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WzydeHo BIHsSHUE pa3IMYHbIX YCIOBHHU ynanenus kpronporekropa JIMCO Ha sxxuzHecniocooHOocTh (JKC) 1 KOJTIOHHE00pa3youIyto
AKTUBHOCTH CBEXKEBBIICIICHHBIX 1 KPHOKOHCEPBUPOBAHHBIX KIIETOK aMOproHanbHO# nedenu (KOIT) uenoseka 7-10 Hezmenb recramuy.
Vcnonb3oBaHue pacTBopa XeHkca Kak cpeasl orMbiBanus (CO) MPUBOAUT K CHIIKCHHUIO OOLIEr0 KOJHYECTBA M KOJIMYCCTBA
xuzHecriocoOHbIx KOTII. 3amena NaCl Ha caxapo3y CHHXKaeT IOBpexaatolee IeHCTBIE POLEAYPhl OTMBIBAHHS KPUOIIPOTEKTOPA.
ITpu 3TOM Me[UIeHHOE BBeleHHE caxapo3o-cosieBoro pactsopa (CCP) mo3BossieT B Oonblueii creneHn coxpanuth JKC KIETOK MO
CPaBHEHUIO ¢ OBICTPBIM criocoboM nobapieHus. OLeHKy MOBpexaaroLiero aeictus srana yaaieHus JJMCO npoBoauiu 2 MeTogamMmu
OKpalIuBaHus (TPUIAHOBBIM CHHUM W OPOMHCTBIM 3THAUEM), YUUTHIBAs 00LIee KOIMIECTBO KIIeTOK, JKC | BBIXOJ JKM3HECHOCOOHBIX
kietok (BXKK). Pe3ynbrarsl, 0Jdy4eHHbIC IIPH Pa3IHYHBIX YCIOBHUSX yAAICHUS KPUOIPOTEKTOPA, HE 3aBUCENIN OT METO/A OLICHKU U
nokasany, 4yro BXXK sBisercs Hanbosiee 4yBCTBUTEIBHBIM MapaMETPOM JKU3HECIOCOOHOCTH KPHOKOHCEPBUPOBAHHBIX KIIETOK.
Kononueobpasyromas akrusaocts KOIT 4yenoBeka MpH KyJIbTUBHPOBAHWH B arape Ha (GUACPHOM CIIO€, COIEeprKalleM JCHKOLHUTHI
3JI0pPOBBIX B3POCIBIX JOHOPOB, IIOCIIE KPHOKOHCEpBUpOBaHUs U MemieHHoro ynanenus JIMCO ¢ nomouipto CCP ocraBanack Ha
YPOBHE HaTUBHOTO KOHTPOJIsL. [10TydeHHbIE pe3yinbTaTbl CBUACTENLCTBYIOT O TOM, 4T0 CCP Menbiue noBpexaaet KOIT yenoBeka Ha
sTane ynajieHus kpuonporekropa JIMCO.

BuBueHO BIIMB pi3HUX YMOB BHaeHHs KpionpoTekTopa JIMCO Ha )HUTTE€3AaTHICTD i KOJIOHIEYTBOPIOIOYY aKTHBHICTh HATUBHUX
i KpiokoHCepBOBaHUX KiIiTHH emOpioHanbHOi nedinku (KEIT) nropuuu 7-10 TrxkHIB rectawii. Bukopucranus po3unHy XeHKca sK
Cepe/IOBHIIA BiIMUBAHHS IPUBOAUTD 10 3HMKEHHS 3arajibHoi KUTbKOCTI 1 KijbkocTi sxurte3natHux KEII. 3amina NaCl Ha caxaposy
3HM)KY€ HETaTHUBHUI BIUIUB NPOLICAYPU BUAAJICHHS KpionporekTopa. [Ipu nboMy MOBiIbHE BBEICHHS Caxap030-CONBOBOTO PO3UUHY
(CCP) no3Bossie Oisblie 30eperT XHUTTE3AATHICTh KIITHH Y NOPIBHSAHHI 31 MIBUIAKUM criocoO0oM BigmuBanHs. OLiHKY aii eTamy
sunanenss JIMCO npoBoxaunu 2 metonamu GpapOyBaHHs (TPUIIAHOBUM CHHIM i OPOMHCTHM €THIIIEM), BpaXOBYIOUYH 3arajbHy KilbKiCTh
KJIITUH, )KUTTE€3AAaTHICTD 1 BUXiJ] )KUTTE3ATHUX KIIITHH. Pe3ybTaTi, OTprMaHi IpH pi3HUX YMOBaxX BUIAJICHHS KPiOMPOTEKTOPa, HE
3ajIe)aly BiJj METOIy OLIHKH 1 IMOKa3ajH, IO BUXiJ KUTTE3JATHUX KIITHH € HAHOUIbII 4yTTEBMM IMapaMeTpPOM JKHTTE3IATHOCTI
KpiokoHcepBoBaHUX KIiTHH. KonoHieyTBoprotoya aktuBHicTh KEII mropnHu npu KynbTHUBYyBaHHI B arapi Ha ¢inepi, 110 MICTUTb
JIEWKOLIMTH 3J0POBHX JIOPOCIINX JOHOPIB, ITiCIIs KpioKOHCepBYBaHHs 1 moBiipHOro BuaaneHus JJMCO 3a nonomororo CCP 3anumanacs
Ha piBHI HaTUBHOrO KOHTpoJsi. OTpuMaHi pesyipTatd cBimuars mnpo te, mo CCP nHaiimenme ymkomxye KEII monunn Ha erami
BusaneHHs kpiomnporekropa IMCO.

The authors studied the influence of various conditions of Me2SO cryoprotectant removal on viability and colony forming
activity of freshly isolated and cryopreserved cells of human fetal liver (HFL) of 7-10 gestation weeks. Usage of Hanks solution as
a washing-out medium (WM) leads to a decrease in both total number of HFL cells and their viability. Substitution of NaCl with
sucrose decreases the damaging effect of cryoprotectant washing-out procedure. In this case a slow introduction of sucrose based
saline (SBS) allows to preserve the cells’ viability when comparing with rapid washing-out. Estimation of damaging effect of
Me,SO removal stage was performed by two staining methods (trypan blue and ethidium bromide) with determining the total cell
number, viability and cell survival. The results, obtained under various cryoprotectant removal conditions, did not depend on
estimation method and showed that cell survival was the most sensible parameter for viability of cryopreserved cells. The value of
colony forming activity of HFL cells by culturing in agar on feeder layer with leukocytes of healthy adult donors after cryopreservation
and slow removing of Me,SO with SBS was at the control level. Obtained results testify to the fact that SBS does less damages to
HFL cells at the stage of Me,SO cryoprotectant removal.

B HacTosmiee Bpemst TpaHCTUIaHTAINS CTBOJIOBBIX
kpoBeTBOpHBIX KieTok (CKK) momyumna mupoxoe
pacrpocTpaHeHre B JIEYEHWU PAa3IHYHBIX IaTOJIO-
THYECKUX COCTOSHUI KPOBETBOPHOH crcTeMbl. OHUM
13 HanboJjee LEHHBIX HCTOYHHMKOB AAHHBIX KIETOK
SABJIAEeTCSI SMOPHUOHANBHAS TEYEHb PAHHUX CPOKOB
rectanuu (7-10 Hemenb y 4yemoBeka), KOoTJa OHa
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Nowadays the hemopoietic stem cell (HSC)
transplantation has become a widely used when treating
various pathologies of hemopoietic system. One of the
most valuable sources of these cells is fetal liver of
early gestation terms (7-10 weeks in human), when it
contains immature progenitors of all blood forming
differentiation lines, including polypotent HSC,
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COJIEPKUT HE3peJble MPEANIeCTBEHHIUKN BCEX KPOBe-
TBOPHBIX POCTKOB, BKItouas mnonumnorenTaeie CKK,
XapaKTepU3YIOIIHeCs BRICOKUM IHU(PepeHIupo-
BOYHBIM U NpOJU(EepaTUBHBIM NOTCHIHAIAMU.
Texnonorus kpruokoHcepsuposanus KOII nozeonser
COXpaHATh KIJIETKH B T€UEHUE MPOAOIKHUTEIBHOTO
BpEMEHH, HEOOXOIUMOTO JUIS TPOBEICHHUS BUPYCHOTO
n OaKTEepUaJbHOTO KOHTPOJS, a TAKKe CO3JaHUA
HHU3KoTeMmIeparypHoro 6anka. B [2, 19] onucanbl
COCTaBBI CPE M PEKUMBI KproKoHcepBrpoBaHust KOIT
YeJIoBeKa, HO OHH MOCTOSHHO COBEPIIEHCTBYIOTCS. B
kagecTBe Kpuomporekropa mnsi CKK umcmonp3yercs
JAMCO [2, 9, 18, 19]. Onrako 10 CUX TIOP BOIIPOC O
tokcugHoCcTH JIMCO B KOHIIEHTpaIusax, obecredn-
BAIOLMX KPHO3AIIUTHBIN 3(PEKT, 0CTAETCS OTKPHITHIM
1 HeoAHo3Ha4YHBIM [13]. B wacTHOCTH, cOoOOmaNoCch
00 OCJIOKHEHHSAX CO CTOPOHBI CEPACUHO-COCYAUCTON
CHCTEMbI PELUINEHTOB (CHWXEHHUE apTepHaIbHOTO
naByieHUs], Opagukapaus, apuTMHUs, OABIIIKA U Ap.)
[12, 13], onucaHbl eNMHUYHBIE CIy4Yaud Pa3BUTHUSA
HeBpoJorudecknx peakuuii [11] B oTBET Ha BBeieHNE
JAMCO, coneprkaBIIerocsi B CyCIeH3UH CTBOJIOBBIX
KJ1eTOK. OrpaHIYHTh MOTAJaHIE JAHHOTO COEANHEHNS
B OPTaHM3M PEIUIIEHTOB MOKHO ITyTE€M OTMBIBAHHUS
JIEKOHCEPBUPOBAHHBIX KIETOK MEepesd TPaHCIJIaH-
tauueid. [Ipu 3TOM BaKHBIM YCIIOBUEM SIBJISIETCSI HE
npocTto MakcumanbHoe yaaienue JMCO u3 kierou-
HOW CyCIIEH3UH, HO ¥ COXPaHEHHE ITPHU ITOM CTPYKTYp-
HOW LIETOCTHOCTH M (PYHKIMOHATIBHON aKTHBHOCTH
JIEKOHCEPBUPOBAaHHBIX KIIETOK.

B cBs3u ¢ 3THM 1enbio HacTosIEeH paboThl OBLIO
HCCIICZIOBAHNE BIMSHUS PA3INYHBIX YCIOBHUH yaane-
Hus [IMCO Ha xwusHecniocoOHocTh KOIT yenoseka
Ha JTare JeKOHCEPBUPOBAHMS.

OMOpHOHANTHHYIO TTEYCHB YEIOBEKA MOIYIaTH OT
3MOproHOB 7-10 Henenb recTaluy Mocie NCKYCCTBEH-
HOTO TpephIBaHUsA OEpEMEHHOCTH WU C COTJIAcCHs
JIOHOPOB. [IoHOpCKMIT MaTeprall TPaHCIIOPTUPOBAIU
B CTEpWIIBHBIX (akoHax Ha jibay. Cycnensuio KOII
noiy4anu HeepMeHTaTuBHEIM MeTonoM [4]. Kpuo-
KOHCEPBHPOBAaHUE KJIETOK IMPOBOAWIN IO 3aIlUTON
AMCO B xonunentpauuu 5% mno paspaboTaHHOM
nporpamme [15], ororpeBanu Ha BOIsiHOM OaHe (Tipu
37°C) [19]. B akcnepuMeHTe UCCIIENIOBATN CBEXKe-
BeigeneHHble KOII nmocne skcnosunuu ¢ 5%-Mm
pactBopoM JIMCO u aexoHCcepBHpOBaHHBIE. Bpems
KOHTakTa cBexeBbIneneHHBIX KOII ¢ 5 %-M pactBo-
pom JIMCO coctaBusno 30 mun [15]. Kpuo-
MPOTEKTOp yhaamsum 2 crocobamu: 1) MelnjaeHHoe
kanenbHOe no0apnenne CO B TeueHue 15 MuH mpu
IIOCTOSTHHOM TIEpEeMEITUBaHuM; 2) ObICTpoe m00aB-
nenne CO ¢ nocnenyomuM BeIAEpKUBaHuEM 15 MuH.
[Tocne nenrpudyruposanus 200 g B TeueHHE 5 MUH
ocanok pecycrnenaupoanu B 1 mi CO. B kauectBe
CO ucnons3oBanu pactBop Xenkca u CCP, pazpabo-
TaHHBIH 715l THIIOTEPMHYECKOTO XpaHEHUS U KPHOKOH-
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characterised with a high differentiation and prolife-
ration potential. Technology of HFL cells cryopreser-
vation allow long-term cell preserving, essential for
performing a viral and bacterial control, and for
establishing the low temperature banks. Media
composition and cryopreservation regimens for HFL
cells are described in the papers [2, 19], but they are
constantly improved. Me, SO is widely applied as a
cryoprotectant for HSC [2, 9, 18, 19]. However the
problem of toxicity of Me,SO under concentrations,
providing the cryoprotective effect, has remained open
and complicated [13]. In particular, there are the reports
about the complications in cardiovascular system of
recipients (arterial pressure decreasing, bradicardy,
arrhythmia, dyspnea, etc.) [12, 13], there are some
cases of neurological reactions development [11] caused
by infusion of Me,SO, contained in stem cell
suspension. Limitation of entering this substance into
recipients’ organism is possible by the cryoprotectant
washing-out of the thawed cells before transplantation.
Not only the maximum removing of Me SO out of cell
suspension, but also the preserving of structure integrity
and functional activity of thawed cells during this
procedure as well.

In this connection the aim of this work was to study
the influence of various conditions of Me,SO removing
to HFL cells’ viability at the stage of thawing.

Human fetal liver was obtained from embryos of
7-10 gestation weeks after artificial termination of
pregnancy and with the donors’ consent. Donor material
was transported in sterile flasks on ice. HFL cells
suspensions were obtained by non-enzymic method [4].
Cryopreservation of cells was performed under
protection of Me, SO in 5% concentration by elaborated
program [ 15], suspensions were thawed on water bath
(37°C) [19]. In the experiment the freshly isolated HFL
cells after exposure with 5% Me, SO solution and the
thawed ones were investigated. Duration of freshly
isolated HFL cells contact with 5% Me,SO solution
made 30 min [15]. Cryoprotectant was removed by
two ways: 1) a slow dropwise adding of WM during
15 min with a constant stirring; 2) rapid adding of WM
with following exposure during 15 min. After
centrifugation at 200g during 5 min the sediment was
resuspended in 1 ml of WM. As WM we used the Hanks
solution and SBS, elaborated for a hypothermic storage
and cryopreservation of hepatocytes [17]. Thus, the
cells of each sample, being in initial cryoprotective
medium were divided into three groups: A (control) —
without washing-out; B — with the slow adding of WM;
C — with the rapid adding of WM. To take into account
the casual loss of cells the controls were centrifuged
with the following supernatant removal under the same
conditions as the experimental samples, but in spite of
WM the initial cryopreserving medium was applied.
All operations were performed at the temperature of
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CepBHUPOBaHM renaronuTos [17].

Takum oOpa3om, KJIETKH OT Kakaoro oOpasia,
HaxOAMBIIMECS B MCXOAHOW KPHO3AIIUTHOM cpene,
Jenuian Ha 3 rpynnbsl: A (KOHTPOJIb) — 0e3 OTMBIBaHHUS;
B — ¢ meqiennsim no6asnennem CO; C — ¢ OBICTPEIM
no6asnenrem CO. UtoOwl yuecTs citydaiiHble TOTepH
KJIETOK B XOZI€ OTMBIBaHMs, KOHTPOJIM MOABEPTaIn
LEeHTPU(YTHPOBAHUIO C MOCIEAYIOMINM yAaJlleHuEM
CyTlepHaTaHTa B T€X K€ YCIOBHSX, YTO U OIBITHBIE
po6sI, orHaKo BMecTo CO HCIIONB30BaIM HCXOAHYIO
KpHO3aLIUTHYIO cpeny. Bee oneparum mpoBoaumm npu
temmeparype 4°C. KoiamaecTBo KIETOK MOJCYUTHIBAITN
B Kamepe [opsiea. YeroitumBocts KOII kK KprokoH-
CEpPBUPOBAHHUIO U OTMBIBAHHIO OT KPHOMPOTEKTOpa
OLICHUBAJIM 110 OKPAIIMBAHHUIO TPUIIAHOBBIM CHHUM
[16] u OpoMucTbIM dTHAKEM [8].

AHanIu3 MOIy4YEeHHBIX PE3YJIBTAaTOB IPOBOAMIIH 110
¢dbopmynam [7]:

CK = (a/6)x100%; BXK = (c¢/6)x100%;
KC = (c/a)x100% ,
rae CK — coxpaHHOCTB KIJIETOK; a — 00I1Iee KOJTHMYECTBO
KJIETOK IT0CJIE BO3JECHCTBHS;, O — 00Iee KOJIMUYECTBO
KJIETOK /10 BO3JAEWUCTBHUS; C — KOJTUYECTBO KUBBIX
KJIETOK MOCJIE BO3ACHCTBUS.

KononmneoOpa3ymomymw akKTHBHOCTH in Vitro
ompenensau npu KynsTuBupoBaHuun KOII B aByx-
cioiHOM arape o meroay [1] B cpene DMEM-HAM
F12 ¢ 18%-i1 sMOpHOHaNBHOH TENTYbEH CHIBOPOTKOM
(B cTaHmapTHBIX yCIOBHAX: B aTMocdepe BO3ayXa ¢
5% CO, npu 37°C u 100% Bnaxuoctn). @uaepHbIi
CJION arapa conepikail JEUKOLMTHI, OJyUYEHHbIE U3
renapuHU3UPOBaHHON KPOBH 30POBBIX B3POCIBIX
noHopoB. [loncuer xomonuit u3 40 u Oonee KIETOK
npoBoaniy Ha 10 CyTKH KyJbTHBHUPOBAHMS.

CrarucTryecknii aHaJIu3 Pe3yIbTaToB TPOBOANIIN
HenapaMeTpUIeCKUM METOIOM C TOMOIIIBIO KPUTEPHUS
YunkokcoHa IJsi OTHOPOAHBIX map. PesympTars
NpeACTaBICHbI Kak M+s.

OTMbIBaHHE KJIETOUYHBIX cycmeH3uil oT JMCO
SIBISAETCS 3aKJIOUMTEIbHBIM 3TallOM IpoIecca
KPHOKOHCEPBUPOBAHUS, KOTOPOMY 4acTO HE yAenseTcs
JOJKHOTO BHUMaHUs. Y JaJleHHEe JAHHOTO COETMHEHUS
13 KJIETOYHBIX CYCIIEH3MH HECeT NOMOIHUTENIBHYIO
OCMOTHYECKYIO Harpy3ky Ha MeMOpaHBI JIE€KOHCEp-
BHpOBaHHBIX KJeTOK. [locie oTorpesa KieTku yxe
MIPETEPIEBAIOT PSIT OCHOBHBIX HETATHUBHBIX BIHSHHIA,
CBSI3aHHBIX C JEHCTBHEM HU3KHX TeMIeparyp, u
ABIISIIOTCS IOBOJIBHO YSA3BUMBIMU, YTO TIPEXK/IE BCETO
OTpa)kaeTcs Ha COCTOSHUU mX memOpaH. [losTomy
HIUPOKO MCTOIb3YEMBIH B KPUOOHOIOTHYECKOU
npaktuke TecT JKC KJIEeTOK MO OKpamuBaHHIO
TPUMIAHOBBIM CHHUM OBLI MPUMEHEH W B HAIIMX
uccnenoanuax. OkpamnBaHue (IIOOPECIEHTHBIM
KpacuresneM OpOMHUCTBIM 3THAUEM TaKKe BBISABIISET
KJIETKH C MOBpeXAeHHbIMU MeMmOpaHamu. OpnHo-
BpPEMEHHOE MCIIOJb30BaHHE 3TUX JBYX TECTOB
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4°C. Cell number was counted in Goryaev’s chamber.
Resistance of HFL cell to cryopreservation and
washing-out of cryoprotectant was assessed by staining
with trypan blue [16] and ethydium bromide[8].

Analysis of obtained results was performed with
the following formula:

Cell recovery=(a/b)x100%; Cell survival=(c/b)x100%;
Viability=(c/a)x100%,

where a is the total cell number after effect, b is the

total cell number before the effect; ¢ — number of viable

cells after effect.

Colony forming activity in vitro was assessed by
culturing of HFL cells in two-layer agar according to
the method in the paper [1] in DMEM-HAM F12
medium with 18% fetal calf serum (under standard
conditions: in air atmosphere with 5% CO, at 37°C
and 100% humidity). Counting of the colonies,
consisted of 40 and more cells was performed by the
10™ day.

Statistical analysis of results was performed by non-
parameter method with Wilcoxon matched pairs test.
Results are presented as M=s.

Washing-out of Me,SO out of the cell suspensions
is a final stage of cryopreservation process, and often
no proper attention is paid for it. Removal of this
substance from cell suspensions results in an additional
osmotic loading to the thawed cells. After warming the
cells undergo the series of main negative effects, caused
by low temperatures, and remain quite vulnerable, that
affects, first of all, their membrane state. That is why
we assessed the cells viability with trypan blue staining,
which is the most widely used test for cell viability in
cryobiological practice. Staining with a fluorescent dye,
ethydium bromide also reveals the cells with damaged
membranes. Simultaneous usage of these tests allows
to increase the authenticity of obtained results and to
compare two methods of viability assessment with the
same object.

Choosing of the medium and method for removing
the cryoprotectant for various types of cells has an
important applied aspect and is mostly of empirical
character. It is necessary to take into account the
following: 1) washing-out medium (WM) should meet
the requirements for preparations for intravenous
injection; 2) procedure of cryoprotectant removal
should take a short time interval (advisably about 30
minutes) after cells’ thawing and provide their
maximum integrity; 3) washing out procedure should
be relatively simple and effective with keeping the
sterility of cell suspension. To remove the Me,SO out
of the suspension of cryopreserved hemopoitetic cells,
including the fetal ones, one uses usually the balanced
salines, in particular the Hanks solutions [2, 10]. In
the paper [10] it was shown, that the removing of
Me SO with rapid dilution with Hanks solution resulted
in a decrease of the number of viable BM hemopoietic
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[T03BOJISIET TIOBBICUTH TOCTOBEPHOCTD MOTYYEHHBIX
pe3yabTaToB M CPAaBHUTH ABa MeTosa oneHku JKC Ha
OITHOM U TOM e 00bEKTe.

Br160op cpenbt u criocoba 0TMBIBaHHSI OT KPUOTIPO-
TEKTOpa JUIsl Pa3IMYHbIX TUIIOB KJIETOK HMEET BayKHBIH
MIPUKIIAJHON aCHEKT U OOBIYHO HOCHUT SMIIUPHYECKHUI
xapakrep. [Ipu 3Tom HEeoOxoaumo yuutsiBath: 1) CO
JIOJKHA COOTBETCTBOBATh TPEOOBaHMUSM, IPEIbSBIIsIC-
MBIM K TIperaparaM JijIsi BHyTPUBEHHOTO BBEIEHUS;
2) mponenypa yraJleHus KPUOMPOTEKTOpa JOKHA
3aHUMATh HEOOIBIITON HHTEPBAJ BpEMEHH (SKeTIaTelb-
HO 10 30 MHUH) TOCEe pa3MOpaXKUBaHUS KIETOK U
o0ecrednBaTh IpY ’TOM MaKCUMAaJIbHYIO X COXPaH-
HOCTBH; 3) mpollenypa OTMBIBAHHUS JOJDKHA OBITH
OTHOCHTENBHO MPOCTOM U 3(h(heKTUBHOMN NTPHU yCIOBUH
COXPAHEHHMSI CTEPUIBHOCTH KIJIETOYHOM CYCIIEH3UHU.
Jns ynanenus JJMCO u3 cycneH3un KpHOKOHCEP-
BUPOBAHHBIX KPOBETBOPHBIX KJIETOK, B TOM YHCIE
SMOpPHOHANBHBIX, OOBIYHO HCIONB3YIOT cOalaHCH-
POBaHHBIE COJIEBBIE PACTBOPHI, B YACTHOCTH PACTBOP
Xenkca [2, 10]. B pab6ote [10] 65110 TOKa3aHO, YTO
yranenne JIMCO mpu Op1CcTpOoM T0OaBICHUHN pacTBOpa
XeHKca MPUBOJAUIO K CHHIKEHHIO KOJIMYECTBA
KHU3HECTIOCOOHBIX KPOBETBOPHBIX KileTok KM, B TO
BpeMs KaK IPH MEMJIEHHOM crocobe OTMBIBaHUS
yaaBaIoOCh TO0OUTHCS BRICOKOW COXPAaHHOCTH JaHHBIX
KJIeToK. s ynaneHus NPOHUKAIOMMUX KPHOMIPO-
TEKTOPOB, IOMUMO COJIEBBIX PACTBOPOB, UCIIOJIB3YIOT
PacTBOPHI, ColEprKallue MOHO-, Tucaxapa, Halpu-
Mep, III0KO03Y, PPYKTO3Y, rajlakTo3y, caxaposy U Ip.
Taxk, B yacTHOCTH, [U11 OTMBIBaHUS KIIETOK SMOPHOHOB
MBIIIM OT mIMIepuHa npumensuics 0,5 M pacTtBop
caxapo3bl ¢ HOCIECOYIOUIMM OTMbIBaHUEM (PHU3HOIIO0-
ruueckoit cpenorr Hionpbexko [6]. Ha ocHoBaHmmM
M3y4eHHA N3MEHEHHI 00beMa HMCCIIeTyEeMbIX KIETOK
aBTOpaMH CJeJaH BBIBOJ, YTO OCHOBHBIM 3TaIloM,
OTBETCTBEHHBIM 32 MOP(OIOTUIECKYTO IETIOCTHOCTh
JAaHHBIX KIJIETOK, SIBJISIETCS 3Tall yJaJeHUs KPHO-
nporektopa. Ilpu 3ToM HCHOAB30BaHHUE THUIIEP-
TOHHUYECKOW caxapo3bl IPEAOTBPAILaIo Ype3MEPHOE
HaOyxanue kjeTok. Ha mMomenn M301MpoOBaHHBIX
rernaTonuTOB HaMH ObLIO MOKa3aHo [3], 4To ynaneHue
JAMCO nytem CTyneH4YaToro pa3BeICHHUs TUIIEp-
TOHMYECKMMH PAaCTBOPAaMH Caxapo3bl YCHEIIHO
3aMEHEHO MEAJICHHBIM KalleJIbHBIM BHECEHHUEM
M30TOHUYECKOTO pacTBOpPa Caxapo3bl. 3alUTHOE
neiicTBHE caxapo3bl MOXKET OBITh CBSI3aHO C €€
CIIOCOOHOCTBIO CBSI3BIBATh BOJAY BO BHEKIJIETOYHOM
cpeze, 4To O0yCIIOBIMBAET CHIYKEHNE OCMOTHYECKOTO
rpagueHTa Ha IazmMarnyeckord memOpane. B cBs3u ¢
STUM ISl U3YYEHHS BIUSHUS PA3IUYHBIX yCIOBHUU
ynanenuss JMCO u3 cycneH3nu KpHOKOHCEpPBH-
poansbix KOIT yenoBeka Mbl HCTIOIB30BAIN PACTBOP
Xenkca u CCP.

[Ipu oT™MBIBaHHY KIIETOK pacTBOpOM XeHKca (n=6)
OBLIIO OOHAPYKEHO (IT0 OKPAITUBAHUIO TPUTIAHOBBIM
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cells, meanwhile using the slow dilution a high viability
of the cells was managed. To remove the permeable
cryoprotectants, in addition to the salines one uses the
solutes containing mono- and disaccharides, e.g.
glucose, fructose, galactose, sucrose, etc. So, in
particular, to wash-out the glycerol out of mouse
embryos the sucrose solution was used with following
washing out with Dulbecco’s physiological medium [6].
Basing on the investigation of volume changes for
studied cells the authors concluded, that the main stage,
being responsible for morphological integrity of these
cells, was the stage of cryoprotectant removal. Here,
the usage of hypertonic sucrose solution prevented the
over-swelling of cells. We have shown in the model of
isolated hepatocytes [3], that Me,SO removal by means
of step-wise dilution with sucrose hypertonic solutions
can be successfully substituted with a slow dropwise
introduction of sucrose isotonic solution. Protective
effect of sucrose can be related to its ability to bind the
water in extracellular medium, that results in a decrease
of osmotic gradient on plasma membrane. In this
connection we used Hanks solution and SBS to study
the effects of various conditions of Me, SO removal
out of suspension of cryopreserved HFL cells.

When using the Hanks solution as a washing out
medium (n=6) there was found (by trypan blue staining)
the significant decrease (p<0.05) in all three indices,
characterising the viability: cell recovery, cell survival
and viability, both in group B and group C, comparing
with the corresponding control values (Fig. 1a). When
using SBS (n=5) in the group with slow washing out,
there was not revealed the significant decrease (p<0.05)
of any viability index under study. In the group with
rapid washing out we found the cell survival decrease
(p<0.05) comparing with the control value (Fig. 1b).
There was no significant difference in the results of
both supravital staining methods, viability made
63.748.5; 58.7+7.7; 56.4+7.2 with trypan blue staining,
and 60.6+4.5; 54.6+£5.6; 51.0+4.0 with ethydium
bromide staining in the groups A, B, and C,
correspondingly. Basing on the obtained data the further
experiments on Me,SO washing-out of HFL cells were
conducted using SBS.

The studied parameters of thawed cells viability
reflected the total effect: from one side, it is the influence
of contact and removing of cryoprotectant on resistance
of plasmatic membranes to dyes; from another side, it
is the damage of cells in freeze-thawing cycle. Therefore
it was of interest to estimate the difference between the
parameters of viability of thawed-washed HFL cells
and that of freshly isolated HFL cells, exposed in
cryoprotectant solution. To solve the set task we added
the 10% solution of Me SO for the final concentration
of 5% into suspension of freshly isolated cells (n=5)
with viability of 90%. After finishing the exposure time
the samples were divided into 3 groups, according to
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cuHUM) aoctoBepHOe cHIkeHne (p<0.05) Bcex Tpex
roKa3aTesieil, XapaKTepu3yIoInX )KU3HECTIOCOOHOCTh
CK, BXK, XKC kak B rpymnne B, Tak u B rpynne C no
CPaBHEHMIO C COOTBETCTBYIOUIUMHU KOHTPOIBHBIMHU
3HadeHusiMu  (puc.l,a). IIpu ucnonszoBanuu CCP
(n=5) B rpynme ¢ MeAJCHHBIM OTMbIBaHUEM HE OBLIO
BBISIBIICHO CTAaTUCTUYECKU JOCTOBEPHOIO CHHMKEHHS
(p>0,05) Hu omgnHoro uzyyaemoro nokasareins JKC. B
rpymne ¢ OBICTPBIM CIIOCOOOM OTMBIBAaHUSI OTMEYECHO
camkenne BXKK (p<0,05) mo cpaBHEHHIO ¢ KOHTPOITB-
HBIM 3HaueHueM (puc. 1, 6). Pesynsrarer 060ux METOIOB
NPUKU3HEHHOTO OKpamHWBaHUA JOCTOBEPHO HE
otiuganuch (p> 0.05) 1 cocTaBWIM: 110 TPUTTAHOBOMY
cuaemy - 63,7£8,5; 58,7+7,7; 56,4+7,2, a mo
OKpalIMBaHUIO OpOMHUCTBIM dTHAUEM - 60,6+4,5;
54,6+5,6 u 51,0+4,0 B rpynmax A, B, C cooTBet-
cTBeHHO. Ha OCHOBaHMHU NOJNYYEHHBIX JAHHBIX
nocieayomye onbITel no orMeiBanuio K9II ot IMCO
npoBoauiIH ¢ ucnoib3opanuem CCP.

Nzyuennsie napamerpsl KC nekoHCEpBUPOBAHHBIX
KIIETOK OTpa)kalld CyMMapHBIH 3PEKT BO3ACHCTBHIHA:
C O/THOI CTOPOHBI, ATO BIIMSHNE KOHTAKTa U yIAJICHUS
KPHUOIPOTEKOpa Ha YCTOHYMBOCTH IJIa3MaTHYECKUX
MeMOpaH K KpacHuTelsaM, C APYToil — MOBPEXICHUE
KJIETOK B IIMKJIE 3aMOpaKUBaHUSI-0TOrpeBa. I1loatomy
MIPEACTABISAIO0 MHTEPEC ONEHUTH, HACKOJIBKO OTIIH-
yatorcsa nokazarenu JKC aekoHCepBUPOBAHHBIX-
oTMBITHIX KOII OT aHalOTHYHBIX XapaKTEPUCTHUK
cBexeBbiieeHHBIX KOII, sKcmOHUpPOBAaHHBIX C
KpuonpoTekTopomM. sl pemeHuss mocTaBIeHHON
3aJ1a4M K CYCIICH3UH CBEKEBBIJCIIEHHBIX KIETOK (N=5)
¢ KC oxomno 90% memienHo gobasmsu 10%-it pactBop
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the above stated experiment conditions, and then the
cryoprotectant was washed-out. Viability parameters,
estimated with two methods, in the groups B and C do
not significantly differ from the control values (p>0.05)
(data are not presented). Thus the procedure of Me,SO
removal by a slow method of SBS adding does not
reduce the number of viable cells in both thawed and
freshly isolated HFL cells. However, cell survival after
cryopreservation was significantly lower (p<0.05),
comparing with the corresponding values of this
parameter for freshly isolated HFL cells, exposed with
Me SO, both in the groups with washing-out and in
the control (Fig. 2).

Methods of supravital staining allows to estimate
the state of cell plasmatic membrane, but not their
function. A specific integral index for functional
activity of hemopoietic progenitor cells is their colony
forming activity in vitro. In this connection we have
studied the colony forming activity of freshly isolated
HFL cells, and cryopreserved ones before and after
Me,SO removal. Washing out was performed by means
of slow adding of SBS under the proportions described
above. Culturing results are presented in Fig. 3. Total
number of colony forming units (CFU) per 10° seeded
nucleated cells made 231+27 in freshly isolated HFL
cells, 315493 in cryopreserved cells before washing
out of cryoprotectant, and 275445 in cryopreserved
and washed cells. There was no significant difference
between studied cell groups (p>0.05). Obtained results
testify to the fact that colony forming activity of thawed
HFL cells does not significantly decrease after
cryoprotectant removal out of suspension using SBS
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Puc.1. Bimstaue nponenypst ynanenus JJMCO c nomomnrsio pactBopa Xenkca (a) u CCP (6) u3 cycneH3uu JIeKOH-
cepsuposansbix KOIT yenosexa Ha CK, BXXK, JKC: [l - xnerku 6e3 ormeisanus ot IMCO (korTpons); [ — kinerku ¢

MeJIEHHBIM KaneabHbIM criocobom nobasnenus CO; [0 — knetku ¢ 6uIcTpbIM criocoObom nobasnenus CO; *

— pasiandusd

CTAaTUCTUYCCKU JOCTOBCPHBI 10 CPABHCHUIO C COOTBETCTBYOIIUMH KOHTPOJIAMHU, P < 0 05.

Fig. 1. Effect of Me,SO removal using Hanks solution (a) and SBS (b) from suspension of thawed HEL cells on cell
recovery, survival, and viability: [ll- cells without Me,SO removal (control); []— cells with the slow dropwise adding

of washing medlum O - cells with the rapid addition of washing medium; *

with the correspondmg controls, p<0.05.
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JAMCO no xoneunoi# xonnentpanuu 5%. [1o okoH-
YaHWW BPEMEHH DKCIIO3UIMU 00pasiibl JeIWIn Ha 3
TPYIIbl COTIACHO BBIIIEONHUCAHHBIM YCIOBUAM
SKCHEPUMEHTA, 3aTeM YyIalsalud KPUOIPOTEKTOP.
[Tapametper KC, oueHeHHble IO 2 METOAAM, B
onbITHEIX rpynmnax B u C 10cToBEpHO HE OTIUYAIUCH
OT COOTBETCTBYIOUIUX KOHTPOJBHBIX 3HAYCHUU
(p>0,05) (nannbIe He puBeneHbI). TakuM 00paszoM,
nponeaypa ynainenus IMCO npu mMeaieHHOM
cniocobe nodasnenus CCP He cHmKalla KOTHYECTBO
KU3HECTIOCOOHBIX KJIETOK KakK B TPYMIIE JEKOHCEp-
BHPOBAHHBIX, TaK U CBEXKeBbIAeIeHHBIX KOII. Ograko
BXKK moce kprokoHCepBHPOBaHUS OBLIT JOCTOBEPHO
Hmxe (p<0,05) Mo cpaBHEHHIO C COOTBETCTBYIOIINMHU
3HAQYEHUSIMU JAHHOTO MMapaMeTpa CBEXKEBBIICICHHBIX
KO3II, sxcnonnposannbix ¢ JJMCO kak B rpynmax ¢
OTMBIBaHHEM, TaK U B KOHTpoJIe (puc. 2).

MeToab! NPUKU3HEHHOTO OKPAITUBAHUS [103BOJIS-
IOT OIICHUTH COCTOSHUE TUTa3MaTHYECKOH MeMOpaHbI
KJIeTOK, HO He uX PyHknuw. Crnenuduyueckum
WHTETPAJLHBIM TOKa3areaeM (QyHKIHOHAIbHOU
AKTHBHOCTH F€MOIIOATUYECKHX KIIETOK-TIPEIIECTBEH-
HUKOB SIBJIICTCS KOJIOHHEOOpa3oBaHue in vitro. B cBsizn
C 3THM B JIaHHOW paboTe MccienoBaitl KOJOHHE-
00pa3yronyo aKTUBHOCTH CBeXKeBBIEIeHHBIX KOII,
a Tak)Xe KPHOKOHCEPBUPOBAHHBIX 0 M IMOCIE
ynanenus JIMCO. OTMblBaHHE TPOBOJWIN MyTEM
MmemieHHoro no6asienus CCP B cOOTHOLIEHHUSX,
OTIMCAHHBIX BbINIe. Pe3ynbTaThl KyJIbTUBUPOBAHUS
npeacTaBieHbl Ha puc. 3. CyMMapHOE€ KOJIHUYECTBO
kononueoopasyronux eaunauil (KOE) Ha 10° mocaxeH-
HBIX SIIPOCOAEPKALUX KIETOK cocTaBmiio: 231+27 —
y cBexkeBblaeneHHbIX KOII, 315493 — y kpuokoHcep-
BHUPOBAHHEIX KJIETOK JI0 OTMBIBAHHUS OT KPHUOIIPOTEK-
Topa u 275+45 — y KpHOKOHCEPBHPOBAHHBIX — OTMBI-
TBHIX KJIETOK. JIOCTOBEPHBIX Pa3Iuyuil MEXIy HCCie-
IYeMBIMH TPYIIIaMU KJIETOK BBISIBICHO HE OBIIO
(p>0,05). [TorydeHHbIE pe3yabTaThl CBUICTEIBCTBYIOT
0 TOM, YTO KOJOHHeoOpa3ymmnias akKTUBHOCTH
nexoncepsupoBanHbix KOII nocToBepHO HE CHUXKA-
JIach IOCIIE yAAIEHUs] KPUOIIPOTEKTOpA U3 CYCIIEH3UU
¢ nomombto CCP 1o CpaBHEHHIO C KOHTPOJEM U C
KJIeTkamu 0e3 orMmbiBanus ot JIMCO.

CpaBHuTtenbHbIN aHanu3 napameTpoB JKC cBexe-
BbiAeNeHHBIX KOII, skCrmOHMpOBaHHBIX C KPHOIIPO-
TEKTOPOM 1 KprokoHcepBupoBaHHBIX KOII 10 1 mocie
OTMBIBaHMS TTO3BOJIMJ OMPEAENNUTh, HA KAaKOM 3Tare
IIPOMCXOIUT OCHOBHOE TMOBPEXKICHIE KIETOK U POJIb
camoro nporiecca yaanerus JIMCO B coxpaHHOCTH
KO3II. Xots B x0z€ mporiecca KPHOKOHCEPBUPOBAHUS
OTCYTCTBYET MpOIeAypa OTMBIBAHHUS CBEKEBBHI-
JIEJICHHBIX KJIETOK, KCTIOHUPOBAHHBIX C KPUOIPOTEK-
TOPOM, STOT ATl ObLT BHITOIHEH HAMH OTACIBHO JIIS
BbIsicHeHUs poJid kKoHTakTta KOII ¢ [IMCO no Hauana
3aMopaxxuBaHus. Takoi MOAX0] HE BBISIBUJ HOBPEK-
JAIOIIETO NEeUCTBUS UCIOIb3YEeMOU KOHUEHTPALMU
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Puc. 2. Beixon )XuU3HECMOCOOHBIX KJIETOK CBEXeE-
BBIJICJICHHBIX MTOCIe 3kcro3unn u ynaneans JJMCO (1) u
nexoncepupoBanHbix KOIT (2): A — kierku 6e3 OTMBbI-
Bauus oT IMCO (KoHTpOJb); B — KIIETKH ¢ MEAJICHHBIM
KameJnbHBIM criocoboMm mobasienus CCP; C—kieTku ¢
obicTpeiM criocoboM pobasinenus CCP; * — paznuuus
CTaTHCTHYECKH JOCTOBEPHBI 10 CPABHEHHUIO C COOTBET-
creytomumu 3HayeHusiMu BXKK cexesbiaenennsix KOII,
skcroHupoBanHeix ¢ JJMCO, p < 0,05; ** — pasnuune
CTaTHCTUYECKH JOCTOBEPHO 110 CPABHEHUIO C KOHTPOJIEM.

Fig. 2. Cell survival: freshly isolated HEL cells after
exposure (1) and thawed HEL cells (2): A — cells without
Me,SO removal (control); B — cells with the slow dropwise
addzing of washing medium; - cells with the rapid adding
of washing medium; * — differences are significant
comparing with the corresponding values of YVC of freshly
isolated HEL cells, exposed with Me2S0O, p<0.05; ** —
difference is significant comparing with the control,
p<0.05.
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comparing with the control and the cells without Me,SO
removing.

Comparative analysis of viability parameters of
freshly isolated HFL cells, exposed with the cryoprotec-
tant, and cryopreserved cells before and after
cryoprotectant removal allowed to determine the stage,
at which the main damaging of cells occurs, and the
role of Me SO removal process in HFL cells viability.
Although in cryopreservation process there is no
washing-out procedure of freshly isolated cells, exposed
with cryoprotectant, we have performed this for
revealing the role of HFL cells contact with Me,SO
before the freezing. Such approach does not reveal the
damaging effect of the used Me SO concentration in
studied time span. In this case the results do not depend
on the estimation method and showed that the cell
survival was the most sensible parameter of cryo-
preserved cells viability. Using cell survival parameter
the damage of cryopreserved HFL cells during rapid
adding of SBS was revealed, meanwhile other
parameters (cell recovery and viability) did not
significantly change. This conclusion conforms to the
statement of D. Pegg, saying that when studying various
cryobiological tasks the ratio between viable cells after
effect to the total cell number before the effect is of
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JAMCO B uccnenyemslii nHTEpBaN BpeMeHu. [ Ipu aTom
pe3yibTaThl HE 3aBHCENIN OT METOAa OIEHKH U
MOKa3aJlk, YTO BBIXOJ >KM3HECIOCOOHBIX KJIETOK
SBIISIETCS. HauboJiee YYBCTBUTEIHHBIM MapaMeTpoM
KC xpuokoHCEpBHpPOBaHHBIX KJIeTOK. C MOMOIIBIO
BXXK Obu10 BBISIBIEHO TMOBPEKIEHUE KPHOKOHCEP-
BupoBaHHbIX KOII pu 6b1cTpoM criocode 1obaBieHus
CCP, B 1o Bpems kak apyrue napamerpsl (CK u XKC)
JIOCTOBEPHO HE U3MEHSIUCH. J[aHHBII BBIBOJ COITIacy-
erca ¢ MHeHHeM D. Pegg, 4To npu peuieHuu
Pa3IUYHBIX KPHOOMOJIOTHYECKUX 3aJlad ocoboe
3HaYCHHE UMEET OTHOIICHHE KOJTMIECTBA KU3HECIIO-
COOHBIX KJIETOK MOCJE BO3JEHCTBHS K 00LIEMY
KOJUYECTBY KJIETOK 10 BO3IEHCTBUS, MOCKOIBKY
TOJIBKO B 3TOM CJIy4ae YUUTHIBAETCS MOTEPs KIETOK,
YTPaTUBILHUX LIETOCTHOCTH B PE3YJIBTATE BO3AECHCTBUSA
[14]. B maHHO# paboTe yCTaHOBIEHO JOCTOBEPHOE
caumkenne BXK KDII nHemocpencTBeHHo mocie
oTorpeBa (0 Hadana OTMBIBaHUS AEKOHCEPBU-
poBaHHBIX KJIeTOK). [lonydeHHbIE pe3ylbTaThl
CBHJIETENBCTBYIOT O TOM, YTO THOEIh KIIETOK IIPOUCXO-
IIUT, B OCHOBHOM, Ha HU3KOTEMITEPATypPHBIX CTaJAMUIX
rporecca KOHCEPBUPOBAHUS U ITPH OTOTPEBE.

DyHKIMOHAJbHbIE UCCIIEA0BAHUS i Vitro IoKa3a-
JIY, 9TO KOJIOHHEOOpa3yromas akTHBHOCTh KPHOKOH-
cepsupoBanHbx KOII yenoBexa He CHMXKalach U
OCTaBajach Ha ypPOBHE HATUBHOTO KOHTPOJA Kak y
obOpasnos 6e3 ormbiBanusg ot JMCO, Tak u npu
MennenHoM crocobe ormbiBanus CCP. CpaBHuTeNB-
HbIM a”Hanu3 naHHbIX JKC U pe3ynsTaToB KyJIbTHBHPO-
Banua KOII noxka3biBaeT, 4To Ha (OHE CHUKEHHUSA
BBIX0/1a JKU3HECMOCOOHBIX KIIETOK IOCJE 3aMopa-
XKuBaHus-oTorpesa obmee konuuectBo KOE He
m3Mensercsa. OTHUM U3 OO0BSICHEHUN 3TOTO (akTa
MOXET OBITh YCTOWYMBOCTH K (paKTOpaM KpHUOKOH-
CEpBHUPOBAaHMSI, BKIIOUAIOLIIM IPOIEIypPy yAATECHUSI
KPHOIIPOTEKTOPA, PAHHUX KIIETOK-ITPEIIIECTBEHHUKOB
SMOPUOHAIBHOU MMEYECHHU YeIOBEKAa, CIIOCOOHBIX
00pa3oBBIBaTh KOJOHUHU B YCIOBHUSX KYJIbTHBH-
poBanus. IloTeps ku3HECTOCOOHBIX KIETOK, IO-
BUIMMOMY, TPOMCXOIUT 32 CUET KIETOK, HE BXOMALINX
B gucio KOE. D10, B vacTHOCTH, MOTYT OBITH OOJEE
3penble TEMONO3TUYECKNE KIIETKH, a TaKKe KIETKU
HEreMOI03THYECKOTO pAa.

Takum 06pa3om, HOTy4YEeHHBIE PE3YJIBTAThI CBUE-
TENbCTBYIOT 0 ToM, 4To CCP npu meaenHoM criocobe
ero 100aBJIeHNs B HAUMEHBIIIEH CTETICHH TOBPEXAAET
KOII uenoseka Ha srane ynanenus [JMCO.
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Fig. 3. Colony forming activity of freshly isolated (1), and
cryopreserved HEL cells before (2) and after (3) Me,SO
removal.

special importance, because just in this case it is
possible to take into account the loss of cells, lost their
integrity after the effect [14]. We have found the
significant decrease in cell survival of HFL cells
immediately after warming (before the washing-out
thawed cells). These results testify to the fact, that cell
death occurred mainly at the low temperature stages
of preservation.

Invitro functional investigations showed that colony
forming activity does not decrease, and remains on the
value of native control both in the samples without
Me SO removing, and in that washed out by slow SBS
dilution. Comparative analysis of data on viability and
results of HFL cells culturing showed, that on the
background of decrease in cell survival after freeze-
thawing no changes in total number of CFU is observed.
One of the explanations of this fact might be the
resistance of early progenitor cells of HFL, being
capable to form the colonies under these culturing
conditions, to the factors of cryopreservation, including
the procedure of cryoprotectant removal. The loss of
viable cells, probably, occurs due the cells, being
beyond the CFU number. In particular, these can be
more mature hemopoietic cells, and the cells of non-
hemopoietic row.

Thus, the obtained results testify to less damaging
effect of SBS to the HFL cells at the stage of the Me,SO
removal, when using its slow adding.
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