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W3yyanu BnusiHUE BHICOKOMOJIEKYIIPHBIX COeMHEHUH (1ekcTpaHa, [120-1500, [I190-3500, IT90-8000) B coueTaHuu ¢ pa3IndyHbIMU
konuenrtpanusamu JIMCO npu kpuokoncepBupoBanuu KOIT uenoseka. [TokazaHo, 4To 1ekcTpaH HE OKa3bIBAET 3AIUTHOTO ACHCTBUS
Ha KOII npu kpuokoHcepBupoBanuu. B To sxe Bpemst nodasinenue [190 ¢ pa3inuHbIME MOJEKYJISIPHBIMH MaccaMy CIOCOOCTBYeT
BBICOKO# CTEIICHH COXPaHHOCTH ieKoHCepBUpoBaHHBIX KOII uenoseka. 3amuTtHoe aeticteue [130 3aBHCHT OT MOJEKYIISIPHON MacChl U
yCHIIUBaeTcs ¢ ee yBenndenneM. Halinena ontumanbHas koHIeHTpanus [190-8000 (6%) ¢ muanManbHOM KoHIeHTpaueid IMCO
(2%), ciocobHast 06eceunTh XOpouIHii Kpro3amuTHeii 3¢ dext aust KOII genosexa. [Ipu qaHHBIX KOHICHTPAIMAX KPHOIIPOTEKTOPOB
YPOBEHBb COXPAaHHOCTH OBLT 3HAYUTEIFHO BBIIIE, YEM ITPU UCIIOJIb30BAHUH B KauecTBe kpuorpoTekropa 10% JIMCO, kak npu Hanmn4uu
10% >MOpHOHATEHON CBIBOPOTKY, TAaK 1 O€3 Hee.

Knrouesnie cnosa: KpuoKOHCEPBUPOBaHHE, TEMOIIOATHYECKHE KIICTKU, SMOPHOHAIbHAS [IEYeHb, KPUOIPOTEKTOPBL, TIOIMATHICHOKCHI.

BuByanu BB BUCOKOMOJIEKYJSIpHUX 3’€mHaHb (mekctpany, [IEO-1500, [TEO-3500, ITEO-8000) y crmony4eHHi 3 pi3HUMH
kxoHnentpanismu JJMCO npu kpiokoncepBysanni KEII monunu. [Tokazano, mo nekctpan He Mae 3axucHoi aii Ha KEII mpu
KpiokoHcepByBaHHi. TuM yacoM ponaBanHs ITEO 3 pi3HMMH MOJICKYJISPHHMH MacaM¥ CHpHs€ BHCOKOTO CTYNEHS CXOPOHHOCTI
nexoncepBoBanux KEII mronuau. 3axucua ais [IEO 3aexuTh Bi MOJEKYISIPHOT MacH i MiCHITIOEThCA 3 11 301IbIIECHAAM. 3HAWICHO
ontrMansHy KoHnerTpariro [TEO-8000 (6%) 3 minimansHoI0 KoHIEHTpatiero IMCO (2%), sika 3qaTHa 3a0e310e9NTH TapHUH KPio3aXUCHHIT
edexrt ms KEII mroquau. [Ipy 7aHnX KOHIEHTPAIISX KPIOMPOTEKTOPIiB PIBEHb CXOPOHHOCTI OyB 3HAYHO BHUIIIE, HIK TPH BUKOPHCTAHHL
B sikocTi kpionpotektopa 10% JIMCO, sik npu HasiBHOCTI 10% eMOpioHaNbHOI CHPOBATKH, TaK i 0e3 Hei.

Kniouosi cnosa: xpiokoHCepBYBaHHs, FeMOIIOCTHYHI KIITHHH, eMOpiOHAIbHA MTeYiHKa, KPiIOIPOTEKTOPH, HOJIiCTUICHOKCH].

In this study an influence of high molecular polymers (Dextran, PEO-1500, PEO-3500, PEO-8000) in combination with different
concentrations of DMSO was investigated. It is shown that the adding of 10% dextran into cryopreservation media increased neither
survival nor viability rates of FL cells after cryopreservation with all the concentrations of DMSO used. At the same time adding of
10% PEO with different molecular weight facilitated the increasing of survival of FL cells. We can see that survival rate depends on
molecular weight of PEOs and has been increased with enhancement of molecular weight. Optimal concentration of PEO-8000 (6%)
with minimal concentration of DMSO (2%) was found. In these concentrations of CPAs survival rate was significantly higher than

with 10% DMSO alone as well as in the presence of fetal calf serum (FCS).
Key-words: cryopreservation, human fetal cells, embryonic liver, cryoprotectants, polyethylenoxide.

CrBonossie kietku (CK) sBustorcss o0bekTOM
MIPUCTANBEHOTO BHUMAHUS HCCIIEI0BATENeH KJIETOYHOM
OMOJIOTHHU, YKCIIEPUMEHTAIbHON M KIMHUYECKOH
MeauuuHbel. C X TepaneBTHYECKUM MPUMEHEHUEM
CBSI3BIBAIOT HAACKABl HA MPOPHIB B JIEUYCHUU OHKO-
JIOTUYECKUX, [EMATONOTHIECKHX [4], HEBPOIOTHYECKHX
3a00JIeBaHN U PHOOPETCHHBIX UMMYHOIC(HUIIUTOB
[12]. Oanum u3 HamboJsiee OOraThiX MCTOYHHUKOB
CTBOJIOBBIX KPOBETBOPHBIX KJIETOK SIBIISIETCSI SMOPHO-
HaJlbHasA MEYeHb PAaHHUX CpokoB recranuu (7-10
Hezemb y 4esoBeka). B 3Tot nepros neueHs 3MOproHa
COJIEPKHUT He3pelible MPEeAIIECTBEHHUKH BCeX
KPOBETBOPHBIX POCTKOB, BKJIIOUasl MOJUIOTEHTHbIE
CTBOJIOBBIE KPOBETBOPHBIE KJIETKH, XapaKTepH-

Stem cells are the objects of thorough attention
of the researchers of cell biology, experimental and
clinical medicine. The break-down in treatment of
oncological, haematological [4], neurological
diseases and acquired immune deficits [12] is related
to their therapeutic application. One of the richest
sources of stem hemopoietic cells is fetal liver (FL)
of early gestation terms (7-10 weeks in human
being). Within this period the liver of embryo
comprises immature precursors of all hemopoietic
lineages, including polypotent stem haemopoietic
cells, characterising with high differentiative and
proliferative potentials.

A wide clinical application of FLCs foresees the
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3yIOIMecs BBICOKUM AU(PDHEepeHUINPOBOYHBIM U
pouQepaTUBHBIM TOTEHIIMAIAMH.

[upoxoe xmuan4eckoe npumenenne KOII npemyc-
MaTpHUBaeT CO3/laHHE OCTAaTOYHOrO 3amaca TpaHC-
IJIAHTAaIlMOHHOTO MaTepuana, T.e. pa3paboTKy
METOJ0OB UX KPUOKOHCEPBUPOBAHHUSI M HHU3KOTEM-
[epaTypHOro XpaHeHus. [ TOCTHKEHUs BBICOKOU
CTEIIEHH COXPAaHHOCTU JEKOHCEPBUPOBAHHOIO Ma-
Tepualla COCTaBbl CPeA M PEXKHMbI KPHOKOHCEP-
BupoBanus KOII dyenoBeka mMOCTOIHHO COBEp-
HIEeHCTBYIOTCA. B HacTosimee Bpems sl KpPUO-
koHcepBupoBanus KOII duenmoBeka mpuMeHseTCS
MEIJIEHHOE 2- WK 3-CTyIIeHYaTOe 3aMOPAKUBAHNE B
cpene, conepxkarieit IMCO B koHneHTparmsx 5-10%
[1,2]. AMCO B cocTaBe KpUO3aUIUTHOU Cpenbl, C
OJHOW CTOPOHBI, MO3BOJAET COXPAHUTH KU3HE-
cnocobnocTh (KC), HO ¢ apyroit, IMCO obnanaer
BBIPaXE€HHON TOKCHUYHOCTBHIO, UTO MPUBOJUT K
MOBPEKACHUIO YACTH KIIETOK Ha dTare SKBUIHOpaluu
u TpeOyeT ero OTMBIBKM Iepej TpaHCIUIAaHTAIUEH.
[ToaTOMy 111 yCOBEpIIEHCTBOBAHUS METOAa KPHO-
KOHCEPBHUPOBaHU TPeOyeTCsl CHU3UTH KOHIIEHTPALIUIO
JAMCO. Yacto B cocTaB KpPHUO3aIUTHON Cpeabl
BriodaroT 10-90% smMOproHaIBHOI CHIBOPOTKH KOPOB
WJTY JIOMIAJCH, 9TO CITIOCOOCTBYET CTAOIIA3AITIH KITe-
TOYHBIX MeMOpaH, BBIPABHUBAET OCMOTHYECKOE U
OHKOTHYECKOE JaBJICHHE, MO3BOJISIET NOOUTHCA
XOpOIIUX PE3yJIbTAaTOB KPUOKOHCEPBUPOBaHHUS [6].
Bmecte ¢ TeM B CBIBOPOTKE conepkarcs OelKu H
MIENITU/IBI, CIIOCOOHBIE BBI3BATh HMMYHHYIO PEaKITUIO
npu TpaHcriantanuu. CiaenoBaTeNnbHO, IS MPH-
meHenuss KOII yenoBeka B KIMHUKE >KEIATEIbHO
HCKIIFOUYHUTH CHIBOPOTKY KaK KCEHOTEHHBIA U UM-
MYHOPEaKTHBHBIN KOMIIOHEHT.

ens paboTer — cHU3UTH KoHIIEHTparuo [JMCO
KO3II genoBeka, UCKIIOUATH CHIBOPOTKY W3 CPEIBI
KPHOKOHCEPBUPOBAHUS. [IJIs1 JOCTHKEHMS 3TOM LiEeau
OBLIO IPEeII0KEHO NCIIOI30BaTh ITOJIMMEPHI BEICOKOH
MOJIEKYJISIpHON MaccChl, CIOCOOHEIE CBI3BIBATH
BHEKJIETOYHYIO BOJIY U YMEHBIIATh BEPOSATHOCTH
00pa3oBaHMsI BHYTPUKIETOUYHBIX KPUCTAILIOB JIbJA.

Haubonee yacTo mpuMeHSIOTCS BBICOKOMOJIE-
KYJISIpHBIE KPUOTPOTEKTOPHI THIPOKCUITHIIKPaXMall
[5], nexctpan [9], nonuBuHuAnUppoaunon [11],
MOTMATUJICHTIUKOIH C Pa3IMYHON MOJICKYJISIPHON
maccoit [3].

B namno#i paboTe mpoBeaeHa CpaBHUTEIbHAS
OIICHKA IEJIeCO00Pa3HOCTH HCIOIb30BaAHUS TaKUX
BBICOKOMOJIEKYJISIPHBIX COEIWHEHNH, KaK JEeKCTpaH
(Mm=100000) u 1190 (Mm=1500, 3500, 8000)
oTnensHO Wi B codeTanuu ¢ JJMCO B pa3iaumdHbIX
KOHILEHTpauusax sl KpruokoHcepBupoBaHusa KOII
yenoBeka. JlJ1sl KOHTPOISI MCIOIb30BaIu CPEIb,
coleprkaiue pa3nuunbie koHueHTpanuu JMCO npu
OTCYTCTBHH WIIU B MPHUCYTCTBUH SMOPUOHAIHHON
CBIBOPOTKH.

NPOBJIEMbI
KPUOBMONOrum
2003, N23

creation of sufficient stocks of transplantation
material, i.e. the elaboration of the methods of their
cryopreservation and low temperature storage. To
achieve a high rate of survival of frozen-thawed
material the compositions of media and cryo-
preservation regimens of FLCs are under constant
improvement. Nowadays for HFLCs cryopre-
servation there is applied slow two- and three-step
freezing in the medium with DMSO under con-
centration of 5-10% [1, 2]. DMSO as a part of
cryoprotective medium from one hand allows the
saving of viability, but from another, it has a
manifested toxicity that results to the damage of
some cells at the stage of equilibration and requires
its washing-out before transplantation. Therefore to
improve the cryopreservation method it is necessary
to reduce the concentration of DMSO. Frequently
to the composition of cryoprotective medium 10-90%
of embryonic sera of cows or horses are added,
that contributes to the stabilisation of cell mem-
branes, smoothes up osmotic and oncotic pressure,
allows to reach good cryopreservation results [6].
Along with this in the serum there are proteins and
peptides capable to cause an immune reaction during
transplantation. Therefore for applying the HFLCs
in clinic it would be better to exclude the serum as
xenogeneic and immune reactive component.

The aim of this work is to reduce the con-
centration of DMSO and to exclude the serum from
cryopreservation medium.

To approach these goals we proposed to use the
polymers of high molecular weight, which are
capable to bind an extracellular water and decrease
the probability of the formation of intracellular ice
crystals.

Hydroxyethylstarch [5], dextran [9], polyvi-
nylpyrolidone [11], polyethylene glycols (PEG) of
various molecular mass [3] are the most frequently
used cryoprotectants with high molecular weight.

In this work there was performed a comparative
assessment of application expediency for such
compounds with high molecular weight as dextran
(Mm= 100000) and PEO (Mm = 1500, 3500, 8000)
separately and in combination with DMSO under
various concentrations for HFLCs cryopre-
servation.

As the control we used the media, containing
various DMSO concentrations with or without
embryonic serum.

Materials and methods

Human fetal liver was derived from abortuses
of 7-10 gestation weeks after an artificial ter-
mination of pregnancy and written donor’s consent.
Donor’s material was transported to the laboratory
in sterile flasks on ice. Suspension of FLCs was
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Matepnanbl 1 metoAbI

OMOpHOHANTBHYIO TIEYCHB YEIOBEKA MOTYJaIH OT
aboprtycoB 7-10 Hemenp recTalliu MOCIE HC-
KYCCTBEHHOTO IpEPBIBaHUS OEPEMEHHOCTH M MHCh-
MEHHOI'0 coIvacHus JOHOpOB. JloHOpCKuIl Marepuan
TPAHCIIOPTUPOBAIN B JaOOPATOPUIO B CTEPHIBHBIX
¢nakonax Ha npay. Cycnensuro KOII momyuanu
HedepMEeHTaTUBHBIM MeToioM. KiieTounyro cycneH-
3HFO PA3BOIIIIN Cpeoi J{roip0eKKO 10 KOHIIEHTPAIAN
2 MIH/MJ W pa3ivBalii B ILIACTUKOBBIE KPHO-
koHTelHephl Gupmbl Nunc mo 0,5 mu. 3atrem k
CYCIIEH3UH OCTOPOKHO O KaIlIsIM T0OABIISUTH paBHBIE
00BEMBI Pa3IMYHBIX KPUO3AUIUTHBIX CPEIl, MPUTO-
TOBJIEHHBIX B JABOWHOW KOHIleHTpaiuu. KoHeunas
KOHLEHTpalus KJIETOK cocTaBisuia 1| miuH/mia. B
Ka4eCTBE KpHO3AIUTHBIX cpel ncnoib3osanu JMCO
(2, 5, 10%) 1 BBICOKOMOJIEKYJISPHBIE COCIMHEHHUS:
nekctpat (Mm=100000), 5MOproHaNIbHYIO CBIBOPOTKY
tenenka (OCT), I[120 (Mm=1500, 3500, 8000) B
koHueHTpanuu 10%. IIporpammHuoe 3amopaxuBaHue
[IPOM3BOMIIM B TpH 3Tama: 10 temmeparyps —40°C co
ckopocthio 1 MuH, 10 —80°C co ckopoctbio 10°C/muH,
rmociie 4ero o0pasibl MOTPyX ajdu B KUIKHUI a30T.
OtorpeBaiii Ha BOIsiHOM OaHe pu Temmeparype 40°C.

JexoncepBupoBanHble cycriensnn KOIT ormpIBamm
OT KPHO3aIIUTHOW CpeJIbl HEHTPUPYTUPOBAHUEM ITPH
400g 10 mur B cpene [ionbOekko B NpUCYTCTBUHU
niu npu orcytetBun 10% OCT.

Coxpannocts KOII 1o m mocie KpuokoHcep-
BUPOBAHMS OIIPEIEIISUIN 110 OKPAILIMBAHUIO BUTATEHBIM
KpacuTeseM TPUIIaHOBBIM CHHUM. KonuecTBo Ki1eTok
ObUIO MOJCYMTAaHO B Kamepe [opsesa.

Coxpannoctb KOII Op1a paccunTana no popmyine

C= % x 100%,
rne /K — KOnM4ecTBO KUBBIX KiIeTok; K — oOmiee
KOJTMYECTBO KJIETOK.
JKuznecrocoOHOCTE ompenessum mo popmyie
1 KI

CORO

KC = x 100%,

rae C — COXPaHHOCTh CBEKEBBIIETIEHHBIX KIIETOK;

C,—coxpannocts KOII mocine KproKOHCEpBUPOBAHHS,

K — KONM4eCTBO CBEKEBBIIEICHHBIX KIIETOK;

K ,— xonnuectBo KOII mociie KpuoKOHCEPBUPOBAHHS.
Jl1s1 OLIEHKH ITOCTOBEPHOCTH Pa3UUUU MEXIY

IpyMIIaMH JaHHBIX UCIIONB30BATIM KpUTEPHUI BUITKOKCOHa,

CYUTAasl TOCTOBEPHBIMHU Pa3IUUUsl C MOKazaTeaeM

3HaunMocTu p<0,05. Omenka mpoBOAUIACH C TIO-

MoIIbHo mporpamMmer Origin v. 6.1.

Pe3yAbTaThl M 00CyXXAeHHe

CoxpaHHOCTb cBeXeBbIAENCHHON cycnien3nu KOIT
yenoBeka cocraBisina §5+2%. I[locme OvicTporo
ororpesa KOII, kxppuokoHCEpBUPOBAaHHBIX MO TPEX-
3TalHOW NMporpamMMme NpH OTCYTCTBHUHM KPUOIPO-
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obtained with non-enzymatic method. Cell sus-
pension was diluted with Dulbecco medium up to
the concentration of 2 mln/ml and poured into plastic
cryocontainers (Nunc) by 0.5 ml, then the volume
aliquots of various cryoprotective media, prepared
in double concentration were thoroughly added to
the suspension by drops. Final concentration of cells
made 1 mln/ml. As cryoprotective media we used
DMSO (2, 5, 10%) and compounds with high
molecular weight: dextran (Mm=100000), fetal calf
serum (FCS), PEO (Mm = 1500, 3500, 8000) under
10% concentration.

Programmable freezing was performed in three
stages: down to the temperature of —40°C with the
rate of 1°C/min, down to —80°C with the rate of
10°C/min, afterwards the samples were immersed
to liquid nitrogen. Thawing was accomplished on
water bath at 40°C.

Frozen-thawed FLCs suspensions were washed-
out of cryoprotective medium by centrifugation at
400g for 10 min in Dulbecco medium with or without
10% FCS.

FLCs survival before and after cryopreservation
was found on the staining by trypane blue vital dye.
The number of cells was calculated in Goryaev’s
chamber.

The survival of HFLCs was calculated according
to the formula:

S = %/ x 100%,
Where, V' — the number of viable cells, C — total
number of cells.

Viability was determined with the formula:

. .7 SI CI 0
Viability = ﬁ x 100%,
where § — survival of freshly isolated cells;

S, —survival of FLCs after cryopreservation;

C, - the number of freshly isolated cells;

C, — the number of FLCs after cryopreservation;

To estimate the significance of true differences
between the groups of data we used the criterion of
non-parametric Wilcoxon method, assuming the
differences as statistically significant with the value
p< 0.05. The assessment was carried-out using the

Origin v. 6.1. software.

Results and discussion

The survival of freshly isolated suspension of
HFLCs made 85+2%. After rapid thawing of FLCs,
cryopreserved according to three-stage programme
in the absence of cryoprotectants, the viability made
14+2% (Table 1). Introduction of 2% DMSO to the
freezing medium resulted in more than 2-fold
increase of viability. The rise in DMSO con-
centration up to 5% and 10% allowed to reach higher
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tektopoB JKC cocrapisiia 14+2% (tabdn.1). Beenenue
2% JAMCO B cpeny 3aMopa)XUBaHHS MPUBOIUIIO
Oortee yeM Kk 2-kparaomy yeermderuro JKC. [ToBbimenue
koHueHTpauuu IMCO no 5 u 10% mo3Bonuio
nobutbcs Oonee BbIcOKMX mokasateneit XKC.
MaxkcuManbHasi COXpaHHOCTh KIeTOK (63+1%) Obuia
BBIABJIEHA NpH ucnoias3oBanuu 10% AMCO. [o-
OaBneHue B cpeny kpuokoncepsuposanus 10% OCT
yBenmauBano coxpanaHocTs KOII B 1,5 paza mpu
kouteHTpanusx JJMCO 0 u 2%. [Ipu noBeimeHnn
kounearpamuu [JMCO mo 5 u 10% Bausane OCT
CHI)KAJIOCh U IIpH KoHIeHTpaluu 10% Obu1o He3Ha-
YUTENbHBIM (Ta0.1).

Brenenue B cocTaB cpebl KpHOKOHCEPBUPOBAHUS
JIEKCTpaHa He IPUBOJIIIIO K YBEITMUEHHIO COXPAaHHOCTH
K3II yenoBeka mpu BceX HUCMOIb30BAHHBIX KOH-
neatpanuax JMCO, a I190 cnocoOGcTBOBaNO
yiydiieHno xuzHecnocodbnoctu KOII uenoseka.

Ta0auna 1. BiausiHue BBICOKOMOJIEKYJISIPHBIX TIOJIHMMEPOB
Ha coxpaHHocTh KOIT yenoBeka 10 1 mociie OTMBIBKH
KPHUOMIPOTEKTOPOB
Table 1. Effect of polymers with high molecular weight on
HFLCs survival before and after washing-out of
cryoprotectants

CoxpanHoctb KOIT A0 OTMBIBKH, %
FLCs integrity before thawing,%

Konmnenrpanus AMCO, %
DMSO concentration, %

TToanMepsr
Polymers
0 2 5 10
Konrpoan 1422 304 40+2 631
Control
Aexcrpan 1421 251 442
Dextran
es 212 43+1 493 664
90— 1500
oo Lo 492 502 65+2
190 — 3500
o0 3o 55+ 703 744
190 — 8000
o 63=4 784 764

Coxpannoctb KOIT nocae oTMBIBKY, %
FLCs integrity after thawing,%

Konrpoan 19+2 345 435 651
Control
Aexcrpan 16%1 233 442
Dextran
?gg 213 423 47+2 683
90— 1500
oo Lo 51=3 563 672
190 — 3500
o0 3o 55+ 672 702
150 — 8000
o 63=6 742 71+4
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indices of viability. Maximum survival of cells
(63+1%) was found when using 10% DMSO.
Adding into cryopreservation medium f 10% FCS
increased the FLCs survival in 1.5 times under 0
and 2% DMSO concentration. When increasing
DMSO concentration up to 5 and 10% the effect of
FCS reduced and under concentration of 10% was
insignificant (Table 1).

The dextran introduction into cryopreservation
medium composition did not result into a rise in human
FLCs survival under all used DMSO concentrations,
and PEO contributed to the improvement of human
FLCs viability. Even at the absence of DMSO the
adding of PEO-1500 either PEO-3500, or PEO-8000
in 3-4 times increased the indices of cell survival. With
an enhancement of molecular mass a protective
effect of PEO slightly increased. Maximum survival
of FLCs when using PEO-8000 corresponded the
survival level obtained after cryopreservation with
10% DMSO.

When rising the DMSO concentration up to 2 %
of the best survival indices were possible the with
the use of PEO-3500 and PEO-8000. Human FLCs
survival when adding these polymers was statistically
true higher than when using 10% DMSO in the
absence or presence of FCS. In the presence of
5% DMSO all PEOs vividly manifested a protective
effect. Under these conditions when using PEO-
3500 and PEO-8000 the survival was statistically
true higher that at the absence of the compounds
with high molecular weight at 5 and 10% DMSO
and did not differ from the survival level of freshly
isolated cells (Table 1).

After washing-out there was not observed
statistically true changes in the parameters of FLCs
survival (Table 1). Thus, after cryopreservation at
the absence of cryoprotectant it made 19+2%.
When rising the concentration of DMSO the survival
of FLCs increased according to concentration
dependence and reached the maximum (65+1%)
under 10% concentration. In the presence of FCS
the FLCs survival was slightly higher at 0 and 2%
DMSO and practically did not differ from the control
at 5 and 10%.

Because of the loss of a part of the cells after
cryopreservation the indices of viability were lower
in comparison with those for the survival, however
the character of these two indices remained similar.
Thus, viability, calculated according to the formula
(2) made 6+1% after cryopreservation without
cryoprotectant. When adding 2% DMSO to the
cryopreservation medium it increased up to 15+£2%.
After increasing the DMSO concentration, the
maximum viability of FLCs (53+4%) was reached
at 10% DMSO (Table 2). Dextran used as a
cryoprotective substance did not improve the FLCs
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Haxe npu orcyrctBun IMCO, nobasnenue [130-
1500 umu I[1950-3500 wau 1190-8000 B 3-4 pasa
YBEINYHMBAJIO MOKA3aTENM COXpaHHOCTH KieTok. C
YBEJIUYEHUEM MOJEKYIAPHOU Macchl 3aIIUTHOE
neiicteue [150 Heckonpko MOBBIIANOCE. MakcH-
ManbHasa coxpaHHocTh KOII mpu ucnosnbp3zoBaHun
[190-8000 cooTBeTcTBOBaNA YPOBHIO COXPAHHOCTH,
MIOJIy4€HHOMY Tociie KpuokoHcepBrUpoBaHus ¢ 10%
JAMCO.

[Ipn yBenmuennn xkonuentpauuu JIMCO mo 2%
HAWIyYIINX IOKa3aTeneil COXpPaHHOCTH YIaloCh
nobutkcs ¢ ucnoaszoBanueM I1130-3500 u IID0-
8000. Coxpannocts KOII uenoBeka npu 100aBIeHIH
9THX MOJIUMEPOB OblIa JOCTOBEPHO BHIIIE, YEM IIPH
10% JAMCO npu orcyrctBuu nin Hannuun OCT. B
npucytctBuu 5% AMCO IID30 mposBisau sipko
BBIPKEHHOE 3aLIUTHOE AeHCTBHE. B 3THX yca0BHAX
¢ ucnoap3oBanuem [120-3500 u I150-8000 cox-
pPaHHOCTH ObIIa NOCTOBEPHO BHIIIE, YEM INPHU
OTCYTCTBHH BBICOKOMOJIEKYJIIPHBIX COETUHEHUH IpU
5u 10% AMCO u He oTnuyanack OT yPOBHSA
COXPaHHOCTH CBEKEBBIJICICHHBIX KJIETOK (Tabm.1).

IMocne OTMBIBKM HE HAOIIONANOCH JIOCTOBEPHBIX
W3MEHEHUH B TMoka3arensax coxpanHoctu KOII
(Tabn.1). Tak, mocime KpUOKOHCEPBUPOBAHUSA MPHU
OTCYTCTBHH KPHOIIPOTEKTOpa OHA cocTaBmiia 19+2%.
IIpu noseiennn konnenTpayu JIMCO coxpaHHOCTb
K3II yBennumBanace Mo KOHIIEHTPAalMOHHOM 3a-
BHCHUMOCTH M JIocTuraiga Makcumyma (65+1%) mpu
10% xonuenTtparyu. CT 3MOpruoHaIBHON CHIBOPOTKH
coxparnHocTh KOII Oblia He3HAUNTENBHO BBIILIE MTPU
0 u 2% AMCO u npakTH4ecKH He OTIMYanach OT
koHTponus npu 5 u 10% AMCO.

BeneacTBue motepu 9acTu KIETOK IOCIE KPHO-
KoHcepBUpoBaHUs nokazarenu XKC Obutl MeHbIIe,
YeM COXPaHHOCTH, OJHAKO XapaKTep ITHUX JBYX
mokasareneil ocrancsa cxoxuM. Tak, XKC, paccuu-
tagHas mo dopmyne (2), cocraBmsuia 6+1% mocie
KpHOKOHCEpBUpOBaHUs 0e3 kpuomporekTopa. [lpu
nob6asnenuu 2% JMCO B cpeny KpUOKOHCEP-
BHpPOBaHUs OHa yBenuuuBanach A0 15+2%. Ilocne
noBbiieHus1 koHueHtpauuu JIMCO makcumanbHas
xuzHecriocooHocTh KOIT (53+4%) Oputa mocTurayTa
npu 10% AMCO (tab1n.2). [lekcTpan, HCHIONb3yeMBblii
KaK KpHO3aLIUTHOE BEIIECTBO, HE YIIydllall >KU3He-
criocobrocTh KOII u B HEKOTOPHBIX Caydadx Haxke
yMeHbIIan ero nokasarenu. [Jo6asnenue 1190 c
pPa3IMYHON MOJIEKYJSPHOW Maccod B Cpeay KpHO-
KOHCEpPBUPOBAHUS MOKA3aJI0 CXOXYI0 AUHAMUKY
coxpannoctd. MakcumansHo# JXKC (73£11%) ynanocs
no0uThest pu ucnonb3oBanuu 6% I[130-8000 u 2%
JAMCO. Ho6apnenue nmobbix 190 k 5% AMCO
MIPUBEIO K JOCTOBEPHOMY, IO OTHOomEeHUo K 10%
JAMCO, ysennuennto JKC. [Tocie OTMBIBKH KpHOTIPO-
TEKTOpa HaOJII0AaI0Ch HE3HAYUTEIbHOE CHIDKECHHE
KC npu Bcex HCHONB3YEMBIX €r0 COYETaHUsIX (Ta0.2).
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Taonunua 2. BiusHnue BEBICOKOMOJIEKYISPHBIX TIOIMMEPOB
Ha xxu3Hecrocoonocts KOIT ueroBeka 10 1 mocie
OTMBIBKH KPHOTIPOTEKTOPOB

Table 2. Effect of polymers with high molecular weight on
HFLC:s viability before and after washing-out of
cryoprotectants

JKusnecrocobuocts KOIT A0 OTMBIBKH, %
FLCs viability before thawing, %

Kounenrpanus AMCO, %

DMSO concentration, %
TToaumepsr

Polymers

KonTpoab

Control 203

53+4

AekcrpaH

Dextran 3344

OCT

ECS 211

24+4 575

I1950 — 1500

PEO— 1500 6538

TT90 — 3500
PEO — 3500

IT950 — 8000

PEO — 8000 489

72+9

JKusnecnocobuocts KOIT nocae OTMBIBKH, %
FLCs viability after thawing,%

KoHTpoAb

Control 4=1 10=1

15+4

AekcrpaH

Dextran 224

OCT

ECS 205

52+4

IT950 — 1500
PEO — 1500

TT90 — 3500

PEO — 3500 952

63+5

IT950 — 8000

PEO — 8000 6623

677

viability and in some cases even reduced its
parameters. Adding of PEOs with various molecular
masses into cryopreservation medium has shown the
similar to survival dynamics. Maximum viability
(73+11%) was received when using 6% PEO-8000
and 2% DMSO. Adding of any PEOs to 5% DMSO
resulted in statistically true in respect of 10% DMSO
increase of viability. After washing-out of cryo-
protectant there was observed a slight reduction of
viability under all used combinations (Table 2). The
closest indices of viability and survival of human
FLCs were obtained with PEO-8000.

Therefore later we have investigated the effect
of its various concentrations on the survival and
viability of human FLCs.

Fig. la shows that adding of 1% PEO-8000 to
cryopreservation medium, non-containing DMSO,
resulted in a slight (in 1.5 times) increase of FLCs
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Puc 1. Bousaue pazmmunbix korteHTpaipii [130-8000 Ha coxpannocts KOIT yenoBeka: 10 OTMBIBKH (@); TIOCIe OTMBIBKH (0):

O—0%; E1— 1%; M —3%; B—6%.

Fig.1. Effect of different concentrations of PEO-8000 on HFLCs survival before washing-out (a); after washing-out (b):

O-—0%; E—1%; M—3%; - 6%.

Cawmpie 6mm3kue nokazareny JKC u coxpannocta KOIT
genoBeka 0pur norydersl ¢ [190-8000. [Toatomy namee
OBIJIO MCCIIEAOBAHO BIHMSHUE €T0 Pa3IWYHBIX KOH-
LIEHTPaIiA Ha COXPaHHOCTh U sku3HecrtocooHocTh KOIT
YeIoBeKa.

U3 puc. 1,a BumHO, uto gobdasnenue 1% I190-8000
B CpeAy KPpHOKOHCEPBUPOBAHUsA, HE COAEPIKAILYIO
AMCO, nmpuBeno kK He3HauuTedabHOMY (B 1,5 pasa)
noselmieHu0 coxpanHoctu KOII. Ilocnenyromee
nob6asnenune 2 u 5% JAMCO B cpemy KpHOKOHCEp-
BHpOBaHUS, coepkanyto 1% I120-8000, yemmanBano
MOKa3aTeM COXPAaHHOCTH B 2,5 U 3 pa3a M COCTaBIISIIO
51+7 m 66+3% cootBeTcTBeHHO. [lOBBIIIEHNE KOH-
nerTpanuu [120-8000 no 3% yxe mpu HyIeBOU
kouneHTpanun JIMCO npuBoamiio k coxpanernio KOIT
(58+3%). Mcrnonp30BaHNe KOMITO3UIMH, COCTOSINEH U3
3% I1230-8000 u 2% AMCO, cmocoOCTBOBAIO
yBENMYEHHIO Noka3atens coxpaHHocTi KOII o 70+2%.
[Hopienue konuenTpauuu AMCO no 5% He yimydimio
coxpanHocTs KOII mocne KpruokoHCEpBHUPOBaHUS
(puc.1,a). [Tpn ucnonszosanuu 6% [190-8000 pasxe npu
HyneBor koHreHTparmu JIMCO coxpaHHOCTh AOCTO-
BEPHO HE OTIMYajachk oT noydernHoi mpu 10% JIMCO
6e3 monmmmepa. [Jodasnenue 6% I[130-8000 B cpenmy,
coaepikaryto 2% JIMCO, 3HaYUTETHHO yYBETMIUBAIIO
(78+4%) coxpannocts KOII, a oTMBIBKa OT KpHO-
MIPOTEKTOPa HEe TPUBOVIIA K IOCTOBEPHOMY H3MEHEHHIO
coxpannoctu KOII (puc. 1,0).

Hannyume nokaszarenn XXC Obutd noTydeHsl pu
ucnonb3oBanuu couetanus 6% [120-8000 ¢ Munu-
ManbHOU KoHIeHTpanueit IMCO 2% u cocraBisaau
63+11% (puc. 2). OTn nokazareny ObUIM BBIIIE, YeM
10% AMCO B npucyTcTBHUH SMOPHUOHAIBHON CHIBO-
POTKH 1iH 6e3 Hee.

Xopotiee Kpro3aluTHOE IEHCTBIE JEKCTpaHa pu
KPHOKOHCEPBUPOBAHWUH 3PUTPOLIUTOB OBLIO OTMEYEHO B
[9]. OmHako aekcTpaH ¢ MoJeKy sIpHOi Maccoi 100000

NMPOBJIEMbI
KPUOBMONOIrum
2003, N3

integrity. Following adding of 2 and 5% DMSO to
cryopreservation medium, containing 1% PEO-8000,
increased the indices of survival in 2.5 and 3 times
and made 5145 and 66+3%, correspondingly.
Increase in PEO-8000 concentration up to 3% even
at zero concentration of DMSO resulted in the
keeping of FLCs (58+3%). Usage of the com-
position, containing of 3% PEO-8000 and 2%
DMSO, contributed to the rise in FLCs survival up
to 70£2%. An increase of DMSO concentration up
to 5% did not improve the FLCs survival after
cryopreservation (Fig.1,a). When using 6% PEO-
8000 even at zero DMSO concentration the survival
statistically did not differ from the obtained under
10% DMSO without polymer. Adding 6% PEO-8000
to the medium, containing 2% DMSO, significantly
increased (78+4%) of FLCs. Washing-out of
cryoprotectant did not result to a statistical change
in FLCs survival (Fig. 1,b).

The highest indices of viability were obtained
when using in combination 6% PEO-8000 with
minimum concentration of DMSO under 2% and
made 63+11% (Fig. 2). These parameters were
higher than 10% DMSO in the presence of fetal
calf serum and without it.

Good cryoprotective effect of dextran at cryo-
preservation was noted in the work [9]. However
dextran with molecular mass of 100000 improved
the indices neither survival nor human FLCs after
cryopreservation wit any DMSO concentrations.

At the same time PEOs with various molecular
masses possess cryoprotective properties. Their
application permitted to exclude embryonic serum
out of cryopreservation medium as well as
considerably reduce DMSO concentration. Maxi-
mum survival of human FLCs after cryopreservation
was obtained using 6% PEO-8000 in combination
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HE YIy4III 1MOKa3aTeu Hu coxpaHHocTd, Hu KOII
geoBeka rocie kpuokorcepupoBaaust JIMCO 1ro0b1x
KOHLICHTPALMH.

B 1o xe Bpems IID0 c¢ pa3nuyHBIMU MoJe-
KYJIAPHBIMH MaccaMd 00JafaroT KPHO3alIUTHBIMH
cBoiicTBamu. MIX nCTI0Ib30BaHKE TO3BOIMIIO HCKITIOUUTh
SMOPUOHAIBHYIO CBIBOPOTKY M3 Cpelbl KpHOKOHCEp-
BUPOBAaHMS, a TaKXe 3HAUUTEIbHO CHHU3UTH KOH-
nenTpanuio JIMCO. MakcumanbHas coxpanaocts KOIT
YeJI0BeKa Iocjie KpHOKOHCEPBUPOBAHUSI ObLIa ITOTyYeHa
¢ ucrionb3oBaHueM 6% [190-8000 B kommosunmu ¢ 2%
JMCO. D1u pe3ynsrarhbl ObUIM JOCTOBEPHO BBIIIE KaK
o otHommernto kK 10% JIMCO 6e3 nonmmumepa, Tak U 1Mo
OTHOIICHUIO K TOH K€ KOHIIEHTpPAIUH MOJIMepa 0e3
JMCO. Bpuio 3aMeueHo yimydlleHHe oKa3aTenel Kak
COXPaHHOCTH, Tak H xu3HecniocodHocTn KOII mpu
yBEIHYEHUU MoJeKylspHoi Maccsl I190. Tak,
pesyabrarel [130-1500 Opun HiKe, wem 1190-3500,
KOTODBIH B CBOIO OYEPEb OKa3bIBaJl 0oJiee HU3KHI KPHO-
3amuTHBIN ¢ dext, yem I190-8000.

W3BecTHBI paboThI, B KOTOPBIX pasnuanbie [[20
OBLIM YCIIEIIHO MCIOJb30BaHbl KaK COEIMHEHHS,
BXOJISIIIIE€ B COCTAaB BUTPH(PUKALMOHHOW CPEIbI IS
KPHUOKOHCEPBUPOBAHUS PA3IUYHBIX KIETOK [7]. B [8]
paccMaTpUBaeTCs COBMECTHOE McIonb3oBanne [190 u
JMCO s BUTpUPUKALIK MBIIIMHBIX STAIEKIETOK, YTO
CIIOCOOCTBOBAJIO 3HAYMTEIFHOMY YBenudeHHto nx JKC.
120 obmagaeT HU3KOW TOKCUYHOCTBIO, €r0 MPOU3-
BOAHBIC OBIIM MCIIOJNBL30BaHBI MpHU pa3paboTke
3aMeHuTeNnell KpoBu. Tak, CBOOOJHBIN U WHKAII-
CyJIMpOBaHHbIHN B tuniocomsl [ 131 -MonuduimpoBanHbIi
reMoriIoONH o0nanan ciaadeiM MoOOYHBIM 3 dekTom
[10,13]. belno ycTaHoBI€HO, 4TO Npou3BoaHbIE [190
CYILIECTBEHHO YIUTUHSIOT BPEMsI IUPKYJISILIAHI B KPOBSHOM
pycie. 210t akT TpedyeT JaTbHEHUIIET0 U3ydeHUs,
MIOCKOJIBKY MOMKET SBUTBHCS OCHOBOM Ui pa3paboTKU
cpel, MPEensITCTBYIONINX 3aXBaTy MeueHblo UHDY-
3UPOBAHHBIX KJIETOYHBIX TPAHCIUIAHTATOB.

Ucnonr3oBanue 1130 ¢ BBICOKOIH MOJEKYISAPHOM
Maccoil 11 kprokoHcepauposanusi KOII moxer ObITh
MEPCIEKTUBHBIM TIPH CO3IAaHUU CPEAbl KPHOKOHCEP-
BUpOBaHMs, cBOOOHOM 0T TokcryHOTO JIMCO. OtHako
JanbHelIIee UCIOJb30BAHUE 3TUX COCIUHEHUN B
9KCIEPUMEHTAIBHOMN U KITMHUYECKOH METULIHE TpeOyeT
W3YYEHHs UX BIMSIHUS Ha QYHKIMOHAIBHYIO aKTUBHOCTb
KO3II.

BbiBOABI

Takum 00pazoM, BKITFOUEHHE BEICOKOMOJIEKYISIPHBIX
[130 B cocTaB cpenpl KPHOKOHCEPBUPOBAHMUS CHIKAET
xonreHTparmio JIMCO u uckirogaet SMOPHOHATEHYIO
ceIBOpOTKy. KpHo3zammuTHas cpena, conepxkamas 6%
I130-8000 u 2% JMCO, no3BoiseT MakKCUMaIbHO
coxpanuts KOII yenoBeka mocyie KpHOKOHCEP-
BUPOBAHUSI.
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sie oTMBIBKH (6): 00— 0%; 11— 1%; M —3%; B —6%.

Fig. 2. Effect of different concentrations of PEO-8000 on HELCs
viability: before washing-out (a); after washing-out (b):
O - 0%; E—1%; M —3%; B — 6%.

with 2% DMSO. These results were statistically
higher in comparison with both 10% DMSO without
polymer and the same concentration of polymer
without DMSO. There was been noted the
improvement of indices of both survival and viability
of FLCs with the rise in PEO molecular mass.

Thus the results on PEO-1500 were lower in
comparison with PEO-3500 and that in its turn
caused lower cryoprotective effect than PEO-8000.

There are available the papers where various
PEOs were successfully used as the compounds,
being the part of the vitrification medium for
cryopreservation of different cells [7]. In the paper
[8] the joint usage of PEO and DMSO for
vitrification of murine oocytes was considered, that
contributed to a considerable rise in their viability
[11]. PEO has a low toxicity, its derivatives were
used when developing blood substitutes. Thus, free
and incapsulated to liposomes PEG-modified
hemoglobin possessed a weak side effect [10, 13].
It has been established that PEO derivatives
significantly prolong the circulation time in blood
channel. This fact requires further studying, because
it can be the base for elaboration of the media
preventing the capture of infused cell transplants
by liver.

The usage of PEO of high molecular weight for
cryopreservation of FLCs may be perspective when
creating the cryopreservation media free of toxic
DMSO. However further application of these
compounds in experimental and clinical medicine
demands the studying their effect on functional
activity of FLCs.

Conclusion
Thus the inclusion of high molecular weight PEO
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into the composition of cryopreservation medium
reduces the DMSO concentration and excludes an
embryonic serum.

Cryoprotective medium, containing 6% PEO-8000

and 2% DMSO, allows the maximum preserving of
HFLCs after cryopreservation.
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