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EsxeronHo 60ne3HN cCHCTEMBI KPOBOOOPAIIIEHUS YHO-
CST )KU3HU MIUTHOHOB JIIOJICH, TUIUPYS Ha IPOTSHKEHUH
MOCIEAHUX JBYX NECATHIETHH cpequ MPUYUH CMEPTH.
Bce vare, 00cyxnas 3Ty CUTyalnIo, CIICIIAATACTHI HA3bI-
BalOT €€ COBPEMEHHOW SMHUJAEMUEH CMEPTHOCTH OT
CepAeYHO-COCYAUCThIX 3a0oneBanuid. [To nanueim BO3
B 2008 I. B MHUpe OT CepAeYHO-COCYAUCThIX 3a001€BaHUI
ymepio 17,5 muiH venosek (30% Bcex 3abosieBaHUN)
[4]. YacTo eAMHCTBEHHO BO3MOKHBIM BAPHAHTOM CIIace-
HUS KU3HU TaLMEHTa SIBJIAETCS 3aMeHa IIOBPEXKIEHHOT O
y4acTKa opraHa npoTe30M.

Co3naHue Takoro 3aMEHUTEIS MPEIIIoNIAraeT ero 3Ha-
YUTEIILHYIO CXOKECTh MO CTPYKTYPE U QYHKIIHH C €CTECT-
BEHHBIM KJIAIIAHOM WJIM COCYAOM, YTO BIIOJIHE PEaNbHO
Onarozaaps pa3BUTHIO TKaHEBOW HXXeHepuu [2, 5]. Ilpu-
MEpPOM TaKOTO 3aMEHUTEINSI SBISIOTCS JCIEIITIONSPHU-
30BaHHBIC AJUIOTCHHBIC MJTH KCCHOT'CHHBIC TPAHCIUIAHTATHI.
OnHako Jy1s HOJIHOLEHHOTO BBITIOTHEHUS! CBOUX (PYHKIIMIA
Oynyuiuid TpaHCIUIaHTaT HapaBHE C MUHUMHU3aLUEH
KJIETOYHOM COCTABJISIIONIEH JOHOPCKOW TKaHH JOIKEH
o0yagaTe HEM3MEHEHHOH CTPYKTYPOH BHEKJIETOYHOTO
Kapkaca.

MeXKIIeTOYHBIH MaTpUKC 00pa3yeT KapKac opraHa u
SBIIICTCS YHUBEPCAIbHBIM «OMOJIOTHYECKUM KIIEeM),
y4acTBYET B PETYISIIIMUA BOIHO-coJieBoro oOMeHa. Ero
3HauUEHHE JUI1 HOPMAJILHOTO (PYHKIIMOHUPOBAHHS OpraHa
CJI0)KHO NEepeoLleHUTh. Takum o0pa3oM, IpU yCIOBUHU
COXpaHEHHSI MaTPUKCOM MOP(Oo(yHKINOHAIBHBIX U
(PM3UKO-MEXaHUYECKHX CBOMCTB MOYKHO TPEITOIOKHUTh,
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Each year, cardiovascular diseases claim the lives of
millions of people, and are the prevailing cause of death
for last two decades. More and more often the experts
discussing the situation call it contemporary deathful
epidemic of cardiovascular diseases. According to the
WHO, in 2008 the world count of fatal cases caused by
cardiovascular diseases reached 17.5 million people (30%
of all diseases) [4]. Often the only option to save a pa-
tient’s life is a replacing the injured part of an organ by
prosthesis.

The creation of such a substitute implies a high
similarity in structure and function to the natural valve
or vessel, which is entirely possible due to the develop-
ment of tissue engineering [2, 5]. As an example of such
substitutes could serve decellularized allogeneic or xeno-
geneic transplants. However, to perform its functions
in full, the supposed graft along with the minimal content
of cells from donor tissue should have an unchanged
structure of extracellular matrix.

Intercellular matrix forms the framework of an organ
and is an universal ‘biological glue’, also it is involved
into the regulation of water-salt metabolism. Its impor-
tance for the normal functioning of the organ is difficult
to overstress. Thus, upon preservation of matrix mor-
phofunctional and physico-mechanical properties it can
be assumed as suitable for further use as scaffold for
cardiovascular prosthesis.

The purpose of the study was to obtain morpho-
logically unchanged cell-free matrix for vascular graft
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9TO OH NPHUTOJICH NS JaTbHEUIIEro NCIONb30BaHus B
KadecTBe KapKaca CepIcYHO-COCYIUCTOrO MpoTe3a.

Lenp uccnenoBanus — moIydeHUE MOP(OIOTHUECKH
HEHU3MEHHOTO OECKIETOYHOTO MAaTPHKCAa COCYITUCTO-
KJIanaHHOTO IpadTa, CHocCOOHOTO K aJIeKBATHOMY YIIPY-
TONPOYHOCTHOMY OTBETY Ha IPOTHO3UPYEMOe (HH3HUeC-
KO€ BO3JICHCTBHUE in ViVo.

HccnenoBanne npoBOAMIN C UCTIONB30BAaHUEM Cep-
nen 4—6-mecsuHblx cBuHed. CocyqucTo-KilanaHHbIE
rpadThl BHIACTSIIM B CTEPUIIBHBIX YCIOBUSAX B CPEIHEM
yepe3 4 u nocne 3abopa cepaua. B teuenue mocne-
IOYIOIIHX 2-X CYTOK HOJXy4eHHBIC 00pas3Ilbl TOABEPrain
BO3JI€IICTBUIO allONTO3-UHAYIUPYIOMIETO pacTBOpa
OATA («Sigmay, CILIA) B xornentpamuu 10 MM. Tlo
HCTEUYEHUH YKAa3aHHOTO BPEMEHH HKCIIO3UIIMU 00Pa3IIbl
TIIATEIHFHO OTMBIBAIIN B CPEJIE C COCPKaHUEM COJIeH B
KOHIICHTpAIHH, OTU3KOH K pusnoiorndeckoil. Konrposs-
Has (MHTaKTHas) Tpynma oOpas3loB HE MOJBEpraiach
JCUCTBHIO allONTO3-MHAYLIUPYIOIIET0 pacTBOpa.

OO6pa3s1pl 3aTeM OKpalIdBaJId COIIACHO CTaHIapT-
HBIM METOJIKaM FeMaTOKCHIIMHOM U 303WHOM, 110 Bep-
rody U OLIEHKH COCTOSIHHUS MACTHYCCKIX BOJOKOH, a
Takke NMpoBoAUIN PAS-peakiuio 1js OLEHKH COCTOS-
HUA KOJUIareHOBBIX BOJIOKOH. DU3MKO-MexaHHYeCcKue
CBOICcTBa MaTpUKca (IPOYHOCTD U AJIACTUUYHOCTD COCY-
JUCTOM CTEHKH ) M3y4alli IIPY IOMOIIH CIIeLaIbHOM Ha-
rHeTareNbHO# ycTtaHoBKH [1]. Tectupyemsiid rpadt 3a-
KPETUISUTH Ha HUIIIIEIE TUaMETPOM, COOTBETCTBOBABIIIEM
JIMaMeTpy UMITIAHTAaTa; Kpasi COCy/aa INTOTHO (PHKCHPOBa-
JIM HUTHIO, a 3aTE€M C MaJIOM CKOPOCTHIO HATHETAJIH BO3-
IyX B COCYII IO MOMEHTA €T0 Pa3phIBa U IOTy4aly AUar-
paMMBbI 3aBUCHMOCTH JIaBIICHUS pa3pbiBa OT BPEMEHU.

[porekanne anonTo3a MPUBOAUT K ITOSIBIICHHIO OIIpe-
JeTIEHHBIX MOP(POIOTHIESCKUX TPH3HAKOB, KOTOPHIE MOXK-
HO YBHUJIETh C IMIOMOIIBIO CBETOBON MuKpockomuu [3].
T'ucronoruyeckoe mcciaenoBaHuEe
TKaHeH 00pa3IoB, IIPOIIE X dTaIl
JELEIUTIONSPU3aIH, TOKa3aJo Ha-
JIYHE MPU3HAKOB aIloNTo3a: YMEHb-
nIeHue o0IIero KOINIeCcTBa KIETOK,
BBIPaKEHHBIE MOP(OIOTHICCKUE
HU3MEHEHUS B sIpax (KapHOIUKHO3, ==
KapUOPEKCHC), 4TO CBUIETENBCTBO- s
BajJo 00 yCHEIHON WHUIMANU :
anonroza (puc. 1). KneTku koHT- '. e
POJBHBIX (MHTaKTHBIX) 00pa3IoB
HMEITM HOPMaITbHY0 MOP(OJIOTHIO,
XapakTepHyto ms GudpoOIacToB: o
BBITSIHYTBIE BepeTeHO00pa3Ho# (op-
MBI KJIETKH C OBAJIBHBIM SPOM.

I'mcromornueckuil aHanus3 mpe-
MaparoB Iocie Crenu(puIecKoro
OKpAaIIMBaHU Ha COCTaBISIONINC
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valve capable of adequate elastic-strengh response to
the supposed physical impact in vivo.

The study was performed using the hearts of 4-6-
month-old pigs. Vascular and valvular grafts were isolated
under sterile conditions, 4 hours after the excision of
the heart in average. During the subsequent 2 days the
samples were exposed to an apoptosis-inducing EDTA
solution (Sigma, USA) in concentration of 10 mM. After
this exposure the samples were thoroughly washed in
medium containing salts in concentrations close to the
physiological. The control (intact) group of samples was
not exposed to the apoptosis-inducing procedure.

The samples were afterwards stained according to
standard techniques with hematoxylin and eosin, and
according to Verhoeff to assess the state of elastic fibers,
as well as PAS-reaction was carried-out to evaluate the
state of collagen fibers. Physical and mechanical pro-
perties of the matrix (the strength and elasticity of the
vascular wall) were studied using a special pressure-
producing device [1]. The tested graft was placed on
the pin with diameter corresponding to the one of the
implant, the edge of the vessel were tightly fixed using
thread, and then air was slowly pumped into the vessel
until its disruption, thereafter dependencies of disruption
pressure vs. time were plotted.

The progress of apoptosis leads to the appearance
of certain morphological signs that can be seen by light
microscopy [3]. Histological examination of tissue samp-
les underwent the decellularization revealed the signs of
apoptosis: reduction of the total number of cells, marked
morphological changes in nuclei (karyopyknosis, karyo-
rhexis), i. e. successful initiation of apoptosis (Fig. 1).
The cells of the control (intact) samples had normal
morphology typical for fibroblasts: elongated spindle-
shaped cells with oval nuclei.
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Pwuc. 1. lctonornyeckun npenapar KreTok kceHorpadta. Okpacka reMaTtoKCUITMHOM
1 303uHOM; x400. A — KOHTPOSbHbIV (MHTaKTHbIN) obpasey; B — obpasew nocne
obpaboTkm QOTA.

Fig. 1. Histological section of xenograft cells. Staining with hematoxylin and eosin;
x400. A — control (intact) sample, B — sample after treatment with EDTA.
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9KCTPALECIUTIONAPHOIO MaTPUKCa MOKa3ajl COXpPaHHOCTh
CTPYKTYPBI KOJUTATEHOBBIX ¥ 3JIACTHHOBBIX BOJIOKOH TIOC-
JIe IeTeIuTrosipr3auu. B cpezax TkaHu aOpThI U GHOPO3-
HOTro Kousiblla HaOmronanach PAS-mo3utuBHas peakuus
(puc. 2), HanboJee BbIpakeHHast B 00J1aCTH CTBOPKH KJia-
MaHa.

OxpallMBaHUE TACTUHOBBIX BOJIOKOH 10 Beprody
OBLIO MOTYYCHO HA yYaCTKE CTCHKH a0PTHI (TEMHO-00pIIO-
BBII 11BET) ¥ 00JacTU CTBOPKHM KJamaHa (MajJuHOBBIN
uger) (puc. 3).

[To3uTnBHBIE pe3yabTaThl CIEIU(HUIECKON OKPACKH
BHEKJIETOYHOT'0 MaTPHUKCa MO3BOJIAIOT MIPEANOJIOKHUTE O
ero (U3HNOIOrNIeCKOH IETOCTHOCTH MOCIE NSIIEIUTION -
pm3armn. MaTtpukce coxpaHmt cBOM MOp(odyHKITOHATB-
HBIC CBOWCTBA U, CJIEJIOBATEIILHO, TIPH YCIIOBUHU COXpaHe-
HUSI UM (PU3UKO-MEXaHUIECKUX CBOKMCTB, OyIeT MPUTOJCH
JUIS 1ajibHEeHIero MCroib30BaHUs B KaueCcTBE Kapkaca
CEpIEUHO-COCYIUCTOIO MPOTE3a.

[IpenBaputensHbIld aHATU3 (PUIUKO-MEXaHUYECKUX
CBOMCTB BHEKJIETOUHOTO MaTpuKca 00paboTaHHBIX 00-
Pas310B MMOKA3aJl X COXPAHHOCTh HA YPOBHE, OJIH3KOM K
KOHTPOJILHOMY, YTO MOXET CBHJICTEILCTBOBATH O MIPOU-
HOCTH CTEHOK COCY/Ia, TOCTATOYHOM JIJIsI BBIZICP)KUBaHUS
BHYTPUCOCYIUCTOTO AaBJieHus in vivo. Tak, CTeHKa aop-
Thbl, IOABEPTHYTAasl JEUEUIIOPU3aLUU N0 OMUCAHHON
cxeMe, BblaepkuBaia qasiaenue nopsaka 115-120 Klla
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Puc. 2. Cneuncduryeckoe okpalumBaHue
TMCTOMOMNMYECKOro npenaparta Ha BHe-
KneTtouHbIn matpukc (PAS-peakumst Ha
konnareH),x300: A — KOHTPONbHbIN
(vHTaKTHBIN) 0Opaseu; B — obpasey
nocne obpaboTtku AOTA.

Fig. 2. Specific staining of the histological
section for revealing extracellular matrix
(PAS-reaction to collagen), x300: A —
control (intact) sample, B —sample after
treatment with EDTA.

Puc. 3. Cneumnduryeckoe okpawmBaHme
rMCTONMOMMYECKOro npenaparta Ha BHe-
KNeToYHbIM MaTpuke (okpacka no Bep-
rocpy Ha anacTtuH),x300: A — KOHTPOSb-
HbI (MHTaKTHBI) 0bpasel; B —obpasel
nocne obpabotkn SO TA.

Fig. 3. Specific staining of the histological
section for revealing extracellular matrix
(Verhoeff staining to elastin), x300: A —
control (intact) sample, B —sample after
treatment with EDTA.

Histological analysis of the sections after specific
staining for extracellular matrix showed the preservation
of collagen and elastin fibers structure after decellulariza-
tion. Tissue sections of aorta and fibrous ring had PAS-
positive reaction areas (Fig. 2), the most evident it was
in the valve leaflet area.

Staining of elastic fibers according Verhoeff was
successful in aorta wall area (maroon color) and in valve
leaflet area (crimson color) (Fig. 3).

Positive specific staining of extracellular matrix
allowed to suggest its physiological integrity after decel-
lularization. The matrix preserved its morphofunctional
properties and therefore, if its physical and mechanical
properties were also preserved, it would be suitable for
further use as a scaffold for cardiovascular prosthesis.

Preliminary analysis of the physical and mechanical
properties of the extracellular matrix of the treated samp-
les showed their preservation at a level close to the cont-
rol, which might indicate the strength of the vessel wall
as sufficient to withstand intravascular pressure in vivo.
For example, the aorta wall subjected to decellurization
as described above, withstood the pressure of the order
of 115-120 kPa (863—900 mm Hg), and the wall of the
control aorta sample withstood the pressure of 180 kPa
(1350 mm Hg). We are continuing the studies to confirm
the observed regularities.
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(863—900 MM pT. cT.), a CTEHKa KOHTPOJIBHOTO 00pa3ia
aoptel — B 180 KIla (1350 MM pr. cT.). MBI IIpoomKaem
WCCIEOBaHUS I OATBEPKACHUS OTMEUEHHBIX 3aK0-
HOMEPHOCTEI.
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