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Effect of Cooling Rate on Integrity of Zone-Differentiated

Adrenal Cell Populations of Rats

C mOMOIIIBI0 METOIOB (PIYOPECIICHTHONH MUKPOCKOITHH U THCTOXUMHYECKOTO OKPAITMBAHHS ObLITH U3yUYCHBI KIICTKH HAAMOYCIYHUKOB
B3POCIIBIX KPBIC 10 M MOCJIe KPHOKOHCEPBUPOBaHUs. HU3KKe CKOPOCTH OXJIaXK ICHHS MTO3BOJISIOT COXPAHUTH HANOOJIbIIIEE KOJINIECTBO
KJIETOK B CYCIIEH3UH I10CJIE 3aMOPaKUBaHUA-0TOrpeBa. CKOPOCTH OXJIaXIEHHsI OKa3bIBAIOT CEJIEKTUBHOE JICHICTBHE HA COXPAaHHOCTh

KJIETOK KOPKOBOI'O 1 MO3IrOBOI'0 B€ICCTBA HAAIIOYECYHUKOB.

Kniouegwie cnosa: GpnyopecueHTHbIE KpacuTeNnH, 33 -THIPOKCUCTEPOUANCTHAPOreHasa, XpOMOIPaHUH A, KDHOKOHCEPBHPOBAHHE,

CKOPOCTD OXJIQXKACHUS, CYCIIEH3H1 KIICTOK HAAITIOYEIHHUKOB.

3a 01moMOTror0 METOIB (HITyOPECIIEHTHOT MiKPOCKOITIi Ta TiCTOXIMIYHOTO 3a0apBIIIOBAHHS AOCIHKCHO KITITHHHI HAJTHUPHUKIB TOPOCIHAX
IIypiB 10 Ta Micis KpioKoHCepByBaHHS. HM3bKi HMIBUAKOCTI OXOJOMKEHHS J03BOJISIIOTH 30eperTd HalOiIbIny KijdbKiCTh KIITHH Y
cycrieHsii micist 3aMOpoKyBaHHS-BiAirpiBanHs. [IIBUAKOCTI OXONMOMKCHHS YMHATE CEICKTUBHY IO Ha 30ePEIKEHICTh KIITHH KipKOBOT

1 MO3KOBOT pEYOBHHH HaTHUPHUKIB.

Knrouosi cnosa: dnyopecuentHi 6apBHuKH, 3 -riApoKcHCTepoiIerigporeHasa, XxpoMorpania A, KpiOKOHCEpBY BaHHSI, IIBHIKICTh

OXOJIOJKEHHS, CyCIIeH3is1 KITITHH HaJHUPHHKIB.

By means of the fluorescent microscopy and histochemical staining the adult rat adrenal cells prior to and after cryopreservation
were studied. Low cooling rates enable the preservation of the highest number of cells in suspension after freeze-thawing. Cooling rates
cause a selective effect on preservation of the cells of cortical and medullar substances of adrenal glands.

Key words: fluorescent dyes, 3B-hydroxysteroid dehydrogenase, chromogranin A, cryopreservation, cooling rate, adrenal cell

suspension.

IIpumeHeHre MeTUKaMEHTO3HOM Tepauu JJis Jie-
YEHUS HAAMOYEYHUKOBOM HEJJOCTaTOYHOCTH HE BCEraa
MIPUBOAMT K TOJOXKHUTEIbHOMY 3 dexTy. DTo onpee-
JIATI0 HEOOXOIUMOCTD ITOMCKAa HOBBIX METOJIOB JICUE-
HUS NTaHHOW martonoruu. OXHUM U3 TaKUX METO0B
SIBIISIETCS TPAHCIUTAHTALUS aIPEHOKOPTUKAJIBHBIX KJIe-
TOK [2, 9, 10, 14, 17, 21, 24]. CrepouaHble TOPMOHBI,
MIPOAYIIUPYEMEIE KJIETKaMHU KOPKOBOTO BEIIECTBA HAJI-
[TOYEYHNKOB, OKa3bIBAIOT 3aMECTUTENBHBIN 3D (PeKT B
OTHOUIEHUU OTCYTCTBYIOILUX SHAOTEHHBIX TOPMOHOB
COOCTBEHHOM kene3nl perunuenTa [ 19, 24]. beuta mo-
Ka3aHa BO3MOYXHOCTH JICUCHUS ITAPKUHCOHN3MA Y IKC-
MIePUMEHTAILHBIX KUBOTHBIX ITyTEM TPAHCIUTAHTAITIN
xpoMadHUHHBIX KIETOK MO3TOBOTO CIIOSI HA [ITOYEY-
HukoB [8]. [loaToMy pa3zpaboTka criocoda KpHOKOHCEep-
BHUPOBaHUS aJIPEHOKOPTHKOITUTOR C IIEJIBI0 CO3TAHMS
3armacoB MaTepuaia sl MOCIeayromeld TpaHCIIaH-
TaI[UU aKTyajbHa.

B nuteparype npuBeaeHbl JaHHBIE O KPHOKOHCEP-
BHPOBAHUH CYCIICH3UH XpoMadHUHHBIX KJICTOK, BBIJIC-
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Application of drug therapy to cure adrenal insuf-
ficiency not always leads to a positive effect. This
preconditioned the necessity of searching the new treat-
ment methods for this pathology. One of these methods
is transplantation of adrenocortical cells [2, 9, 10, 14,
17,21, 24]. Steroid hormones, produced by the adrenal
cells of cortical substance render a substitutive effect
in respect of missing endogenous hormones of own
recipient’s gland [19, 24]. There has been shown the
possibility of Parkinsonism treatment in experimental
animals by means of transplantation of adrenomedullary
chromaffin cells [8]. Therefore the development of
cryopreservation method for adrenocorticocytes to
create the stocks of the material for following trans-
plantation is an actual one.

There are reported data about cryopreservation of
the suspension of chromaffin cells, isolated from human
embryonic adrenal glands [27]. However, the question
about the effect of cooling rate on the survival of all
cell populations in the suspension has not been studied.
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JICHHBIX U3 3M6pI/IOHa.HI)HI)IX HaAAITOYCYHBIX XKCEJIE3 UC-
noBeka [27]. OnHako BOMPOC O BIMSIHUM CKOPOCTH
OXJIXK/IEHHS HA COXPAaHHOCTh BCEX IMOITYIISLNIA KJIETOK
B CyCIIEH3UH HE H3y4eH. B CBs3U ¢ 3TUM HEOOXOAUMBI
HCCIICA0BaHUs, HAIIPABJICHHBIC HAa OLUCHKY BJIMWSAHUA
CKOPOCTH OXJIZXKJICHHSI HA COXPaHHOCTh KJIETOK HaJl-
MOYEYHHUKOB ITPU KPUOKOHCEPBUPOBAHUH.

Lenb paboThI — ONPEAETUTH COXPAHHOCTH 30HAJIb-
HO-IudepeHITUPOBAHHBIX MOMYJISINN KJIETOK HAIO-
YCYHHUKOB KPBIC ITPU UCIIOJIB30BAHUH PAa3JINYHBIX CKO-
pOCTeil OXJTaKICHUS.

Matepnanbl 1 metoAbI

OOBEKTOM HCCIIEOBAHHS CITY KA HAATIOYSYHUKH
B3POCIHBIX KpbIC. J[71s1 MOMy4YeHHUs CYCIIEH3UH KJIETOK
KeNe3bl M3MesbYain Ha (parMeHTsl 2-3 MM’ U B 3
sta-na (30, 10, 10 mun) naky6upoBamu npu 37°C B
(hep-MEHTAaTHBHOM pPacTBOpE, COAEpPIKaIIEM Cpeay
199, komnarenasy (1 mr/mi) u JJHKazy (0,2 mr/mir)
[16]. CycnieH3un KIEeTOK, HOTy4YEeHHBIE Ha BCEX ATaIax
KOJIJTar€HU3alny, OObEANHUIA U YAAISAIN (hepMeH-
TaTUBHBIH PACTBOP JBYKPATHBIM LIEHTPHPYTUPO-
BaHueM B cpene 199, conepxamieit 0,2% Obrubero
ceiBopoTouHoro ansOymuHa (BCA), mpu 225g B Teue-
HHE 3 MHUH. 3aTeM CYCICH3UIO (DHIBTPOBAIH Yepe3
HEHIOHOBBIA GUIBTp ¢ auameTrpom mop 100 Mxm, u
cHoBa neHtpudyruposanu B cpeae 199 ¢ 10%-i
CBIBOPOTKOH KpymnHoro poraroro ckota (KPC).

B kagecTBe KpHOPOTEKTOPA HCITOIB30BAIN AUME-
tuicynshokcua (AMCO). KpuozamutHsiii pacTBop,
coaepxamuit 14% JIMCO u 10% creiBopotku KPC
rotoBunu Ha cpenae 199. IlosramHoe nobamieHue
KPUOTIPOTEKTOPA K CYCIIEH3UH KIJIETOK TO3BOJISIET T0-
BBICUTH UX COXPAaHHOCTB NMPH KPHOKOHCEPBUPOBAHUU
[20, 22, 23]. K 500 MK CyClIeH3UH KJIETOK HaAIOo4Yey-
HUKOB C MHTEpBaioM 1 muH nmpu temneparype 0—4°C
no6asistm o 100 Mk pactBopa JIMCO (B 5 aTamos).
Koneunas konnenTparmsa JIMCO B o0pasiie cocTaBuiia
7%. O0Opa3ubl 3aMOpaKMBaU B KpHOaMITysiax (GpupMsl
“Nunc” (CIIA) o6bpemoM 1,8 My Ha MPOrpaMMHOM 3a-
MopaxuBarene ’Cryoson” (I'epmanus).

[Ipu 3amMopakuBaHnu 00pa3IOB MCTIOJIB30BAIHU
MOCTOSIHHBIE CKOPOCTH oxnaxaenus: 1; 5; 10; 15; 20;
40 rpagycos/muH (10 —40°C) u 3aTeM NOrpyKanu B
xuakui a3oT (—196°C). Taxke 3aMopaxuBaiu 00pas-
LI C HEKOHTPOJIUPYEMOH CKOPOCTHIO OXJIaXKICHUS
MPSIMBIM NOTPY>KEHUEM B KHUIKHH a30T (~LLN2). Orto-
rpeBaiu Ha BojsHOM Oane (37°C) mo uC4Ye3HOBEHUS
TBepAOH (ha3bl P BU3YAIbHOH OIIEHKE.

KpuomnporekTop nocie pasMopaxuBaHuS YIS
nodTamnHo [ 1] ¢ mocnenyommM HeHTpudyrupoBaHieM
B TeueHHe 3 MMH npu 225g. OTMBIBOYHAs Cpelia co-
nepxkana 10% ceBopotku KPC u 2,5% BCA. Ilpo-
LIEHT JKU3HECIIOCOOHBIX KJIETOK OIPENEIISUIN C TIOMO-
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In this connection the studies targeted to the estimation
of the cooling rate effect on the survival of adrenal
cells during cryopreservation is necessary.

The research aim is to examine the survival of zone-
differentiated cell populations of rat adrenal glands
when using different cooling rates.

Materials and methods

The research object was adrenal glands of adult
rats. To obtain the cell suspension the glands were
fragmented by 2—-3 mm?® and incubated in 3 stages (30,
10, 10 min) at 37°C in enzyme solution, containing the
medium 199, collagenase (1 mg/ml) and DNase
(0.2 mg/ml) [16]. Cell suspensions obtained at all the
stages of collagenization were combined and enzyme
solution was removed with two-fold centrifugation in
the medium 199, containing 0.2% bovine serum albumin
(BSA), at 225g for 3 min. Then the suspension was
filtered through nylon filter with 100 mm pore diameter
and again centrifugated in the medium 199 with 10%
bovine serum (BS).

Dimethyl sulfoxide (DMSQ) was used as the cryo-
protectant. Cryoprotective solution was 14% DMSO
in medium 199 supplemented with 10% BS. Stepwise
adding of cryoprotective solution into cell suspension
allows the increase of cell survival during cryopreser-
vation [20, 22, 23]. 500 ul of DMSO solution was added
to 500 pl of adrenal cell suspension in 5 steps (100 pl
of DMSO solution on each one) with 1 min interval at
the temperature of 0—4°C. The final DMSO concentra-
tion in the sample was 7%. The samples were frozen
in 1.8 ml cryovials (Nunc, USA) using the program-
mable freezer (Cryoson, Germany).

During freezing of the samples the constant cooling
rates, 1; 5; 10; 15; 20 and 40 degrees/min (down to
—40°C) were used and then the vials were plunged
into liquid nitrogen (—196°C). As well the samples were
frozen with non-controlled rate cooling by a direct
plunging into liquid nitrogen (\LLNz). The thawing was
performed in water bath (37°C) up to the solid phase
disappearance under visual assessment.

After thawing the cryoprotectant was stepwise re-
moved [1] with following 3 min centrifugation at 225g.
The washing medium contained 10% BS and 2.5%
BSA. The percentage of viable cells was examined
using fluorescent dyes [18]: fluorescein diacetate
(FDA) and propidium iodide (PI). Afterwards the
samples were twice washed with the medium 199 and
the cell fluorescence was assessed with luminescent
microscope Olympus IX-71 (Japan) at the fluo-
rescence excitation wavelength of 488 nm.

Significant number of lipid inclusions and the activity
of 3B-hydroxysteroid dehydrogenase (33-HSD) are in-
tegral parameters of steroid producing cells in adrenal
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me0 QuryopecnieHTHRIX Kpacutenei [18]: dmyopec-
newHa nuanerara (OJJA) n npormmauym iomuna (1141).
Janee oOpasibl ABaX bl OTMBIBaIH cpenoit 199 u
OLIEHUBAIH (PIIyOPECUEHIUIO KIETOK Ha JIIOMUHEC-
neHTHoM Mukpockorie Olympus IX-71 (Snonus) npu
JUTHHE BOJIHBI BO30YkIeHus (ryopecueHmn 488 HM.

3HAYNUTENBHOE KOJTMYECTBO JTUIMUIHBIX BKJIIOYEHU I
U aKTUBHOCTH 3[-THAPOKCHCTEPOHIIETHIPOTeHA3BI
(3B-T'CHI) stBisitoTCS HEOTHEMIIEMON XapaKTepHUC-
THUKOW CTEPOUANIPOAYIUPYIOMINX KIETOK B HAIIOYEY-
HUKaX. J{J1s1 BBIBIICHUS TUMUAHBIX BKIIOYEHUN KIETKH
okpamuBanu HunbckuM KpacHeiM (HK) mo merony,
onmcanHoMy B [29]. B 1 M IMCO pactBopsuu 1 Mr
kpacutens. [lepen okpammBanneM pacTBOp KpacuTe-
7151 pazsogui 1:100 pusnonornueckuM pacTBOpoOM Ha
¢docoarnom Oydpepe (PBS) (pH 7,4) u nobasmnsuin
15 MKJI TaHHOTO pacTBOPA K 1 MJI KJIETOYHOH CyCIIEH-
3un. Knetku okpammsanu 10 mun nipu 37°C u 3ateMm
OTMBIBAJIM OT H30BITKA KpacuTes GU3NOIOTHYECKUM
pactBopoM Ha pocdarHOM Oydepe. s perucrpanun
(bmyopecieHIIMN HCII0Th30BaIN JTIOMUHECIIEHTHBIN
mukpockon Olympus IX-71 (mpu annHe BOTHBI BO3-
oyxnenus 455-500 um). Coxpannocts HK*-kierox
[0 CJI€ KPUOKOHCEPBUPOBAHHMS OIIPENEIISAIH IO CONEp-
YKaHHIO B MX [IUTOIUIa3Me OKPAIIEHHBIX BKIIOYEHUH U
BBIP2YKAJIM B MPOLIEHTaX MO OTHOLIEHHWIO K O0IIeMy
KOJIMYECTBY KJIETOK B 00pa3le Mocie OTorpena.

Jlnst BeIsIBIICHUS B KieTKax aktuBHOCTH 3[3-T'CJI
MIPOBOMIIN TUCTOXMMUYIECKOE OKPALTBAHUE TI0 METO-
Iy, IpeIIoKeHHOMY B pabote [6]. st aToTO cycrneH-
3MI0 KJIETOK HHKYyOupoBasu B 2,5 M1 3a0ydepeHHOT0
¢uznonornueckoro pacteopa (pH 7,4), conepxarero
0,2 Mr/MJ HUTPOCHHETO TeTpa3oyus, | MI/MJI HUKO-
THHAMUI-aIeHUHANHYKIeoTHa u 0,12 Mr/Mi nerunpo-
anuaHapoctepoHa B TeueHre 90 mus npu 37°C. Io3u-
THBHO OKparteHHbie KietTku (3B-I'CI — knetkn) umenn
(hrosIeTOBYI0 OKpacKy BOCCTaHOBJIEHHOTO TE€TPa3o-
must. Toncuer 3B-I'CI" — KII€TOK OCYNIECTBISUIA B
TI0JI€ 3pEHUSI MUKPOCKOTIA U BBIPA)KaJN B IIPOLIEHTHOM
COOTHOILEHUH MX K OOIEMY KOJIMYECTBY KJIETOK B
obpasiie.

HaruBHbIe 1 KprHOKOHCEPBUPOBAaHHBIE KJIETKH OKpa-
IMBAIM UMMYHOTHUCTOXMMHYECKHUM METOJOM IS
BBIBJICHU OeJIka XpOMOTpaHuHa A, CIIEHU(PHIECKOTO
IUTSL KJIETOK MO3TOBOTO BEIIECTBAa HAAMOYEYHHUKOB
[15]. Knerku duxcupoBanu 4%-M napadopmaibie-
TUA0M, IpUrotoBieHHoM Ha PBS, B Teuenue 15 mun
npu temneparype 22°C. [lepmeabunuszannio KIETOK
MIPOBOJINIIN B T€UCHHE 2 MUH B 20COJIFOTHOM 3THIIOBOM
CIHUpTE, TOCJIE Yero KIETKH MHKyOupoBanmu 1 dac B
1%-m pactBope BCA, npurorosienHom Ha PBS, co-
nepxamem 0,1% tputona X-100. 3areM KIeTKH HHKY-
OMpoBaNIM C MEPBUYHBIMH aHTUTEIAMH K XpOMOTpa-
HUHY A (aHTHTENa KPOJWYbH TOJHKIOHAIbHBIE K
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glands. To reveal lipid inclusions the cells were stained
with Nile red (NR) according to the method reported
[29]. 1 mg of the dye was diluted in 1 ml DMSO. Prior
to the staining the dye solution was diluted 1:100 with
phosphate buffered physiological solution (PBS)
(pH 7.4) and 15 pl of this solution was added to 1 ml
of cell suspension. The cells were stained for 10 min
at 37°C and then washed with PBS from the surplus
dye. To record the fluorescence the luminescent micro-
scope Olympus IX-71 was used (excitation wavelength
of 455-500 nm). NR" cells post-thaw integrity was
examined by the cytoplasm content of stained inclusions
and expressed in the percentage in respect to total cell
number in the sample after thawing.

To reveal 3B-HSD activity in the cells the histo-
chemical staining was performed according to the me-
thod proposed in the paper [6]. For this aim the cell
suspension was incubated in 2.5 ml buffered physio-
logical solution (pH 7.4), supplemented with 0.2 mg/ml
nitroblue tetrazolium, 1 mg/ml nicotinamide adenine
nucleotide and 0.12 mg/ml dehydroepiandrosterone for
90 min at 37°C. Positively stained cells (33-HSD'-
cells) were violet because of the presence of reduced
tetrazolium. The 33-HSD"-cells were counted in the
vision field of microscope and expressed in the percen-
tage vs. total cell number in the sample.

Native and frozen-thawed cells were stained with
immunohistochemical method to reveal the chromo-
granin A protein specific for the cells of adrenomedullar
substances [15]. The cells were fixed with 4% parafor-
maldehyde in PBS during 15 min at 22°C. Permea-
bilization of the cells was performed during 2 min in an
absolute ethyl alcohol, then the cells were incubated
for 1 hr in PBS supplemented with 1% BSA and 0.1%
Triton X-100. Then the cells were incubated with pri-
mary antibodies to chromogranin A (rabbit polyclonal
antibodies to chromogranin A, Abcam, 1:100) for 12
hrs at 4°C, and then with secondary antibodies (sheep
polyclonal antibodies to rabbit IgG, conjugated with
Texas Red, Abcam, 1:200) for 1 hour at 22°C in the
darkness. The fluorescence was recorded using lumi-
nescent microscope Olympus [X-71 at excitation wave
length of 620 nm .

Statistical processing of the results was performed
using the single factor analysis of variance and Stu-
dent’s t-criterion with Excel software. The differences
of indices were considered as statistically significant
at p <0.05.

Results and discussion

For the analysis of cryopreservation efficiency the
estimation of the number of viable cells is important.
Existing methods of assessing the viability of nucleated
cells are based on the examining the presence of the
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xpomorpanuny A, Abcam, 1:100) B Teuerne 12 1 npu
4°C, ¥ cO BTOPUYHBIMH (OBEYBHU TOJHKIOHAIHHBIC
aHTUTENa K KponuubeMy IgG, KOHBIOTHpOBaHHBIE C
Texas Red, Abcam, 1:200) — B TedueHue yaca npu TeM-
nepatype 22°C B TeMHOTE. Peructpuposanu hiayo-
PECIEHIINIO TPH TOMOIIY TFIOMUHECIIEHTHOT'O MUKPO-
ckora Olympus IX-71 mpu B0o30yXI€HIUH CBETOBBIM
ITy9KOM C JJTMHOU BOJHBI 620 HM.

IIpu crarucTrueckoit 00paboTKe Pe3yIbTaTOB HC-
MTOJIb30BATH OTHO(AKTOPHBIN JUCTICPCHOHHBIN aHAIN3
u t-kputepuid CThIOAEHTA C MMOMOIIBIO TAKETa MPOT-
pamm Excel. Pazauny mokasaresnei cuuTaiu AOCTO-
BepHOU 1pu 3HaueHuu p < 0,05.

Pe3yAbTathl M 00CYyXXAeHHe

Hns ananuza 3pPeKTHBHOCTH KPHOKOHCEPBUPO-
BaHHUS Ba)KHA OIIEHKA KOJMYECTBA JKU3HECIIOCOOHBIX
ki1eToK. CyIIeCTBYIOIIE METO/IBI OLEHKH KU3HECITO-
COOHOCTH SIIEPHBIX KJIETOK OCHOBAHBI Ha OTIPEIeTICHUH
HaJIM4us SApa, HEeTOCTHOCTH KIETOYHOW MeMOpaHBbI
1 ypOBHS (YHKIIMOHANBHON aKTUBHOCTH. B anHOi1 pa-
00Te 7151 OIIEHKH KU3HECTIOCOOHOCTH KIIETOK UCTIONb-
3o0Banu ABoiHoe okpamuBanue OJIA u [IM. Hakon-
nenune ®JIA B nuTonnasMe SBISETCSA MOKa3aTelleM
LEJOCTHOCTH KJIETOYHOH MeMOpaHbl U MeTabou-
YeCKOM aKTUBHOCTH KJIETOK [4], a okpamuBanue 111
CBUJIETENBCTBYET O HAJIWYUU a1pa. M3BecTHO, 4TO
[N obnagaer cnoCOOHOCTHIO CeUM(pUUECKH OKpa-
[TUBATh HyKJICWHOBBIE KUCITOTHI [ 18], a ucnop30Banme
[IFOTapOBOTO ajibAETHAA 00JIerdyaeT MPOHNKHOBEHHE
I[N n obecnieunBaet ero cesa3piBanne ¢ JJHK/PHK B
KJIETKaX, COXpaHUBIINX sapa. Micxoas u3 3Toro, okpa-
muBanue [ 11 mpoBoawmu B mpucyTCTBHH (PUKCaTOpa
[IFOTapOBOTO anpaeruaa. @opMupyromascs mpyu 3ToM
KpacHas 1 3esieHast (uryopecLeHIns MOKET BU3yallu-
3UPOBATHCS MPU MOMOIIH (PITyOPECIIEHTHOTO MUKPOC-
kona [5, 7]. Takum 00pa3om, IpH OKpaIIMBaHUH KJIETOK
JaHHBIM CIIOCOOOM HaOMIOHaeTCs OAHOBPEMEHHOE
BkimoueHue ®JIA (3enenas ¢myopecuenuus) u 111
(xpacHas GryopecIeHITrs ), YTO SBIICTCS TPHU3HAKOM
KU3HECTIOCOOHOCTH SIEPHBIX KiIeToK. Hamiaune Tos-
KO KpacHOH (hIyopeCICHITIH CBUETEIHCTBYET 00 OT-
CYTCTBHH aKTHBHOCTH BHYTPHUKJIETOUYHBIX 3CTEpa3
ANIEPHOM KIIETKH, TO €CTh O €€ HEXKU3HECTIOCOOHOCTH.

Kax BumHO U3 puc. 1, KU3HECIIOCOOHOCTH KIIETOK
CHMXKaJIach IOCJIe€ KPHOKOHCEPBUPOBAHUA 10 BCEM
nporpammam. OgHako Hanboee BEIpakeHHOE Haje-
HUE KU3HECIIOCOOHOCTU CYCIEH3HH KJIETOK OBLIO
BBISIBJIEHO MPY MCIIOJIb30BAaHUH CKOPOCTEN OXIIaXICHHS
cspiie 10 rpagycoB/MUH U HETTOCPEACTBEHHOM IIOTPY-
YKEHHUH B KUK a30T. Hanbospliee KoMM4ecTBo Ku3-
HECTIOCOOHBIX KJIETOK COXPaHMIIOCH IIPH UCTIOIH30Ba-
HHH CKopocTeit oxnaxknernus 1; 5 u 10 rpagycos/MuH.
CrnenoBarenbHO, TPU KPHOKOHCEPBUPOBAHHIH CyCIIEH-
3UM KJIETOK HAATOYEYHUKOB KPBIC HEOOXOIMMO HC-
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nucleus, integrity of cell membrane and functional
activity level. In this research to estimate the cell viability
the double staining with FDA and PI was used. FDA
accumulation in cytoplasm is the index of cell mem-
brane integrity and metabolic activity of cells [4] and
staining with PI testifies to the nucleus presence. It is
known that PI has an ability to specifically stain nucleic
acids [18], and the use of glutaraldehyde facilitates
the PI penetration and provides its binding with DNA/
RNA in the cells preserving the nuclei. Therefore PI
staining was done in the presence of glutaraldehyde
fixative agent. Forming herewith red and green fluores-
cence may be visualized by means of fluorescent
microscope [5, 7]. Thus during cell staining with this
method there is observed simultaneous inclusion of
FDA (green fluorescence) and PI (red fluorescence),
testifying to viability of nucleated cells. The presence
of red fluorescence solely means the absence of intra-
cellular esterases in nucleated cell, i. e. its non-viability.

As Fig. 1 shows the cell viability reduced after
freeze-thawing using with all the cryopreservation
protocols. However, the most manifested fall in viability
of cell suspensions was found when using the cooling
rates above 10 degrees/min and after direct plunging
into liquid nitrogen. The highest number of viable cells
was preserved when using the cooling rates of 1, 5
and 10 degrees/min. Consequently during cryopreser-
vation of rat adrenal cell suspensions the low cooling
rates (below 10 degrees/min) should be applied.
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Fig. 1. Adrenal cell viability of adult rats (on the inclusion
of FDA/PI) prior to (the control) and after freeze-thawing
with different cooling rates; * — differences are statistically
significant comparing to the control, p <0.05.
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oJb30BaTh HU3KKE (10 10 TpagycoB/MUH) CKOPOCTH
OXJIaXKICHUSL.

®opmMHupoBaHKE HUTOMIA3MATUIECKUX JTUITHTHBIX
Kareib B CTEpOU-NPOIyIUPYIOIINX KIETKaX HaIIO-
YEUHUKOB SBJISIETCS] OMHUM U3 OCHOBHBIX IPOIIECCOB.
OHU npeACTaBIAIOT COO0H CKOTUICHHE HENTPaTBbHBIX
JUTUI0B, OOBIYHO TPUIIUIIEPUIOB I XOJIECTEPH-
HOBBIX 3(pHPOB, KOTOPBIE HCIIOIB3YIOTCS KaK HCTOUHUK
3araca HEpTHH B OPTaHNU3ME WX KaK JeTo XOJIecTe-
PHUHA [T CHHTE3a CTEPOUAHBIX TOPMOHOB B CTEPOHUIO-
TeHHBbIX TKaHsX [3, 9, 11-13, 28]. i Buzyanuszanuu B
KJIETKax LIHUTOIIa3MaTUYECKUX JUMUIHBIX Kallelb
ucnoibp30Bain GuyopecteHTHbIN kKpacutens HK.

JlaHHbIE, peACTaBIEHHBIE HA PUC. 2, CBUIETENb-
CTBYIOT O 3HAQUUTEIBHOM YMEHBIIECHHH KOJIMYECTBA
KJIETOK, COAEpIKallNX JIMIHUIHbIE KaIUTH, MOCIIE 3aMO-
paxuBaHus co ckopocTsmu 15; 20, 40 rpagycos/muH
1 HEKOHTPOJINPYEMOH CKOPOCTHIO OXJIXKICHUS (\LLNZ).
O0pa31pl, KPHOKOHCEPBUPOBAHHEIE CO CKOPOCTSIMH 1;
51 10 rpaxycoB/MIH, COXPaHSIOT KOJINYECTBO KIIETOK,
okpateHHbIX HK Ha ypoBHE KOHTPOJIBHBIX 3HAUEHUI.
Takum 006pa3om, OLIEHUBasI COXPAHHOCTD JIUITHIHBIX
Karenb B KJIETKaX IMOciie KPHOKOHCEPBUPOBAHUS, ObLIO
YCTaHOBJIEHO, YTO JOCTOBEPHBIC OTIHUYHS MEXIY
KOHTPOJIbHBIM 3HAY€HUEM H JaHHBIMU ITOCJIE 3aMOpa-
YKUBAHUS C KOHTPOJIUPYEMBIMH CKOPOCTSAMH OXJIaXKIe-
Hus 1, 5, 10 rpagycoB/MuH He BeIsBICHHI. [Ipn 3TOM
PEXXHUMBI 3aMOPAXKUBAHNSI C KOHTPOJIUPYEMBIMH CKO-
poctamu oxnaxaenus 15, 20 u 40 rpamycoB/MuH 1
HEKOHTPOJUPYEMON CKOPOCTHIO OXIaKICHHS (J/LNZ)
CHIDKAIOT 3TOT MOKAa3aTeNlb MPAKTHYECKH BIBOE.

OnHMM W3 METOJOB OLEHKH XHU3HECIIOCOOHOCTH
CTEPOUINPOAYLUPYIOLINX KIETOK B CyCIIEH3HH SIBIISI-
ercs onpezeneHue aktuBHoctH (epmenta 33-I'C/,
KOTODBII 00ecreynBaeT KOHBEPCHIO IPETHEHOJIOHA B
MIPOTECTEPOH 1 XapaKTepu3yeT GyHKINOHATBHYIO aK-
TUBHOCTb CTEPOUI-IIPOAYLIMPYIOIINX KJIeTOK. [loaTomy
HaJIM4YHe MO3UTUBHO OKPALIEHHBIX KJIETOK, UMEIOLINX
(bHOIIETOBYIO OKpacKy BOCCTAaHOBIICHHOT'O TETPA30JIHs,
CBUETENHCTBYET O COXPAHHOCTH CTEPOUA-TIPOIYIIH-
PYIOIINX KIJIETOK B CYCIIEH3UH.

Kak BugHO u3 puc. 3, coxpannocts 3B-I'CJH" —
KJIETOK TTOCJIe KPHOKOHCEPBUPOBAHUS OCTaBajach Ha
YPOBHE KOHTPOJIbHBIX 3HAYCHHUN IPU OXTaKIEHHUH CO
ckopoctsami 1; 5, 151 20 rpagycoB/mun. OxnaxaeHue
CYCHEH3HH CO CKOpOCThI0 40 rpagycoB/MUH U NIOTPY-
JKEHHE B )KMJKHUN a30T MPUBEIH K CHI)KEHUIO KOJH-
uectBa 33-I'C/1" — knerok. [1pu 3aMopaxuBaHuHU CycC-
MIEH3HUH O CKOPOCTHIO 10 rpagycoB/MHH COXpaHHOCTb
3B-I'C/I" — KJIeTOK O CPaBHEHHUIO C KOHTPOJIeM ObLia
JOCTOBEPHO BbIe. Takum 00pa3oM, HCHOIb30BaHUE
cKopocTH oxJaxaeHus 10 rpaycoB/MUH A1 3aMopa-
JKUBAHUS KJIETOK HAJITOYEYHBIX XKeJle3 KPBIC MO3BO-
JIS€T MOIYYUTh CYCIIEH3HUIO KIETOK C MOBBIIIEHHBIM
conmepxanueM 3B-I'CIl" — kieTok.
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Puc. 2. KonndecTBo KJICTOK HAAMOYCYHUKOB, BKIFOYAIOIINX
HK 1o (koHTpOJIb) 1 MOCe KPUOKOHCEPBUPOBAHUS C Pa3-
HBIMH CKOPOCTSIMHU OXJIKACHHS; * — pa3iinumst JOCTOBEPHBI
10 OTHOLLEHUIO K KOHTpOoIto, p < 0,05.

Fig. 2. Adrenal cell number positively stained with NR prior
to (the control) and after freeze-thawing with different cool-
ing rates; * — differences are statistically significant
comparing to the control, p <0.05.

The formation of cytoplasm lipid drops in steroid-
producing adrenal cells is one of essential processes.
They represent the cluster of neutral lipids, usually
triglycerides or cholesterol ethers, utilized as the source
of'energy in an organism or as the depot of cholesterol
to synthesize steroid hormones in steroidogenic tissues
[3,9, 11-13, 28]. To visualize the cell cytoplasm lipid
drops we used NR fluorescent dye.

The data demonstrated in Fig. 2 testify to a signifi-
cant decrease in the number of cells, containing lipid drops
after freezing with the rates of 15; 20; 40 degrees/min
and with non-controlled rate cooling (iLNZ). In the
samples cooled with the rates of 1, 5 and 10 degrees/min
the post- thaw number of NR* cells was at the level of
non-frozen control. Thus when estimating the preserva-
tion of lipid drops in the cells after cryopreservation
no statistically significant differences were revealed
between the non-frozen control values and the data
after freeze-thawing using cooling with controlled rates
of 1; 5 and 10 degrees/min. Herewith the protocols
utilizing cooling with controlled rates of 15; 20 and
40 degrees/min cooling and non-controlled rate (~LLN2)
reduce this index almost twice.

One of the methods to assess the viability of steroid-
producing cells in suspension is the examining the
activity of 33-HSD enzyme, providing the conversion
of pregnenolone into progesterone and characterizes
the functional activity of steroid producing cells. There-
fore the presence of positively stained cells with violet
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Puc. 3. Komruectso 3B-T'CJI— KIeTOK 110 (KOHTPOIIb) U [IOCIIE
KPUOKOHCEPBUPOBAHUS C PA3HBIMH CKOPOCTSIMH OXJIAXK-
JCHHUST;, * — pa3Iu4us JOCTOBEPHEI IT0 OTHOIICHHIO K KOHT-
pouto, p <0,05; # — pazauaus TOCTOBEPHBI IO OTHOIIICHUIO
K ckopocTH oxnakaeHus 10 rpaxycos/muH, p <0,05.

Fig. 3. The number of 3B3-HSD" cells prior to (the control)
and after freeze-thawing with different cooling rates; * —
differences are statistically significant comparing to the
control, p <0.05; #— differences are statistically significant
comparing the cooling rate of 10 degrees/min, p <0.05.

ITockombKy B COCTaB CyCIICH3UH KJIETOK HAATIOYCU-
HUKOB BXOJISIT pa3HbI€ MOMYJISILIMK KJIETOK, MbI OLICHHITI
BIIMSIHHE CKOPOCTEN OXJIAXKIEHUS HA COXPAHHOCTD KJIe-
TOK MO3TOBOTO BEIECTBA HAJAIIOUYCUHHUKOB.

Kak mokazano Ha puc. 4, COXpaHHOCTh KJIETOK,
COJIEPIKALIUX XPOMOIPAaHUH A, ITOCIE KPHOKOHCEPBU-
pOBaHUS 3HAUUTEIBHO CHUXKAJIACh OTHOCUTEIBHO
KOHTPOJIBHBIX 3HAUCHUHU ITPU OXJIAKICHUN CO CKOPOC-
amiu 1; 5; 10; 20; 40 rpaxycoB/MUH U IOTPYKCHHUH B
KUAKUN a30T. icnonb30BaHuEe CKOPOCTH OXJIAKICHUS
15 rpagycoB/MHH AN 3aMOpaKHBaHUS CYCIICH3UU
KJIETOK HAJTIOYEUHBIX JKeJIe3 KPBIC CITIOCOOCTBYET CO-
XPaHHOCTH HaNOOJIBIIETO KOJTMIECTBA KIETOK, COIep-
x)ammx xpomadGUHHBIE TPaHYIbI, CPEAN UCCIEI0-
BaHHBIX BAPUAHTOB.

Takum o0Opazom, ¢ y4eTOM JAHHBIX O BIMSHUU
CKOPOCTH OXJIQKICHUS Ha )KH3HECTIOCOOHOCTH a/IPEHO-
KOPTUKOIIUTOB B3POCIBIX KPBIC, OUEBUAHO, UTO 3aMO-
paXXUBaHUE C KOHTPOIUPYEMBIMU CKOPOCTIMHU OXITAXK-
nenust 6osee 10 TpanmycoB/MUH M MCIIOJIB30BaHUE
HEKOHTPOJIMPYEMBIX CKOPOCTEH OXJIKICHUS (TIPSIMOE
MOTPY>KEHHUE B KUJKUHA a30T) 3HAUUTEIBHO CHUXKAET
ITOKa3aTeIN KU3HECITIOCOOHOCTH KIIETOK HaIIouvey-
HBIX Xeye3 Kpbic. [IpuMeHenne CKopocTed oXitax-
neuus 10 10 rpamxycoB/MUH YMEHBITIACT KOTUIECTBO
YKU3HECITOCOOHBIX KJIETOK, OJTHAKO MO3BOJISET COXpa-
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color due to presence of the reduced tetrazolium testi-
fies to the integrity of steroid producing cells in suspen-
sion.

As Fig. 3 shows the number of 33-HSD" cells after
freeze-thawing remained at the level of non-frozen
control values in the case of cooling with the rates of
1; 5; 15 and 20 degrees/min. Cooling of the suspension
with the rate of 40 degrees/min and plunging into liquid
nitrogen resulted in the decreased number of 33-HSD*
cells. When freezing the suspension with the cooling
rate of 10 degrees/min the number of 3f-HSD" cells
was quite higher comparing to the control. Thus the
use of cooling rate of 10 degrees/min for freezing the
rat adrenal glands enables the obtaining of suspension
with an increased content of 33-HSD" cells.

Since adrenal cell suspension comprises different
cell populations, we assessed the effect of cooling rates
on the integrity of adrenal medullar substance.

As Fig. 4 shows the number of cells containing
chromogranin A, significantly reduced after freeze-
thawing if compared with the non-frozen control values
when using the cooling rates of 1; 5; 10; 20 and
40 degrees/min and plunging into liquid nitrogen. Use
of cooling rate of 15 degrees/min to freeze the rat adre-
nal cell suspension contributes to the highest amount
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Puc. 4. KonmuecTBo KIIETOK HaJIIOYEYHHKOB B3POCIIBIX KPBIC,
coiepyKaIiX XpOMOTpaHUH A 10 (KOHTPOJIB) U TIOCIIE KPHO-
KOHCEPBHPOBAHUS C Pa3HBIMH CKOPOCTSMH OXJIXKICHUS; * —
Pazuusl 10CTOBEPHBI 10 OTHOIICHHUIO K KOHTPOIIIO, p < 0,05;
# — pa3nMu4Ms JOCTOBEPHBI IO OTHOIICHUIO K CKOPOCTH OX-
naxaeHus 15 rpagycos/muH, p < 0,05.

Fig. 4. Amount of adult rats’ adrenal cells, containing chro-
mogranin A prior to (the control) and after cryopreservation
with different cooling rates; * — differences are statistically
significant comparing to the control, p <0.05; #— differen-
ces are statistically significant comparing to the cooling
rate of 15 degrees/min, p <0.05.
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HUTh UX HAUOOJIbIIIEE KOJIMYECTBO B CYCIIEH3UH. Bbiio
YCTaHOBJICHO, YTO NP JOBOJHHO HU3KUX 3HAYCHUSIX
00111e# COXPaHHOCTH KJIETOK UCTIOIb30BaHHE CKOPOCTH
oxnaxnaenust 10 rpagycoB/MUH JJa€T BO3MOXKHOCTh
COXpaHUTh HAaWOOJbIIee KOIUIECTBO CTEPOHI-TIPO-
OyIHAPYIOIMHUX KIETOK B cycnensud. llpu mcmonp3o-
BaHWH CKOPOCTH OXJIaXIeHHs 15 TpaycoB/MHH MOKHO
COXPaHUTbH HauOOJIbIIIEe KOTMIECTBO XpoMadPHHHBIX
KiIeToK. [IpuieM npuMeHeHHe CKOPOCTH OXJIAXKICHHS
15 rpaaycoB/MuH HO3BOJISAET COXPAHUTh HA YPOBHE
KOHTPOJIbHBIX 3HAYE€HU I KOJTMYECTBO HE TOJIIKO XPOM-
ad(GUHHBIX, HO ¥ CTEPOUI-IIPOAYIIUPYIOIINX KIIETOK.
DTO MOXET OBITh UCIIOJIB30BAHO IS TIOCTIEAYIOIIETO
COBMECTHOTO KYJIFTUBHPOBAHUS dTUX KJIETOK, TaK KaK
OBLIO TIOKA3aHO, YTO COBMECTHOE KYJIBTHBUPOBaHUE
KJIETOK KOPKOBOTO M MO3TOBOI'0 BELIECTBA HAAIOUCY-
HHUKOB OKa3bIBAET CTUMYIIHPYIOIIEE BIMSHIE HA TIPO-
TUQEpaIfio CTEPOUI-TIPOAYIUPYIOIIIX KIETOK B KYJTh-
Type [25, 26, 30].

BbiBOADI

1. KoHTponupyeMble CKOPOCTH OXJaXACHUS 10
10 rpamycoB/MUH MO3BOJSIOT MOJYYUTH OoJiee BbI-
COKHE TI0Ka3aTeN! KU3HECIOCOOHOCTH B (QYHKIHO-
HaJIbHOW aKTHMBHOCTH KJIETOK HAANOYEYHBIX KEJIE3
KpBIC.

2. YCTaHOBIEHO, YTO CKOPOCTH OXJIAKIECHMS OKa-
3BIBAIOT CEJIEKTHBHOE JEWCTBUE HA COXPAHHOCTD KJle-
TOK KOPKOBOT'O ¥ MO3T'OBOI'0O BEILIECTBA HATIOYEYHUKOB.

3. KpnoxoHcepBupoBaHue CyClIeH3UH KJIETOK Ha/I-
MOYEYHHKOB KPBIC CO CKOPOCTHIO oxJyakaeHus 10 rpamy-
COB/MHH T03BOJISIET IOJTYYHUTh CyCIIEH3MI0, 000TallIeH-
HYIO CTEPOU POy LIUPYIOIIMMU KJIETKaMHU.

4. KproKoHCEpBHUPOBAaHHE CYCTEH3HH KIETOK
HAJAIIOYEYHUKOB KPBIC CO CKOPOCTBIO OXJIAXKICHHS
15 rpagycoB/MHH TO3BOJISIET HMOJIYYHTH CYCHEH3HIO,
oOoramieHHy1o XxpoMaQGUHHBIMHI KIETKaMH.
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of cells, containing chromaffin granules, among the
studied variants.

Thus taking into account the data on the effect of
cooling rate on viability of adult rats’ adrenocortico-
cytes it became evident that freezing with the controlled
cooling rates above 10 degrees/min and use of non-
controlled cooling rates (direct plunging into liquid
nitrogen) significantly reduces the viability indices of
rat adrenal cells. Application of the cooling rates under
10 degrees/min decreases the number of viable cells,
however allows to preserve the highest cell number in
suspension. It has been established that quite low values
of post-thaw total cell integrity after using the cooling
rate of 10 degrees/min is accompanied with the preser-
vation of the highest amount of steroid-producing cells
in the suspension. When using the cooling rate of
15 degrees/min one may preserve the highest number
of chromaffin cells. Herewith the use of the cooling
rate of 15 degrees/min allows the preservation of
number of both chromaftin and steroid-producing cells
at the level of the non-frozen control. This may be
used for the following co-culturing of these cells, since
it has been shown that co-culturing of adrenal cells of
cortical and medullar substances renders the stimu-
lating effect on proliferation of steroid-producing cells
in the culture [25, 26, 30].

Conclusions

1. Controlled cooling rates below 10 degrees/min
enable the obtaining of higher indices of viability and
functional activity of rat adrenal cells.

2. It has been established that the choice of cooling
rates could cause a selective effect on the survival of
the adrenal cells of cortical and medullar substances.

3. Freeze-thawing of rat adrenal cell suspension
using 10 degrees/min cooling rate allowed to obtain
the suspension enriched with steroid-producing cells.

4. Freeze-thawing of rat adrenal cell suspension
using the cooling rate of 15 degrees/min allowed to
obtain the suspension enriched with chromaffin cells.
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