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Knerounas TEparusa UMECT 6OHbUJOﬁ NOTCHLMAJ JICUCHUS 1IN~
POKOTO crieKTpa 3aboJyieBaHui (TeYeHOYHAs HEJOCTATOUYHOCTD,
6one3np [lapkuncona u zap.). VHKancynsamus >KUBBIX KIETOK
B ITOJTYTIPOHUIIAEMBIE MeMOPaHbI (HaIpuMep, aTbI THATHbIE MUKPO-
KaricyIiel) ObliIa IpeuIoXkKeHa Kak CpelICTBO N30exaHus Hexelna-
TEJIBHOI'O MUMMYHHOTI'0 OTBETA PELUUIIUEHTA, JOCTHIKCHUS KOHTPO-
JHPYEMOH IOCTABKH TEPAMEBTHIESCKHIX BEIIECTB, IPOU3BEICHHBIX
HMHKAICYJIUPOBAaHHBIMH KJIETKAMHU, U JOITOCPOYHOTO BBIXOAA
TEPaNeBTUYCCKUX BELIECTB. bosbIol HHTEpEC B KOCTHO-TKaHEBOM
MHXEHEPHH TaK)Ke IPECTABISIIOT OBICTPO IErpaAupyIOIINe MUK-
POKarcyisl Ha OCHOBE aJIbTHHATA, COAEPIKAIINe CTBOIOBEIE KIIET-
Ku. Pa3Mep anbruHaTHBIX MEKPOKAIICYJI, MX IIPOHHUIIAEMOCTD U CKO-
POCTDB ACTpagaliii JOJKHBI COOTBETCTBOBATH TUITY )KUBBIX KJIETOK
U CKOPOCTH HX Hposindepaniu, KOTOpble HCHOIb3YIOTCS IS
HHKAICYISIUH.

B a10i1 pabote npeacraBieHa BOZMOKHOCTh HHKAIICYIISIIAN
JKUBBIX KJICTOK B aJIbI'MHATHBIC MUKPOKAIICYJIbI C ITIOMOIIBIO DJICKT-
popacmbuieHus. PacTBOp MOJMMEpPHOro ajbruHaTa HaXOAUTCS
BHYTPH LINPHIA ¥ OTKAUNBACTCS Yepe3 HAKOHEUHHK C TOMOIIBI0
UEKTPUIECKOTO MO C BHICOKOH HANpPSDKCHHOCTBIO B 3a3€M-
JICHHYIO0 BaHHY co cumBaiomum pactBopoM CaCl,. Ilpu noma-
JaHUU B CHIMBAKOIINU PACTBOP aJIbI'MHAT Cpa3dy MPEBpaAIACTCs B
relb 3a CUeT OBICTPOro (PU3MKO-XUMHUIECKOTO B3aUMOJACHCTBHS
MEXKTy CHINBAEMBIMH areHTaMu. JIJIst ITOITyYeHHsT MeIIKHX MUKPO-
KaricyJ ¢ PerylupyeMbIM paciipeielieHHeM pa3MepoB ObUTH ONTH-
MH3HPOBAHBI TaKHE MapaMeTphl MMpolecca, KaK: KOHICHTPALHs
aJIbTMHATa, CKOPOCTh MOTOKA, PACCTOSHUE PACIBUICHHS, IIpHIIa-
raeMoe HampsDKeHUE, KOHIEHTPAIMs CIIMBAIONIETO PacTBOpa.
®ubpobdaactsr NIH 3T3 Obliv MHKANCYTUPOBAHBI IPU Pa3Iny-
HbIX KOHIeHTpausx (10, 5%10°8, 107 ki1/MiT) B CTEpHIIBHBIX YCIIO-
Busix. Pactipenenenue pa3MepoB MHKPOKAIICYII, a TaKxke (P ek-
THUBHOCTH MHKAICYIISIIIUN KJIETKH M3ydJalli ¢ MOMOIIBI0 MHKPO-
ckomna «Carl Zeiss Axiovert 200M» ¢ 5- uin 10-KpaTHBIMH yBeJIU-
YEeHHSIMH U IPOrpaMMHOT0 obecredeHns «AxioVision V 4.8.2.0».

[Tpu snexTpopacbUIeHHN pa3Mep MUKPOKAIICYITEI aJIbIHHATA
MOXHO PETYIHPOBaTh IMyTeM KOPPEKTHPOBKU OTHOTO WM He-
CKOJIBKUX ONITUMU3UPOBAHHBIX TIAPpaAaMETPOB. Bruto IIOKa3aHoO, 4YTO
TOYHOC YIIPABJICHUE TUaMETPOM I'PaHYJIbl BO3MOKHO TOJIBKO ITPU
pacubuieHIH cTpyitHOTo MoToKa (0T 15—17 kB). CymecTBeHHOTO
BIIMSTHUS CKOPOCTH ITOTOKA Ha TPaHylly He Habmonaercs (B mpe-
JieNax HampsHKCHHOCTH dyieKTpuyeckoro mons 2 kB/cm). Beuto
00HAPYKEHO, YTO HANPSDKCHHE W KOHICHTpAlUs ajJblHHATA
SIBJIIOTCS] HanOoJIee 3HAYMMBIMU TTapaMeTPaMU, OTIPeIeTIIOIIIMI
pa3Mephbl MUKPOKAICYJ, B TO BpeMsa kak koHuenrpamus CaCl,
B OCHOBHOM BJIMSICT Ha HX MOP(OJIOTHIO M OTHOPOIHOCTh. D dek-
TUBHOCTbH KJIIETOYHOM UHKAIICYJISIIINY, 4 TAKXKE TUaMETP I'PaHyJIbl
MOXXHO KOHTPOJIUPOBATh C MOMOIIBIO KOHIIEHTPALUHN KJIETOK,
CKOPOCTH TIOTOKA, IPHIAraéMoro HANPSDKEHHS, KOHIEHTPAIIH
crimBaromiero pacrsopa. Kpome toro, 65U10 yCTaHOBICHO, YTO
yBeJIMYEHUE HauaJIbHOW KOHLIEHTPALUK KJIETOK IPUBOAUT K YMEHb-
IICHHUIO HaMETPa MUKPOKAICyI. [IpoBeieHHbIE SKCIIEPHMEHTHI
T10 BBDKMBAEMOCTH KJIETOK IO CJIE HHKAICYIAIMH JOKa3au d(dex-
THBHOCTH TEXHOJIOTUH KJIIETOYHOMI WHKAIICYJIALUU B aJIbTUHATHBIC
MOJIYIIPOHULIAEMBIC TTOJIMMEPHBIE MATPULIBI C UCIIOJIB30BaAHUEM
BBICOKOTO HJIEKTPHUYECKOTO HAMPSKESHHS.
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Cell therapies have a great potential to treat a wide variety of
diseases (liver failure, Parkinson disease efc.). Encapsulation of
living cells in semi-permeable membranes (such as alginate micro-
capsules) has been proposed as a means to avoid undesired host
immune response, to achieve controlled delivery of therapeutic
products produced by encapsulated cells and to continuously
release therapeutic products for longer durations [1]. Fast degra-
dable alginate-based micro-capsules containing stem cells are also
of great interest in bone-tissue engineering [2]. Size of alginate
micro-capsules, their permeability and degradation rate should be
previously matched with the type of living cell and their prolife-
ration rate being used for encapsulation.

This work indicates the possibility to encapsulate living cells
into alginate micro-capsules using electrospraying. Alginate
polymer solution is kept inside the syringe and pumped through
the nozzle applied high-strength electric field into the grounded
bath with CaCl, cross-linking solution. When being dropped into
the cross-linking solution, alginate becomes immediately gelled
due to the fast physic-chemical interaction between cross-linkable
agents. To provide small micro-capsules with controlled size
distribution the process parameters (alginate concentration, flow
rate, spraying distance, applied voltage, concentration of cross-
linking solution) were optimized. NIH 3T3 fibroblasts cells were
encapsulated at different densities (10°, 5x10°, 107 cells/ml) under
sterile conditions. Size distribution of micro-capsules as well as
cell encapsulation efficiency was studied using Carl Zeiss Axiovert
200M microscope with 5x or 10x magnifications and AxioVision
V 4.8.2.0 built-in software.

Using electro-spraying the size of alginate micro-capsules
can be controlled by adjusting one or a couple of optimized
parameters. It has been shown that the precise control over the
bead diameter is only possible when spraying in jet flow regime
(ranging from 15-17 kV). No significant effect of flow rate on
bead diameter (within strength of electric field 2 kV/cm) has been
observed. Voltage and alginate concentration were found to be the
most important parameters that determine the micro-capsules
size, while CaCl, concentration affects mainly their morphology
and homogeneity. Cell encapsulation efficiency as well as bead
diameter can be controlled by cell density, flow rate, applied
voltage, concentration cross-linking solution. Moreover, it has
also been observed that an increase in initial cell concentration
causes a decrease in micro-capsules diameter. Previous experiments
on cell survival post encapsulation process have proven the
effectiveness of cell encapsulation technology into alginate semi-
permeable polymer matrices using high-voltage processes.
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