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Pecbepat: B paboTe uccnenoBaHo cocTosiHe BGMOKOHCTPYKLMIA HA OCHOBE KPMOKOHCEPBUPOBAHHBIX KNETOK heTanbHON neyYeHu
(K®I), 3aceneHHbIXx B MakponopucTble anbrmHat-xenatuHosble matpuubl (AXKM), n nx BAusHME Ha CTPYKTypy NeyYeHu nocrne umn-
naHTauum Kpbicam C NeYeHOYHON HegoCTaTOYHOCTLI0. B kavecTBe HocuTenen KOI KpbiC NPUMEHANN LMPOKONOPUCTLIE KpUorenesble
AXM. OononHuTenbHas anbruHatHas obonouyka, cdopmupoBaHHasi Bokpyr AXKM, npegoTBpallana 3aceneHne mMatpul Krnetkamu
peuunueHTa in vivo 1 He BRMsiNa Ha Xu3HecnocobHocTb 1 akcnaHcuto KOM in vitro. CTpykTypa GUMOKOHCTPYKLUM NPY UMMnaHTaumm
coxpaHsnacb He MeHee 28 cyToK. JKCnepuMeHTanbHoe NOBPeXAeHMe NeYeHn y KpbiC MOAENMpoBanu nyTeM BBeAEeHWs UHrMbuTopa
nponudepaummn renaTtounToB 2-aueTnnaMmmHodyopeHa B CoMeTaHnM C YaCTUYHOW renaTaKTOMMEN, YTO BbI3biBasrio BblpaXeHHble n3me-
HEHWs CTPYKTYpbl opraHa B BuAe HapyLueHusi TpabeKynspHOro CTPOeHUs1 NapeHxvMbl U AYKTYNSPHOW peakuuMn B MopTanbHOW U ne-
punopTanbHoi 3oHax. MmnnaHtaums AXXKM ¢ anbruHaTHon o6onodkoi, cogepxawmx KON, B canbHUK KpbIC C 9KCNEPUMEHTANbHON
neyeHOYHOW HeAOoCTaTOYHOCTbIO NMPMBOAMMA K OPraHOTUMUYECKOMY BOCCTaHOBMIEHUIO CTPYKTYPbl MaToNornyeckm n3meHeHHomn
neyeHu. MokasaHo, 4YTO anbrMHaTHas obonoyka Bokpyr AXKM obecneunBaeT u3onsiumio 3acerneHHblx knetok, a KOr, 3aceneHHble
B wupokonopuctble AXKM, okasbiBaloT TepaneBTUYeckuin adpdeKkT Npyu MMNIaHTauMm X1BOTHbIM C NEYEHOYHOW HEAOCTAaTOMHOCTbIO.

KnioyeBble cnoBa: neyeHb, anbrmHaT-XenaTUHOBbIE MAaTpuLbl, KPMOKOHCEPBUPOBAHHbIE KMEeTKW peTanbHOW nevyeHu,
acnepvMeHTanbHasi nevyeHo4YHas HeAoCTaTOYHOCTb, UMMNaHTauus.

Pedpepar: Y poboTi gocnigxeHo ctaH BiOKOHCTPYKLIN Ha OCHOBI KPIOKOHCEPBOBAHUX KNITUH dheTanbHoi neviHkn (KOI), 3aceneHux
Yy MaKporopuCTi anbriHaT-xenatuHosi maTpuui (AXKM), Ta iX BAAMB Ha CTPYKTYpY NediHku nicnsa iManaHTauii wypam i3 neviHKkoBow
HepocTaTHicTio. B sikocTi HociiB KOIM wypiB 3actocoByBanu wupokonopucTi kpiorenesi AXKM. JoaaTtkoBa anbriHaTHa o60noHka,
sika chopmyBanacsi Haskornio AXKM, 3anobGirana 3aceneHH maTpuub KNiTUHaMuW peuinieHTa in vivo Ta He BNnvBana Ha XWUTTe-
3paTHicTb Ta ekcnaHcito KO in vitro. CTpykTypa BiokoHCTpyKLUii npu imnnaHTauii 36epiranace He MeHw 28 Ai6. EkcnepumeHTanbHe
YPaXXeHHsI NEYiHKM Yy LLYpiB MOAENOBANU LMSXOM BBEAEHHS iHriGiTopy nponidepalii renatoumnTis 2-aueTinamiHodnyopeHa B NOeAHaHHi
3 YaCTKOBOK renaTekTOMIE, WO BUKIUKANO BUPAXeHi 3MiHM CTPYKTYpW opraHa y BUrnsai nopyleHHs TpabekynsipHoi 6ynosu
napeHximu i AyKTynsipHOi peakuii B nopTarnbHiii Ta nepunopTanbHiii 3oHax. IMnnaHTauis AXXM 3 anbriHaTHol 060MOHKO, WO Mic-
Tvnn KT, y canbHUK LWypiB ekcnepyMeHTanbHOK NeYiHKOBOK He4OCTaTHICTIO NpMBOAMIA OO OPraHoTINOBOroO BiAHOBNEHHS CTPYKTY-
pu naTonoriyHo 3MiHeHoi neviHkW. [MokasaHo, Wo anbriHatHa obonoHka Haskono AXKM 3abesnevye i3onauito 3aceneHnx KniTuH, a
K®r1, 3aceneHi B wupokonopucti AXXM, HagatoTb TepaneBTUYHWUIA edekT npu iMnnaHTauii TBapuHaMm i3 Ne4iHKOBOK HeAOCTaTHICTIO.

KnroyvoBi cnoBa: neviHka, anbriHaT-xenaTMHOBI MaTpuLi, KPIOKOHCEPBOBAHI KNiTUHU dbeTanbHOI NeYiHKW, eKcnepumeHTanbHa
neviHkoBa HeAoCTaTHICTb, iMNNaHTauis.

Abstract: The study demonstrates the state of bioconstructs based on cryopreserved fetal liver cells (FLC), seeded into macro-
porous alginate-gelatin matrices (AGM), as well as the effect of the bioconstructs implantation on the liver structure in hepatic failure
rat models. As carriers for rat FLC the wide-porous cryogel AGM were applied. The additional alginate capsule formed around the
AGM prevented the colonization of matrices by the recipient cells in vivo and did not affect the viability and expansion of FLC in vitro.
The structure of bioconstructs was maintained during at least 28 days post implantation. The experimental liver damage in rats was
modeled by the injection of the hepatocyte proliferation inhibitor 2-acetylaminofluorene together with the partial hepatectomy, that led
to pronounced changes in liver structure (disorderin of trabecular structure of the parenchyma and ductular reaction within the portal
and periportal areas). The implantation of FLC-seeded AGM additionally covered by the alginate shell into greater omentum of rats with
hepatic failure led to organotypic recovery of pathologically altered liver structure. It was shown that the alginate capsule around the
AGM provided isolation for seeded cells, and FLC within the wide-porous AGM had a therapeutic effect when implanted in rats with
liver failure.

Key words: liver, alginate-gelatin matrices, cryopreserved fetal liver cells, hepatic failure model, implantation.
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[IpumeHenue TpaHCIUIAHTALIMH M30JIMPOBAHHBIX
TeMaToOUXUTOB U KOPPEKIIMH TEPMUHAIBHBIX CTaAuN
[IEYEHOYHOW HEIOCTATOYHOCTH OTPAaHUYEHO BCIEA-
CTBHE cJIa00T0 MPHKHUBIICHUS, HEAOCTATOYHON BEIKH-
BaeMOCTH U HHM3KOH MpoupepaTHBHON aKTHBHOCTH
renarortuToB [11]. B cBs3:M ¢ 3THM aKkTyalbHBIM SIB-
JISIETCS TIONCK aJIbTEPHATHBHBIX METOJIOB KOPPEKIUU
MEYEHOYHON HEIOCTATOYHOCTH C HCIIOJIH30BAaHHUEM
METO/IOB KJIETOYHOH Tepanuu, B TOM YHCJIe Ha OCHOBE
Pa3IMIHBIX OMOMHKEHEPHBIX KOHCTPYKIIUH, CIIOCOOCT-
BYIOIIHMX (DYHKLIIHOHUPOBAHHUIO T€NIaTOLUTOB, HAIIPUMED,
MyTEeM 3aKJII0YEHHUS UX B THIPOTEIEBbIe MUKPOCHEpEI
[3], menenmronsipu3upoBaHHbIE PparMeHThI HedeHH! [9],
MaKpONOpHUCThIE MoNnMepHble MaTpuusl [4]. Ilepc-
MEKTUBHBIM SIBIISIETCS HMCIIOJIB30BAaHUE B MOJOOHBIX
OMOWH)KEHEPHBIX KOHCTPYKIIMSAX CTBOJIOBBIX/TIPOTCHH-
TOPHBIX KJIETOK, HMEIOUIUX BBICOKHI Tpoiundepa-
THUBHBIHN TIOTEHITHAII, CTOCOOHBIX K AU(HEPESHIINPOBKE
B reraTHyeCcKoM HarpasieH!H [2] ¥ POy IAPYIOIIIX
IIUPOKUH CIIEKTP POCTOBBIX (DAKTOPOB M TUTOKHHOB.
Cy1ecTBEeHHBIM IPEUMYIIIECTBOM KJIETOK-TIPEAIIECT-
BEHHUKOB (PeTaIbHOM NIEUYEHH 110 CPAaBHEHHIO CO 3pe-
JIBIMU KJIETKaMH SIBJIsIeTCsl MX OoJiee BHICOKask yCTOM-
YUBOCTh K (pakTOpamM KpuOKOHcCepBHpoBaHUS [3, 8],
YTO MO3BOJISIET CO3/1aBaTh 3aI1ac 3TUX KIETOK, MPUTO-
HBIX JUIA TPaHCIIaHTALHUH.

OueBHAHBIA UCCIEOBATENBCKUNA MHTEpEC MPHU
KOPPEKIMH IEY€HOYHON HEAOCTAaTOYHOCTH MIPECTAB-
JISIET CTPYKTYPHOE COCTOSTHIE OMONHKEHEPHOTO UMII-
JIAHTaTa, COCTOSIIETO U3 KJIETOYHOW M MaTPU4HOM,
HEKJIETOYHOH YacTH, a TAaKXKe OpTraHa-MHIIEHH dKCTIe-
PUMEHTAJIBHBIX BO3ACHCTBUI — IEUEHH KPBIC.

Hamu 6511 oncas HOBBIH IIMPOKOTIOPUCTHIN HO-
CHUTENb KJIETOK HAa OCHOBE aJlbTMHATA U XKeyaTuHa [7].
YeraHoBneHo, 4To MOAH(UKALIUS aJbIHHATHOM MaTpu-
(bl TyTEM KOBaJICHTHOTO IPUKPEIUIEHNUS JKellaThHA (B
KaueCTBE SIKOPHOTO caliTa) K NOBEPXHOCTH CTEHOK MOP
crioco0cTBoBana 3Q(HeKTUBHOI aare3uu u npoiaudepa-
LM ME3EHXUMAJIbHBIX CTPOMAJIBHBIX KJIETOK KOCTHOTO
MO3ra B3pOCJIOTrO YeJI0BEKa B COCTABE HOCUTEIS. Bo-
IIPOC O CIIOCOOHOCTH 3TUX MAaTpPUL] IO JICP>KUBATH POCT
TeIaTUYECKUX KIIETOK B CUCTEMAX il Vitro W in vivo
0CTaeTCs HEBBIACHEHHBIM.

enpio HacTOsIMIEH pabOTHl ABIIIOCH M3YUCHHE
COCTOSTHUST OMOKOHCTPYKITHA, TIPEACTABIIIONINX COOO0M
KPUOKOHCEPBUPOBAHHBIE KIIETKH (eTaIbHOM IeUeHH,
3acelleHHble B MaKpOIOPHUCThIE aJbIUHAT-XKEJIaTH-
HOBBIE MaTPUIIBL, U UX BIUSHUS HA CTPYKTYpY NEYEHU
[oCJIe UMIUIAHTALMU KPBICaM C IEYEHOYHON HeA0CTa-
TOYHOCTBIO.

Marepuajibl 1 METOABI

OOBEKTOM UCCIICIOBAHUS CITY>KIITA OSCITOPOIHBIC
oenpie Kprichl. CoaepikaHre KUBOTHBIX M IKCIIEPH-
MEHTAIbHbIC MaHWUIYJISAINN POBOJIWIA B COOTBET-
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Transplantation of isolated hepatocytes to correct
terminal stages of liver failure is restricted by poor
engraftment, low survival and proliferative activity of
hepatocytes [11]. In this regard, it is important to search
alternative methods of correcting liver failure using
stem cell therapy, including those based on using various
bioengineered structures to facilitate the functioning
of hepatocytes, for example, by encapsulating them
into hydrogel microspheres [2], decellularized liver frag-
ments [9], macroporous polymeric matrix [3]. The use
in such bioengineered constructs of stem/progenitor
cells with a high proliferative potential, capable of dif-
ferentiating in hepatic direction [1], and producing
a wide range of growth factors and cytokines is pro-
mising. A significant advantage of the fetal liver
progenitor cells versus mature cells is their higher
resistance to cryopreservation factors [2, 8], allowing
the establishing of a stock of these cells suitable for
transplantation.

When correcting liver failure the structural state of
bioengineered implant consisting of the cell and matrix,
non-cellular parts, as well as the target organ of expe-
rimental effects, i.e. rat liver is of obvious research
interest.

Previously we have described a new wide-porous
cell carrier based on alginate and gelatin [7]. The
modification of alginate matrix by covalent coupling of
gelatin (as an anchor site) to the surfaces of the pore
wall was established to promote an effective adhesion
and proliferation of adult human bone marrow mesen-
chymal stromal cells within a carrier. However, the
ability of these matrices to support the growth of he-
patic cells in vitro and in vivo remains unclear.

The aim of this work was to study the state of
bioconstructs representing the cryopreserved fetal liver
cells seeded into macroporous alginate-gelatin matrix,
and their impact on the post-implantation liver structure
in rats with liver failure.

Materials and methods

The research was performed in white rats. The
maintenance and experimental manipulations in animals
were carried out in accordance with the General
Principles in Animal Experiments, approved by the 5%
National Congress in Bioethics (Kiev, 2013) and the
requirements of the Bioethics Committee of the
IPC&C of the National Academy of Sciences of
Ukraine agreed with the rules of the European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986).

Fetal liver cells (FLCs) were isolated from rat fetu-
ses of 15" gestation day (identification of sperm in
female vaginal smears was assumed as the first day
of pregnancy) under sterile conditions by a combined
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ctBuH ¢ «OOIMUMHI NPUHLINUTIAMH SKCIIEPUMEHTOB Ha
KHUBOTHBIX», 000peHHbIMH V HaunoHanbHbBIM KOH-
rpeccom no 6uoatuke (Kues, 2013) u TpeboBaHusIMU
komuteta o onoaruke UIMIKuK HAH Ykpaunsi, co-
[JJACOBAHHBIMM C ITpaBuiamMu «EBpOIEHCKON KOHBEH-
LMY O 3aIIKTe TO3BOHOYHBIX JKHBOTHBIX, UCIIOJIb3ye-
MBIX IS SKCIIEPUMEHTANBHBIX H JIPYTHX HAyYHBIX
nenei» (Ctpacoypr, 1986).

Knerku deranpnoit neuenn (KDII) Berpensnm u3
IJI0J0B KpBIC 15 cyTOK recranuu (BBISIBICHUE CIIEp-
MHEB B BarMHAJIbHBIX Ma3KaX CaMOK CUUTAIIHN [IEPBbIM
JHEM OepeMEHHOCTH) B CTEPHIIBHBIX YCIOBHUIX KOM-
OMHUPOBAHHBIM (PEPMEHTATUBHO-MEXaHUYECKUM
MeTonoM. s sToro ¢gpparMeHTHl MedeHu odpada-
teiBasH 0,25%-M pacTBOpOM TpHIicuHa B pochaTHOM
oydeprom pacteope 0,1 M (pH 7,4) B Teuenue 5 MuH
mipu 20°C, 3aTeM Ne3WHTETPUPOBAIH Ha OJTUHOYHBIC
xiretku [6]. [Tokazarens xxuzHecniocobHoctn KDII B
MIEPBUYHON CYCIIEH3MH M0 OKPAITUBAHUIO TPHITAHOBBIM
cuaUM coctaBisit (90,6 + 5,9)%.

[Tony4yenHyt0 KJIETOYHYIO CYCIIEH3HIO KPHOKOH-
CEpBUPOBAIIH IO TPEXATAITHON MTPOTPaMMe 3aMOPAXKH-
BaHus [10] ¢ Ha4aIbHOUW CKOPOCTHIO 1 Tpaja/mMuH 10
—40°C u cuarom nipu —7°C co ckopoctsio 10 rpaa/mMuH
oT —40 o —80°C ¢ mocneayoIuUM MOrpyKeHNEM B
KHUJIKAN a30T. XpaHEHHE KIETOK OCYIIECTBIUIN MPH
—196°C B ycnoBHSIX HHM3KOTEMIEPAaTypHOTO OaHKa
UIIKuK HAH Vkpauss! B TeueHue 2—3 MecsIieB.

ITepen sxcniepumenTom K®PII oTorpeBanu, OTMbI-
BaJIM OT KPUOTIPOTEKTOPA M OI[EHUBAJIH KU3HECTIOCO0-
HOCTb, KOTOpas sl KpUOKOHCEpBUPOBaHHbBIX KODII
cocrapisita (73,0 £ 3,6)% 1o TecTy ¢ OKpamnBaHuEM
TPHUITAHOBBIM CHHHM. [lociie 3TOro KIeTKu 3acemsum
COIaCHO OMUCaHHOMY MeToay [1] B MakponopucTsie
aJIbrUHAT-KeNaTHHOBBIE TYOKH (AXKM) anamerpom
5 MM U TOJILIMHON 2 MM, TIOTy4€HHBIE METOJIOM KPHO-
TPOIHOTO CTPYKTypHpoBaHusi. CpeHUH JuaMeTp 1op
Takoi ryoku cocrassier (106,2 +39,6) MkM, a mopuc-
TocTh — He MeHee 80% [7]. Bokpyr wactu HOCcuTeNnei
(hopMHUpPOBaIN JOTIOTHUTENBHYIO aIbTHHATHYIO 000-
JIOUKY JIBYKpPaTHBIM II0CJIE€JOBaTEIbHBIM [IEPEHOCOM
OMOKOHCTpYKIIMH cHavama B 1,2%-ii pacTBop anpruHa-
ta HaTpus («Sigmay, CIIIA), MpUTOTOBIICHHBIA Ha
dbm3uomornueckom pactope (0,15 M NaCl; 25 MM
HEPES; pH 7,4), 3aTem 17151 TOTMMEpH3aIil B TAKOH
ke (puspactsop, oboramennsii 100 MM CaCl.,.

Knerkn ¢eranbHOl medyeHH B cOCTaBe MaKpo-
nopucteix AJKM kynsruBupoBanu 1o 14 cyTok B
cpene d-MEM («Sigmay), nononxenHoit 10% sm6puo-
HaJIbHOW CBIBOPOTKOH KPOBH KPYITHOTO pOTaToro CKOTa
(«PAA», ABctpus), 2 MM L-rmytamuHa, 50 en/mi
NeHUIMLTHHA U SO MKI/MJI cTpenToMulpna mpu 37°C,
5% CO, u BraxuocTn 95% C 3aMEHOM CpeIbl Kax-
neie 3-e cytok. /s Busyanmsanuu KOII B cocrase
HOCHUTEIN KJIETKH OKpauIuBaiu (IyopeclerHa Ju-
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enzymatic-mechanical method.For this purpose, the
liver fragments were treated with 0.25% trypsin
solution in 0.1 M phosphate buffer (pH 7.4) for 5 min
at 20°C, and disintegrated into single cells [5]. The
viability index of FLCs according to trypan blue staining
in a primary suspension made (90.6 £ 5.9)%.

The resulted cell suspension was cryopreserved by
three-step freezing program [ 10] with an initial cooling
rate of 1 deg/min down to —40°C, seeding at—7°C and
followed cooling with the rate of 10 deg/min from —40
down to —80°C and immersion into liquid nitrogen. The
cells were stored at —196°C at Low Temperature Bank
of the IPC&C of the National Academy of Sciences
of Ukraine within 2—3 months.

Prior to the experiment, the FLCs were thawed,
washed of a cryoprotectant and the viability was
assessed by trypan blue staining. The viability of cryo-
preserved FLCs made (73.0 + 3.6)%. Afterwards the
cells were seeded in accordance with the method des-
cribed previously [6] into macroporous alginate-gelatin
matrices (AGM) which were obtained by cryotropic
gelation and had 5 mm diameter and of 2 mm thickness.
The average pore diameter of such a sponge was
(106.2 +39.6) pm and the porosity made not less than
80% [7]. Around the carriers an additional alginate
shell was formed by two-fold sequential immersion of
bioconstruct into a 1.2% solution of sodium alginate
(Sigma, USA), prepared with the saline (0.15 M NaCl;
25 mM HEPES; pH 7,4), followed by polymerization
in the same saline, enriched with 100 mM CaCl..

Fetal liver cells within a macroporous AGM were
cultured up to 14 days in a a-MEM (Sigma) supple-
mented with 10% fetal bovine serum, (PAA, Austria),
2 mM L-glutamine, 50 units/ml penicillin and 50 mg/ml
streptomycin at 37°C, 5% CO, and 95% humidity with
replacing the medium each 3 days. To visualize FLCs
within the carriers the cells were stained with fluores-
cein diacetate (FDA) and examined with a fluorescence
microscope (CETI, Belgium).

The studies on implantation of cell-free and FLC-
seeded AGM were performed in 35 adult male rats.
Cell-free AGM were implanted into an omentum of
five rats. Another animal group (5 rats) was implanted
with the matrices additionally coated with an alginate.
The remaining 25 animals were divided into 4 expe-
rimental groups. Group 1 (control of the same age norm,
n =4) consisted of the rats not subjected to any stress.
In the animals of groups 2—4 (n = 7 in each group) an
acute liver failure was simulated by administration for
5 days of hepatocyte proliferation inhibitor 2-acetyl-
aminofluorene (AAF) consisting in 30 mg/kg of body
weight intragastrically as an oil solution. After AAF
administration, the Higgins partial hepatectomy (PH)
has been used as a signal for proliferation of hepatic
progenitor cells. In the animals of group 2 (control of
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arieratoM (D/1A) 1 HabIIOIAIIM C TOMOIIIBIO (Tyopec-
nentHoro mukpockona («CETI», bensrus).

HccnenoBanus o HMIIaHTALH OSCKIIETOYHBIX U
3aceJIeHHBIX KieTKaMmu ¢ertanbHoi neuenn AXM
IIPOBOAMIIM Ha 35 B3pOCHBIX KpbIcax-camuax. beckie-
TouyHble AJKM UMITIaHTHPOBAIM B CAJTBHUK IISITH KPBIC.
Hpyro#i rpynmne (5 KpbIC) UMITIAHTUPOBAIH MATPHULIBI,
JOTIOJTHUTENBLHO OKPBITHIE 000JIOUKOH U3 ajbruHaTA.
OcTanpHbIX 25 )KMBOTHBIX Pa3Ieiiiv Ha 4 SKCIepH-
MEeHTaJbHbIe Tpynubl. [ pymimy 1 (KOHTPOIH OTHOBO3-
pacTHON HOPMBI, 7 = 4) COCTaBWIIM KPBICHI, KOTOPBIE
HE MOJBEPTaIMCh HUKAKUM BO3JCHCTBUAM. Y JKHUBOT-
HBIX 2—4 Tpynm (n = 7 B Kaxnaoil) popmupoBanu
MOJEJIb OCTPOI NEYEHOYHOM HEJOCTaTOYHOCTH Ha OC-
HOBE BBEIEHHS B TEUCHHE 5 CYTOK MHTHOMTOpaA
nponrdepauny TenaTouUToB 2-aleTHIaMHHO(ITYO-
pena (AA®) u3 pacuyera 30 MI/Kr Macchbl TeJIa HHTpa-
racTpaibHO B BUJE MacJIIHOro pactBopa. ITocine BBe-
neHnst AA® npoBOIMIM YACTUYHYIO TeaTAKTOMUIO
(UI'D) mo XwurruHcy, KoTopast sSIBISETCSI CUTHAIOM K
nponudepanuu renaTudeckux KiIeTOK-TpeanecT-
BEHHUKOB. JKMBOTHBIM TpyNIIbl 2 (KOHTPOIb MOJENIH
AA®/UI'D) B nanmpHeeM He MPOBOJVIN HUKAKUX
MaHUTYISIui. OCTanbHBIM KpBICaM OJHOBPEMEHHO
C IPOBEICHUEM YACTHYHOMN I'eaTIKTOMHUM B OOJIBIION
CaNbHUK MMIUIAHTHPOBAIN Makpomnopuctseie AXKM,
MOKPBIThIE aJbIMHATHOW 000J0YKOH: rpynmsl 3 —
0eCKIIETOUHbIE MAaTPHLBL, a TPYIIBI 4 — HOCUTEINH C
nmmobunu3upoBanHbiMy B HUX KOIT kpeic. [lepuon
HaOIIONCHUS 332 KUBOTHBIMU MOCIE (OPMUPOBAHHS
MOJIEJIM U UMIUIAHTALUU MaKpOIIOPUCTHIX I'yOOK coc-
TaBWII 4 HeNEH.

[Ipenapatsl A7 THCTOIOTMUYECKOTO UCCIIEN0BAHUS
VMMIUIAaHTATOB ¥ IEYEHU KPBIC-PEIIUITUEHTOB TOTOBUIIN
10 OOIICTIPUHATON METOJHUKE: Mocjie pukcanuu B
4%-M ¢popmanuHe GparMeHThl TKAHESH MMPOMBIBAIIH,
00€3BOXKHBAJIH B CITMPTaX BOCXOAAIIEH KOHIICHTPALIUH
Y 3anuBany B mapadus. [ nctonornyeckne cpessl TOI-
ITUHOHN 4—5 MKM OKpaIIuBaId TeMaTOKCIITTHOM DPJn-
Xa W 203WHOM, a 3aTe€M AHAJIU3UPOBAJIH C MOMOIIBIO
ceetoBoro mukpockona («CETID», benbrus).

Pe3syabTarsl m o0cyxaeHne

Ha nayanbHOM 3Talle ucciie0BaHus Oblila [IOCTaB-
JIeHa 3ajada oneHuTh coctosune AJKXKM mociie uMm-
JIAHTAIMH 3I0POBBIM >KUBOTHBIM. JJIsSI €€ pereHus
OCCKIIETOYHBIC MAKPOTIOPUCTHIE KPUOTEJICBBIC MATPH-
IIbI Ha OCHOBE aJIbTMHATA, MOAU(DUITUPOBAHHOTO ITyTEM
XUMHYECKOTO IPHUCOCTUHEHUS K IIOBEPXHOCTH TIOP MO-
JIEKyJI J)KeTaTHHA, UMIUTAHTUPOBAIIA B CATbHUK HHTAKT-
HBIX KUBOTHBIX. I McTOIOrMYecKoe HaOIoaeHue 3a
COCTOSTHUEM HOCHUTEIIeH Yepe3 2 HeleIH IOCIe UMIT-
JIAaHTALMH BBISIBHIIO OOJIBIIOE KOJTUYECTBO KIETOUYHBIX
AJIEMEHTOB Ha TOBEPXHOCTIX MOP MaTpPHIBL. 3HAYH-
TeNbHAS YacTh KJIETOK Oblja paciulacTaHa W JIEMOH-
cTpupoBasia GuOpPo06IaCTONOAO0HBIM BHI, MECTAMHU
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AAF/PH model) no manipulations were performed
later. Simulta-neously with the partial hepatectomy the
remaining rats were implanted with alginate-coated
macroporous AGM into the greater omentum. The
animals from Group 3 obtained a cell-free matrix and
group 4 got the carriers with immo-bilized rat FLCs.
The observation period for the animals after the model
simulation and implantation of macro-porous sponges
comprised 4 weeks.

Samples for histology of implants and liver of the
recipient rats were prepared by the traditional method:
after fixation with 4% formalin the tissue fragments
were washed, dehydrated in alcohols of increasing
concentration and paraffin embedded. Histological
sections of 4.5 um thickness were stained with Ehrlich
hematoxylin and eosin, and then analyzed with light
microscope (CETI, Belgium).

Results and discussion

At an initial stage of the research the task was to
assess the AGM state after implantation to healthy
animals. To solve it the cell-free macroporous cryogel
matrices based on alginate, modified by chemical coup-
ling of gelatin molecules to a surface of the pores were
implanted into the omentum of intact animals. Histo-
logical study of the state of the carries in 2 weeks
after implantation has revealed a large number of cells
on the surfaces of the matrix pores. Most cells were
flattened and had a fibroblast-like morphology, some-
times forming dense areas with fibrous stroma. The
larger macrophage cells were observed on the back-
ground of fibroblast-like cells; in the lumens of some
pores the capillary-like structures, containing predo-
minantly red blood cells were indicated (see Fig. 1A).
The signs of an acute inflammation response to the
implant as lymphocyte-leukocyte infiltration were
observed. The obtained results showed an intensive
populating of the implanted AGM with the recipient's
cells, accompanied by the implant vascularization.

To prevent populating the macroporous AGM with
the recipient cells an additional external alginate capsule
capable of isolation of the porous carries from the mig-
ration of the cells of both macrophage, lymphoid sys-
tems and connective tissue of the recipient was formed.
It has been established that the cells inside the implant
covered by additional alginate capsule were virtually
absent after 2 weeks of cell-free AGM implantation
in omentum of healthy rats (Fig. 1C). At the same
time the layer of fibrous tissue formed by the recipient's
cells was observed on outer surface of the alginate
shell surrounding AGM, i.e. the connective tissue
capsule was formed.

The findings showed that the external alginate
capsule effectively protected porous AGM from penet-
ration of the recipient's cell elements. However, the
question about an influence of alginate coating on the
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00pa3ys IUIOTHBIE YYACTKH C BOJIOK-
HucTOH crpomoit. Ha pore pubpodiac-
TOIMOJOOHBIX KIETOK IPUCYTCTBOBAIIU
Ooee KpyITHBIE KJIETKH Makpodaraib-
HOTO psi/ia; B MPOCBETaX OTAENbHBIX
MOp BCTPEUAINCH KANUILISIPONO00-
HBIE CTPYKTYPHI, COJIEpIKAIINe CBO-
OOmHBIE 2IEMEHTHI KPOBH, CpPeIn KO-
TOPBIX Mpeobraganu 3PUTPOIUTHI
(puc. 1, A). Ilpusznaku ocTpoi Bocra-
JIUTENIBHOM peakllMM Ha UMILIAHTAaT B
BUIE TUM(POLIUTAPHO-TEHKOIUTApHOI
WHOUIBTPALNN HE HAaOJIIOAATUCH.
[Tony4yeHHble pe3ynbTaThl CBUJE-
TEJIbCTBOBAJIN 00 MHTEHCUBHOM 3ace-
JIEHUH UMIUIaHTHpOBaHHBIX AXKM
KJIETOYHBIMH 3JIEMEHTaMH PEIIUTIICH-
Ta, COMPOBOXKAAIOIIEMCSI BaCKYJISIPH-
3alled UMIIJIaHTaTa.

UToOBI IPEeIOTBPATUTH 3aCEICHNE
MakpomopucTeix AXM xieTkamu
peunmnuenTa Oblia mocTapjieHa 3a1a4a chopMUpPOBATh
JOTIOJTHUTENBHYIO BHEIIHIOIO aJIbTMHATHYIO KaICyTy,
CHOCOOHYIO OTTPaHUYHMBATEH IMMOPUCTHIE HOCUTETH OT
MUTpalNU KaK KJIETOK MakpodaraisHON U TuMOuI-
HOM CHUCTEM, TaK M COEIMHUTEIBHOTKAHHBIX KJIETOK
penunuenTa. beulo ycTaHOBIIEHO, YTO IOCIE 2-X He-
Jielb IpeObIBaHUS WHKAICYIMPOBAHHBIX OECKIIETOU-
HbIX AJKM B calbHUKE 30OPOBBIX KPBIC KJIETOYHBIE
3J€MEHTHl BHYTPH WMILIAHTATA, 3aKIIOYEHHOTO B
aJTBTMHATHYIO KaICyiy, MPAaKTHIECKH OTCYTCTBOBAIN
(puc. 1, B). B 10 e Bpems Ha BHEIIHEH TOBEPXHOCTH
IBTUHATHOM 000J109KH, OKpyskatomeit AYKM, nabiro-
Jaycs ciod GuOpo3HON TKaHU, 00pA30BaHHBIN KIIET-
KaMH peLUIINEeHTa, TO €CTh (OpPMUPOBATIaCh COCIHUHU-
TEIbHOTKAaHHAs Karcya.

[TonydeHHsle pe3ynbTaThl CBUAETEIBCTBOBAIM,
YTO BHELIHSS albTMHATHAs Karcysa 3¢Q¢QeKTHBHO
samumaeT nopuctyro AXKM oT mpoOHUKHOBEHHUS
KJIETOYHBIX AJIEMEHTOB penunuenTa. OTHakO OTKPHI-
TBIM OCTaBaJICSI BOIIPOC O BIWSHHUHU aJbIHHATHOTO
MTOKPBITHS Ha COCTOSIHUE KIIETOK, 3aCEJICHHBIX BHYTPb
MaTpHIL.

st BBISIBIIEHUS BO3MOXHOI'O HETATUBHOI'O IEHCT-
BHA aJIbTHHATHOM 000JI0YKH, H30JIUPYIONIEH MaTPHILY
OT KJETOK XO35IMHa, Ha COCTOSTHUE KPUOKOHCEp-
BrpoBaHHbIX KOI1 BHYTpH AYKM npoBoannu uccneno-
BaHue in vitro. [1na storo 3acenennsie AXXM co
c(hopMUPOBAHHOH aTbTUHATHOM 000JIOYKOH MOMETIAITN
B YCJIOBHSI KYJIETUBUPOBAHUS Ha CPOK 110 14 cyTOK.

W3 puc. 2, A BuaHO, 4TO Ha 3-U CyTKHU KyJIBTUBH-
pOBaHUs B COCTaBe MHKAIICYMHPOoBaHHBIX AXKM kpro-
kxoHcepBupoBaHHble KOIT akTrBHO MeTaboMM3MupoBau
®JIA, 9TO CBUIETETHCTBOBAIO 00 X KH3HECIIOCO0-
HOCTH U TO3BOJISUIO OLIGHUTH UX popmy. bbina BeIsB-

x100.
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Puc. 1. TucTtonormyeckne cpesbl MakpOMOPUCTLIX anbrMHaT-XenaTMHOBbIX
mMaTpuy 4yepe3 14 CyTOK Mocne MmnnaHTaumm B canbHUK Kpbic: A —
«OTKpbITasi» MaTpuua 6e3 anbrmHaTHoM obonoykn; B — maTpuua c BHELLHEN
anbrmHaTHon obonoykon. OkpalwmBaHNUe reMaTOKCUITMHOM U 303MHOM,
x100.

Fig. 1. Histological sections of macroporous alginate-gelatin matrix in 14 days
after implantation into omentum of rats: A — ‘open’ matrix without alginate
shell; B - matrix with outer alginate shell. Hematoxylin and eosin staining,

state of the cells populated inside the matrix has
remained open.

To reveal possible negative effect of the alginate
shell isolating the matrix from the host cells, the in
vitro study of the state of cryopreserved FLCs inside
AGM was performed. For this aim cell-seeded AGM
covered by alginate shell were placed into culturing
conditions for up to 14 days.

Fig. 2 shows that to the 3™ day of culturing the
cryopreserved FLCs within the encapsulated AGM
actively metabolized FDA, indicating their viability and
enabling to assess their shape.The significant hetero-
geneity of the attached cultured FLCs was found: along
with rounded ones there were revealed elongated,
dendritic and widely flattened cells, the linear dimen-
sions of cell elements varied, likely indicating the pres-
ence of representatives of various histogenetic lineages
in initial suspension.

To the 7" days of culturing (see Fig. 2B) the number
of flattened cells significantly increased. The number
of rounded-shape cells reduced. To the 14" day of
observation only small amount of these cells was det-
ected (see Fig. 2C), while the flattened fibroblastic
cells made the bulk and formed the monolayer on
surfaces of the carrier pores. Thus it has been estab-
lished that encapsulation into alginate AGM seeded
with fetal liver cells, did not vitally affect the viability
and expansion of cryopreserved FLCs during in vitro
culturing.

To identify potential therapeutic effect the encap-
sulated into alginate shell bioconstructs consisting of
macroporous AGM with inoculated therein cryopreser-
ved FLCs were grafted into omentum of the rats with
experimental hepatic failure (AAP /PH) (group 4). The
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Puc. 2. KpnokoHcepBupoBaHHble KOl B cocTaBe MHKaNCyNMPOBAHHOW anbrMHaT-XenaTtuHoBomn rybkm Ha 3-u (A), 7-e
(B) n 14-e (C) cyTkn KynsTuBMpoBaHus. MpmxusHeHHoe HabnoaeHne, okpawmeandue ®OA, x250.

Fig. 2. Cryopreserved FLCs within ‘coated’ alginate-gelatin sponge to the 3 (A), 7" (B) and 14" (C) days of culturing. Vital
observation, FDA staining, x250.

JieHa 3HAYHUTENIbHAS TeTEPOreHHOCTh TPUKPETIIICHHBIX
kynsruBHpYeMbIx KOII: Hapsay ¢ OKpyIIbIMU BCTpe-
YaIUCh YUTMHEHHBIC, OTPOCTUYATBIC M HIMPOKOPAC-
IJIacTaHHbBIE KIETKH, THHEHHBIE pa3MepPhl KIETOYHBIX
3JIEMEHTOB BapbHUPOBAJIH, YTO MOXKET yKa3blBaTh Ha
HaJM4YMe B MCXOJHOMN CYCIEH3UU NpeACcTaBUTENEH
Pa3TMYHBIX THCTOTEHETUYECKUX POCTKOB.

K 7-m cytkam kynpruBupoBaHus (puc. 2, B)
KOJINYECTBO PACIUIACTAHHBIX KJIETOK 3HAUYUTEIHHO
YBEINYUIOCHh, MECTAMH U3 HUX 00pa30BBIBAIHCH
Tsxu. CofiepKaHue KIETOK OKPYTIIOi (hOpMBI YMEHb-
manock. Ha 14-e cyTku HaOMIONEeHUS 3TU KIIETOYHbBIE
AJIEMEHTHI BBHISBISIIMCH JIUIIb B HE3HAYUTEIHLHOM
konuuectse (puc. 2, C), B TO BpeMs KaK pacIuiacTaH-
Hble HuOpoOIaCTONON00HBIE KIETKH COCTABIISUIH
OOJIBIIMHCTBO 1 00Pa30BBIBATIM MOHOCIION Ha TTOBEPX-
HOCTSAX TIOp HOocuTelsl. Takum 00pa3oM yCTaHOBIICHO,
9TO WHKANCYsius B anbrunar AJKM, 3acereHHbIX
KJeTkamMu (heTabHON NIEYCHH, CYIIECTBEHO HE BIIHsLIIA
Ha JKM3HECTIOCOOHOCTh M AKCHAHCHUIO KPHOKOHCEP-
BupoBaHHEIX KOII mipu KyTETUBUPOBAHUH.

51 BBISIBIEHHS BO3MOXKHOTO TEPAreBTUYECKOTO
a¢dekTa HHKAICYIMPOBAHHBIC B aJbIMHATHYIO 000-
JIOYKY OMOKOHCTPYKIIUH, COCTOSIIIAE U3 MAKPOITOPHUC-
Th1IX AXKM ¢ HHOKYJIMPOBaHHBIMHU B HUX KPHOKOHCEP-
BupoBaHHbIMU K®I1, noncaxuBaiu B CalbHUK KpbICaM
C OKCIIEpUMEHTAIBHOW MEUYCHOYHONW HEeJ0CTaTOY-
HOCTBIO (AAD/UID) (rpynna 4). HeratuBHBIM KOHT-
POJIEM CITY>KWIJIH )KUBOTHBIE C MOJIEITbHOM TIEYCHOUHON
HeA0cTaTouHOCThI0O AAD/YIT'D, KOTOPBIM B CaIbHUK
HUMIUIAHTHPOBaJIH OCCKICTOYHBIE MHKAIICYJINPOBAH-
HbIe AJKM (rpymma 3).

MUuKpOCKOTUYECKOE CTPOCHHE TIEYEHH 30POBBIX
Kkpbic (Tpymma 1), SBISIIOMUXCS OTHOBO3PACTHBIM
KOHTPOJIEM IS JKUBOTHBIX, KOTOPBIE EPEHECIIN IKCIIe-
pUMEHTAIIbHBIE BMEIIATENhCTBA, COOTBETCTBOBAIIO
HOpMe: ICYCHOYHBIE JTOJBKH OBLTU MPABUIIBHO OPTaHH-
30BaHbI, MAPEHXHMa MEUEHU UMeJa PerylspHoe
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animals with liver failure model AAF/PH which
received cell-free encapsulated AGM into omentum
(group 3) served as the negative control.

Microscopic structure of the liver of healthy rats
(group 1), being one-age control for the animals, under-
went an experimental interventions, corresponded to
the norm: hepatic lobules were properly organized, liver
parenchyma had regular trabecular structure, there
were observed typical capillaries of sinusoid type. Inter-
lobular connective tissue contained a limited number
of fibroblastic cell elements and somewhere it was
infiltrated by lymphocytes. In the portal zones the inter-
lobular arteries, veins and bile ducts were free. In these
areas the regenerating hepatocytes with large light
nuclei at the stage of mitotic division were detected
(see Fig. 3A).

The structure of rat liver (group 2) underwent the
AAF introduction followed PH, in 21 days after the
impacts differed sharply from the normal one. In parti-
cular, characteristic trabecular structure of liver paren-
chyma was hardly found (Fig. 3B). Increased number
of bile ducts and presence of the structures formed by
cells similar to bile epithelium (ductular reaction), as
well as significant number of young hepatocytes struc-
tures neighboring these structures, the part of which
was in the mitotic division stage, were found. In peri-
portal areas of hepatic lobes the lipid-loaded and necro-
tized hepatocytes were revealed. Cell round infiltration
of liver portal tracts was almost absent. In general,
the state of the liver structure pointed to the reparation
of hepatocellular component of the hepatic parenchy-
ma, affected by the AAF administration, but normal
architecture of an organ was not restored.

Liver histology of the group 3 rats (implanted with
cell-free matrix) on day 21 after surgery reflected signi-
ficantly disordered organ architecture: quite complete
absence of the characteristic trabecular structure and
formation of affected parenchyma multiple sites. The
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TpabeKyIsIpHOE CTPOSHUE, HAaOMIIaIICh
THITHYHBIE KaWUIAPhl CUHYCOHUIHOTO
Trmna. MexXI0JIbKOBasi COSMMHUTEIbHAS
TKaHb COZIepIKalla OrPaHUYEHHOE KOJIH-
4eCcTBO (PHOPOOIACTUICCKUX KIIETOYHBIX
AJIEMEHTOB U MeCTaMH Obla WHQUIBT-
pupoBaHa uMdoIrTamMy. B moprambHbIX
30HaX MEX/IOJIbKOBBIC apTEPHH, BEHBI U
KEITYHBIE TPOTOKHN OBIINM CBOOOJHBI.
B atux o6nactsax oOHapyKHBAIHCH pe-
TeHEepUPYIONIHE TeMaTOUUTHl C 00Jb-
IIUMHU CBETIBIMH SPaMH, HAXOMASIIN-
MUCS Ha CTaJIMd MUTOTHYECKOTO JIeIie-
Hus (puc. 3, A).

CTpyKTypa re4eHu Kpoic (rpymmna 2),
KoTOphie nepenecnu BBeneHue AAD c
nocnenytomein YI'D, gepes 21 cytkn
Mocje BO3JEUCTBUM PE3KO OTIUYAIACh
OT HOpMaJIbHOM. B wacTHOCTH, MpaKTHU-
YeCKH He BBISBIISUIOCH XapaKTepHOe Tpa-
OeKyIsIpHOE CTpOEHHE TIeYeHOYHOHN Ma-
peuxumsl (puc. 3, B). O6parianyu Ha ce0st
BHUMAaHHE YBEJIWYEHHOE KOJIUYECTBO
YKETTYHBIX IPOTOKOB ¥ HAJTMIHE CTPYKTYP,
c(hOpMUPOBAHHBIX KJIETKaMU, M0H00-
HBIMH JKEITYHOMY STHUTEIUI0 (TYKTYIIsp-
Has peakIus), a TaAK)Ke 3HAYUTEIHLHOE
KOJTMYECTBO OJMU3JICIKAIINX IO OTHOIIIS-
HUIO K 3TUM CTPYKTypam TpyII MOJO-
JIBIX TEMaTOIUTOB, YaCTh U3 KOTOPBIX
HaXOJMJIaCh B COCTOSHUN MUTOTHYECKO-
ro nenenns. B nepunopranpHBIX 06mac-
TSX MEYEHOYHBIX JIOJIEK BBISABISINCH
Harpy>KeHHBIE JIUIHUIAMH U HEKPOTU3H-
poBaHHBIE rematonuThl. Kpyriokmerou-
Hasi UHQWIBTpANKS MOPTATbHBIX TPAKTOB MEYEHU
MIPaKTUYECKH OTCYTCTBOBaJIA. B 11e110M CTpYKTYpHOE
COCTOSTHHUE MTEYCHH YKA3bIBAJIO HA TIPOIIECCHI penapa-
LMY TEMaTOKJICTOUYHON COCTaBJSIOLIEH MEYECHOUHOH
MMapeHXUMBbI, TOPAKEHHON B pe3yNbTaTe BBEACHUS
AA®D, ogHako HOpMaIbHAS APXUTEKTOHUKA OpraHa He
BOCCTaHaBIINBAJACh.

I'ucronornyeckas kKapTHHA IEIEHU KPBIC TPYIIIHI 3,
KOTOPBIM OBIJIa MMIIJIAHTHPOBaHA O€CKJIEeTOUYHAs
MaTpuIia, Ha 21-¢ CyTKH TocIie oneparuy oTpakasa
3HAYUTEIbHBIC HAPYIICHUS apXUTEKTOHHKH OpraHa:
MIPAKTUYECKHU IMOJTHOE OTCYTCTBHE XapaKTePHOTO Tpa-
OEKyIIPHOTO CTPOEHUS U (HOPMUPOBAHIE MHOXKECTBA
Y4aCTKOB IopakeHHOU napeHxuMsl. [1o Beeit momanu
npenaparta ObLIM pacCesHbl MOJIOJbIE KPYITHBIC TIe-
YCHOYHBIC KIIETKH, & TAKXKE TUCTPO(YUISCKH U3MEHEH-
HBIE M HEKPOTHU3UPOBaHHbIE renatonuThl. OTMewasach
OYKTYISpHAas pPeaKiiysi B BHJIE pa3pacTaHNs KEeITIHBIX
MIPOTOKOB M AYKTAJBHBIX CTPYKTYp, KOTOPHIE B ITOP-
TaIBHOW 0071aCTH OBLITH OKPY>KCHBI HHOUIBTPATOM
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BBEAEHMEM anbrMHaT-XenaTuHOBbIX MaTpul: A — Hopma (0gHOBO3pacT-
HOW KOHTponb); B — mogenb renatuta AA®/ UIrQ; C — mogens renatuta
AA®/ YD, umnnaHtauusa 6ecknetodHblx AXKM; D — mogenb renatuta
AAD/MIY, umnnanTauus AXXM c K®T. OkpalumBaHne reMaTOKCUITMHOM
1 903nHOM, x400.

Fig. 3. Structure of rats liver in 21 days after AAF/PH with the introduction
of alginate-gelatin matrices: A — norm (the same age control); B —
hepatitis modelling with AAF/PH; C — hepatitis modelling with AAF/PH,
implantation of cell-free AGM; D — hepatitis modelling with AAF/PH,
implantation of AGM with FLCs. Hematoxylin and eosin staining, x400.

young large liver cells as well as necrotic hepatocytes
and the cells with dystrophic changes had been scat-
tered within the entire area of the section. There was
observed the ductular reaction as outgrowth of the bile
ducts and ductal structures, which in the portal areas
were surrounded with an infiltrate of poorly identifiable
small cell elements (Fig. 3C). In a whole there was
observed a morphological similarity with the liver struc-
ture of rats with experimental AAF/PH model.

In the rats with experimental hepatic insufficiency
which additionally received the carriers with CFP
(group 4), there was traced the characteristic to the
norm trabecular structure of the regenerating liver pa-
renchyma (Fig. 3D). Number of bile ducts in the portal
areas was somewhat increased, they were surrounded
by predominantly full value hepatocytes, among which
there were mitotically dividing cells. Hepatocytes in the
state of fatty degeneration were occasionally detected.
Inflammatory infiltration of portal tracts was almost
absent. In general, the observed morphological pattern
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MEJIKOKJIETOYHBIX TJI0X0 UAEHTU(UIMPYEMBIX dIeMEeH-
toB (puc. 3, C). B nenom nabnronanoce Mopdoiio-
THYECKOE CXOJICTBO CO CTPYKTYpOH NEYEHH KpPBIC C
AKCIEPUMEHTAIbHON Moenbio AAD\ULD.

Y KpBbIC ¢ 3KCIEPUMEHTATIBHOM IIEYEHOUHON HEloC-
TaTOYHOCTBIO, KOTOPBIM BBOAMIHN Hocutenn ¢ KOII
(rpynma 4), npocnexuBanoch CBOICTBEHHOE HOPME
TpabeKyIJIsIpHOE CTPOCHUE PETeHEPUPYIOLLEH MapeHXU-
Mbl edeHn (puc. 3,D). KoandecTBo XKemT4HBIX
MIPOTOKOB B MOPTaJIbHBIX 00NACTIX OBLJIO HECKOIBKO
YBEJIWYEHO, OHU OBLIH OKPY>KEHBI TPEUMYIIIECTBEHHO
MMOJTHOIIEHHBIMHU TeMaTOUTaMH, CPEeIH KOTOPBIX
BCTpeYaINCh MUTOTHYECKHU JAeTsImuecs KiaeTku. W3-
peaKa BBISBISUTUCH TETATOINTHI B COCTOSTHUH KHPO-
BoH muctpoduu. BocnanutenbHas HHPUIBTpaLns
MOPTabHBIX TPAKTOB MPAKTUYECKH OTCYTCTBOBAJA.
B nenom nabironaemast mopdosornueckas KapTuHa
yKa3bplBajda Ha HOPMOTUIHMYECKUH XOJ BOCCTa-
HOBJIEHMSI CTPYKTYpPbI MAaTOJOTUYECKH W3MEHEHHON
nedyeHu. Takum o0pa3oM, CTPYKTypHBIE IPOSBICHUS
JNEeCTPYKTUBHO-BOCCTAHOBHUTEIBHBIX MPOILIECCOB B
TIeUeHH KPBIC C IKCIIEPUMEHTABHON Mozebio AAD/
UI'D paznuuanuck B 3aBUCUMOCTH OT Hammuust KOIT
B HIMIUTAHTUPOBAHHBIX B CATbHUK OMOKOHCTPYKIIUSX.

[Ipn oxoH4YaHWH 3KCIIEpUMEHTa Ha 28-€ CYTKH
rociie YI'D Obla mpoBeieHa OIleHKa COCTOSTHIS UMIT-
JaHTHPOBAHHBIX MHKANcynupoBaHHbIX AXKM u 3ace-
JIEHHBIX B HUX KJIeTOK. M3 puc. 4 BUAHO, UTO BOKpYT
MaTpHI] COXPaHsIaCh allbI’MHATHAs 000JI0YKa, CaMH
AXM He nposBIIsIIM YOS AUTEIbHBIX IPU3HAKOB OHO-
Jerpajalid U COXPaHsUIM CBOK MaKpOIMOPHUCTYIO
CTPYKTypy. BHyTpH HOCHTENEN BBIABISUINCE KIETOU-
HBIE JIEMEHTHI, IPEUMYILIECTBEHHO B COCTOSHUU
IucTpoduH, a TaKKe BHEKIETOYHBIN MaTpukce. Bokpyr
OKPYKCHHBIX aJIbIMHATHON 000JIOYKON Marpuil Hao-
JONIANIach CPOPMUPOBAHHAS COCAUHUTEIHbHOTKAHHAS
Karcyma.

[IpencraBneHHbIe Pe3yabTAaThl CBHAETEIHCTBYIOT
0 TOM, YTO UMILTAHTAIHS ITUPOKOMIOPUCTHIX MaTPHII,
3aceNeHHbBIX KpHoKoHcepBrpoBaHHBIMH KDII, kpbicam
C 3KCIEPUMEHTAIBHON MEYEHOYHON HEJ0CTaTOY-
HOCTBIO (Monenb AAD/UYID) prBOAUT K CYIIECTBEH-
HOMY YIYyYIIEHHUIO CTPYKTYphl IIEYEHH, YTO, B CBOIO
ouepelb, YKa3blBaeT Ha OMPENCICHHBIN TepaneBTH-
yecku morteHnuan KOII.

B HacTos1ielt paboTe I UMILIAHTAILIUH HCIIOIb30-
BaJI OpUTHHAIBHBIE Hpoxonopucteie AXKM, moiy-
YEHHBIE METOJIOM KPUOTPOITHOTO TeJIUPOBAHUS H XOPO-
10 3apPEKOMEH/IOBaBIINE CeOS B Ka4eCTBE HOCUTEIS
KJIETOK B KynbType [7]. [Ipr mMmmanTanuu B CaJbHUK
OHH COXPaHSUIN CBOIO CTPYKTYPY B T€UEHHUE, IO Kpa-
Hel Mepe, 4-X Helelb, YTO CBUAETEIhCTBOBAIO 00
WX MEJIEHHOW OMOAerpalalui U MepCIeKTUBHOCTH
MIPUMEHEHUs B KauecTBe ckaddona 1 pa3padoTKu
OMOWH)KCHEPHBIX SKBUBAIICHTOB INeYeHU. B To ke
BpeMs LIUPOKOMOPUCTHIE KPUOTEIEBBIE MATPHUILBI,
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Al f ov 1 i #

Puc. 4. MHKancynmpoBaHHOW arb-
rMHaT-xenaTMHOBOW MaTpuubl, 3aceneHHon KOl yepes
28 cyTok nmocne umnnaHTauMm B canbHUK KpbiC co ccop-
MupoBaHHon mogenbto AA®/HIS. OkpalwmBaHne remaTo-
KCUNMUHOM 1 303nHOM, x100.

Fig. 4. Histological section of encapsulated alginate-gela-
tin matrix populated with FLCs, 28 days post implantation
in the omentum of rats with simulated AAF/PH. Hematoxylin
and eosin staining, x100.

indicated the progress in recovery of normotypical
structure of the changed liver. Thus, the structural
manifestations of destructive and regenerative proces-
ses in the liver of the rats with AAF/ PH experimental
model differed depending on the presence of the FLCs
in implanted into the omentum bioconstructs.

To the day 28 after PH the state of implanted
encapsulated AGM and the state of both encapsulated
AGM and cells seeded inside the scaffolds was
evaluated. Fig. 4 shows that around the matrices an
alginate shell was preserved, the AGM themselves did
not demonstrate evident signs of degradation and
retained their macroporous structure. Predominantly
dystrophic cells as well as extracellular matrix were
identified within the carriers (scaffolds, AGM). Around
matrices surrounded with an alginate shell the capsule
of connective tissue was formed.

The results presented indicate that implantation of
wide-porous matrices seeded with cryopreserved
FCLs to the rats with experimental hepatic failure
(AAF/PH model) leads to a significant improvement
of'the liver structure, which in turn points to a specific
therapeutic potential of the FLCs.

In this paper for implantation we used the original
wide-porous AGM obtained by cryotropic gelation and
well proved as carrier of cells in culture [7]. When
implanted into the omentum, they maintained their
structure for at least 4 weeks, confirming their slow
biodegradation and promise to be used as scaffolds
for developing the liver bioengineered equivalents. At
the same time the wide-porous cryogel matrices with
open pores after the implantation into the omentum
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HMMEIOIINE OTKPBITHIE TIOPHI, MOCIIE UMIUTAHTAIlNN B
CaJTbHUK 3aCEIISIINCh KIETKaMH PEIUITNEeHTA U, TAKUM
o0pa3zoM, He ObLTH CIIOCOOHBI 00ECTIEUUTH in Vivo
MMMYHOH30-JISILIUIO M, COOTBETCTBEHHO, COXPAHHOCTh
3aCeJICHHBIX B HUX KIIETOK.

Hamu nokazano, uro moaudukanus AXKM, 3ace-
JICHHBIX KJI€TKaMH (peTalbHOH IeYeHH, Iy TeM 3aKITIO-
YeHHs TAKUX OMOKOHCTPYKLMH B aJIbTMHATHYIO 000J104-
Ky He npenstcrBoBaia skcrancuu B HUX K®II npu
KyJBTHBUPOBAaHHUH BHE OpTaHN3Ma, HO TI03BOJISJIA TIpe-
JOTBPATUTh MAacCOBOE 3acelleHUE ITUPOKOIIOPHUCTHIX
AXKM kneTkamu peunreHTa Mpu UMILTaHTAIHH.

N3BecTHO, 9TO MOMEIIEHHE KIETOK-TPEIIIecT-
BEHHHKOB B aJIbTHHATHYIO THAPOTEIEBYIO KalCylly
MO3BOJISIET COXPAHUTh X B 00JIACTH BBEICHUS U TIpE -
OXpaHseT OT HeOMarONpHUATHOTO BO3JEHCTBUS OKpY-
xkeHus. [Ipyu 3ToM KIeTKH pearupyroT Ha COCTOSIHHE
OKpYy KaroIlllel cpelibl pELUINEHTa U B OTBET HA HETO
CHHTE3UPYIOT U BBICBOOOKAAIOT POCTOBBIE (HaKTOPBI,
LUTOKUHBI, a TAKXKE APYTUe MEeNTUABI U OenKu, Tud-
(dhyroupyromue Hapyxy. B To e Bpems rugporenesas
Karcysa MpensTCTBYET MPOHUKHOBEHHIO BHYTPh Hee
KPYITHBIX OEJIKOB, B YACTHOCTH aHTUTEIl, HApyIlalo-
ITUX TPOIIECC pereHepanuu [5].

B nammx skcniepuMeHTax aJbrHHAaTHAas Karcysa
ObLTa HEPOHHUITAEMOH TS KJIETOK PEIUIIEHTa, BBIpa-
YKEHHas pEaKLUs OTTOPKEHHS OTCYTCTBOBAJIA, BOKPYT
aJTBTMHATHON 00O0NOYKH K 21-M CyTKaM HaOIIONEHUS
00pa30BbIBajach COCAMHUTEILHOTKAHHAS KallCyina,
copMupoBaHHas 110 MOP(OTHUITY peakIi Ha HHOPOI-
Hoe Teno. Ha 0cHOBaHMM 9THX TaHHBIX MO>KHO ITPETIO-
naratb, 4To K®II BHyTpH MaTpuubl oCcTaBalluCh
(YHKIMOHATIBHO aKTUBHBIMH JI0 TEX TI0P, TIOKa COe U~
HUTEIHHOTKAHHAS Kallcyja He OJoKupoBaia aud-
(hy3rOHHBIE I OCMOTHYECKHUE MPOLIECCHI, TPONCXOANB-
mue mMexay KOII B MaTpulie 1 MHTEpCTULHAIBHON
KUJKOCTBIO PEIUIINEHTA, MPUYEM 3TOTO BPEMEHHU
OBLJIO TOCTATOYHO I 3aITyCKa MPOIECCOB HOPMOTH-
MMMYECKOH pereHepanry napeHXxuMbl IedeHH, TOIBEp-
rapiueiics AAD/UID.

Takum oOpa3oMm, BBISIBIEHHAs HOpMajau3alus
CTPYKTYpbl OpraHa-MHILIEHH — IIEYEHN B COCTOSHUU
9KCHEPUMEHTAIBHON HETOCTATOYHOCTH — B IIPUCYTCT-
Bun AYKM, 3aceneHHbIX KieTKaMu (peTabHOM TeYeHH,
MOJKET CIIyKHTb apr'yMEHTOM B I10JIb3y T€paneBTHYe-
CKOTO JIeMCTBUSI KpUOKOHCepBUpOBaHHBIX KOII,
KOHKPETHBIE KJIETOYHBIE MCTOYHUKHA M MEXaHHU3MBI
KOTOPOTO TPeOYIOT JaNbHENUIIETO yIriTyOIeHHOTO U3y~
YEHMSL.

BoiBoabI

NMmnanTanuys 310pOBbIM )KUBOTHBIM OECKIIETOY-
HBIX JIbITMHAT-KEIATUHOBBIX MATPUI] IPUBOAUT K UX
WHTEHCUBHOMY 3aCEJEHUIO KJIETOYHBIMU AIEMEH-
TaMU PELUIIMEHTa U COMPOBOXKAAETCS BACKYJIApU3a-
el UMIIIaHTaTa.
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were populated with the recipient’s cells and therefore
were not be able to provide in vivo immune isolation
and correspondingly the preservation of the cells popu-
lated therein.

We have shown that the modification of AGM,
seeded with fetal liver cells, by means of additional
coating of these bioconstructs into alginate shell did
not affect the expansion of FLCs within the AGM
during in vitro culture, but helped preventing massive
populating of wide-porous AGM with the recipient’s
cells after implantation.

It is known that the encapsulation of progenitor cells
into alginate hydrogel allows fixing them in the site of
administration as well as protects from the environ-
mental unfavourable effects. Herewith the cells react
to the environmental state of a recipient, synthesize
and release growth factors, cytokines, as well as other
peptides and proteins diffusing outwards. At the same
time the hydrogel capsule prevents the penetration of
large proteins, in particular the regeneration impairing
antibodies [4].

In our experiments, the alginate capsule was non-
penetrable to the recipient’s cells, the expressed rejec-
tion was absent. To the 21% day of observation the
connective tissue capsule around the alginate shell was
formed due to morphotype response to the foreign
object. On the basis of these data, we can assume
that the FLCs inside the matrix remained functionally
active for as long as the connective tissue capsule did
not block the diffusive and osmotic processes occurring
between FLCs in the matrix and interstitial fluid of a
recipient. Moreover this time period was enough to
start the normotypical regeneration of liver parenchyma
which underwent AAF/PH.

Thus, the revealed normalization of the liver struc-
ture as a target organ in the state of experimental
failure in the presence of AGM seeded with fetal liver
cells, can serve as an argument for the therapeutic
effect of cryopreserved FLCs, but the specific mecha-
nisms of such effect require further profound study.

Conclusions

Implantation of cell-free alginate-gelatin matrices
to healthy animals leads to an intensive populating with
the recipient’s cells and accompanied by vascularization
of the implant.

Formation of the outer alginate capsule effectively
protects the porous AGM from penetration of the
recipient cells, and does not significantly affect the
viability and expansion of cryopreserved FLCs seeded
into the matrix.

Implantation of encapsulated wide-porous matrices
containing FLCs, into the omentum of the rats with
liver failure (AAF/PH model) leads to the organotypic
restoration of the liver structure of experimental ani-
mals.
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®opmupoBaHNE BHEIIHEH alIbIMHATHOM KarCyJIbl
s¢dexrrBHO 3ammuiaeT nopuctyto AXKM oT npoHuK-
HOBEHHS KJIETOYHBIX JIEMEHTOB PELIUIHUEHTA, a TAKKe
CYLIECTBEHHO HE BIMAET HA JKU3HECIIOCOOHOCTH H
3KCIIAHCHUIO KpHOKOHcepBUpoBaHHbIX KDII, 3aceneH-
HBIX B MaTPHILY.

NMmnnadTanyst MHKANCYIMPOBAHHBIX IIHPOKOIO-
pucThIX MaTpuL, cogepxkamux KOII, B canbHUK KpbIC
C TICYCHOYHOU HETOCTATOYHOCThIO (Monensr AAD/
UI'D) npuBOAXUT K OPTaHOTUITUYECKOMY BOCCTaHOB-
JICHUIO CTPYKTYPbI IEUEHU SKCIIEPUMEHTAIBHBIX KH-
BOTHBIX.
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