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Y nuceprtalliiiHiii poOOTI MPOBEICHO TEOPETUYHE Ta EKCIIEPUMEHTAIbHE
JOCIIIJKEHHSI BIUIMBY PI3HUX KOHIIEHTpPAUId PO3YMHIB JUMETUICYIb()OKCHIY
(AMCO), TtemmepaTypu Ha eTami HACHYEHHS KpIOMPOTEKTOPOM Ta PEKUMIB
KpPIOKOHCEPBYBaHHS Ha KIUJIBKICTh, KUTTE3JATHICTh Ta (PYHKI[IOHAIbHY aKTHUBHICTh
3aranbHOi cycnensii kmituH (3CK), dpakmiii 3aransHoi cycnensii kiaitun (DOP),
kIitiH KopkoBoi peuoBuHu (KKP) Ta wmituH Mo3koBoi pedoBuHu (KMP)
HAJHUPKOBUX 3aJ103 TBAPHH.

HanHupHHUKOBI 3a103U BKJIIOYAIOTh JI0 CBOTO CKJIaay PI3HI TUMU KIITHUH, L0
MPEICTABIIIE IHTEPEC 3 TOUKU 30py BUBUCHHS 1X (DYHKIIOHAJHLHUX XapaKTEPUCTUK
K y BUIJISAI 3arajbHOl CYCIEH31i, Tak 1 y BUIJISAAI OokpeMux (Ppaxiiin. Meton
posnoaury 3CK B rpaiieHTi MUIBHOCTI (DiKOJIy JO3BOJISIE OTPUMATH (PPAKINi KIITHH,
30aradeHi KJIITHHAMHA TI€BHOI 30HabHOCTI. CTymiHYacTUH Tpaji€eHT MIIJILHOCTI
dikoTy T03BOIMB BHAITATH 3 ocHOBHI (pakmii kmitum: OP 1 (1,025 — 1,033 r/em’),
®P 2 (1,033 — 1,045 r/em®) i ®P 3 (1,066 — 1,076 r/em’). Tak, y P 2 B 0OCHOBHOMY
3HaxoAAThcst KMP, 1o miaTBepIKyeThCsl TICTOXIMIYHUM METOJIOM Ha BUSBIICHHS
rpanyi, mo MicTate amiHu. Y ®P 1 1 ®P 3 B OCHOBHOMY CKOHLIEHTPOBaHI1
CTEPOIPOIYKYIOUl KIITHHHU, K1 XapaKTepU3YyIOThCSI BUCOKHM BMICTOM (pepMEHTY
3B — riapokcucrepoinaerigporenasu (3B-I'CJI) 1 kimiTuH, K1 MICTSITh JIOAHI Kparui
3a0apBJeHI HITLCHKMM YEPBOHUM. BUMIPIOBaHHS albJOCTEPOHY B CEPEIOBHIII
KyJIbTUBYBAaHHS PaJIOIMyHOJIOTIYHMM METOJOM TI0Ka3ajo JOCTOBIPHO BHCOKI
3HAYeHHA Mpoaykuii anpaoctepony st OP 3 Ha nepury 100y KylnbTHUBYBaHHS, 1110
7A€ MOXJIMBICTh TPUITYCTUTH, MO y 1HTepda3i ¢ikony 31 mimpHICTIO 1,066 —

1,076 r/cm® 30cepeKyIOThCS B OCHOBHOMY aJIbA0CTEPOHIIPOTYKYFOUi KIIi THHIL.



Ha croroanimHiii 1eHb KPIOKOHCEPBYBAHHS € €IMHUM JOCTYIIHUM CIIOCOOOM
JIOBrOCTPOKOBOTO 30epiranHs OionoriuHoro marepiany. Po3poOka onTtumMaibHUX
PEXKHUMIB KpIOKOHCEPBYBaHHSI MOTpeOye BpaxyBaHHS IIPOIIECIB MacooOMIHY B
CUCTEMI «KJIITHUHA-HABKOJIMIIHE CEPeIOBHILE». BimqomMo, M0 3MIHHU KIITUHHOTO
o0'eMy TMpH OCMOTHYHIA peakilii 3ajiekaTh BiJ KOHIEHTpAIll 1 TeMmmepaTrypu
Kp103aXUCHOTO po3urHy. byio BUsBIEHO, 1110 31 3011blIeHHIM KoHIeHTpatii JJMCO
1 3MEHIICHHSIM TeMIIepaTypH 1HKyOalii KJIITHHHA 3a3HaBajIl 3HAYHUX 00'€MHUX 3MiH.
[Tpu BukopuctanHi pozuuHiB JIMCO B konnentpauisx 5, 7 ta 10 % o06'em KKP
3meHiryBaBcs Ha 10-28 %. IIpu npomy dac BimHOBIEHHS 95 % MOYaTKOBOTO 00'€eMy
npu 4 °C ctanoBuB npubau3Ho 4 xB, a npu 37 °C — 1 xB. KMP BusiBuncs 6inbin
YYTJIMBUMH J10 3MIHM OCMOTHYHOTO THCKY. lle mposiBisiiocs B 3MeHIEHI 00'eMy
kiitiH Ha 13 — 47 %. Yac BigHOBNeHHS 95 % mouatkoBoro ob'emy mpu 4 °C
ckinanaB O0iam3pko 6 xB, a mpu 37 °C — 2 xB. TakuM 4YHWHOM, BCTAHOBJICHO, IIIO
TeMIlepaTypa BIUIMBAIA HE TUIbKM HA TPUBAJICTb BPIBHOBAXKEHHS, a 1 Ha BEJIMYUHY
3MiH BIJIHOCHOTO 00'€éMy KJIITHH.

3HadeHHsT Koe(IIE€HTIB MPOHUKHOCTI MeMOpaH KIiTUH ais moisekyn JJMCO
30UTBIIYIOTBCS 3 MIJBUILEHHSIM TEMIEpPAaTypu 1 KOHILIEHTpAlli KpIOMPOTEKTOPY B
po3unHi. BcTaHOBIEHO, 10 MNPOHUKHICTH Ma3MaTudHoi mMemOpanun KKP mpu
temriepatypi 22 1 37 °C Bumie, Hixk y KMP, npuuomy nipu 37 °C neii moka3HUK
3HAYHO 3pPOCTAE.

Koedimient ¢inprpamii memOpan KKP mns Bogu mpu temmepatypi 4 °C
cknanas 2,35+0,83 x10" m*Hxc, mpn 22 °C — 2,71+0,31 x10™ m*/Hxc, npu
37 °C — 4,.28+1,91 x10" m¥Hxc. Jins KMP koebiuient dinprparii mMembpam
ckramas 2,5140,83 x10" m*/Hxc — mpu 4 °C, 2,82+0,95 x10™ m*/Hxc — mpu 22 °C,
2,85+1,03 x10" M3/Hxc — npu 37 °C. HalimMeHI1a eHeprisi akTUBaIlli BCTAHOBJICHA B
TeMriepaTypaHomy iHTepBam 4 — 22 °C nmns 000X TUMIB KIITHH. BigbIl BUCOKI
3HAUEHHS €HEepTii aKTUBAIlli CIIOCTEPIraloThCs B Aiama3oHi temmeparyp 22 — 37 °C.
byno 3po6neHo mnpunymieHHs, 0 TNpoHUKHEHHs MoJiekyn JMCO xkpi3b

mazMatuany memopany KKP BinOyBaeThest kpi3b mimigHuii Oimrap 1 61IKOB1 BOAHI



kaHam, a y KMP nponuknennst monekyn JJMCO BinOyBaeThCsl MEepeBakHO Kpi3b
JimigHu Oimap.

[Ipn nacuueni KKP, ®P 1 ta ®P 3 nalOuibll BUpaKEHUN HUTOTOKCUYHHUI
epext mns pozuuny 10 % JIMCO mnposBuascs mpu temmepatypi 37 °C, mio
CYNPOBOJKYBAJIOCh 3HMKEHHSAM KIJBKOCT1, JKUTTE3AATHOCTI Ta (YHKIIOHAIBHOT
aKTUBHOCTI KJIITHH.

st kit Mo3koBoi pedoBuHu (KMP, ©®P 2), orpumanoi nBoma pisHEMH
crioco0amu, 3aJeKHOCTI Bl miaBHIeHHsS TemriepaTypu (37 °C) s Mmoka3HUKIB
KUIBKOCTI ~ KJIITHH, JKUTTE€3JATHOCTI 1  (PYHKIIOHAJIBHOI  aKTUBHOCTI  HeE
cnoctepiraimmck. Cycnensis KMP BusiBuiacs OuUlblll  YYyTJIHWBOK O 3MiH
OCMOTHYHOTO THUCKY cepeloBuIla 1HKyOarii, B mopiBHsHHI 3 cycnensiero KKP.
Makcumanbauii  ctyminb nerigparamii  gns KMP  Oyno  BcraHoBieHO mpu
temmnepatypi 4 °C B npucytHocti 10 % JAMCO, 110 cynpoBOKYBaNOCs 3HIKCHHSIM
KUIBKOCT1 KJIITHH B 3pa3Ky.

Brnepie nmoka3aHo HasiBHICTh BIAMIHHOCTEHM 3a CTyNEHEM KpIOCTIMKOCTI ISt
pPI3HMX THUMIB KJIITHH HAJAHUPHUKIB Ta PO3POOJICHO ONTHUMAIBHHN PEXKUM
kpiokoHcepByBaHHs 3CK, skuil go3Bosisie 30epertu noHan 70 % KIITHH, 3 SKHX
56,6% Hamexxathb 0 CTEPOIANPOAYKYHOUHMX KIITHH, 3JaTHHX [0 CeKpemil
aJIbJOCTEPOHY npu HACTYITHOMY KyJIbTHBYBaHHI. Hanuit pEXKUM
KpPIOKOHCEPBYBaHHs, SIKUI 103BOJsiE 30epertu rereporeHHicTh 3CK HagHUpKOBHX
3a;m03 Ta 11 3mi0HICTh A0 mposideparii Michas BIAITPIBY, BKIIOYAE HACUYEHHS
kpionporekropoMm JIMCO B xonnentpauii /7 % mpu 4 °C Ta KpiOKOHCEpBYBaHHS 31
mBUAKICTIO oxoiokeHHs 10 °C/xB.

KynsTuByBanus nexoncepoBanoi 3CK B mpucytHocti 10 % ETC cnpusiio
(GbOopMyBaHHIO KIIITUHHOTO MOHOWAapy Ha 3 100y KynbTuBYBaHHSA. MopdonoriyHo
nepBuHHa KyneTypa 3CK cknaganacs 3 ¢idpobiacTononiOHUX, MOJITOHAIBHHUX 1
okpyrimx kmitaH. [Ticas kpiokoncepByBanHs 3CK 306epirana Mopdoioriyai 03HaAKH
HAaTUBHOI KyJnbTypu. BcraHoBneHo, mo Ha mnporsazi 14 110 HaTUBHI Ta
kpiokoHcepBoBaHi 3CK 30epiraim 31aTHICT 0 CUHTE3Y Ta CEKPEIlil albJI0CTEPOHY.

[Tokazano, mo kpiokoHcepBoBaHa 3CK 31 mBuakicTio oxosiojkeHHs 10 °C/xB



3MaTHA 10 TPOAYKIli ampaocTtepoHy Ha piBHI 433,39 mr/mn Ha meprry o0y
KyJIbTUBYBaHHSA. MakcuManbHUN PIBEHb albJOCTEPOHY KpPIOKOHCEPBOBAHOI
KyJbTypH 30epiraBcsi ;10 2 100M KyJIbTHBYBAHHS, IICIS YOTO CIOCTEPIrajioch
MOCTYIOBE 3HMKEHHSI IAHOTO TMOKa3HuKa. [Ipu yomy mpodini KpUBHX 3 AUHAMIKA
CEKpPETOPHO1 aKTUBHOCTI CIIBIAAAIN JUIsl HATUBHOI 1 KPIOKOHCEPBOBAHOI KYJIBTYPH.

Knwouosi cnosa. 3araiibHa cycrneH3is KIITUH HAJHUPHHUKIB, HACUYCHHS,
KpIOTIPOTEKTOP,  JAUMETHICYIb(POKCHA, KPIOKOHCEPBYBaHHS, KYyJbTUBYBaHHS,

CTEPOIIPOAYKYIOUl KIITUHH, anbaocTepoH, 33-I'CJl, HiIbChbKU YepBOHUI.

ANNOTATION

Dudetska GV Influence of cryopreservation factors on zonally differentiated
populations of animal adrenocytes. — The qualifying scientific paper as a
manuscript.

Thesis for the Doctor of Philosophy degree in specialty 09 - Biology
(091 - Biology). — Institute for Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine, Kharkiv, 2021.

In the thesis the theoretical and experimental studies of influence of various
concentrations of dimethyl sulfoxide (DMSO) solutions, temperature at a stage of
saturation with cryoprotectant and cryopreservation modes on quantity, viability
and functional activity of the adrenal cells total suspension (AdCTS), fractions
(FR) of the total suspension of adrenal cells, adrenal cortical cells (AdCC) and
medulla cells (MC) of animal adrenal gland were performed.

The adrenal glands include different types of cells, which is of interest in
terms of studying their functional characteristics both as a total suspension and as
individual fractions. The method of distribution of the total suspension in the ficoll
density gradient allows the obtaining of cell fractions enriched in cells of a certain
zonation. The step gradient of ficoll density enabled the allocation of 3 main
fractions of cells: FR 1 (1.025 — 1.033 g/cm®), FR 2 (1.033 — 1.045 g/cm?®)
and FR 3 (1.066 — 1.076 g/cm®).



So, FR 2 predominantly are composed with MC, that is histochemically confirmed
to detect granules containing amines. In FR 1 and FR 3 the steroid-producing
cells are mainly concentrated, which are characterized with a high content of
enzyme 3 - hydroxysteroid dehydrogenase (3f-HSD) and cells containing lipid
droplets stained with Nile red. Measurement of aldosterone in the culture medium
by radioimmunological method demonstrated significantly high values of
aldosterone production for FR3 on the first day of cultivation, that suggests that in
the interphase of ficoll with a density of 1.066 — 1.076 g/cm® mainly aldosterone-
producing cells are concentrated.

To date, cryopreservation is the only available way for a long-term storage
of biological material. The development of optimal cryopreservation regimens
requires consideration of mass transfer processes in the "cell-environment™ system.
It is known that changes in cell volume during the osmotic reaction depend on the
concentration and temperature of cryoprotectant solution. It was found that with
increasing concentration of DMSO and decreasing incubation temperature, the
cells underwent significant volume alterations. When using 5, 7 and 10% DMSO
solutions the volume of AdCC decreased by 10 — 28 %. The recovery time of 95%
of the initial volume at 4 °C was approximately 4 minutes, and at 37 °C this was
1 minute. MCs were more sensitive to changes in osmotic pressure. This was
manifested in a decrease of cell volume by 13 — 47%. The recovery time of 95% of
the initial volume at 4 ° C was about 6 minutes, and at 37 °C it made 2 minutes
Thus, it was found that temperature affected not only the duration of equilibration,
but also the rate of changes in cell volume.

The values of the cell membrane permeability coefficients to DMSO
molecules increase with a rise in temperature and concentration of cryoprotectant
in solution. It was found that the permeability of the plasma membrane of the
AdCC at a temperature of 22 and 37 °C was higher than in the MC, and at 37 °C
this value increased strongly.

The filtration coefficient of AACC membranes to water at a temperature of
4 °C was 2.35 = 0.83 x10" m*/Hxs, at 22 °C —2.71 £ 0.31 x10** m*/Hxs, at



37 °C — 4.28 + 1.91 x10™ m/Hxs. For MC, the filtration coefficient of the
membranes made 2.51 + 0.83 x10™* m*Hxs — at 4 °C, 2.82 + 0.95 x10* m*/Hxs —
at 22 °C, 2.85 + 1.03 x10™ m*Hxs — at 37 °C. The lowest activation energy was
revealed within the temperature range of 4 — 22 °C for both cell types. Higher
values of activation energy were observed within the temperature range of

22 — 37 °C. It has been suggested that the penetration of DMSO molecules via the
plasma membrane of AdCC occurs via lipid bilayer and protein water channels,
and in MCs the DMSO molecules penetrate mainly through the lipid bilayer.

During saturation of AdCC, FR 1 and FR 3 the most pronounced cytotoxic
effect for a solution of 10% DMSO was manifested at a temperature of 37 °C, that
was accompanied with a reduction in the number, viability and functional activity
of cells.

For the medulla cells (MCs, FR 2), obtained in two different ways, there was
no dependence on an increase in temperature (37 °C) for the indices of cell
number, viability and functional activity. The MC suspension was more sensitive
to changes in osmotic pressure of incubation medium, compared with the
suspension of AdCC. The maximum degree of dehydration for MC was found at
4 °C in the presence of 10 % DMSO, which was accompanied with a decrease in
the number of cells in a sample.

For the first time there were shown the differences in the degree of
cryostability for different types of adrenal cells and the optimal regime of
cryopreservation of AdCTS was developed, that enabled to save more than 70 %
of cells, among which 56.6% were referred to steroid-producing cells capable of
aldosterone  secretion during subsequent cultivation. This mode of
cryopreservation, allowing the maintaining of heterogeneity of the adrenal glands
and its ability to proliferate after heating, includes the saturation with DMSO
cryoprotectant at a concentration of 7% at 4 °C and cryopreservation with a
cooling rate of 10 °C/min.

Culturing of warmed AdCTS in the presence of 10% ETS contributed to the

formation of cell monolayer on day 3 of cultivation. Morphologically, the primary



culture of AJACTS consisted of fibroblast-like, polygonal and rounded cells. After
cryopreservation, AdCTS retained morphological features of native culture. It was
found that for 14 days the native and cryopreserved AdCTS kept the ability to
synthesize and secrete aldosterone. It has been shown that cryopreserved AdCTS
with a cooling rate of 10 °C/min is capable of aldosterone production at the level
of 433.39 pg/ml on the first day of cultivation. The maximum level of aldosterone
in cryopreserved culture was maintained for up to 2 days of cultivation, after which
there was a gradual decrease in this index. Moreover, the profiles of curves as for
the dynamics of secretory activity coincided for native and cryopreserved culture.
Key words: total adrenal cell suspension, saturation, cryoprotectant, dimethyl
sulfoxide, cryopreservation, cultivation, steroid-producing cells, aldosterone,

3B-hydroxysteroid dehydrogenase, Nile red
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