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HccnenoBanust ycnoBuit 00pa3oBaHUs U KYJIETHBHPO-
BaHMS KJeToK B 3D-ckaddonmax mo3BomnsioT co3aaBaTh
HOBBIE MOJICTTU JJIS1 U3yUYEHHsI IOBEICHUS KIIETOK in Vitro
1 C HOBBIX O3UIINH PACCMOTPETH KJICTOYHBIC MEXaHU3MBI
OITyXOJIEBOTO POCTA, PETCHEPAINH, PEeapaiy TKaHEeH,
(OpMHPOBaHUS KICTOYHBIX KOHTAKTOB, peaknuu 3D-
CTPYKTYPHUPOBAHHBIX KJIIETOYHBIX KYJIBTYP Ha BO3AEUCT-
BHSI XUMHUYECKHUX BELICCTB M (PM3UUCCKUX (PAKTOPOB U
PSR APYTHX IPOOIIeM.

ITonoGHbIe MOIENH B CPAaBHEHUH C OOBIYHBIMH KYJIb-
TYypaMH KJIETOK, (pOPMHUPYIOIIMMH MOHOCIION Ha IOJ-
JIOKKaX, OoJiee MPUOJIMKEHBI K peabHBIM YCIOBUSM in
vivo. Takue MOJIeNI TaK)Ke MOTYT OBbITh UCTIOJIH30BAHBI
U B TKAHEBOU MHXXEHEPUH JJIs 3aMELIECHUS TOBPEXICH-
HBIX OPTraHOB U TKaHel (co3aaHue MoJIeIeH sl UMILIaH-
TaIym).

[lepBemM dTamoM 715t GopMUPOBaHUS TOZOOHOTO poa
Mozenell BRICTynaeT co3fanne noaxonstmmx 3D-ckad-
($0onI0B, COBMECTHMBIX C KIIETKaMH 4eJIOBEKA M )KHBOT-
HBIX, 00eCIeunBaIUX KOM(POPTHOE CYIIECTBOBaHUE
KJIETOK 3a ITPEeIaMy OpraHI3Ma B TCUCHHUE JTUTEIIHHOTO
BpeMeHu. OcHOBHBIE TpeOoBaHMs K ckaddorgam: BEICO-
Kas CTENEHb NOPUCTOCTH, OOJbIIAs IIOLIAb TOBEPX-
HOCTH, IPUTOAHBIE pa3Mepsl mop (mopsinka 100 Mxm),
WHTEPKOHHEKIHUS 0P, OMOCOBMECTHMOCTH U OHoaerpa-
Janyst. Vicxons U3 nepeduciaeHHbIX TpeOOBaHHM, XopoLeit
OCHOBOW Takux ckaddoiamoB MOXeT OBITh XUTO3aH —
MPUPOAHBIA OMONOIMMEP-TIOIHIIEKTPONINT, 00J1aat0-
M YHUKJIBHBIM KOMITIEKCOM (PH3UKO-XHUMHUYECKHUX
CBOUCTB M IMIMPOKUM CIIEKTPOM OHOIOTHUECKOIl aKTUB-
HOCTH. MaKpOMOJIEKyIbl XUTO3aHA COAEPXKAT 3BEHbS
2-aMHUHO-2-/1€30KCUTITIOKOITUPAaHO3bI K HEKOTOPYIO 4acTh
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Investigations of conditions of cell formation and
culturing in 3D scaffolds enable to create new models
for in vitro studying of cell behavior and to provide origi-
nal research of cell mechanisms of tumorous growth,
regeneration, reparation of tissue, formation of cell con-
tacts, reaction of 3D-structured cell cultures on effect
of chemical substances and physical factors and some
other issues.

Such models if compared with the conventional cell
cultures, forming monolayers on substrates are closer
to real in vivo conditions. They may be used in tissue
engineering for substitution of damaged organs and tis-
sues (creation of models for implantation).

The first stage in formation of these models was crea-
tion of 3D scaffolds, compatible with human and animal
cells, providing comfort existence of cells outside of an
organism during long-term period. Basis requirements
to scaffolds are a high rate of porosity, large surface,
pore sizes (on the order of 100 pm), interconnection of
pores, biocompatibility and biodegradation. Due to above-
mentioned requirements chitosan may be appropriate
basis of these scaffolds. It is a natural polyelectrolyte
biopolymer with a unique complex of physical and chemi-
cal properties and a wide range of biological activity.
Macromolecules of chitosan contain chains of 2-amino-
2-deoxy-glucopyranose and a part of 2-acetamide-2-de-
oxyglucopyranose rings, a percentage of the first one in
polymer determines a deacetylation rate (DR) of chitosan.

In our research we formed scaffolds from chitosan
with a molecular mass of 200 kDa, DR of 82% and
500 kDa, DR of 80.5% (Bioprogress, Moscow), CaCl,,
NaH,PO,, NaOH, CH,COOH (‘chemically pure’ grade),
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2-aneTaMug0-2-1€30KCUTTTIOKOIIH -
PaHO3HBIX KOJIEL, IIPOICHT IEPBBIX
B MOJIUMEPE OIpPEICISCT CTEICHD
ne3aleTUINPOBAHUS XUTO3aHAa
(CI).

B nameii pabote mis popmupo-
BaHUS cKapPOIIOB OBLT HCIOTH-
30BaH XHTO3aH C MOJCKYISIPHOU
maccoir 200 xJa, CJ 82% u
500 xla, CJI 80,5% («buompor-
pecc», Mocksa), CaCl,, NaH,PO,,
NaOH, CH,COOH (x.4.), C,H,OH,
ruiepuH (papM.). DIEKTPOHHBIC
MuKpodoTorpaduu moayvanu c
MTOMOIIBIO0 PACTPOBOTO AIIEKTPOH-
HOro MHKpockona POMMA-102
(OAO «Selmiy», Ykpauna). da3o-
BBIM aHanm3 o0pas3moB, comepxa-
[IMX KPUCTAJUTUYECKYO (hasy, mpo-
BOJHMJIM METOAOM HOPOIIKOBOM
PEHTTEHOBCKOW IU(PAKINK C T0-
MoIbeo audpakromerpa JPOH-4
(Ka nuaus mean). MabpakpacHbie
CIIEKTPHI OBLIH MOTYYCHBI HA MIPH-
6ope «Spectrum One» («Perkin
Elmer», CILIA).

BaxxHbIM mapaMeTpoMm s
ckaQoIOB SABISETCSA TOpPUCTas
CTpyKTypa. VIMEHHO Ha ee CO3IaHHK KOHIICHTPHPYIOT
BHUMaHHE HCCIe1oBaTeNl. MBI HCTIONB30BaH 1151 hop-
MHUPOBAHUS IIOP METOIBI THODUITA3AIIUH, 3aMOPaKHBA-
HUs-KeTupoBaHus [1] 1 popMUpOBaHUST MYITETHMEMO-
paHHBIX TUAporenelt [2]. Hamu Obtu monyueHsl cie-
IYIOIUe BapuaHThl cKadoa0B: XUTO3aHOBAs I'yOKa,
XHTO3aHOBBIE «OYCHI», XHTO3aH, apMHPOBAHHBII HAHO-
KPHUCTAJUTNYECKUM TUAPOKCHIAIATUTOM, U MyJTETUMEMO-
PaHHBIN THIPOTEINb.

Ha puc. 1-3 mpencrasiensl ¢potorpapuu mogydeH-
HBIX ckaddonnos. Bee oru (kpome MyTTHMEMOPaHHOTO
THIPOTEIIS ) XapaKTEePU3YIOTCsl HATMIUEM OOIBIIOTO KO-
JIMYECTBA CBSA3AHHBIX MEXIy COOOH IOp, 9TO JaeT BO3-
MO>KHOCTH TIPEJNOJaraTh yCIEIIHOE 3aceleHue cKkad-
¢donaoB kieTkaMu. BBeneHue B coctas ckaddoga ru-
pOKcHIanaTuTa — OMOTEeHHOT'O0 MHHEpaia — HOBBIIIAET
OMO0COBMECTUMOCTD, YITy4IIaeT IIOPUCTOCT. Mcmons30-
BaHHE METO/A 3aMOPAKUBAHUA-KEITNPOBAHNUS TAaET BO3-
MOYKHOCTb U30€KaTh SHEPro3aTPATHON CTAIUH JTAODIITH-
3arud. [1pu 5TOM (QyHKIIMOHAIBHBIE CBOMCTBA CKap(oII-
JIOB COXPaHSIOTCSI.

MynbTUMEMOpaHHBIA THAPOTEIh XapaKTepPH3yeTCs
JIYKOBHIIETIOIOOHOW apXUTEKTypoi. MexxmeMOpaHHbIe
MPOCTPAHCTBA JAOCTATOYHBI JJISl 3aCEICHUS KICTKAMHU.
MynsTUMeMOpaHHas CTPYKTypa TakKe MOXKET OBITh

npobnemobl

*) Kpmobuonorumn
T.22,2012, Ne2

Puc. 1. JInopunusupoBanHas moprucras ryoka Ha OCHOBE XUTO3aHa.
Fig. 1. Freeze-dryed porous sponge based on chitosan.

Puc. 2. «bycb» Ha OCHOBE XUTO3aHA.
Fig. 2. Beads based on chitosan.

C,H,OH, glycerol (‘pharmacological’ grade). Electron
microimaging was performed with REMMA-102 raster
electron microscope (Selmi, Ukraine). Phase analysis of
samples, containing crystal phase was performed by
powder X-ray diffraction with DRON-4 diffractometer
(Ka cuprum line). Infrared spectra were obtained with
Spectrum One device (Perkin Elmer, USA).

Important feature of scaffolds is a porous structure.
Namely its formation is the main target for investigators.
To form the pores we used freeze-drying, freeze-gela-
tion [1] and creating of multimembrane hydrogels [1].
There were obtained the following variants of scaffolds:
chitosan sponge, chitosan beads, hydroxylapatite nano-
crystal armoured chitosan and multimembrane hydrogel.

Figures 1-3 represent the images of obtained scaf-
folds, which (except multimembrane hydrogel) were
characterized by the presence of a large number of con-
nected pores, that allowed to expect a successful colo-
nization of scaffolds by cells. Introduction of hydroxy-
lapatite (biogenic mineral) into scaffold increased bio-
compatibility and improved porosity. The usage of freeze-
gelation enabled to avoid energy consumption at freeze-
drying and moreover to preserve functional properties
of scaffolds.
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Puc. 3. HenmmodunmzupoBannas ry0ka (cieBa) 1 MyIsTHMEMOpaHHBII THAPOTeNb (B LICHTPE U CIIpaBa).

Fig. 3. Non-freeze-dryed porous sponge (left) and multimembrane hydrogel (in the centre and at the right).

HCTOJIb30BaHa JJIsl OHOBPEMEHHON TOCTaBKU B HOpa-
KCHHBIM OpTaH HECKOJBKHX HECOBMECTHMBIX HHIpE-
JMEHTOB, a TAKXKE [l MOJCTHPOBAHUS ITPOIIECCOB, TIPO-
HCXOMAIINX B KJIETKE, Pa3[eIICHHOM, KaKk U3BECTHO, Ha
KOMITAPTMEHTH MEMOPAHHBIME CTPYKTYPaMH.
HK-criekTpbl 4MCTOr0 MOPOIIKA XUTO3aHa U cKad-
(donna (puc. 4) CBUACTEIBLCTBYIOT O TOM, YTO B IIPOLIECCE
(bopMupoBaHUS HEOOXOAUMOI HaM CTPYKTYPBI HE IIPOHC-
XOISIT M3MCHECHUSI B XUMHUYCCKOM COCTaBE Marepuaa,
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Multimembrane hydrogel is characterized by a bulb-
like architecture. Intermembrane spaces are sufficient
for population with cells. Multimembrane structure can
be also used for simultaneous delivery of several non-
compatible ingredients in affected organ as well as for
modeling of processes occurring in a cell divided as
known in compartments by membrane structures.

Infrared spectra of pure chitosan powder and scaf-
fold (Fig. 4) attest the fact that when a necessary struc-
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Fig. 4. Infrared spectra of initial
chitosan (A) and scaffold on
the base of chitosan, beads
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Puc. 5. Toaxoxxuas umrntanTarms ckaddorma, 7 mHel mocie
omnepanun, x400. [IpornkHOBeHNE (HPUOPOOIACTOB B TOPHI
MaTepuana.

Fig. 5. Subdermal implantation of scaffold, a week after sur-
gery, x400. Penetration of fibroblasts in pores of the mate-
rial.

9TO Ba)KHO ISl COXPAHEHUsS OMOJOTHYCCKUX CBOWCTB
XHUTO3aHA [T0 OTHOIICHHMIO K KJIETKaM.

O 6uocoBmecTUMOCTH CKa)(OJIIOB CBUICTEIHLCTBYET
TECT C MOAKOKHBIM BXKUBIICHHEM (Ha nmpuMepe ckaddo-
J1a, coieprKalero rufpokcunanatur) (puc. 5). Yepes 1
HEJICITIO MOPHI IMILTAHTA 3aII0JTHEHBI KIIETKaMH.

Takum 00pazoM, HCIIOIB30BAHUE TPUPOTHOTO OUOTIO-
JTUMepa XUTO3aHa B CKa(HOIA-TEXHOIOTUSX TO3BOJISIET
MOIYYUTH OMOCOBMECTHMBIC TPEXMEPHBIC MaTPHIIBI Pa3-
TUYHON MOPQONOTHN B apXUTEKTYPHl AN KYIbTH-
BHPOBAHUS KJICTOK C COXPAaHCHHEM OMOJIOTHYECKHX
CBOICTB XUTO3aHa.
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ture is forming the chemical composition of material is
not changed that is essential for preserving biological
properties of chitosan in relation to cells.

Test with subdermal implantation of scaffold con-
taining hydroxylapatite testifies to the biocompatibility
of scaffolds (Fig. 5). In a week the implant pores are
filled with cells.

Thus, the use of natural biopolymer chitosan in scaf-
fold technologies allows to obtain biocompatible 3D ma-
trices of different morphology and architecture for cell
culturing and to preserve the biological properties of
chitosan.
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