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with Penetrating Cryoprotectants

Pedepar: B paboTe n3yyeHO BNUSIHUE MHKANCynsiuuMM B anbruHatHble mukpocdepbl (AMC) Ha xu3HecnocobHOCTb
Me3eHXMManbHbIX cTpoManbHbix knetok (MCK) nocne akcno3uuumu B TedeHne 1,5 m 5 MMH C pacTBOpaMu NpOHUKAOLWMX
KpuonpoTtekTopoB gnmeTtuncynbdokenga (AMCO), atunenrnukonsa (3IN) n 1,2-nponangunona (1,2-MN0) B koHueHTpauusax ot 1,5 go
9 M. YcTaHoBneHo, YTo nokasatesb *u3HecnocobHoctn MCK B Buae cycneHamm n AMC cHuXaeTcs ¢ yBEMUYEHMEM KOHLIeHTpaLmn
KPUOMNPOTEKTOPOB U BPEMEHWN 3Kcno3unumu, a uHkancynaums B AMC CyLleCTBEHHO yMeHblUaeT TOKCMYeCcKoe MOBpEexXAeHue KNeTok
KpuonpoTekTopamu. Tak, ecnu 5-muHyTHas akcno3uums MCK B Buge cycneHsum ¢ 9 M OMCO, 3 n 1,2-M[ npueoguna k rubenu
NpaKTUYeCKN BCEX KIETOK B CYCMeH3uu, To xusHecnocobHoctb MCK B coctaBe AMC nocre 3KCno3uummu B aHarnorMyHblX yCrioBUsix
coctaBnsana 60, 80 n 52% cooTBETCTBEHHO. YCTaHOBMNEHO, 4YTO MCCreAoBaHHbIe MPOHMKalOLWMe KpMonpoTekTopbl obnaaatoT
pa3HOM LUMTOTOKCUYHOCTbIO MO oTHoweHuo k MCK, koTtopas cHuxaetcsa B psgy AMCO > 1,2-M[ > 3I. lNMNonyyeHHble pe3ynsraTtbl
MOryT ObITb UCMONb30BaHbI NPU pPa3paboTke MHOrOKOMMOHEHTHbIX BUTPUMULMPYIOLWNX PacTBOPOB.

KnioyeBble crnoBa: Me3eHXUMarnbHble CTPOManbHble KNeTKW, anbrMHaTHble MUKpocdepbl, BUTPUUKALNSA, MYNbTUKOMMOHEHT-
HbIA PacTBOP KPWOMPOTEKTOPOB, ANMETUNCYNbGOKCUA, 3TUMNEHrNNKonb, 1,2-nponaHamnorn.

Pedepat: Y poboTi BUBYEHO BNNMB iHKancynsuii B anbriHatHi mikpocepn (AMC) Ha XUTTE3QATHICTb Me3eHXiManbHUX
cTpomManbHux knituH (MCK) nmicnsa ekcnosuuii npotsirom 1,5 i 5 xB i3 po34ynMHaMy NPOHUKHUX KPiONPOTEKTOPIB ANMETUNCYNbdOKCHAY
(OMCO), etunenrnikonto (EI) i 1,2-nponangiony (1,2-MNA0) y koHueHTpauisax Big 1,5 4o 9 M. BctaHOBMNEHO, L0 MOKa3HUK XXUTTE3AATHOCTI
MCK y cycneHsii Ta AMC 3HmxyeTbCsi 3i 3BiNbLUEHHSIM KOHLEHTpaLii KpionpoTeKTopiB Ta Yacy ekcrnoawuuii, a iHkancynsuis 8 AMC
CyTTEBO 3MEHLUYE TOKCUYHE MOLUKOMKEHHS KpionpoTekTopamu KiiTuH. Tak, AKWo 5-xBunuHHa ekcno3uuis 3 9 M OIMCO, EI i 1,2-MNM[4
npussoauna Ao 3arubeni NpakTUYHO BCiX KMiTWMH y cycneHrsii, To xuTTe3gatHicte MCK y cknagi AMC nicnsi ekcnoauuii B aHanoriqyHux
ymoBax ctaHosuna 60, 80 i 52% signosigHo. [JoBeaeHo, WO AOCAIAXEHI NPOHUKHI KPIONPOTEKTOPU MalTb Pi3HY LIMTOTOKCUYHICTb
no BigHoweHHo Ao MCK, sika 3HmxyeTbea y psgy OMCO > 1,2-MN[A > EIL OTpumaHi pesynstat MoXyTb OyTW BUKOpUCTaHi nig vac
po3pobkn GaraTOKOMMOHEHTHUX PO3YMHIB AN BiTpudikauii.

KnioyoBi cnoBa: mMe3eHximarnbHi CTpoMarnbHi KNiTUHW, anbriHaTHi Mikpocdepwu, BiTpudikauis, MynbTUKOMNOHEHTHUA PO3YUH
KpiOoNpoTeKTOpIiB, AMMeTuncynbdokeua, eTunenrnikons, 1,2-nponaxHgion.

Abstract: The effect of encapsulation into alginate microspheres (AMS) on viability of mesenchymal stromal cells (MSCs) after
exposure to the solutions of penetrating cryoprotectants dimethyl sulfoxide (DMSO), ethylene glycol (EG) and 1,2-propane diol
(1,2-PD) with concentrations varying from 1.5 to 9 M during 1.5 and 5 min was studied. It was shown that the viability of MSCs both
as a suspension and encapsulated in AMS decreased with a rise in cryoprotectant concentration and exposure time. Encapsulation
into AMS significantly protected the cells from cytotoxic damage of the cryoprotectants, e. g. if the 5-min exposure to 9 M DMSO, EG
and 1,2-PD resulted in the death of quite all the cells in the suspension, the viability of encapsulated MSCs after exposure under similar
conditions made 60, 80 and 52% respectively. It was found that the studied penetrating cryoprotectants had a various cytotoxicity to
MSCs, and it decreased in the row DMSO > 1,2-PD > EG. The findings can be used to develop a multi-component vitrifying solution.

Key words: mesenchymal stromal cells, alginate microspheres, vitrification, multicomponent solution of cryoprotectants, dimethyl
sulfoxide, ethylene glycol, 1,2-propane diol.

WNHKancynsmus KIeTOK B albIHHATHBIE MUKDPO-
ctheper (AMC) mo3BossieT 00eCIeUnTh HAEKHYIO
MMMOOMITU3AIIMI0 ¥ UMMYHOU3OIISAINIO0 KIETOK TPU
TpaHCIUIAHTAINH, a TaKKe OOMEH HHU3KOMOJIEKYJISP-
HBIMHU BEIIECTBAMU MEXIY KJIETKaMU U cpeaou [5,

Otpen kpuobuoxumum, UMHCTUTYT npobnem kpuobuonorum wu
kpromeanumnHel HAH YkpauHbl, . XapbkoB

*ABTOP, KOTOPOMY HEOGXOAMMO HanpaBnATbL KOPPECNOHAEHLUUIO:
yn. Mepesicnasckas, 23, r. XapbkoB, YkpauHa 61016;

Ten.: (+38 057) 373-41-35, cpakc: (+38 057) 373-59-52,
anekTpoHHasa noyta: alexander_petrenko@cryo.org.ua

Moctynuna 23.11.2015
MpuHsTa B neyaTb 29.03.2016

Mpo6nembl kprobuonorum n kpuomeamumHbl. —2016.—T. 26, Ne3. —C. 213-220.
© 2016 MHCTUTYT Nnpobnem kpnobronorum n kpuomeanunHsl HAH YkpanHbl

Encapsulation of cells into alginate microspheres
(AMYS) enables the reliable immobilization and immune
isolation of cells during transplantation, as well as the
exchange of low molecular weight substances between
cells and environment [15, 18, 25]. To establish a stock
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19, 25]. lns cozmanus 3amaca MHKAICYIUPOBAaHHBIX
ME3E€HXHMaJIbHBIX CTPOMAJIHHBIX KJIETOK HEOOXOINMBI
pa3paboTKa HOBBIX U YCOBEPILIEHCTBOBAHHE CYIIECT-
BYIOILIMX METOI0B X KPUOKOHCEPBUPOBaHUs. B cBsi3n
C 9THM aKTyaJIbHO U3yUEHHE BIMSHHS MHKAMCYIALUN
Ha IIPOTOKOJIbI KPHOKOHCEPBUPOBAHMSL.

OnHMM U3 OCHOBHBIX MOIXO/I0B K KPHOKOHCEPBU-
POBaHHUIO ME3EHXMMAaJIbHBIX CTPOMAJIBHBIX KIIETOK
B coctaBe AMC siBnsieTcst BUTpuukanms, ycremnrsas
peann3anuu KOTOPOil COTNIaCHO OONBIIUHCTBY IMPO-
TOKOJIOB BO3MOYKHA TPU BBICOKHUX KOHIIEHTPAIUAX
KpronpoTeKTopoB [ 13]. st cHKeHHst 00IIero TOKCH-
YECKOTO BIIUAHUSA KPHOMPOTEKTOPOB MPUMEHSIOT MX
cmecu [15]. Tak, 66110 MOKa3aHo [1], 9TO BHICOKHX IMTO-
Kazaresield )KM3HECIIOCOOHOCTH ME3E€HXMMaJbHbIX
CTpOMaJIbHBIX KJIETOK B cycnen3uu (cMCK) mMoxxHO
JOOUTHCS TPY BUTPU(PHUKALIIH, KOTOpast 00eCcrieyBaeT-
Csl UCMOJb30BAaHUEM CMECH KPHONPOTEKTOPOB
«ADIICy», BkAMUYAIOIIEH TUMETHUICYIb(MOKCH T
(AMCO), stunenrnuxons (OI'), 1,2-nmponanauon
(1,2-I11) u caxapo3sy.

[Tpu BuTpHrrKanmm KIeTok, 3aKodeHHbIX B AMC,
HEO0OXOIMMO YUYHTBIBATh, YTO CTPYKTypa albrUHaT-
HOTO THJIPOTENS BIMSIET Ha CKOPOCTHh MPOTEKaHUs
poreccoB MaccooOMeHa [ 14, 22] 1, COOTBETCTBEHHO,
3aMeIsieT MPOHUKHOBEHHE KPUOTIPOTEKTOPOB, a TAKKE
HaCBIILIEHNE UMH KJIETOK. B 3TOM ciyuae ycrenrHoi
BUTPUDUKAIIUU MOJKHO JJOOUTHCS IBYMSI CIIOCOOAMHU.

[lepBblii criocod — yBeanueHHE BPEMEHH IKCIIO3H-
LU C PacTBOpaMH KpHONPOTeKTOpoB. Hamu Obu10
YCTaHOBJIEHO, YTO JUIsl JOCTUKEHHS BEICOKOH JKH3HE-
cnocobHoctn MCK npu BuTpudukaumm B cocraBe
AMC HeoOxonuMa MX AMUTEIbHAs DKCHO3ULUS C
BUTpUHIUpYonmM pactBopoM «I3TICx» 1o cpaBHe-
HUIO C KJIETKaMH B COCTaBE CyCIeH3MH. Bpems skcrio-
3UIAKA BO3pacTasio ¢ yBennueHuem auamerpa AMC
ot 0,5 no 1,2 mm [24]. [Ipu 3TOM BakKHO YUUTHIBATH,
yto nnutenbHbld kKoHTakKT MCK ¢ pacTtBopamu
KPUOTIPOTEKTOPOB MOXKET MPUBECTH K TOKCHYECKOMY
MOBPEKACHUIO HMHKAIICYITMPOBAHHBIX KIIETOK.

Bropoii criocod — noBblieHHE KOHLEHTPaLuH KpUo-
MIPOTEKTOPOB. B HamieMm ciyyae mpy UCIIOIb30BaHUH
cmecu «JIDIIC» Obuta yBennveHa KOHIICHTPAIHS
KPHOIIPOTEKTOPOB C MHUHUMAJIbHBIM IUTOTOKCHYEC-
kuM neiictBueM. CiieyeT OTMETUTh, YTO B COBpe-
MEHHOM JINTepaType JaHHbIE O BIUSHUN SKCTIO3UIINN
nukancyarnpoBanHeix MCK (MM CK) nepmsl uenoBeka
C pacTBOpaMH KPHOIIPOTEKTOPOB, BXOJIAIINX B COCTaB
«ADIIC», Ha mokazarelb )KU3HECTIOCOOHOCTH MPAKTHU-
YECKH OTCYTCTBYIOT.

B cBs3u ¢ 9TUM 11€TBI0 HACTOAIIEH PaOOTHI OBLIO
H3yYCHHUE BIUSHUS SKCIIO3ULIUH C KPHOIIPOTEKTOPAMH
(3TMIICHIIINKOIB, |,2-MIPONaHINON U TUMETWICYIb]-
OKCHJ) Ha XXU3HECHOCOOHOCTh ME3EHXUMAaJbHbIX
CTPOMAJIbHBIX KJIETOK B CYCHEH3MM U aJIbIMHATHBIX
MuKpochepax.
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of encapsulated mesenchymal stromal cells there is a
need in developing new and improving the existing
methods of cryopreservation. Therefore the study of
the effect of encapsulation on cryopreservation
protocols is quite important.

One of the basic approaches to cryopreserve
mesenchymal stromal cells (MSCs) within the AMS
is vitrification, which is conventionally realised using
high concentrations of cryoprotectants [9]. Their
mixtures are used to reduce the total toxic effects of
cryoprotectants [11]. Thus, it has been shown [7], that
a high viability of mesenchymal stromal cells in
suspension (sMSCs) can be achieved with vitrification,
which was performed using a cryoprotectant mixture
DEPS, comprising dimethyl sulfoxide (DMSO),
ethylene glycol (EG), 1,2-propanediol (1,2-PD) and
sucrose.

During vitrification of the cells enclosed into AMS,
it should be considered that the alginate hydrogel
structure affects the rate whereat the mass transfer
processes proceed [10, 20] and, consequently, slows
down the penetration of cryoprotectants, as well as
the saturation of the cells with them. In this case, a
successful vitrification can be achieved in two ways.

The first way is to prolong an exposure with
solutions of cryoprotectants. We have found that a high
viability of MSCs following vitrification inside AMS
required their long exposure with the vitrification
solution DEPS compared to the cells being in the
suspension. The exposure time enhanced with increa-
sing diameter of the AMS from 0.5 up to 1.2 mm [24].
Herewith it is important to have in mind that long term
contact of MSCs with the solutions of cryoprotectants
can cause a toxic damage to the encapsulated cells.

The second way is to raise the concentration of
cryoprotectants. In case of DEPS mixture, we have
increased the concentration of cryoprotectants
possessing a minimal cytotoxic effect. It should be
noted that nowadays there are no reports on the effect
of exposure of encapsulated human dermal MSCs
(eMSCs) in the solutions of cryoprotectants consti-
tuting DEPS mixture rendered on cell viability.

Therefore the aim of this research was to study
the influence of exposure to cryoprotectants (ethylene
glycol, 1,2-propanediol and dimethyl sulfoxide) on
viability of mesenchymal stromal cells in suspension
and alginate microspheres.

Materials and methods

Mesenchymal stromal cells were isolated from human
dermis by explantation of the pieces [ 17]. Skin fragments
were obtained after a written consent from adult donors.
The cells were cultured in a-MEM (Sigma, USA) sup-
plemented with 10% fetal bovine serum (Sigma), 2 mM
L-glutamine, 50 U/ml penicillin and 50 mg/ml strepto-
mycin at 37°C, 5% CO, and 95% humidity.
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MartepuaJjbl 1 MeTOABI

Me3eHxuMalbHbIE CTPOMAJIbHBIE KIETKU BBIJE-
JIATU U3 IEpMBl YEJI0BEKa METOJOM 3KCIUTAHTALUU
KycoukoB [4]. dparMeHThl KOXHU MONy4Yalu Mocie
MTUCBMEHHOTO COTVIACHSI OT B3POCIBIX JOHOPOB. Kietkn
KynbTHBHpOBaH B cpene 0-MEM («Sigmay, CILIA),
nonoxaeHHoH 10% sMOproHaBEHOM CHIBOPOTKH KPOBU
KpPYIHOTO poraroro ckora («Sigmay), 2 MM L-riroTa-
muHa, 50 e1/M1 meHnnuIHA 1 50 MI/MIT CTPENTOMU-
uuna pu 37°C, 5% CO, u 95% BnaxxHOCTH.

Wukancynsmuro MCK npoBoauinu no MeTOIUKE,
onucanHou panee [5]. Knerku 2—-3-ro maccaxeit mo
noctmwkeHnn 60—70% koH(IyeHTa B MOHOCIIOE CHU-
MaJIi € KYJIBTYPaIbHOTO TUIACTHKA, UCIIOJIb3YS PACTBOP
BEPCEH-TPUIICUHA, 110 CTAHJAPTHOM METOAUKE U
uentpudyruposanu npu 200g B TeueHue 7 MHH.
ITonmy4yeHHBIM 0CaloK pecyCleHANPOBaIN B OUUIIIEH-
HOM 1,2%-M pacTBOpe anbruHaTa HaTpus («Sigmay),
3aTeM CYCIEH3HIO TMOKareasHo BHOCHIU B 100 MM
pactop CaCl, na 10 mun myis nommmepusanuu. Cpen-
HUH pa3mep Mukpochep coctasisia 1,2 mm. [Tomyuen-
Hble UM CK oTMBIBAH (PU3HOIOTHYECKUM PACTBOPOM
(®P), conepxamum 0,9% NaCl u 25 MM HEPES, n
HCIIOJIb30BAJIM TS AAJIbHEHIINX SKCIIEPUMEHTOB.

OKCMO3UIHIO TPOBOANIN PU KOMHATHON TEMITEpa-
Type B Teuenue 1,5 win 5 muH [3]. s skcrio3unuu B
MIPOOHPKH, COZIEpIKAIIIUE KarCyJibl Wtk KieTku B 100 MK
OP, BHocuiu 1o 900 MKJI OIHOTO U3 KPUOIIPOTEKTOPOB
(AMCO, 1,2-I1]] unu OT") B pa3HbIX KOHIIEHTPAIHIX
(1,5;3;5; 7,519 M). [1ocie SKCIO3UITIH C KPHOTIPOTEK-
TopaMu 00pa3is! momeranu B 0,5 M pacTBop caxapo-
3pl B OP ¢ nocnenyommum no3TanHbIM JAeCATUKPaT-
HBIM pa3BEJICHUEM CPEION KyJTbTHBUPOBAHHS.

st onipenenieHus KOJTMYECTBa JKU3HECTIOCOOHBIX
MCK B cocTaBe CycneH3UH M MUKpoc(hep HCIIOJb-
3oBaiu MTT-rect (3-(4,5-mumeruntuazon-2-uin)-2,5-
nudennn-rerpazonnym 6pomun) [8]. C sTol Heibo
KJICTKH B TeUCHHE 2 4 MHKYOUPOBaJIHU B Cpejie, CoAep-
xamert 5 mr/min MTT. Knerku, HakonuBmme Gpopma-
3aH, TOJICYUTHIBAIN C TIOMOIIBIO CBETOBOTO MUKPO-
ckorna («CETI», benbrus). Ilokazarens ;kxn3necnocod-
HOCTH OTpENENsiIn Kak OTHOIIEHHWE KOJHWYEeCTBa
KJICTOK, HAKOTIMBIIIX (hopMaszaH, K 00IIeMy KOJTHIeCT-
By. OOpasiipl, HE TMOABEPTaBIINECS DKCIIO3UIUU C
KpUOTIPOTEKTOPAMH, CITYKHJIH KOHTPOJIEM, TTPH 3TOM
UX JKU3HECTIOCOOHOCTD npuHUMaiu 3a 100%.

Hnst ctatuctuyeckoit 00paboTKKU MOTYyUYESHHBIX
pe3yabTaToOB UCIOIB30BAN NMaKeT R n npencrasisum
B BuJe M + m. 3HauuMOCTh OTJIIMYUN MEXIY MOIy-
YEHHBIMU BEIOOPKaMH OLICHHUBAJIN MTApaMETPHUECKUM
METOJIOM C MOMOIIBIO t-KpuTepus CThIOJEHTA.

Pe3yabTarhl M 00CyKIeHHE
Panee Hamu OBLJIO YCTAHOBJICHO, YTO MOJYYUTH
BBICOKHE MMoKasarenn xxu3Hecrnocoonoctu cMCK u
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MSCs were encapsulated as described previously
[18]. After reaching 60-70% of confluence in a
monolayer the cells of passages 2—3 were detached
from culture plastic using Trypsin-Versene solution by
the standard methods and centrifuged at 200g for
7 min. The resulted pellet was re-suspended in 1.2%
purified sodium alginate solution (Sigma), then the
suspension was dropwise added into 100 mM CaCl,
solution within 10 min for polymerization. An average
microsphere size was of 1.2 mm. The obtained eMSCs
were washed with a physiological solution (PS),
containing 0.9% NaCl and 25 mM HEPES, and were
used for further experiments.

Exposure was carried out at room temperature
either for 1.5 or 5 min [23]. The tubes containing either
capsules or cells in 100 ml PS were filled with 900 ml
of a cryoprotectant (DMSO, 1,2-PD or EG) at various
concentrations (1.5, 3, 5, 9 and 7.5 M). After the
exposure with cryoprotectants the samples were placed
in a 0.5 M sucrose solution in PS, and then gradually
diluted ten-times with the culture medium.

To determine the number of viable MSCs in the
suspension or microspheres we used the MTT test
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide) [3]. With this purpose, the cells were
incubated for 2 hrs in a medium containing 5 mg/ml
MTT. The cells accumulated formazan were counted
using a light microscope (CETI, Belgium). The viability
index was determined as the ratio of the number of
cells that had accumulated formazan to the total
number. Samples not incubated with cryoprotectants
served as the controls and their viability was assumed
as 100%.

For statistical analysis of the results obtained there
was used R environment; the data were presented as
M + m. The significance of the differences between
the samples was evaluated by parametric method using
Student's t-test.

Results and discussion

We have shown previously that high viability of
sMSCs and prevention of ice crystals appearance
during rapid freezing and thawing were possible after
1.5 min exposure with a mixture of cryoprotectants
DEPS and subsequent vitrification [7]. Successful
vitrification of eMSCs was achieved after the exposure
time with the same solution was increased up to 5 min
[22]. Therefore, in the present study the influence of
cryoprotectants constituting DEPS on viability of
eMSCs and sMSCs was studied after exposure to
DMSO, EG and 1,2-PD cryoprotectants for 1.5 and
5 min to interpret closely the previous results.

As Table 1 shows the 1.5 minute-long exposure
with 1.5 M solutions of all the tested cryoprotectants
the viabilities of eMScs and sMSCs were lower than
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NpeJoTBPATUTh BO3HUKHOBEHHUE
KPUCTAJIJIOB JIbAA MIPU OBICTPOM 3a-
MOpaXMUBaHUU U OTOTPEBE YAAIOCH
nocnie 1,5-MUHyTHON 9KCIO3ULUU U

Tabnuua 1. [Noka3atenb XW3HECNOCOOHOCTN KNETOK MO pesynsratam
MTT-tecta nocne 1,5-MuHyTHOM akcnosunumnn MCK n cMCK

¢ pacteopamun JMCO, 3l n 1,2-MN4

Table 1. Cell viability after 1.5-min exposure of eMSCs and sMSCs with

DMSO, EG and 1,2-PD solutions (MTT test)

ocieayomed BUTpUPUKAITUA CO
KneTtku KoHueHTpauuna, M aOMCO ar 1,2-Nn4a

CMECBHIO0 KPUOIIPOTCKTOPOB «HQHC» Cells Concentration, M DMSO EG 1,2-PD
[1]. Jns ycniemHoW BUTpUPUKAIIAN
MMCK BpeMmst 5KCTIO3HLIH C TEM ke SMCK 81,68 = 3,13 | 86,59 + 4,39 | 84,8 + 3,19
pacTBOPOM OBIIO YBEITUUCHO 10 5 MUH 1.5
[2]. TTosToMy B HacTosmeil pabote eTles%Z 88,16 + 3,08" | 86,66 + 1,94 | 87,11 = 2,38
BIIHSIHHAE KPUOIIPOTEKTOPOB, BXOJIAIIIHX
B cocTaB «JIDTIC», Ha u3HECoco0- S%CCZ 77,87 £ 2,62 | 86,51 + 2,36 | 78,15 £ 362"
"Hoctb UMCK u cMCK uccnenosanu oK 3
I0C/Ie IKCIIO3HLUU C KPHOIPOTEK- e 90,18 + 2,63% | 88,65 + 2,71 | 90,21 + 4,19¢
topamu IAMCO, BT u 1,2-I1]] B
teuenne 1,5 1 5 MuH 115 Goree S‘,:\A'Vé%*; 72,61 + 5% | 85,89 + 2,28 | 66,83 = 2,94*
JIETATbHOTO CPAaBHEHUSI C paHee MOJTy- 5
YEHHBIMHU PE3yNHTATAMH. A 86,41 = 4,22' | 86,59 + 5,39 | 86,76 + 6,87*

Kak BugHo u3 tadi.1, mocie sxc-
[O3ULIMU B TeueHue 1,5 MUH nokasza- s(I:VINé((:Z': 20,93 + 3,99" | 67,34 + 4,597 | 62,68 + 2,54*
Tenb kxu3HecnocooHoct ”MCK u 7
cMCK ¢ 1,5 M pacTBopamu Bcex Hc- oMSCs 86,97 + 6,397 | 86,41 + 4,557 | 87,16 + 6,357
CIIEZIOBAHHBIX KPUOIIPOTEKTOPOB OBLT .
HUKE KOHTPOJILHOTO, HO COXPAHSIICS sMSCs 406 +1,38% | 3982 +89" | 6,99+ 298"
Ha BBICOKOM ypoBHe (He MeHee 80%). L VICK o
[Ipy MOBBINIEHUH KOHIEHTPAIUH eMSCs 76,18 £ 4,09 | 86,79 + 3,187 | 85,29 + 2,67

KpUOTIPOTEKTOPOB A0 3 M naHHBIN
OoKa3arellh He3HAYUTEIIHHO OTIINYAI-
Csl OT MOJIYYCHHOT'O MOCIIE IKCIIO3H-
1 uMCK u cMCK ¢ 1,5 M pactBo-
pom (3a uckirrouenuem 1,2-I171, moc-
JIC KOHTAKTa ¢ KOTOPBHIM 3HAUYNTEIILHO
YBEIINYUBAJIOCH KOJIMYECTBO IOTHO-
mux kietok). [locae 1,5-MuHyTHON
9KCTO3UIINH KIIETOK C KPUOTIPOTEKTO-
pam#u B KOHIIEHTpaIwu 5 M rmoka3areinb )KH3HeCIIoco0-
HOCTH HE3HAUUTEIIBHO OTIIMYANICS OT JaHHBIX, MOJY-
YEHHBIX MPU KOHIIEHTPAI[UH KPHUOIIPOTEKTOPOB 3 M:
3HAYUTEIHFHOE CHIDKEHUE )KU3HECIIOCOOHOCTH OTMe-
YEHO TOCTIE DKCIIO3UITNH KJIETOK B cycriensuu ¢ JIMCO
n 1,2-11/1.

Pe3koe cHmKeHNE TOKa3aTeNs KU3HECTIOCOOHOCTH
c¢MCK mocite SKCIO3UITNH CO BCEMH UCCIIeIOBAHHBIMHU
KPHUOIIPOTEKTOPaMH YCTAHOBIICHO ITPH KOHIICHTPAIIUN
7 u 9 M (tabu. 1). [Tpu 3TOM HauOOIBIICH IUTOTOK-
cuvHOCThIO 001aan JIMCO B yka3aHHBIX KOHIICHT-
pamusx, 0 4YeM CBUJCTEILCTBYET IIOKa3aTeib )KU3HE-
CHOCOOHOCTH KJIETOK, KOTOphIi cocTtaBisit 21 u 4%
cootBeTcTBeHHO. JKusnecnocobnocts cMCK mociie
skcriozunmm ¢ 7 M pactBopamu O1" u 1,2-I1]] maxomu-
J1ach Ha OTHOM ypoBHE (62—67%), a Tpy KOHIIEHT PaIin
9 M 1,2-I1]1 oka3biBai 60j1ee BEIPa)KCHHBIH IIUTOTOK-
cugeckuit 3pdekt. B To xe Bpems MCK B cocrase
AMC o0maganu BEICOKOH YCTOWIHUBOCTHIO K ITATOTOK-
CHYECKOMY NEWCTBHIO KPHUOMPOTEKTOPOB, TOJIHKO
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MpuMeyaHue: * — pa3nnynsi 3Ha4MMbl MO OTHOLLIEHWIO K MOKa3aTerto Xu3Hecnocob-
HOCTW KNETOK MOCre 3KCMO3MLMN C KPUOMPOTEKTOPOM B KOHUeHTpauun 1,5 M
(p < 0,05); # — pasnuuns 3Ha4MMbI MO OTHOLLEHUIO K NOKa3aTero XN3HECNoCoBHOCTH
KNeToK B CYCMeH3MW Mocrie 3KCMo3vuuy npu oauHakoBbix ycnosusx (p < 0,05).

Note: * — differences are statistically significant if compared with cell viability after
exposure with cryoprotectant in 1.5 M concentration (p < 0.05); # — differences are
statistically significant if compared with viability of cells in suspension after expo-
sure under similar conditions (p < 0.05)

the control one, but still had a high level (as much as
80%). After increasing the concentrations of cryopro-
tectants up to 3 M, this index was not significantly
different from that obtained following exposure of
eMSCs and sMSCs with a 1.5 M solution (except the
solution of 1,2-PD, where the number of dead cells
significantly enhanced). After 1.5 min-long exposure
of cells with 5 M cryoprotectant solutions the viability
was not significantly different if compared with 3 M
concentration of cryoprotectants: a significant reduction
in viability of cells was observed after exposure in
suspensions with DMSO and 1,2-PD.

The dramatic reduction in viability of sMSCs after
exposure with all the studied cryoprotectants was found
at 7 and 9M concentrations (Table 1). Herewith DMSO
had the highest cytotoxicity at the mentioned
concentrations as indicated by the index of cell viability,
which was 21 and 4% respectively. Viabilities of
sMSCs after exposure to 7 M solution of EG and PD
were at the same level (62-67%), and at 9 M
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JAMCO B xoHuEHTpauuu 9 M 3HaUMMO
CHIDKAJI TIOKa3aTeb )KU3HECTIOCOOHOCTH
KJIeTOK (Tadum. 1).

[Tocne 5-MUHYTHOM >KCMO3ULIUU

Tabnuua 2. [Noka3aTtenb XM3HECNOCOOHOCTN KNETOK MO pesynsratam
MTT-tecta nocne 5-muHyTHOM akcnosunumm MMCK n cMCK c pact-

Bopamu OIMCO, 3l n 1,2-MNA4

Table 2. Cell viability after 5-min exposure of eMSCs and sMSCs to

DMSO, EG and 1,2-PD solutions (MTT test)

KieTok ¢ pactBopoM JIMCO B KOHIIEHT-

KneTtku KoHueHTpauuna, M aOMCO ar 1,2-Nn4a
pamusax 1,5, 3 u 5 M (taba. 2) nokasa- Cells Concentration, M DMSO EG 1,2-PD
Tenb xusHecrnocooHoctu cMCK cHu-
suicst 10 70%, a NpU yBeNTMYeHHH S?\A'Vé%*; 78,9 + 2,86 | 78,12 + 2,48 | 76,13 = 2,81
koHI1eHTpanuu pacteopa IMCO mo 7 u 1.5
9 M >xu3HECTIOCOOHBIE KIICTKH MPAKTH- eV,'st%Z 87,53 + 2,46" | 86,94 + 4,03" | 86,2 + 2,95
YECKH OTCYTCTBOBAIU. AHAIOTHYHAS
TeHIeHIHs HaGII0faNach 1 PH SKCTIO- S?w'\g%z 72,54 + 6,43* | 72,38 = 2,61% | 66,77 + 3,88*
surun UM CK, oHaKo moka3aTeib KHU3- 3
HECTIIOCOOHOCTH CTAOMIILHO COXPAHSUICS oMSCs 86,54 + 4,167 | 86,8 £ 3,75 | 86,27 + 2,95'
Ha 00Jiece BEICOKOM YPOBHE MPU MAKCH- .

MaJIbHOM KOHIIEHTPAIMU KPUOTIPOTEK- sMSCs 7064 + 287" | 65,23 + 238" | 56,96 £ 7.7*
topa (9 M) u coctasisii okosio 60%. 5

TTpu sxenosumn nMCK B Teuerme A 82,56 + 8,42* | 86,77 = 5,147 | 84,74 + 3,58’
5 muH ¢ pacTBopamu Ol B KOHIIEHTpa-
UsX 10 9 M SKM3HECITOCOOHOCTD KIIETOK s(I:VINé((:Z': 1,28 £1,01% | 41,56 803" | 28,83 + 4,44*
HE CHWKaJach W COCTaBIsina 86-88%. 7
B cayuae skcmosunmn uMCK ¢ OI' B eTVIMSCCZ 79,26 £ 3,77*" | 84,41 £ 5,247 | 84,17 + 4,67
KOHTpanuu 9 M naHHbIM moka3arelnb MCK
3HAUMMO CHMKAJCs, HO OCTaBaJcsl Ha sMSCs 156 £ 0,75% | 4,29 +1,72% | 2,66 + 2,22*
BBICOKOM ypoBHe (oxoJo 80%). Anao- VCK °
rUuHas JMHAMMKa HaOII0qanach U Ipy eMSCs 59,93 £ 403" | 80,56 = 5,09*" | 51,39 + 5,73

5-MuHyTHOH 3kcno3unun UMCK ¢
1,2-I1/1 TosnbKko ¢ TOW pa3HHULIEH, 4TO
YPOBEHB )KU3HECTIOCOOHOCTH MOCHE KOH-
takTa ¢ 9 M pactBopom 1,2-I1]1 coc-
taBisan 51%. B 1o ke Bpems 3Hauwm-
TEJbHOE CHUKEHNE KU3HECTIOCOOHOCTH
c¢MCK nHabmronanoch mocie SKCIO3UINN
¢ OI' u 1,2-11]] B konTpanuu 3 M. Ilpu
YBEIMUYCHUN KOHIIEHTPAIMN ATUX KPHO-
MPOTEKTOPOB ypOBeHb ku3HecnocoOHocTn cMCK
MpoJoJKal cHUKatbed. [locie skeno3unum ¢ Kpuo-
MIPOTEKTOPAaMH B KOHIIEHTpaImy 9 M jkn3HeCTIOCOOHbIE
KJIETKH TTPAKTUYECKH OTCYTCTBOBAJIH.

[lomyuenHble maHHBIE COTIACYIOTCA C OOIIUM
MIPEJICTaBIEHUEM O TOKCHUECKOM JIEHCTBUH KPHUOTIPO-
TEKTOPOB, COITIACHO KOTOPOMY YPOBEHb JKU3HECTIOCO0-
HOCTH KJIETOK CHW)KA€TCS C YBEIMYEHHEM BPEMEHHU
KOHTAaKTa ¥ KOHIIEHTPpaLU1 KpHOpoTeKTopa. Bmecte
C TE€M B HacCTOsIICH paboTe BIIEpBbIE OBLIO MOKA3aHO
CHIKEHHE TOKCHYECKOTO JIEHCTBHS KPUOTIPOTEKTOPOB
MIpH MHKATNCYIAUK Ki1eTok B AMC, 4To BaKHO y4H-
TBIBaTh MIPU Pa3pabOTKe MPOTOKOJIOB BUTPUDUKALIIH
OMOJIOTHYECKUX OOBEKTOB.

CrnenyeT moJyararb, 9YT0 CHHKEHHE TOKCUYECKOTO
BO3/ICUCTBUS MPOHUKAIONINX KPUOMPOTEKTOPOB Ha
uMCK o0yciioBieHo GU3UUECKUMU CBOWCTBAMH
IBIMHATHOTO THAporens. MI3BecTHO, 4TO MOcIie moiIn-
MepH3aIH aTbrHHATHBIN THAPOT eI IIPHOOPETaET 1Mo-
PHUCTYIO CTPYKTYPY, B 3aBHCUMOCTH OT KOHIICHTPaIin
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MpuMeyaHue: * — pa3nnymsi 3Ha4MMbl MO OTHOLLIEHWIO K MOKa3aTerto Xu3Hecnocob-
HOCTW KNETOK MOCre 3KCMOo3WLMN C KPUOMPOTEKTOPOM B KOHLUeHTpauun 1,5 M
(p < 0,05); # — pa3nuunsa 3HaYMMbI MO OTHOLLEHUIO K NOKa3aTento XU3HECNoCOBHOCTH
KNEeToK B CyCMeH3un nocfie 9KCno3unummn npu ogumHakoBbix ycrosusx (p < 0,05).

Note: * — differences are statistically significant if compared with cell viability after
exposure with cryoprotectant in 1.5 M concentration (p < 0.05); # — differences are
statistically significant if compared with viability of cells in suspension after expo-
sure under similar conditions (p < 0.05)

concentration 1,2-PD rendered a more pronounced
cytotoxic effect. At the same time the MSCs encapsu-
lated into AMS were highly resistant to cytotoxic effect
of cryoprotectants, only DMSO in 9 M concentration
significantly reduced the cell viability (Table 1).

After a 5-min-long exposure of cells to DMSO solu-
tion in concentrations of 1.5, 3 and 5 M (Table 2) sMSCs
viability decreased down to 70%, while increasing the
concentration of DMSO solution up to 7 and 9 M the
viable cells were virtually absent. A similar trend was
observed when incubating the eMSCs, but the viability
remained stable and high at a maximum concentration
of cryoprotectant (9 M) and was about 60%.

Following exposure of eMSCs for 5 min with EG
solutions at concentrations up to 9 M, the cell viability
was not reduced and made 86—-88%. In case of the
exposure of eMSCs with EG in 9M concentration this
value was significantly decreased, but remained at
a high level (about 80%). A similar pattern was obser-
ved after 5 min-long exposure of eMSCs with 1,2-PD,
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U BSI3KOCTH aJIbTUHATA pa3Mep Mop COCTaBIsAeT 3,6 HM
u 6onee [6, 11, 16]. HexoTopbiMu aBTOpamu ObLIO
MOKa3aHO, YTO UMEHHO MOPHUCTOCTh albTMHATHOIO
HOCHTEJIS BIIUSET Ha OOMEH BEIIECTB MEXK/TY KIIETKa-
mu u cpenoit. Tak, A. Lawson u coaBr. [14] ycraHo-
BHWJIM 3aBHCHUMOCTH CKOPOCTH NMPOHUKHOBEHHUS Be-
IIECTB BHYTPbh QJIbI'MHATHOU MHKpoOc(ephl OT ee
paamyca U MOPUCTOCTH. AHAJIOTHYHBIE PE3YIBTATHI
Obimu monmydensl A. Gautier u coast. [10]. ITo ux
MHEHHIO, MaCCOTIEPEHOC Yepe3 albIMHATHBIN THIPO-
reflb MOoAYuHseTCs 3aKkoHy auddy3nn duka. beuro
MOKa3aHo, 4TO KOA(QPHULUMEHT MaccomnepeHoca BuTa-
muHa B, oOparHO nponopuuonanen ko3pduuuenTy
IepeHoca BELIeCTBa Yepe3 TUApPOTeib, KOTOPHIM, B
CBOIO OuYepe/b, MPAMO MPOMOPIUOHAIEH pa3Mepy
AMC. B yactHoctH, 11 AMC nuametpom 1 mm
k03 durmeHT nepeHoca ObLI B [Ba pasa 00JIbIiIe, YeM
nns kancyn auametrpom 0,6 mm. Ha ocHoBanmm
BBINIEU3IIOKEHHOTO MOKHO CJII€NIaTh BBIBOJI, YTO
3aMeJJIeHNE MTPOIecca MacCOoIepeHOCca MEXK Ty BHEIII-
HEH cpelod M MHKAICYJUPOBAHHBIMU KJIETKaAMHU
M03BOJISIET N30€XKaTh UTUTEIHLHOTO KOHTAKTA C BBICO-
KUMU KOHLICHTPALUSIMU KPUOIIPOTEKTOPOB, B PE3Yb-
TaTe KOTOPOro HaOMIOAaeTcsl Pe3KUil OCMOTHYECKHH
U TOKCUYECKUH OTBET KjieToK. OAHAaKo MpU 3TOM
MIPOLIECC HACHIIIEHNUS KJIETOK KPUOIPOTEKTOPAMH He
HapyIIaeTcs, 4YTO MO3BOJISET YCIEUIHO HCII0JIb30BaTh
MIPOTOKOJIBl BUTPUQPUKAIIMK U TOJIy4aTh OOJbIIee
KOJIMYECTBO >KU3HECTMOCOOHBIX KIETOK BHYTPHU
HOCHTEJIS TTOCIIE TUKJIIa BUTPU(PUKAITNH-0TOTPEBA.

Pesynbprarel HacTosme paboThl CBUIACTEIIHCT-
BYIOT O Pa3IMYHON ITUTOTOKCHIHOCTH MCCIIEIOBAHHBIX
[TPOHUKAIOIINX KPHOTIPOTEKTOPOB, KOTOPAst CHIKAETCS
B pany JAMCO > 1,2-I1J1 > OI.

AHanoruyHas 3aBUCMMOCTh OITUCaHa B OOJIBIIIMH-
CTBE pabOT, MOCBSIIEHHBIX UCCIEIOBAHUIO IIUTOTOK-
CUYHOCTH 3THX KPHONPOTEKTOPOB. M3BECTHO, UTO
onTtuManbHou koHueHTpanuei [IMCO as KpuokoH-
cepsupoBanust MCK sBnsercs 5-10%, a ncnosns3zo-
BaHMe BBICOKHX KOHIIEHTpatuii (6onee 20%) mpuBoauT
K Pa3BUTHIO IIMTOTOKCUYICCKUX TIOBpexkaeHni [17, 18,
20, 21]. Hapsny ¢ atum 6pu10 Tokazaso [9, 23], uro
1,2-I1]1 B KOHIICHTpAMHIX, HEOOXOIUMBIX TSI BUTPH-
(huxammm, o0amaeT 6osee BEIPaKECHHBIM ITATOTOKCH-
yeckuM 3¢dextom o cpaBaenuto ¢ Ol T. Hersko-
vits u coasr. [12] ycranoBunm, uro 1,2-I1J] B koH-
neHTpanuu 8,5 M BbI3bIBaeT ieHaTyparuto 6oiee 50%
OenkoB, a st D' — B KOHIEHTpanusx Boie 11 M.
M. Aye u coaBt. [7] nmokazanu, uto DI oka3bIBaeT
MEHblIIee MMOBpEKIarollee AeCTBUM HA T€HETHYEeC-
kuit matepuain, yeM 1,2-I1/1.

Takas MomuduKaIus pacTBOPOB 0OECIIEUNBACT
ycnemHyo Butpudukaruo tMCK u apyrux Tumos
KJIETOK TIO ITPOTOKOJIaM, pa3paO0TaHHBIM ISl CPEIbI
«JIBI1Cy». Ha ocHOBaHWY MONYYICHHBIX PE3YJIETATOB
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however, viability level dropped down to 51% after
exposure with 9 M 1,2-PD solution. At the same time
a significant reduction on SMSCs viability was observed
after exposure to EG and 1,2-PD in 3 M concentration.
When increasing the concentration of these cryopro-
tectants the viability level of sMSCs continued to
decline. After exposure with cryoprotectants in 9 M
concentration the viable cells were virtually absent.

These findings are consistent with the general notion
about toxic effects of cryoprotectants, according to
which the level of cell viability decreases with increasing
a contact time and concentration of cryoprotectant.
The reduced toxic effect of cryoprotectants resulted
from encapsulation of cells into AMS was shown in
this study for the first time, and this should be conside-
red when developing the protocols for vitrification of
biological objects.

It could be assumed that the reduction of toxic
effects of penetrating cryoprotectants on eMSCs was
due to physical properties of alginate hydrogel. It is
known that polymerization of alginate hydrogel results
in gaining porous structure. Depending on the con-
centration and viscosity of the alginate the pore size
could be 3.6 nm or more [1, 6, 12]. Some authors have
demonstrated that the very porosity of alginate carrier
affects the exchange of substances between cells and
medium. So, A. Lawson et al. [10] established that
the penetration rate of substances into an alginate
microsphere depended on its radius and porosity. Similar
results were reported by A. Gautier et al. [5]. They
believed the mass transfer through the alginate
hydrogel to obey the Fick’s law of diffusion. It has
been shown that the vitamin B12 mass transfer
coefficient was inversely proportional to the coefficient
of the substance transfer through the hydrogel which
in turn was directly proportional to the AMS size. In
particular, for AMS of 1 mm diameter the transfer
coefficient was two times bigger than for capsules of
0.6 mm diameter. Based on the above mentioned we
can conclude that the slowing-down of mass transfer
between an environment and the encapsulated cells
enables the avoiding of prolonged exposure to high
concentrations of cryoprotectants, which resulted in a
sharp osmotic and toxic responses of cells. However,
in this case the saturation of cells with cryoprotectants
was not disordered, that allowed to successfully use
the protocols of vitrification and to obtain bigger amount
of viable cells within the carrier after the cycle of
vitrification-warming.

The results of this research suggested various
cytotoxicity of the investigated penetrating cryopro-
tectants, which was reduced in a row DMSO >
1,2-PD > EG.

A similar relationship was described in the majority
of researches on the cytotoxicity of these cryopro-
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MO>KHO CAENaTh IPEANOI0KEHUE, YTO OCHOBHASI YACTh
MHOTOKOMITOHEHTHOT'O BUTPHU(HUIMPYIOIIETO pacTBOpa
nomkHa npuxogutbes Ha OI, a 1,2-111 u AMCO
MOTYT BBICTYNATh B POJIU BCIIOMOTATENbHBIX BELIECTB
WU BOOOIIE OTCYTCTBOBATh.

BoiBoabI

WNukancynsamusi B albruHATHBIE MHKPOCHEPHI
MTO3BOJISIET MUHIMI3UPOBAThH BPEMST KOHTAKTa C BBICO-
KUMH KOHIICHTPAIFSIMU KPHOTIPOTEKTOPOB, BEAYIIETO
K Pa3BUTHIO PE3KOT0 OCMOTHYECKOTO U TOKCUYECKOTO
OTBETAa KJICTOK Ha TaKWE KOHLUEHTPALlUU KPUOIIPOTEK-
TOpoB. OIHAKO MPU ATOM HPOIIECC HACBIIICHUS KIETOK
KPUOIIPOTEKTOPAMHU HE HAPYIIIACTCSI.

[TokazaHo, YTO IUTOTOKCUYHOCTH KPUOTIPOTEKTO-
poB otHocutenbHo UMCK cHmkaercs B psxy JMCO >
1,2-T1]] > OT.

CraenaHo TIPEATONIOKEHHUE, YTO TPH CO3TaHUU
MHOTOKOMITOHCHTHBIX BUTPHU(DHUIUPYIOIIIX PACTBOPOB
B KaU€CTBE OCHOBHOTO BEIIECTBA I1eIeCO00pa3HO HC-
nonb3oBath Ol a 1,2-11]] u JIMCO MOryT HaXOTUTHCS
B HE3HAUYUTEITFHOM KOJIMYECTBE WIJIM BOOOIIE OTCYT-
CTBOBATb.
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tectants. It is known that the optimum concentration
of DMSO to cryopreserve MSCs is 5-10% and the
use of higher concentrations (over 20%) leads to the
development of cytotoxic injury [13, 14, 16, 19].

Along with this it has been shown [4, 21], that
1,2-PD in the concentrations necessary for vitrification
had a pronounced cytotoxic effect compared with EG.
T. Herskovits et al. [8] found that 1,2-PD in 8.5 M
concentration caused the denaturation of more than
50% proteins, and in case of EG the critical concen-
trations were above 11%. M. Aye ef al. [2] showed
that EG had less damaging effect on genetic material
if compared with 1,2-PD.

This modification of the solutions provides a
successful vitrification of eMSCs and other cell types
under the protocols developed for the DEPS mixture.
On the base of the findings we can assume that the
bulk of the multi-component vitrifying solution should
comprise EG, but 1,2-PD and DMSO can either act
as additives or to be absent at all.

Conclusions

Encapsulation into alginate microspheres enables
minimizing the contact time with high concentrations
of cryoprotectants, leading to the development of
abrupt osmotic and toxic responses of cells to these
concentrations of cryoprotectants. However, in this
case the saturation of cells with cryoprotectants is not
disordered.

The cytotoxicity of cryoprotectants in respect of
eMSCs has been shown to be reduced in the row
DMSO > 1,2-PD > EG.

It has been suggested that when creating a multi-
component vitrifying solution the EG should be used
as the main substance and 1,2-PD and DMSO may
be either in small quantities or absent at all.
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