuHbOrO TeTpazoinito («Chemapoly,
Uexist), 1 mr/ma HAJl («Fluka», Himedunna) i
0,12 mr/mn gerigpoemnianapoctepony («Sigmay) mpo-
Tsirom 90 xB ipu 37°C. I1o3nTrBHO 3a0apBiieH] KIITHHA
(BBrCA*-knituam) mManu (ioJgeToBe 3a0apBICHHS
BiZTHOBJICHOT'O TETPA30ITit0, iX MiAPaXyHOK 3IHCHIOBAIH
B TIOJIi 30pYy MIKpPOCKOTIa i BUpaKajH y BiICOTKOBOMY
CIIBBIIHOIIICHHI JI0 3araJIbHOI KUTHKOCTI KIIITHH Y 3pa3-
Ky TICJIS BiAIrpiBy.

J71s1 BUSIBIIEHHSA KiJIBKOCTi €pUTPOLIMTIB Y CycrieH3i1
KH3 6yno mpoBeneHO MideHHS MOHOKJIOHAIBHIMH
AHTUTIJIAMH, a came (EHOTUTIOBUM MapKepOM EpHUTPO-
uutiB «TER119 PE-conjugated» («BD Biosciencesy,
CIIA). Knitunu BigMuBaiu ¢i3io0riyHIM pO3UHHOM
Ha ¢ocdaraomy Oydepi Ta iHKyOyBaIHl 3 aHTUTIIAMHI
20 xB mpu 4°C. 3pa3Kku MOBTOPHO BiIMUBAJIHN 1 aHATTI-
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observed, the cell was considered as viable, and stained
with PI and fluoresced red was non-viable. Calculation
of fluorescing objects at 488 nm exitation and simulta-
neously the total cell number in transmitted light allo-
wed to reveal the presence of non-nucleated cells.

To reveal lipid inclusions in cells we performed stai-
ning with Nile Red (NR, Acros Organics). Dye of 1 mg
was dissolved in 1 ml of DMSO. Prior to staining a dye
solution was diluted in 1:100 ratio with physiological
saline on phosphate buffer (pH 7.4) and 1 ml of cell
suspension (10°cells/ml) was supplemented with 15 pl
of this solution. The specimen was stained for 10 min
at 37°C, then once washed free of excessive dye with
phosphate based saline (PBS). Fluorescence was re-
corded at excitation of 455—-500 nm. Survival of NR*
cells prior to and after cryopreservation was evaluated
by the content of stained inclusions in cell cytoplasm
and expressed in percents in relation to the total number
of cells in the sample after thawing.

To reveal the activity of 3-hydroxysteroid dehyd-
rogenase (3BHSD) in cells the cell suspension
(10° cells/ml) was incubated in 2.5 ml of PBS (pH 7.4)
with 0.2 mg/ml of nitroblue tetrazolium (Chemapol, Po-
land), 1 mg/ml of NAD (Fluka, Germany) and
0.12 mg/ml of dehydroepiandrosterone (Sigma) for
90 min at 37°C. Positively stained cells (3BHSD" cells)
had a purple color of recovered tetrazolium, they were
calculated in the vision field of microscope and expres-
sed in percent ratio to the total amount of cells in the
sample after thawing.

To reveal the erythrocyte number in AGC suspen-
sion we used labeling with monoclonal antibodies, i. e.
phenotype label of erythrocytes TER 119 PE-conjugated
(BD Biosciences, USA). The cells were washed with
PBS and incubated with antibodies for 20 min at 4°C.
The samples were repeatedly washed and analyzed
with flow cytofluorimeter BD FACSCalibur (BD Bio-
sciences) and WinMDI Version 2.8 software.

The data were statistically processed using single-
factor disperse analysis and Student’s t-criterion. The
differences were considered significant at p < 0.05.

Results and discussion

At the first stage to evaluate the cryopreservation
efficiency we had to determine the AGC survival and
viability after the use of different DMSO concentrations
and cooling rates. The cells exposed to all the stages
of processing except supplementation with DMSO and
freeze-thawing served as the control.

The highest cell survival was observed after using
cooling rates of 1; 5; 10 deg/min and 5 and 7% DMSO;
10 deg/min with 10% DMSO; 15 deg/min with 7%
DMSO and 40 deg/min and | LN, with 10%DMSO

(Fig. 1).
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3yBaJIM Ha IpoToyHOMY ItTodmyopumerpi BD FACS
Calibur («BD Biosciences») 3 BUKOPUCTaHHSIM IIPO-
rpamuoro 3abesneueHass WinMDI Version 2.8.

Cratuctnuny 00poOKy TaHUX TPOBOAMIIHN 32 AOTIO-
MOT0I0 OJHO(AKTOPHOT'O TUCIIEPCIHHOTO aHali3y
1 t-xpurepiro CteionenTa. BiporinHuMu BBaXanu Bij-
MiHHOCTI ipu p<0,05.

Pe3yAbTatn Ta iX OOroBopeHHs

Ha nmepmomy erarti poOOTH A5 OIiIHKY e(EKTHB-
HOCTi KpiOKOHCEPBYBaHHS HEOOXiTHO OYyII0 BU3HAYUTH
30epexkeHicTh Ta xkwurre3garHicts KH3 micns Buko-
puctanss pizHux konnerTpaniit IMCO i mBuakocTen
oxonomxkeHHs. KonTponem Oyiu KIITHHH, SKi TIPOXO-
UM Bei etanu o0poOku, kpim gogasanHs AMCO i
MPOLIECiB 3aMOPOXKYBaHHS-BI I PiBY.

Haii6inpury 30epekeHiCTh KIITHH BUSBICHO MPU
MIBUIKOCTSIX oxosomkeHHs 1; 5; 10 rpan/xB 351 7%
AMCO; 10 rpan/xs 3 10 % AMCO; 15 rpan/xs 3 7%
JAMCO Ta 40 rpang/xB i | LN, 3 10% JIMCO (puc. 1).

Haii011p111e 3MEHIIIEHHS JKUTTE3AATHOCT] BIITHOCHO
HE3aMOPOKEHHX KJIITHH OyJ10 BUSBJIEHO IPH IIIBUIKOCTI
oxonomxenHs 40 Tpa/XB 1 0X0JIOHKEHH] 3aHyPEHHIM
y PiAKHH a30T NPH BCiX BUKOPUCTAHMX KOHLIEHTPALILIX
JAMCO, HaitO1LIBITY )KUTTE3MATHICTE KITITHH BUSBICHO
MIPH IBHIKOCTSIX oxonomkeHHs 1; 5; 10; 20 rpan/xs 3
7% JAMCO i 10 rpag/xs 3 10% AMCO (puc. 2).
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Puc. 1. 36epexenicts KH3 micist KpioKOHCEpBYBaHHS 3 Pi3-
HUMH HIBUIKOCTSIMU OXOJO/KCHHS 1 KOHIEHTPAI[iIMU
JIMCO: O- 5%; 0 — 7%; B — 10%; K — kouTpois; * —
BIIMIHHOCTI BIPOTITHI ITO BIIHOIIEHHIO /10 KOHTPOJIHO, p < 0,05.
Fig. 1. AGC survival after freeze-thawing with different
cooling rates and DMSO concentrations: O0— 5%;0 — 7%;
B - 10%; K — control; * — the differences are significant if
compared with the control, p <0.05.
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The maximum viability decrease if compared to the
non-frozen cells was observed after using cooling rate
0f 40 deg/min and cooling by plunging into liquid nitro-
gen with all the used DMSO concentrations, the highest
cell viability was at cooling rates of 1; 5; 10; 20 deg/min
with 7% DMSO and 10 deg/min with 10% DMSO
(Fig. 2).

Assessment with fluorescent dyes revealed that the
cell viability decreased after cryopreservation by all
the programs. But the maximum decrease of cell via-
bility was found after using cooling rates higher than
10 deg/min. The highest number of viable cells was
preserved after using cooling rates of 1; 5; 10 deg/min
and 7% DMSO concentration (Fig. 3).

Generally the dynamics of viability change assessed
by two methods coincided, i. e. the decrease of cell
viability was observed along with increase of cooling
rate. However, absolute values of viability were higher
in the case of trypan blue staining (40.11 + 6.37 to
77.74 + 3.88% in trypan blue test vs. 9.85 = 0.91 to
56.45 £ 5.65% in fluorescent dye test). Higher cell
viability index observed in trypan blue test was likely
due to restrictions of the method, reflecting only the
membrane integrity of both nucleated and non-nuc-
leated cells [9].

The suspension obtained from adrenal glands con-
tained several types of cells differing by their sensitivity
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Puc. 2. XKurrezparnicts KH3 (3a TpunaHoBUM CHHIM) HiCILT
KPiIOKOHCEPBYBaHHS 3 PI3HUMH LIBUIIKOCTSAMH OXOJIOKCHHS
i kornentpamismu JJMCO: O-5%; 0 —7%; - 10%; K —
KOHTPOJIb, * — BIJMIHHOCTI BIPOTi/IHi II0 BIJIHOIIEHHIO JIO
KOHTpOITIO, p < 0,05.

Fig. 2. AGC viability (trypan blue test) after freeze-thawing
with different coolin{g rates and DM SO concentrations: 00—
5%:;0 — 7%; M- 10%; K — control; * — the differences are
significant if compared with the control, p <0.05.
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AHaJti3 3 BUKOPUCTaHHAM (pIyopecueHTHUX OapB-
HUKIB BUSBHB 3HIKCHHS )KUTTE3JATHOCTI KIJIITHH ITiCIIS
KplOKOHCEpBYBaHHS 3a BciMa mporpamamu. OnHak
HalOLIbIIIe TaiHAS KUTTE3AATHOCTI CYyCIIeH311 KIITHH
OyJI0 BUSBIIEHO IICJISI BUKOPUCTAHHS IIBUIKOCTEN
oxonopxeHHs puiie 10 rpan/xs. HaitOinblia KiTbKiCTh
KUTTE3AATHUX KIIITHH 30epiranack Mpu BUKOPUCTAHHI
mBuakocteit 1; 5; 10 rpaa/xs i kormnerTpamii JMCO
7% (puc. 3).

VY nitoMy nuHaMiKa 3MiHU KHUTTE3MATHOCTI, sSKa
Oy’na omiHeHa JBOMa METOAaMH, CIiBMajana, TOOTO
CIOCTEpiranaocs SMEHLICHHS KUTTE3JaTHAX KIITHH 3
POCTOM HIBHIKOCTI 0X0nokeHHs . O1HaK aOCOMOTHI
3HAUEHHSI KHUTTE3AATHOCTI OyJIM BULIMMHU y BULIAJIKY,
KOJIM 11el MOKa3HUK BUMIPIOBAJIH 32 IOTIOMOT OO TPH-
maHoBoro cuHporo (Bin 40,11 £6,37 mo 77,74 + 3,88%
3a 3a0apBICHHAM TPHUIIAHOBUM CHHIM Ta Bin 9,85 +
0,91 mo 56,45 + 5,65% — pmyopecuenTHUMEU OapBHHU-
kamu). L{e Moxe OyTH OB’ sI3aHO 3 THM, TITO TIPH 3a0ap-
BJICHHI TPUIIAHOBUM CHHIM CIIOCTEPITa€ThCS IiABH-
IIEHHS TOKa3HUKA KUTTE3AATHOCTI KIITHH, OCKIJIBKA
el MeTo 1 BitoOparkae MUTICHICTh KIIITHHHOT MEMOpa-
HHU SIK SIIPOBMICHHX, TaK i 0e3’siiepHuX KiIiTuH [9].

Cycriensisi, Ka OTpUMaHa 3 HAAHUPKOBHX 3aJ103,
MICTHTh I€K1TbKA TUITIB KIIITHH, SIKi MOXKYTb Bipi3Hs-
THUCS 32 CBOEKO YYTIIMBICTIO 10 (PAKTOPIB KPiOKOHCEP-
ByBaHHS. Lle, B cBOIO uepry, Moxke miaBuUIIyBaTu abo
3HUXKYBATH pe3yJbTaT KPiOKOHCEPBYBAHHS LIOJO
«CyOnomyIsAIii iHTepeCy », HAIPHUKIIAL TOPMOHOIIPOTY -
KYIOUMX KITITHH.

Bigomo, 1o HaJHUPKOBI 3aJI03M MAIOTh BHCOKHIA
piBEHb KpOBOIMOCTAa4aHHs. TOMY €pHTPOLUTH CKIIa-
JAI0Th 3HAUHY KIJIBKICTh Y CYCIIeH31i, OTprMaHoi 3 3a-
1103. J1y1s1 oKW BMicTy O€3’iAepHUX KIIITHH B CyCIICH-
311 MM 3aCTOCYBaJI METOJ MPOTOYHOI HUTO(IyOopH-
metpii. Cycnensiro KH3 Oyno momiueHo aHTUTIIaAMU
TER119, sixuii ekcnpecyeTbesl Ha KINITHHAX €PUTPOiN-
Horo psazay [8].

3a ZOHOMOroI0 METo/a MPOTOYHOI IUTO(IYOopH-
MeTpii Oy710 BCTaHOBJICHO, IO KIIITHHHA HaJHHUPKOBHUX
3aJI03 PO3IONiJICHI Ha 2 KIITHHHI MOMYJIAIT 3 pi3HUM
po3mipom kiituH (puc. 4, A, B): R1 (85-94%) ta R2
(6-15%). Iomynstiist KIITHH CEPETHBOTO PO3MIpPy Ma€e
3Ha4yHy KibkicTh TER 119*-kumiTrH, mo ineHTHdIKYyE i
KJIITHHH SIK EpUTPOLIUTH. BcTaHOBIIEHO, IO ITOYaTKOBA
koHTponbHa cycnensis KH3 mictute 0insg 77%
TER119*-kniTuH 3 momynsanii cepeaHboro po3Mipy
(puc. 4, C).

AHani3 KJIITHHHOT CYCIeH31] METOIOM MPOTOYHOT
IUTO(IYOPUMETPIT TOKA3aB, 110 CYOIOMYIIALIil 0e3’siep-
HUX Ta SIIPOBMICHUX KIIITHH Y CYCIIE€H3ii MalOTh HEOI-
HaKOBY Yy TJIUBICTH JI0 PEKUMIB KPIOKOHCEPBYBaHHS.

BcraHoBIIEHO, 1110 31 301IBILIEHHSAM IIIBUIKOCTI 0XO-
JIOJKEHHS] 3MEHIIYETHCS KIBbKICTh SAPOBMICHHUX
1 3pocTaE KibKicTh 6€3’ IIepHUX KIITHH (Ta0IuIs).
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Puc. 3. Kurreznarnicte KH3 (3a Brmouenusm OIA i I11)
icisl KpiIOKOHCEPBYBAaHHS 3 PI3HUMHU LIBUAKOCTSIMH 0XO-
Jo/pKeHHs 1 koHteHTpanismu JIMCO: O- 5%; 0 — 7%; l—
10%; K — xonTpons; BigmiHHOCTI BiporiaHi (p < 0,05) no
BiJJHOIICHHIO JI0: * — KOHTPOJIIO; © — 3pa3KiB, KPIOKOHCEPBO-
BaHuX 3 5% JIMCO 3i mBuakicTo oxonomkeHns 10 rpai/xs;
#—~7% JAMCO 1a 1; 10 rpag/xs; " — 10% IMCO ta 1; 5; 10
rpan/xs.; @ — 5% IMCO T1a 5; 20; 40 rpan/xBs.

Fig. 3. AGC viability (FDA/PI test) after freeze-thawing with
different cooling rates and DMSO concentrations: O —
5%:;8 — 7%; B — 10%; K — control; the differences are
significant (p <0.05) if compared with: * —the control ; " —
5% DMSO with 10 deg/min cooling rate; *— 7% DMSO with
1; 10 deg/min cooling rates; " — 10% DMSO with 1; 5;
10 deg/min cooling rates; © — 5% DMSO with 5; 20;
40 deg/min cooling rate.

to the cryopreservation factors. In its turn this may in-
crease or decrease the post-thaw yield after cryopre-
servation as for target subpopulations, for example of
hormone-producing cells.

Adrenal glands are known to have a high level of
blood supply. So erythrocytes are the significant popu-
lation among the suspension obtained from the glands.
To estimate the content of non-nucleated cells in sus-
pension we applied the method of flow cytofluorimetry.
AGC suspension was labeled with antibodies to TER119,
expressed on the erythroid cell membranes [8].

Flow cytofluorimetry analysis revealed within ad-
renal cell suspension two cell populations with different
cell size: R1 (85-94%) and R2 (6-15%) (Fig. 4A, B).
Cell population of middle size had a significant amount
of TER119" cells, i. e. erythrocytes. It has been estab-
lished that initial control AGC suspension contained
about 77% of TER119* cells within the population of
middle sized cells (Fig. 4C).

Flow cytofluorimetry analysis of cell suspension
showed that subpopulations of nucleated and non-
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KJiTHHY y cycnen3ii KH3.

Fig. 4. Cytofluorimetric analysis of AGC suspension: A, B — forward and side light scattering of cells; C— TER119"-cells in

AGC suspension.

Bwicr siapoBmicHEX 1 0e3’sinepHux KiiThH (%) B cycniensii KH3 1o (koHTponb) i micist KpioKOHCEepBYBaHHS
Amount of nucleated and non-nucleated cells (%) in AGC suspension prior to (control) and after cryopreservation

KomenTparist LUBI/IAKCiCTI; oxozxop;:iem;ﬂ, 'rpaA/ XB
AMCO,% ooling rate, deg/min LN KOHTpOAB
DMSO 2 Control
concentration,% 1 5 10 15 20 40
AaposMicHi kaiTUHY, %  Nucleated cells, %
5 87,3 +=1,92 82,27+3,21 48,25+2,98" 35,76+4,10" 31,43+3,11* 24,89+0,85" 3,61+1,42"
7 88,96+0,10" 84,5+1,06 56,54+4,3 22,08=+0,11* 17,4%2,26" 2585%+4,31" 4,91=+0,47 69,64+1,21
10 80,65+8,55 50,44+1,94" 41,54+2,76" 15,6+6,99 28,41+2,83" 253+4,17 8,25+1,06
Bes'sinepui kaiTuaM, %  Non-nucleated cells, %
5 7,3+1,92* 9,27+1,02* 35,75+0,55" 45,26+3,40" 56,43+3,95" 62,89+3,38" 63,61=1,42"
7 4,99=+0,72" 14,5%+1,06* 41,41+1,66" 66,59+8,42" 72,9%+4,10 79,4+3,11* 86,85+3,32" 21,44=1,18
10 11,24+1,29" 30,44=1,94" 52,79=+3,11* 69,2+5,73" 75,91+0,69" 71,8+1,69 74,55+3,60"

Ipumirka: * — BiIMIHHOCTI BipOTi/IHI 110 BiTHOIICHHIO 10 KOHTPOIIO, p < 0,05.

Note: * — the differences are significant if compared to the control, p < 0.05.

dopMyBaHHSI MUTOINIA3MATHYHUX JIIITHAX Kpa-
TeJIb y CTEPOiNIPOAYKYIOUNX KIITHHAX HAIHUPKOBUX
3aJ103 € 000B’SI3KOBUM Ipo1iecoM. Lle ckymueHHs HeT-
PpajbHUX JIiMiJiB, B OCHOBHOMY TPUIIILIEPHIIB a00 XOIe-
CTEPHHOBHX e(ipiB, sIKi 3aCTOCOBYIOTH SIK 3aCO0H 3arma-
CaHHs €Heprii B opraizmi ado siK Jero X0JIeCTepUHyY

nucleated cells in suspension had different sensitivity
to cryopreservation regimens.

We have established that along with the increasing
of the cooling rate the number of nucleated cells
decreased and number of non-nucleated ones increa-
sed (Table).
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IUISl CHHTE3Y CTEPOiTHIX TOPMOHIB y CTEPOIOTeHHUX
tkanuHax [10]. lns Bizyamizamii KIiTHH, SKi MalOTh
JIiMiHI BKJIIOUYEHHS, BAKOPUCTOBYBAJIH (PIyopecLeHT-
HU OapBHUK HITBCHKHUH YEPBOHUM.

OTtpumaHi naHi (puc. 5) cBimuaTh PO 3HATHE 3HU-
JKEHHS KUTHKOCTI KJTITHH, 1[0 MICTSTB JIITIHI Kparui,
micig 3aMOpPOXYBaHHS 31 mBHAKOCTsIMH 15; 20;
40 rpaa/xB i HEKOHTPOIHOBAHOIO MIBUAKICTIO OXOJIO-
mxenns (L LN,). 3pasku, KploKOHCEpBOBaHI 31 INBUI-
KICTIO OXOJIOmKeHHS Hikue 10 rpaj/XB i KOHIIEHTPA-
uiero IMCO 5; 7 1 10%, B minomy 30epiratoTh Kijib-
KIiCTh KJIITHH, 3a0apBJIEHNUX HIIBCEKUM YEPBOHUM, Ha
PiBHI KOHTPOJIBHUX 3Ha4YeHb (63,98 £ 9,52%)).

OnHUM 3 METO/IIB OLIIHKH FTOPMOHAIBHOI (hyHKIIT
CTEpOIANPOAYKYIOUMX KITITHH B CYCIICH3ii € BUSHAYECHHS
axtuBHOCTI pepmenty 3BI'C/I, sikuii 3a0e3neuye oauH
3 KJTFOYOBHX €TalliB CHHTE3y CT€POiTHUX TOPMOHIB —
KOHBEPCIIO PETHEHOJIOHY B IPOTeCcTePOH. STk BUIHO 3
puc. 6, Bmict 3BI'CI -KIIITHH MiCIIs KPIOKOHCEPBY BaHHS
3aJIMIIaiacs Ha piBHI KOHTPOJIBHUX 3Ha4eHb (42,05 +
2,40%) y pa3i OXOJOMKEHHS 31 MBHUAKOCTSIMHU A0
15 rpan/xB B mpucytHOCTi 5 T2 7% JAMCO. [Tpun BUKO-
pucransi 10% JIMCO 1ieli noka3Huk OyB €0 HIKYE.
OxonomxeHHs cycnensii 31 mBuaxoctsimu 20; 40 rpan/xs
1 3aHYpeHHS B PIAKHHA a30T NPU3BEJIO A0 3HIKCHHS
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1 5 10 15 20 40 ILN,
LLIBnaKocCTi oxonomxeHHs, rpaa/xs
Cooling rates, deg/min

Puc. 5. Kinbkicte HU*-KJ1iTHH 10 (KOHTPOITB) 1 ITICIISI KPIOKOH-
CEepBYBaHHA 3 PI3HMMH LIBUIKOCTAMH OXOJOKCHHS
i kouteHTparisvu JIMCO: O—5%; 0 — 7%; l—10%; K —
KOHTPOJIb; BIIMIHHOCTI BiporiHi (p < 0,05) o BigHOIICHHIO
10: * — KOHTPOJIO; ¥ — 0 3pa3KiB, KPiIOKOHCEPBOBaHMUX 3 5; 7;
10% JAMCO 3i mBHIKOCTAMH OX0I0mKeHHs 1; 5; 10 rpaa/xs
BIJIMOBITHO.

Fig. 5. Number of NR"-cells prior to (control) and after freeze-
thawing with different cooling rates and DMSO concen-
trations: OO — 5%:;8 — 7%; W — 10%; K — control; the
differences are significant (p <0.05) if compared with: * —
the control ; #— data of freeze-thawing with 5; 7; 10% DMSO
and with 1; 5; 10 deg/min cooling rates, correspondingly.
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Formation of cytoplasmic lipid drops in steroid-
producing cells of adrenal glands is a mandatory pro-
cess. This is the accumulation of neutral lipids, usually
triglycerides and cholesterol esters which are used as
the energy accumulation means of an organism or depot
of cholesterol for synthesis of steroid hormones in ste-
roidogenic tissues [10]. To visualize the cells with lipid
inclusions we used a fluorescent dye Nile Red.

The obtained data (Fig. 5) testified to a significant
decrease of cell number having lipid drops after freezing
with cooling rates of 15; 20; 40 deg/min and non-cont-
rolled cooling rate (1 LN,). Generally the samples cryo-
preserved with cooling rate below 10 deg/min and
DMSO concentration of 5; 7; 10% preserved the
number of cells stained with Nile Red at the level of
control indices (63.98 + 9.52%)).

One of the methods for evaluation of steroid-pro-
ducing cells’ hormonal function in suspension is reveal-
ing the activity of enzyme 3BHSD providing one of
the key stages of steroid hormones synthesis, transfor-
mation of pregnenolone into progesterone. Fig. 6 shows
that the content of 3BHSD" cells after cryopreservation
remained at the level of control indices (42.05 £ 2.40%)
in the case of cooling rate up to 15 deg/min and 5 and
7% DMSO. In the case of using 10% DMSO this in-
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Puc. 6. Kinbkicts 3B-I'CA kit 10 (KOHTPOJIB) 1 MiCIs
KPiIOKOHCEPBYBaHHS 3 PI3HUMH LIBUIKOCTSAMHE OXOJIOPKSHHS
i kouneHTpariamu IMCO: O—5%; 0 — 7%; B—10%; K —
KOHTPOJIb; BIIMIHHOCTI BiporifHi (p < 0,05) 1o BiJHOLIEHHIO
J0: * — KOHTPOJIIO; * — 10 3pasKiB, KPiIOKOHCEPBOBAHUX 3 7%
JMCO 3i mBuaxicTio oxonomkeHHs 10 rpaz/xs.

Fig. 6. Number of 33-HSD"-cells prior to (control) and after
freeze-thawing with different cooling rates and DMSO
concentrations: O0— 5%;0 — 7%; M- 10%; K — control; the
differences are significant (p <0.05) if compared with: * —
the control ; #— data of freeze-thawing with 7% DMSO and
with 10 deg/min cooling rate.
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kinbkocti 3BICJL -kuitun. CHif miaKpecIuTH, 110 MCs
3aMOpO)KYBaHHSI-BiJIrpiBy CycIieH3ii 31 IIBUIKICTIO 0XO-
nomxkeHHs 10 rpan/xs Ta B npucytHocTi 7% JIMCO
30epexenicTh 3BIC/l'-KIITHH B MOPIBHSAHHI 3 KOHT-
poiteM OyIia TOCTOBIPHO BUIIOI0. TaKuM YHHOM, BUKO-
PUCTaHHS MBUAKOCTI oxonomkeHHs 10 rpaa/xs i 7%
JAMCO nmst 3aMOpoXXyBaHHS HAAHUPKOBUX 327103 TITy-
PpiB ciipusie 30epeKEeHHIO HAWOLIBIIOT KITBKOCTI KITITHH,
SKi MaroTh aktuBHicTE 3BI'CII.

BpaxoByroun fgaHi mpo BIUIMB MIBHAKOCTI 0XOJIO-
JDKEHHSI Ha JKUTTE3JaTHICTD Ta KIIITHHHUHN CKJIaj Cyc-
nensii KH3 nrypiB, MoxHa 3p00HTH BUCHOBOK, L0 3a-
MOPOXKYBaHHS 31 HIBUAKICTIO OXOJIOAKEHHS O1jIb1IIe 3a
10 rpan/xB 1 BUKOPHCTaHHS NPSIMOTO 3aHYPEHHS Y Pif-
KUH a30T 3HaYHO 3HWKYIOTh MOKA3HUKHU KUTTE3AATHOC-
ti KH3 mypis. HIBuakocti oxonomkenns 1o 10 rpay/xs
3HIDKYIOTH TTOKa3HUK KUTTE3MATHUX KITITHH ITICIIS BiI-
TaBaHHS, OJHAK JO3BOJIAIOTEH 30€perTH iX HAHOLIBITY
KUTBKICTB B cycniensii. L{utodumyopumerpuanmii anami3
okasas, o cycriensist KH3, orprumana 3 HaIHUPKOBUX
3aJ103 [IypiB, MICTUTh 3HAUYHY YaCTUHY €PUTPOITHUX
KJIITUH. BMICT 1i€i IOyl 3MiHIOETHCS 3aJIEAKHO BiT
BUKOPHCTAHOI IIBUIKOCTI OXOJIOPKEHHSI.

BucHosku

1. KpiokoHcepByBaHHs CycHeH3ii KIIITUH HaAHUPKO-
BHX 3aJ103 IIyPiB MA€ MPOBOJUTHUCS 3 BUKOPUCTAHHIM
HU3bKUX (70 10 Tpaji/XB) MIBUAKOCTEH OXOJIOMKECHHS,
AK1 TIO3BOJISIFOTH OTPUMATH IICIIs BiAITPiBY HAHOUTBITY
KIUTBKICTB )KUTTE3AATHUX 1 QYHKI[IOHATIFHO aKTUBHHUX
KJTITHH.

2. BcraHoBIiieHO, 110 31 301IbIIEHHIM HIBHIKOCTI
OXOJIO/IKEHHSI 3MEHITYETHCA BMICT AIPOBMICHUX 1
3poctae — 6e3’ IAepHUX KIIITHH.

3. Jns oTpuMaHHS CyCHeH31{ KIIITHH HAIHUPKOBUX
3aJ103 LIypiB, 30arayeHoi CTepoiAnpoIyKyOUUMH KITi-
TUHAMH, TOTPiOHO BUKOPHUCTOBYBATH PEKUM 3aMOPO-
JKyBaHHS 31 MIBUIKICTIO oxonomkeHHs 10 rpan/xs
i koHueHTpauieto IMCO 7%.
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dex was slightly lower. The cooling of suspension with
the cooling rates of 20; 40 deg/min and plunging into
liquid nitrogen resulted in the decrease of 3BHSD™ cells
number. It should be emphasized that after freezing of
suspension with 10 deg/min cooling rate and presence
of 7% DMSO the 3BHSD" cells content was signifi-
cantly higher if compared to the control. So, using
10 deg/min cooling rate and 7% DMSO for freezing
of rat adrenal glands contributed to the survival of
highest number of cells with 3BHSD activity.
Considering the data about effect of cooling rate
on viability and cell population distribution in rat AGC
suspension we may conclude that the freezing with
cooling rates higher than 10 deg/min and the use of di-
rect plunging into liquid nitrogen significantly decrea-
ses the indices of rat AGC viability. Cooling rates lower
than 10 deg/min decrease the cell viability but enable
to preserve the higher cell quantity in suspension. Cyto-
fluorimetric analysis showed that AGC suspension ob-
tained from rat adrenal glands contain a significant
erythroid cell population. The post-thaw content of this
population changes depending on the cooling rates used.

Conclusions

1. Cryopreservation of rat adrenal cell suspension
should be performed with low cooling rates (not higher
than 10 deg/min) allowing obtaining the highest post
thaw quantity of viable and functionally active cells.

2. We have established that increasing of cooling
rate led to decrease in content of nucleated cells and
to increased non-nucleated cell content.

3. Obtaining of rat adrenal cell suspension enriched
with steroid-producing cells was provided by applica-
tion of freezing regimen with 10 deg/min cooling rate
and 7% DMSO concentration.
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