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HccnenoBanu BIMSHUE COXPAHEHUS TKAHEBON apXHUTEKTOHUKH HA KPUOTYBCTBUTEIBHOCTH CYCIIEH3HH KJIETOK M ()parMEeHTOB
Ha/IMOYEYHNKOB MBIIIEH 1 HOBOPOXKAECHHBIX mopocsT. [TokazaHo, 4To pparMeHThI HaJIIOUSUHBIX JKelle3 Ooiee yCTOWYNBHI K IeHCTBUIO
(haKTOpOB HU3KOTEMITEPATyPHOTO KOHCEPBUPOBAHHS IO CPABHEHHIO C OIMHOYHBIMH aIPEHOKOPTHKAIBHBIMU KJIETKAMH, YTO 00ECTICUNBACT
COXpaHCeHHUE KaK 0a3aIbHOT0, TAaK M CTUMYJINPOBAHHOTO CTEpOnAOTeHe3a. Bricokuit nud dy3nonHsIi 6apsep Bo hparMeHTax U3MEHSET
HX YyBCTBHUTEIBHOCTD K JEHCTBHIO CTUMYIATOPOB, 3()(EKTUBHBIX IIPU B3aUMOJACHCTBUH C BHYTPHKICTOYHBIMI MHIICHSIMH, HO HE
BIIMSICT HA PETYISIHNIO, OCYIIECTBIIEMYIO Yepe3 CBSI3BIBAHUE C PEIENTOPaMH, OPHEHTHPOBAHHBIMU BO BHEKJICTOYHOE IPOCTPAHCTBO.

Kniouessie cnosa: afpeHOKOPTUKAIBHBIE KIETKH, OpTaHHAs KyJlIbTypa, KPHOKOHCEPBUPOBaHHE, Oa3anbHasl CEKpeIus,
CTHMYJIMPOBAHHAS CEKPEIIHSL.

JocnimKyBany BILTUB 30epeKeHH TKAHWUHHOT apXITEKTOHIKY Ha KPiOYYTIIHMBICTh CYCIEH311 KIITHH 1 parMeHTiB HaTHUPKOBUX
3aJI03 MUIIEH Ta HOBOHAPOMKECHHUX MopocsT. [lokazaHo, M0 (parMeHTH HAJHUPKOBUX 3103 OUNbII cTaOlIbHI 10 Aii pakTopiB
HHU3bKOTEMIICPATyPHOT0 KOHCEPBYBAaHHSI B OPIBHSHHI 3 TOOMHOKUMH aIpEHOKOPTUKAIBHUMH KITITHHAMH, 110 3a6e31edye 30epekeHHs
SIK 0a3aJIbHOTO, TaK 1 CTUMYJIBOBAHOTO cTepoinoreHe3y. Bucokuit nudysiitauii 6ap’ep y ¢pparMeHTax 3MiHIOE X YyTIHBICTH O Hii
CTUMYIISATOPIB, €(pEKTUBHUX IIPHU B3a€EMOi1 3 BHYTPIIIHbOKIITHHHIMH MIIICHSIMH, aJIe He BIUIMBAE HA PETYJISAIII0, IO 31iHCHIOETHCS
LIJISIXOM 3B’SI3yBaHHS 3 pELCNITOPAMH, OPI€EHTOBAHHUMH [0 30BHIIIHBOKIITHHHOTO TIPOCTOPY.

Kntouosi cnosa: anpeHOKOPTHKAIbHI KIITHHH, OPraHHA KyJbTypa, KPiIOKOHCEpBYBaHHs, 0a3ajibHa CEKpeLis, CTUMYJIbOBaHA
CeKpetlisl.

We investigated the influence of keeping the histological architecture on the cryosensitivity of single cells suspension and frag-
ments of mice and newborn piglets’ adrenal glands. It was shown that the adrenal gland fragments were more resistant to effect of low
temperature preservation factors, comparing to single adrenocortical cells, and as a result, had both basal and stimulated steroidogen-
esis. The highest diffusion barrier in fragments changes their sensitivity to effect of stimulators, efficient at the interaction with
intracellular targets, but doesn’t influence the regulation, which are realized due binding with receptors, dirrected to the cell outside.

Key-words: adrenocortical cells, organ culture, cryopreservation, basal secretion, stimulated secretion.

AJIpEHOKOPTUKAIbHAS TKAHb — MOP(OITOTHIECKH
CIIOKHAS CTPYKTYpa, 30HaNbHas auddepeHnnpoBan-
HOCTH KOTOPOM peryinupyeTr €€ TOpMOHOTPOIY-
LMPYIONIYI0 aKTHBHOCTH. {15 nccnenoBanus QpyHK-
LMOHAJIBHBIX XapaKTEPUCTHK KJIETOK HAAOYEUHUKOB
TPaAUIMOHHO MCIOJB3YIOT KaK KJIETOYHBIE, TaK U
OpraHsble KynbTypbl. OJTHaKO KpHOUYBCTBUTEIBHOCTh
a/IpeHOKOPTHKAIBHON TKaHH B OOJIBIIMHCTBE CIIy4acB
U3y4aiu Ha pparMenTax, cpesax [1, 9], uto mo3Bonmiio
pa3paboTaTh peXUM KPHUOKOHCEPBHPOBAHUS IS
OpTaHHOW KynbTypbl. s OAMHOYHBIX KJIETOK
Ha/JATIOYEYHNKOB aHAJOTUYHBIE MCCIEAOBAaHUS HE
MpOBOAMINCE. Jle3arperanusi KIeToK, HeoOXoaumast
7 TIONYyYeHUS KJIETOYHBIX KYJIbTyp, HapymiaeT
XapaKTEePHYIO THCTHOTHINIECKYIO apXUTEKTOHUKY, HO
obyeryaer MocTyIieHne cybcTpara WM IPYTUX
MOTEHIIMAJIBHO PETYIUPYIOINX (PaKTOPOB, BKIIOUAS
CTUMYJISTOPHl U MHTUOUTOPHI, IPU MOCIETyIOIIEeM

Adrenocortical tissue is known to be a morpho-
logically complicated structure, zonal differentiation of
which regulates its hormone-producing activity. To
study the functional characteristics of adrenal cells one
traditionally uses both cell and tissue cultures. Adrenal
tissue cryosensitivity however was mostly studied in
fragments, sections [1, 9], that enabled us to elaborate
the cryopreservation regimen for organ culture. For
single adrenal cells such studies have not been
performed. Cell disaggregating essential for cell culture
obtaining was found to destroy the characteristic
histiotidic architecture, but makes easier the influx of
a substrate or other potentially regulating factors
including the stimulators and inhibitors at further
culturing. On one hand, diffusive barrier increases for
organ cultures and limits the substrate’s enzyme
conversion into the product synthesized [5]; on another
hand, organ culture, which is known to keep intercellular
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KynbTUBUpOBaHUU. C OHOM CTOPOHBIL, JJIsl OPTaHHBIX
KynbTyp Au¢dy3uoHHBINH Oapbep BO3pacTaeT M JIH-
MUTHPYET (pepMEHTATHBHYIO KOHBEPCHIO cyOcTpara
B CHHTE3UPYEMBIH NPOAYKT [5], ¢ Apyroii — opranHas
KyJIbTypa, KOTOpas COXpaHSIeT MEXKIJIETOUYHEIe
B3aMMOJICHCTBHS MEXY KOPTUKAITEHBIMUA U MEAYIISP-
HBIMH KJIETKaMH, CIOCOOCTBYET CTUMYJISILIMK CTEPOU-
norenesa [7].

Takum 00pazom, paznuuust B MOPQOIOTHIECKON
CTPYKTYpE KJIETOYHBIX M OPTaHHBIX KYJIBTYP, IIPOSB-
JISIOMINECT W B PETYISALUN CTEPOHUIOTEHEe3a, MOTYT
W3MEHHUTh YyBCTBHTENBHOCTD aJIPEHOKOPTHKAIBHBIX
KIIETOK K JICUCTBHIO (PAKTOPOB HU3KOTEMIIEPATyPHOTO
KoHCepBHpoBaHUs. llenpio Hameit paboTsl OBLIO
CPaBHHUTEIBHOE 3YYCHUE BIUSHUS Aumekcuaa (M)
Y 3aMOPaXHBAHUS C Pa3IMYHBIMU CKOPOCTSIMH Ha
0a3anbHBIA U CTUMYJIUPOBAHHBIN CTEPOUJOTECHE3
cycnen3uu ki1eTok (CK) u gparMeHTOB HalMOYEIHBIX
Kenes.

Matepnanbl 1 metoAbI

OO0BbeKkTOM uccieJoBaHus ObUIM HaJIOYEUHUKH
MBIIIEN 1 HOBOPOXKIEHHBIX NOpocAT. 1 u3ydeHus
ropmoHomno33a CK, koTopyro nomydani MexaHn4ecKou
nesarperarueii [3], u pparmenTs! (Op) HAATOICTHUKOB
Mbiierd (1/4 xene3bl) ¥ HOBOPOXKIECHHBIX ITOPOCST
(0,5-1 mm*) TpexkpatHO oTMBIBaNH cpenoit RPMI u
nHkyouposanu pu 37°C B cpene RPMI, coneprxarueit
10%-10 TEIIOMHAKTHBHPOBAHHYIO SMOPHOHAIBHYIO
Tenstubto cbiBOpOTKY (DTC). st u3yueHus ctTumyinu-
POBaHHOM CEKpEeLH B Cpeay MHKYOaluu 100aBIsIHN
10y tupun tAM®, tupokenH. Makyoarmo CK ¢ 5-15%-
mu pactBopamu [IM Ha cpene RPMI ¢ 10%-it OTC
nposoawin nipu 22°C B Teuenne 20 MuH. 3aMopa-
xuBaii CK u @p noce S-MUHYTHOM MPEenHKYOAINH ¢
COOTBETCTBYIOIIMMH KOHIIEHTparwsiMu JIM nipu 22°C
B IUIACTHKOBBIX KOHTEWHEpax 00BEMOM 2 M CO
ckopocTsiMu 1-2°C/MUH Ha MPOrpaMMHOM 3aMO-
paxwusarene Cryoson, 40°C/MHUH — B mapax )HJIKOTO
azora u 6onee 100°C/MuH — 3-3TallHBIM IOTPYKEHUEM
B KuAKMH a30T. [Tocne 72 4 XpaHEeHUs B XKUIKOM a30Te
o0pa3ipl ororpeBany pu 42°C 10 TOSBICHUS JKUIKON
¢a3el. Bo Bcex akcnepumentax M ynansum cpenoit
KyJBTUBHPOBAHUS C 2-KpaTHBIM LIEHTPU(YTHPOBAaHUEM
(500g). Comeprkanue KOpTH30JIa B CpEAe NHKYOAMH
v romoreHarax Op HaAIOYEYHUKOB HOBOPOKAECHHBIX
TIOPOCAT U3MEPSIIN PATHONMMYHOJIOTHIECKIM METOIOM
npu nomonm tect Habopa CTEPOH-K-'*I-M (bena-
PYCh) 1 HOPMHPOBATH Ha KOJTMYIECTBO MHKYOHPOBAHHBIX
xietok (st CK) mmm Ha rpamm Oenka (st ©p). Ha
BCEX ATarax >KU3HECTIOCOOHOCTb KIIETOK KOHTPOJIMPOBAITH
MIPKU3HEHHBIM KPAacUTENEM TPUIIAHOBBIM CHHHUM. 3a
100% mpuHUMANH KU3HECITOCOOHOCTh KIIETOK Hajl-
[TOYEYHBIX XKEJIE3 HEMOCPEACTBEHHO MOCIIE MOTYUYEHUSA
KJIETOYHOH cycreH3uu. OOpabaTriBaiay AaHHBIE 110
metony Creronenta-duuiepa.
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bonds between cortical and medullar cells, promotes
the steroidogenesis stimulation [7].

Thus, the differences in morphological structure of
cell and organ cultures, manifesting also in the
steroidogenesis regulation are capable of changing the
sensitivity of adrenocortical cells to the effect of low
temperature preservation factors.

The work was aimed to a comparative study of
dimexide (DM) effect and various rates of freezing
on basal and stimulated steroidogenesis of cell
suspension (CS) and adrenal gland fragments.

Materials and methods

Adrenal glands of mice and newborn piglets were
the objects under study. To study hormonopoiesis the
cell suspension (CS) obtained by mechanical
disaggregation [3] and mice adrenal gland fragments
(Fr) (1/4 part of gland) and those of newborn piglets
(0.5-1mm?) was thrice washed out by RPMI medium
and incubated at 37°C under the same medium
containing 10% heat-activated embryonic calf serum
(ECS). To study the secretion being stimulated dibutiryl
cAMP, thyroxin were added into the incubation
medium. CS was incubated with 5 15% DM solutions
based on RPMI medium with 10% ECS at 22°C for
20 min. CS and Fr were frozen following the 5-min
pre-incubation with the corresponding DM concen-
trations at 22°C in 2ml plastic containers with the rate
of 1-2°C/min using Cryoson programmable freezer,
40°C/min in liquid nitrogen vapors and more than 100°C/
min by a 3-step immersion into liquid nitrogen.
Following the 72-hrs’ storage in liquid nitrogen the
samples were frozen-thawed under 42°C up to liquid
phase appearance. DM was removed in all the
experiments using a culturing medium with twice
centrifuging (500g). Cortisol content in the incubation
medium and Fr homogenates of newborn piglets was
measured radioisotopically using STERON-K-!I-M
(Belarus) and standardized either on the amount of
incubated cells (for CS) or per gram of protein (for
Fr). Cell viability was checked at all the stages by vital
dye trypan blue staining. Adrenal cell viability
immediately after cell suspension obtaining was
assumed as 100%. The data were processed according
to Student-Fisher’s method.

Results and discussion

Fig. 1 demonstrates the basal secretion of 10°
adrenal cells of newborn piglets to be 3.35 nmol/l.
Dibutyril cAMP (1mM) stimulates the secretion
additionally, rising it up to 14.69 nmol/l. Unlike the Fr
adrenal glands of newborn piglets, for which there was
demonstrated the absence of the DM effect on the
viability and hormone-producing activity [1], a 20-min
incubation with cryoprotectant at 22°C and its further
removal resulted in a sharp fall of the amount of viable
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Pe3yAbTatbl M 00Cy)xaeHue

W3 puc.l BumHo, uto 6a3zanpHas cexpenus 10°
KJIETOK HaJNOYEYHUKOB HOBOPOXKJIEHHBIX MOPOCST
cocrasinsier 3,35 umons/n. Aubytupun tAM® (1 MM)
JOTIOJTHUTENBHO CTUMYIIUPYET CEKPELIHIO, TOBHIIIAs €€
1o 14,69 amons/n. B otnmuane or @p HaAIIOYEUHUKOB
HOBOPOXIEHHBIX MOPOCST, A KOTOPHIX OBIIO
MOKa3aHo OTCYTCTBUE BAUAHUA M Ha xusHe-
CIOCOOHOCTH M TOPMOHOTIPOTYIMPYIOIIYI0 aKTHBHOCTD
[1], 20-munyTHas nHKyOaus CK ¢ kpuonpoTekTopom
npu 22°C 1 mocieayoliiee ero yaajleHue IpUBeId K
PEe3KOMY CHIDKEHHUIO KONMYECTBA JKU3HECTIOCOOHBIX
KJIeTOK. AHanu3 cexkpeTtopHoi akTuBHOCTH CK
MOKa3ajl, YTO CEKPEIusl KOPTH30Jla COXpaHAeTCA Ha
YPOBHE KOHTPOJIBHBIX 3HaUeHUi1 1ociie 00padoTku 7%-
n 10%-m JIM u comepxaHue KOpTH30ja yBEIUYH-
BaeTcsl B Cpele MHKyOamuu IJis KJIETOK, NPOHUH-
KyOupoBaHHBIX ¢ 5%-M pacTBopoM JIM. Heobxonumo
OTMETHTH, YTO OAMHOYHBIE KIJIETKH HaINOYEYHHKOB
MBIIIEH OKa3aJMCh MEHEEe YYBCTBHUTEIbHBIMH K
OCMOTHYECKOMY BO3/IEHCTBHUIO TPOHUKAIOIIETO KPHO-
nporekTopa, xota B 10%- u 15%-x pactBopax M
KOJIMUYECTBO JKU3HECTOCOOHBIX KIETOK OBLIO JA0CTO-
BEpHO HIKE, 4eM B KoHTposte (puc.l). B cBsa3u ¢ aTum
MBI KproKoHcepBupoBaimu CK MpImiel mos 3amuTon
7%-ro JIM co ckopoctsimu 1, 40 u 6ostee 100°C/muH.
VYuuteiBas, uro npogomkuTensHast (30 MuH) HHKYOa-
LUS1 IPH TIOJIOKUTENBHBIX TEMIIEpaTypax B pacTBOPax
JM npuBOAUT K HOAABICHHUIO aKTUBHOCTH aJJeHNIAT-
LMKJIa3bl aJpEeHOKOPTUKAIBHBIX KIETOK [9], mpu
KPHOKOHCEPBUPOBaHNH 00pa3Iibl HACHIIIAIN KPHOIPO-
TEKTOPOM B TedeHue 5 MuH npu 22°C, 4To MOIIIO OBITH
0c00eHHO 3((HEKTHBHO NMPH MEAJICHHBIX PEKUMax
3aMopaxuBaHus. V13 TaONUIBI BUTHO, 9TO KOJTMYECTBO
knetok B CK Mprmeii, coxpaHuBmUXCS Mocie
3aMOpaKMBaHUA-OTOTPEBA, MOBBIIIACTCA C yBeINYe-
HHEM CKOPOCTH 3aMOpaXWBaHUs, HO yJaJCHHUE
KPHUOIPOTEKTOpa MPHUBOIUT K KaTacTpO(UIECKOMY
MaJIeHUIO MCCleAyeMoro mapameTpa. B 1o ke Bpems
KpuokoHcepBupoBaHue ®p MbIed ¢ COOTBET-
CTBYIOIIMMH CKOPOCTSIMU HO3BOJIMJIO COXPAHUTD
0O0MIBILI0E KOJTMYECTBO ) KU3HECTIOCOOHBIX KIETOK ITOCIIe
yoaJeHusl KPUOIPOTEKTOpa, 0COOCHHO MpHU 3aMO-
pakuBaHuU cO ckopocThio >100°C/muH (Tabnuna).

B Hacrosimee Bpems IJs OPTaHHBIX KYJIBTYpP
HaJIOYEYHIKOB HOBOPOXKACHHBIX MMOPOCAT Hauboee
aJIeKBATHBIM CUUTAETCS METOJ KPHOKOHCEPBHPO-
BaHmA ¢ 5%-M JIM mo nByxsTamHoi nporpamme [4].
[TomydeHHbIE TO3UTHBHBIE PE3YIIBTATHI IPHU OBICTPOM
3aMopakuBaHuu Jiist Op mbliiei (Tabauna) No3BoIIu-
JI1 HaM KPHUOKOHCEPBHPOBATH HAAIIOYEYHUKH HOBO-
POXIIEHHBIX IIOPOCST CO CKOPOCTBHIO 3aMOPAKUBAHUS
>100°C/muH, npuMeHsist Kak Kpuonpotekrop /IM B
KoHIeHTpauusx 7-15%. JlanHble, npeacTapIcHHbIC Ha
pHC. 2, CBUIETENBCTBYIOT, YTO KJIETKH KPHOKOHCEP-
BUPOBaHHBIX DPp HAANOYCUYHUKOB HOBOPOXKIECHHBIX
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Puc. 1. BnusiHue npenHKyOanuy B pa3InyHbIX KOHIIEHTpa-
USAX TUMeKcuaa Ha 6azanpHyto () u muoytuprnt tAMO-
cTUMynupoBaHHyIO (M) CEKpEeLHUIo aIpeHOKOPTUKATIHHBIX
KJIETOK HOBOPO>KAECHHBIX MOPOCAT M >KU3HECIIOCOOHOCTH
KJIETOK HAATIOYEUHBIX JKeJIe3 MbIIIeH (—O—) M HOBOPOXKAEH-
HBIX IOPOCAT (—\—). * — pa3uumns JOCTOBEPHBI 10 OTHO-
LIEHUI0O K HECTUMYJIMPOBAHHOMY KOHTpoiato, P<0,05.

Fig. 1. Effect of pre-incubation at various dimexide concen-
trations on basal (O) and dibutiryl cAMP-stimulated (H)
secretion and cell viability of adrenal glands derived from
mice (—O—) and newborn piglets (). * — differences are
statistically true in respect of non-stimulated control, P<0.05.

cells. Analysis of the secretory activity showed the
cortisol secretion to remain at the level of control values
after being treated with 7% and 10% DM, and to
increase in the incubation medium for the cells
incubated with 5% DM. It should be noted, that single
adrenal gland murine cells were found to be less
sensitive to the osmotic effect of penetrating cryo-
protectant, although in 10% and 15% DM solutions
the amount of viable cells was significantly lower, than
in the control (Fig.1). Due to this fact we cryopreserved
murine CS under the protection of 7% DM with the
rates of 1, 40 and higher than 100°C/min. Taking into
consideration that a long-term incubation (30 min) under
positive temperatures in DM solutions results in the
suppression of adenylate cyclase activity in adreno-
cortical cells [9], the samples during cryopreservation
were saturated with cryoprotectant for 5 min at 22°C,
that is thought to be efficient under slow freezing
regimens. Table shows that the number of cells in
murine CS, remained after freeze-thawing, increases
along with the freezing rate rise, but the cryoprotectant
removal causes a dramatic fall of the parameter under
study. At the same time murine Fr cryopreservation
with the corresponding rates enabled us to preserve
the higher amount of viable cells after the cryo-
protectant removal, especially when freezing with the
rate of 100°C/min (Table).

Nowadays the cryopreservation method using 5%
DM according to the two-step program for adrenal
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MOPOCSIT COXPAHSIOT BBICOKYIO JKU3HECIOCOOHOCTD
(puc.2,a) ¥ TOPMOHOTIPOAYIMPYIOIIYIO aKTHBHOCTh, HE
OTIIMYAIOUIYIOCS. OT UCXOJHOMU, MPH HMCIIOJIB30BaHUU
10%-ro IM (puc. 2,0).

KpuoxkoncepsupoBanue ¢ 6onee Huzkoi (7%) u
6onee Bbicokoii (15%) konueHTpauusmu IM npuseno
K YMEHBLICHHUIO KOJTMYECTBA KU3HECTIOCOOHBIX KJIETOK
nocye ororpea. HeratuBHbiil 3¢ ekt npuMeHeHHs
15%-10 pactBopa IM MoXeT OBITH CBSI3aH KakK C
LUTOTOKCUYECKUM JIEHCTBHEM KPHOIIPOTEKTOPA, TaK
Y C KpUTHYECKUMH H3MEHEHUIMHU 00BbeMa KJIETOK IIpH
n00aBICHUH U YAAJICHUHN TUIIEPTOHNIECKOTO PacTBOPA.
[Hocnenumii GaxT Kaxercs 6ojiee OYEBUAHBIM, OCO-
OCHHO B CBSI3U C HAILIMMU JaHHBIMHM, 4YTO J00aBICHUE-
yaanenue 15%-ro pactBopa JIM npHBOAUT K pE3KOMY
cHIDKeHHIO xu3HecnocoOnoctr CK kak MEIIIei, Tak
U HOBOPOXKAECHHBIX mopociaT (puc. 1). OtcyTcTBHE
BBIPQXKEHHOT'0 KPHO3aIUTHOTO 3 dekra 7%-ro M,
o cpaBHeHHI0 ¢ 10%-M pacTBOpoM, MO-BUAUMOMY,
00yCIIOBJIEHO T€M, YTO S-MUHYTHas HHKyOauus Mpu
22°C ¥ 1aHHOHM KOHILIEHTPAIMKU KPHOIIPOTEKTOpa He-
JOCTaTOYHA AJA ONTHMalbHOW HACHIIIAEMOCTHU
KJIETOK KPHO3AIIUTHBIM BEIIECTBOM [2].

OpnHoM M3 BaKHEHIIMX XapaKTEPHCTHK aIpeHO-
KOPTHKAIBHBIX KJIETOK SIBIAETCA WX CIIOCOOHOCTH K
YBEITUYECHHUIO CEKPELU KOPTHU30Ja TMOJ JEeHCTBUEM
cneruduaeckux (AKTI) u Hecnenmduueckux (au-
Oytupun tAM®) ctumynsaTopoB. B otnmuune or CK
KaK HaTUBHBIE, TAK U KPUOKOHCEpBUpoBaHHbIe Dp Ha-
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Brusaue pe)xxuMoB 3aMOpa>KUBaHUS IO 3aIUTOH 7%-T0
JIMCO na xnerouyHocTh CK 1 5KH3HECTIOCOOHOCTD KIIETOK
®p HAANOYEYHUKOB MBILLIEH

Effect of freezing regimens under the protection of 7%
DMSO on CS cellularity and cell viability of mice adrenal
gland fragments

CropocTh 3amopakuBanusi, "C/MuH

. 0 !
YcnroBus SKCIIepuMeHTa Freezmg rates, C/min

Experiment conditions

1 40 100

KaeTouHOCTH cycnieH3uH,% K KOHTPOAIO
Suspension cell number,% to control

TTocae ororpesa CK B
KPHO3AIUTHON Cpepe

Following the CS warming 19,23+4,81 | 20,60+0,69 | 44,04+0,8
under cryoprotective medium
TTocae ororpeBa CKu
YAAAEHHSI KDHUOIIPOTEKTOPa
Following the CS warming 0 0 14,0108
and cryoprotectant removal
JKuszecocoGHOCTb KAeTOK Dp,% K KOHTPOAIO
Fr cell viability,% to the control
TToche oTorpeBa M yAQACHUS
Kpuonporexropa 47,76%4,23 | 57,10%550 | 69,77%596

Following the warming and
cryoprotectant removal

gland organ cultures of newborn piglets is considered
as the most adequate one [4]. Obtained by us positive
results while using a rapid freezing for murine Fr
(Table) enabled us to cryopreserve the adrenal glands
of newborn piglets with the freezing rate of >100°C/min
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Puc. 2. Bnustaue 3aMopakuBaHUs cO CKOPOCThIO >100°C/MUH € HCITOTB30BAHUEM PA3THYHBIX KOHIICHTPALIUH JUMEKCH/Ia
Ha J)KU3HECTIOCOOHOCTD (a) U Ha 0a3aibHblid U TUOYTHPHI TAM®-cTUMYIHpOBaHHbIN cTrepousioreHes (0) ¢pparMeHTOB
HAJIIIOYEUHBIX KeJIe3 HOBOPOXKACHHBIX TIOPOCIT. ¥ — pa3iiyusi JOCTOBEPHBI 110 OTHOILIEHHIO K KOHTpouto, P< 0,05; ** —
Pa3IHYus TOCTOBEPHBI IT0 OTHOIICHUIO K COOTBETCTBYFOIUM 3HAYCHHUAM Oe3 CTUMYISIH Tu0ytupuia HAM®, P<0,05; Ha
pucyHke 6: [0—romoreHat; ll— romoreHat + guOytupun 1AM®; —/\— —cpena; —@— — cpena + audyTupun tAMO.

Fig. 2. Effect of freezing with the rate of >100C/min using various dimexide concentrations on the viability (a) and basal
and dibutiryl cAMF-stimulated steroidogenesis (b) of adrenal gland fragments of newborn piglets; * — differences are
statistically true in respect of the control, P<0.05; ** — differences are statistically true in respect of the corresponding
values with no dibutiryl cAMF stimulation, P<0.05; on Fig. b: 0—homogenate; ll—homogenate + dibutiryl cAMP; —/A\— —
medium; —@— —medium + dibutiryl cAMP.

MPOBJIEMbI 0 PROBLEMS
KPMOBMONOTUMU OF CRYOBIOLOGY
2004, Ne3 2004, Ne3



[TOYEYHNKOB HOBOPOXKJCHHBIX ITOPOCAT HE OTBEYAIOT
MTOBBIIIIEHUEM CEKPEINH THAPOKOPTH30HA Ha 100aB-
JeHue B cpely MHKyOamuu nudytupun nAMO
(puc. 2,6). JIums B 0Opasnax, KpHOKOHCEPBUPOBAHHBIX
¢ 10%-m /IM, oTMedeHO yBeIMYEHHE BHYTPHUKIIE-
TOYHOTO COAEPKAaHUS THIPOKOPTU30HA.

YroOBl MPOBEPUTH, OCYLIECTBISETCS JIN BOOOIIE
peryaanus ToOpMOHaMHU CEKPETOPHON aKTHMBHOCTH
KPHOKOHCEPBHPOBAaHHBIX Dp, U3MEPSIIH CEKPEIUIO
KOPTHU30J1a IIPU JE€UCTBUN TUPOKCUHA, KOTOPBII BINSET
Ha aKTHUBHOCTh HaAmodeudHbIX xene3 [10]. Jlms
JaHHOTO HCCIeIOBaHUs MBI Hcmoab3oBaiu Dp
HaJIOYEYHIKOB, KPHOKOHCEPBUPOBAHHBIX B PEXKUME
[4], xoTOpHIl O0ecmeunBan KU3HECIIOCOOHOCTh H
TOPMOHONPOAYLHPYIOIIYI0O aKTUBHOCTh Ha ypOBHE
75% OT NCXOTHOTO COCTOSIHUS.

U3 puc. 3 BuaHO, 4TO H0OaBICHHE THPOKCHHA B
cpely MHKyOauHMM MPUBOAMUT K KOHIEHTPALMOHHO
3aBHCUMOMY YBEJIMYEHHUIO CEKPELIUU KOPTU30J1a KPHO-
KOHCEpBHPOBAaHHBIMU Pp HAAIIOYEUHUKOB HOBOPOXK-
JIEHHBIX TTOPOCSIT.

PesynpraThl, monyueHHbIE B JaHHOW padore,
CBUJETENHCTBYIOT O TOM, YTO MEKKIJIETOYHBIE B3au-
MOJICUCTBHS BIHSIOT Ha (QyHKI[MOHAIBHBIC Xapak-
TEPUCTHUKHU KIJIETOK HaIIIOYE€YHUKOB. Tak, crrocoOHOCTh
CHHTE3UPOBATH U CEKPETHPOBATH TIIFOKOKOPTUKOHTHBIE
TOPMOHBI XapakTepHa Ml agpeHOKOPTHUKAIbHBIX
KJIETOK, KyJIbTUBUpYeMbIX Kak B Buae CK, tak u @p.
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Puc. 3. Biiusaue THpOKCHHA HA coiep KaHKe KOPTU30ja B
cpezie MHKYOAlluH U TOMOTeHaTaX KICTOK KPHOKOHCEPBUPO-
BaHHBIX (PParMeHTOB HAAMOYCYHHMKOB HOBOPOMKICHHBIX
HOpOCHT. * — pa3yin4usi JOCTOBEPHBI 110 OTHOLICHHUIO K
KOHTpOII0, P< 0,05); Bl — KOHTPOIIh; —@— — Cpelia HHKY-
oamuu.

Fig. 3. Thyroxin effect on a cortisol content in the incuba-
tion medium and cell homogenates of cryopreserved adre-
nal gland fragments of newborn piglets; * — differences are
statistically true in respect of the control, P<0.05; B —con-
trol, —@— — incubation medium.
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by using 7-15% DM as a cryoprotectant. The data
presented in Fig. 2 testify the cryopreserved Fr cells
of adrenal glands derived from newborn piglets to keep
a high viability (Fig. 2a) and hormone producing activity
which does not differ upon the initial one, when using
10% DM (Fig. 2b).

Cryopreservation with lower (7%) and higher
(15%) DM concentration resulted in the reduction of
the number of viable cells following thawing. Negative
effect of the use of 15% DM may be related both to
the cytotoxic effect of cryoprotectant and critical
changes of cell volume when adding and removing the
hypertonic solution. The latter fact seems more evident,
especially when referring to our data that the adding-
removal of 15% DM solution results in a sharp fall of
CS viability of both mice and newborn piglets (Fig. 1).
Absence of the manifested cryoprotecting effect of
7% DM if compared with 10% solution, is thought to
be caused by the fact that a 5-min incubation at 22°C
under such a cryoprotectant’s concentration is not
efficient for the optimum cell saturation with a
cryoprotective substance [2].

One of the most important characteristics of
adrenocortical cells is known to be their capability of
increasing cortisol secretion under the effect of specific
stimulators (ACTH) and non-specific ones (dibutiryl
cAMP). Unlikely to CS, both native and cryopreserved
adrenal gland Fr of newborn piglets do not respond to
the addition into incubation medium of dibutiryl cAMP
by the hydrocortisone secretion increase (Fig. 2b). Only
in the samples cryopreserved with 10% DM there was
noted the increase of intracellular hydrocortisone
content.

To check whether the regulation by hormones of
cryopreserved Fr secretory activity, we measured the
cortisol secretion under the effect of thyroxin, which
affects the adrenal gland activity [10]. For this
investigation we used adrenal gland Fr cryopreserved
according to the regimen [4] which provided the
viability and hormone-producing activity at the level of
75% of the initial state.

As the Fig.3 demonstrates that thyroxin addition to
the incubation medium results in the concentration-
dependent increase of cortisol secretion by cryo-
preserved adrenal gland Fr of newborn piglets.

The results obtained in the work prove the fact that
intercellular interactions affect cell functional
characteristics of adrenal glands. Thus the capability
of synthesizing and secreting the glucocorticoid
hormones is characteristic for adrenocortical cells,
cultured both as CS and Fr. However the stimulation
of secretory activity under the effect of dibutiryl cAMF
was noted only for single cells.

Activating effect of dibutiryl cAMP is realized
through its influx in a cell by diffusion and following
protein kinase activation, while the effect of thyroid
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OpHAKO CTUMYJISIHS CEKPETOP-HOW aKTUBHOCTH IO
BiHssHUEM Oy THpII HAM® OblTa OTMEUEHa TOTBKO
JUTSL OIMHOYHBIX KIIETOK.

W3BecTHO, 4TO akTHBHpYIOLIEE BO3AeiicTBHE TUOY-
tupui TAM® peanusyercs 4yepe3 €ro nocTyIUIeHHe
nyTeM Iuddy3un B KIETKY U MOCIEAYIOIYI0 aKTH-
BaIlMI0 MEMOPaHOCBA3aHHOW MPOTEUHKHUHA3BI, TOTA
Kak 3()(heKT THPEOUAHBIX TOPMOHOB OCYIIECTBIISCTCS
IyTE€M CBS3BIBAHUS C SAEPHBIMHU, IIUTOIJIA3MaTH-
YECKHUMU B MeMOPaHHO-CBSI3aHHBIMH PELETITOPaMU
KJIETOK-MHIIeHeH. Tak kak ciocOOHOCTh CBA3BIBATH
TUPOKCHH ObLJIa IoKa3aHa i1t aroumnonpoTtenHa E [§],
TO CTUMYIHpYIOUHi 3PPexT Pprusronornyecknx KoH-
LIEHTpAIi THPOKCHHA Ha CEKPEINIO KOPTHU30JIa KPHO-
KOHCEpBUPOBaHHBIMU Dp, MO-BUAMMOMY, CBSA3aH C
yBeJIMYEHUEM NOCTYIICHHUS X0lleCcTepruHa — cyocTpara
I CUHTE3a CTEPOUJHBIX TOPMOHOB. OTO TaK¥kKe
CBUJETENBCTBYET O TOM, YTO B IPOIIECCE KPHOKOHCEP-
BHUPOBaHUs coXpaHsieTcsa Mopdororudyeckas u GpyHk-
LHOHAJbHAS aKTUBHOCTb CHUCTEM, OOJIErdarommx
VMHTEPHAIN3AIHIO JIUTTOTPOTEHHOB.

N3BecTHO, uT0 nipeodpadoTka JIM 1 COOCTBEHHO
3aMOpaKMBaHUE-OTOTPEB M3MEHSIOT aKTHBHOCTH
psana pepMEeHTHBIX CUCTEM: HeCTeIU(UIECKH aKTH-
BUPYIOT aJeHUIIATHHKIIA3y aJIpPEHOKOPTHKAIbHBIX
KJIETOK [9], HHTHOMPYIOT CEKPEIUIO MPOTrecTepOHa,
CTUMYJIMPOBAHHYIO TPOIHBIMH FOPMOHAMH ruroduza
i auOytupmit tAM® [12]. Hamm uccnenoBanus
MoKa3aiu, 4to npeaoopadorka JIM B 5%-1i KOHIICH-
TpallMu yBEJIWUYHMBAET cekpenuio koprtusona CK
HOBOPOX/IEHHBIX MOPOCAT, HO KOJIUYECTBO KU3HE-
CIOCOOHBIX KJIETOK PE3KO YMEHBIIIACTCS MPH YAAJICHUN
KpHOIIPOTEKTOpA.

Xotst xxu3HecnocooHocts CK mociie uHKyOaIuu ¢
mubytupun HAM® ocraercs HEM3MEHHOH, OTMEYEH-
HOE HaKOIIJICHHE KOPTHU30J1a B UHKYOAIIMOHHOM cpenie
MOKET OBITh 00YCIIOBJIEHO HeCHeUHPHUIECKUM
BBIOPOCOM TOpMOHA U3 KIIETOK B CpeJly HHKYOaIluu.
Ho, Ttak kak agpeHOKOpPTHUKAJIbHBIE KIETKH HE
CHOCOOHBI K HAKOIUIEHUIO BHOBb CUHTE3UPOBAHHOTO
TUJIPOKOPTH30HA BO BHYTPUKIETOYHBIX KOMIIap-
TaMEHTaXx, a CreU(pUIECKIiA TPAHCIIOPT XOJIECTEPHHA
COXpaHseTCs Jaxxe B mepMeaOuIu3upOBaHHBIX
kiaeTkax [11], HeJB3s UCKIHYUTh BO3MOXHOCTh
CTUMYIISIIAA CTEPOUJIOTCHHOW aKTUBHOCTH COXpa-
HUBIIHUXCSA KU3HECTIOCOOHBIX KieToK. OHa MOXeT
OBITH 00YCIIOBIICHA KaK BIUSHUEM COOCTBEHHO [[M,
TaKk U O0OBEMHBIMH HU3MEHEHHSAMH KJIETOK IMpPHU
OCMOTHYECKOM BO3JEHCTBUU HAa BHYTPHUKIETOYHBIN
TPAHCTIOPT XOJIECTEPUHA.

BbiBOABDI

Takum oOpa3om, NMpPOBEJACHHBIE HCCIIEIOBAHUS
MMOKa3bIBAIOT, YTO COXPaHEHHUE MOP(POIOTUIECKON
LEJOCTHOCTH U MEXKJIETOYHBIX KOHTAKTOB BO
(parMeHTaxX HaJAMOYEUHBIX XKelle3 MOBHIIIAET UX
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hormones is done by binding with nucleated, cyto-
plasmatic and membrane-bound cell-target receptors.
As the capability to bind thyroxin was proved for
apolyprotein E [8], the stimulating effect of thyroxin
physiological concentrations on cortisol secretion by
cryopreserved Fr is thought to be connected with the
increase of cholesterol influx, as a substrate for steroid
hormone synthesis. This also testifies that during cryo-
preservation there remained morphological and
functional activity of the systems, making easier the
lipoproteins internalization.

DM pretreatment and freeze-thawing itself are
known to alter the activity of the series of enzyme
systems: to activate non-specifically the adenylate
cyclase of adrenocortical cells [9], inhibit progesterone
secretion stimulated by tropic hormones of hypophysis
or dibutiryl cAMP [12]. Our investigations demon-
strated the 5% DM pre-treatment to increase CS
cortisol secretion of newborn piglets, but the amount
of viable cells to fall dramatically during the
cryoprotectant removal.

Although the CS viability following the incubation
with various DM concentration remains unchanged the
cortisol accumulation noted in the incubation medium
may be stipulated by non-specific hormone release out
of cells into an incubation medium. As adrenocortical
cells are not capable of accumulating de novo
synthesized hydrocortisone in intracellular compart-
ments, and specific cholesterol transport remains in
permeabilized cells as well [11], we should not exclude
the possibility of steroidogenic activity stimulation of
the preserved viable cells. It may be caused both by
the effect of DM itself and cell volumetric changes
under the osmotic effects on an intracellular cholesterol
transport.

Conclusions

Thus the investigations accomplished demonstrate
that keeping the morphological integrity and inter-
cellular contacts in adrenal gland fragments increases
their stability to the effect of low temperature pre-
servation factors, by providing the maintenance of both
basal and stimulated steroidogenesis. Diffuse barrier
increase when culturing the fragments was shown not
to affect the regulation, accomplished via binding with
the receptors directed to an extracellular space.
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