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[IpoTe3upoBanmne cepAeYHBIX KIANaHOB 3aHUMAET
3HAYUTENHHOE MECTO B JICUCHUU KJIAaHHBIX TIOPOKOB.
EsxeromHo B Mupe npoBonuTcst okouto 275 000 mogoOHbIX
omneparuii. Hanbosnee nepcreKTHBHBIMU B 00J1aCTH cep-
JIEYHO-COCYIUCTON XUPYPrUH CUUTAIOT OMOJIOTHUYECKUE
TPaHCIUIAHTAThHI HA OCHOBE KCEHOJIOTUYHOTO MaTepuana
(xceHorpadTer). OHM TO3BONISIFOT U30EKATh AHTHKOATY-
JISHTHOM Teparuu 1 00J1aJar0T TOTSHIIMAIOM K PEMOJISITH-
POBaHMIO B OpPraHU3ME PELIUITUEHTA, YTO 0OCOOCHHO BaKHO
B TEX CIIy4asx, KOIJa HEOOXOIUMO 0OSCIIEUUTh HE TOIBKO
oJIepKaHre 1 OOHOBIICHUE CTPYKTYPhI TPAHCILIAHTATA,
HO U ero poct [5].

B mocnennue rogpl akTHBHO pa3pabaThIBAIOTCS Me-
TOZBI 00pPaOOTKHU TPAHCIUIAHTATOB, 00ECIICYUBAIOIINE TH-
0eb KJIeToK JJoHOpa. CuuTaeTcs, 4To TAKOH ITOX0 OyIeT
CIOCOOCTBOBATh YMEHBIICHHID UMMYHHOI'O OTBETa M
TIOBBIIICHHIO JIOJITOBEYHOCTH TPAHCIIAHTATOB KIIATIAHOB
cepaua [1-3, 6]. OgHako Tpu 3TOM BaKHO COXPaHUTh
MaKCHMAaJIbHO WHTAKTHBIM BHEKIJIECTOYHBI MaTpPHUKC.
[Ipennonaraercs, 4To AJIs TOTO NPEAMOYTHTEILHEH HC-
MOJIb30BATh AIIONTOTHYECKYIO AeLeuTtonspu3anuto. OHa
HE COMPOBOXKIAETCS JeCTPYKTUBHBIMU U3MEHEHUSIMU B
COCJIMHUTEIEHO-TKAHHOM MaTpPUKCE MO JCHCTBUEM JTU-
30COMAJIBHBIX ()EPMEHTOB, KaK B cllydae KJIETOYHOTO
HEKpo3a.

Taxum 00pa3oM, LIETbI0 HALIero UCCIIEA0BaHUS SB-
JISIETCSI ISTSIUTIONSPU3allnsl KCeHOTEHHBIX TPagToB cep-
JICUYHBIX KJIAMIAHOB C TIOCIIEAYIOIIEH OLIEHKOH yCIIenTHOC-
TH 3aIlyCcKa Ipoliecca aronTo3a, OlleHKa aJre3uBHOCTH
BHEKJIETOYHOI'O MaTpUKCa.

HccnenoBanue npoBOAUIIN C UCIIONb30BAHUEM CEP-
JEYHBIX KJIamaHoB 6-MecAyHbIX cBUHEN. 3a00p cepren
OCYULIECTBIISIICS B yCIIOBUSAX ONEPALMOHHOM C BBITIOJIHE-
HUeM TpeboBaHul « EBpoTIeiicKOil KOHBEHITUH O 3aIIUTE
TT03BOHOYHBIX JKHUBOTHBIX, UCTIONB3YEMBIX ISl SKCIIEPH-
MEHTaJIbHBIX UJIH APYTUX HAay4HbIX Hemei» (CtpacOypr,
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Prosthetics of cardiac valves holds a high position in
treatment of valvular diseases. Annually in the world
about 275,000 of such surgeries have been performed.
The most perspective in the field of cardiovascular
surgery are biological transplants based on xenological
material (xenografts). They enable to avoid anticoagu-
lative therapy and have a potential of remodeling in
recipient’s organism that is especially important in those
cases when it is necessary to provide not only maintenan-
ce and regeneration of transplant structure, but also its
growth [5].

Recent years are remarcable by an active develop-
ment of methods of transplants processing, which
provide the death of donor cell. It is hypothesed that
this approach will contribute to the reduction of immune
response and increasing durability of transplants of
cardiac valves [1-3, 6]. However, it is important to
preserve the extracellular matrix maximally intact. It is
suggested that the application of apoptose based decellu-
larization is more preferable, whereas it is not accom-
panied by destructive changes in connective-tissue ma-
trix caused by lysosomal enzymes as is possible in case
of cell necrosis.

Thus, the research aim was to assess the methods
of cardiac valve xenograft decellularization and to check
if the process of apoptosis was efficient and the treated
extracellular matrix had proper adhesive properties.

The research was performed with cardiac valves of
6-month-old pigs. Heart sampling was carried-out in
operating room conditions with compliance of the
requirements of European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986) and the state-
ments of the 1% National Congress on Bioethics (Kiev,
2001). Valves were derived under sterile conditions in
average in 4 hours later heart sampling. The obtained
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1986) u nmocranoenenus | HanuoHaneHOTO KOHrpecca
o 6uostuke (Kues, 2001). Kimanansl BeIACTSIIHN B CTE-
PHIIBHBIX YCIOBUSIX B CpeiHEM uepes 4 1 nmocine 3ab6opa
cepaua. [Tonyuennsle 00pa3iibl ObLIH OBEPAKEHBI BO3-
JEHCTBUIO allONTO3BBI3bIBAOIIETO pacTBopa 10 MM
ONTA («Sigmay, CIIIA) B Teuenue 2-x cyTok. [1o ucreue-
HUH 33IaHHOTO BPEMEHH SKCIO3HLIUY 00pa3Lbl TIIATEb-
HO OTMBIBAJIH B CPEJIE C COAEPKAHUEM COJEH B KOHILIEHT-
panu, 6:1u3Koi K (pusronornaeckoit. C IEebio MPOBEPKH
3aITyCKa aronTo3a 4acTh 00pa3IoB NOABEPraId THCTOJIO-
FHYECKOMY aHanu3y (OKpacka reMaTOKCUIMHOM-303H-
HOM) U cerrduueckoii okpacke («Apoptag® Peroxidase
ISOL Kit», «Chemicon», CIIIA), mo3BOJISIOIICH HACHTH-
¢urpoBars paspsiBel JIHK Ha HauambHBIX CTAIUSIX ATIon-
TO3a.

J1s OLleHKH aAre3uBHBIX CBOICTB MaTpUKca Aelen-
JIFOJI3UPOBAHHBIC TPadTHl HHKYOHPOBAIH C (heTaTbHBIMA
(pubpobracTaM YeI0BEKa, BBIJICIICHHBIMU U KYJIBTHBH-
POBAHHBIMH B COOTBETCTBUU C OOLIEIPHHATON METOAUKOH
[4]. Ilepen nakyOarmei KyneTypy puOpoOIacToB OKpa-
IIMBAJIM BUTAIBHBIM (DIIyOpecieHTHBIM Kpacurenem PKH
67 Green («Sigmay) 1 peCcyCIeHINPOBAIN B KYJIBTYPaIb-
Holi cpeie. CTeneHb aAre3uBHOCTH JIELIEIIIOIHN3UPOBaH-
HOU TKaHM CepCUYHbIX KJIANaHOB OLIEHUBAIH HA 5-€ CyT-
KM MHKYOAaIlMH C HCIIOJIB30BaHUEM (DIyOpPECIEHTHOTO
MHUKPOCKOTIA.

CoracHO pe3yibTaraM MPOBEJEHHOTO THCTOJOTHU-
YEeCKOTO aHaIM3a B 00pasmax, Mpomeamnx o0paboTKy
pactBopoM DIITA (puc. 1), ymeHbIaercst odIiee Koiu-
YECTBO KJIETOK, Y OOJBIIHMHCTBA U3 HAX BBIPAXKCHBI U3ME-
HeHHs B Mopdosoruu sifep (KapHOIMHKHO3, KAPHOPEK-
CHC), YTO CBUJICTENILCTBYET 00 yCIIel-

HOU MHUIMANWY aronTo3a. Kietku xe
KOHTPOJIbHBIX (MHTAKTHBIX ) 00pa31oB,
HanpoOTHUB, UMEIOT HOPMAJILHYIO MOp-
¢domoruto, XxapaktepHyro mis ¢ubpo- ¢

0J1IacTOB: BBITSHYThIE BEpETEHOO0pa3- i

HOW (HOPMBI KIETKH C OBaJBHBIM SIII- e

poM. e
CortacHo pe3ynbraraMm crenudu-

yeckoil mokpacku («Apoptag® Peroxi-

dase ISOL Kit») konn4ecTBO KIETOK,

HaXOJSIIMXCS B COCTOSTHUM aIloNTo3a, P

Pa3HUTCS B Pa3IMYHBIX CTPYKTypax

kianaHa (puc. 2). Han6onsiee ux xo-

JIMYECTBO B CTBOPKE. DTO MOXKET OBIThH .l
CBSI3aHO C OTHOCHUTEJIbHON €€ TOHKOC- -

TBIO 10 CPABHEHHUIO C COCYIMICTON CTEH-
KOM ¥ y4acTKOM (puOpPO3HOTO KOJIbLA,
YyTO o0JieryaeT MpOHUKHOBEHHE JeiCT-
BYIOILIETO PacTBOPA B TOJIILY CTPYKTY-
PBI ¥ €T0 arnonTO3UHAYUPYIOIIee BO3-
neiicreue. Kpome toro, Oosnbliiee Konu-
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samples were exposed in apoptosis-inducing solution
of 10 mM EDTA (Sigma, USA) for 2 days. After
exposure the samples were carefully washed in the me-
dium with salts of concentration close to physiological
one. To examine the efficinecy of apoptosis initiation a
part of samples was analysed histologically (staining with
hematoxylin and eosin) and underwent special staining
(Apoptag® Peroxidase ISOL Kit, Chemicon, USA) to
allow the identification of breaks in DNA at initial stages
of apoptosis.

To assess adhesive properties of matrix the dece-
llularized grafts were incubated with human fetal fibro-
blasts derived and cultured according to the standard
method [4]. Before incubation the culture of fibroblasts
was stained with vital fluorescent dye PKH 67 Green
(Sigma) and resuspended in cultural medium. Adhesion
rate of decellularized tissue of cardiac valves was
estimated by the 5 day of incubation using fluorescent
microscopy.

Histological analysis of the samples treated with
EDTA solution (Fig. 1) revealed the decrease in total
number of cells, appearance of expressed changes in
nuclei morphology in most of them (karyopyknosis,
karyorhexis) testifying to the successful initiation of
apoptosis. The cells of control (intact) samples on the
contrary had normal morphology characteristic for
fibroblasts. viz. extended spindle-shaped cells with oval-
shaped nucleus.

Specific staining with Apoptag® peroxidase showed
the different content of a cells at apoptosis state in various
structures of valve (Fig. 2). The highest number of the
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Puc. 1. Tucronornueckuii anaan3 MOp(HOIOTHN KIETOK KCceHoTrpadTa: A —
KOHTPOJIBHBIN (HHTaKTHBIN) 0Opasen; B — o6pasel, monBepray oI 00paboTKe
pactBopoM O/ITA B TeueHue 2-x CyTOK U ocieayomei ormpiBke. Okpacka
TeMaTOKCHIIMHOM 1 303UHOM; X400.

Fig. 1. Morphology of xenograft cells: A — control (intact) sample; B —sample,

exposed in EDTA solution for 2 days and following washing. Staining with
hematoxylin and eosin; x400.
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YECTBO KM3HECMIOCOOHBIX KIIETOK B TOJIIIEC TKaHU IO
CPaBHEHUIO C MOBEPXHOCTHBIMU 30HAMHU B CTPYKTYPHO
0oJjiee CIOXKHBIX y4acTKaX, BO3MOXHO, TAK)Ke CBSA3aHO
C MHTpaIMeil KJIETOK B PE3yJIBTaTe OTPHIATEIIEHOTO XEMO-
TaKcHca.

Bo Bpemst hmryopeciieHTHOTO aHanu3a Oy IyIuX TpaHC-
IUTAHTATOB HAONIOAANIOCH SIPKO BBIPAXKCHHOE CBCUCHUE
a/Ire3MPOBaHHBIX HA COSTMHUTEIEHO-TKAHHOM MaTPUKCE
KIJIETOK B JTy4axX CHHE-()HOJIETOBOTO CIIEKTPa, YTO CBU-
JeTEIbCTBYET O COXPaHEHUH BHEKIIETOUHBIM MaTPHUKCOM
aIre3UBHBIX CBOIMCTB U €r0 MPUTOAHOCTH B JalIbHEHIIEM
JUIsl 3aCeNIieHHs] TKaHEOOpa3yHIIUMHU ayTOKJIETKaAMHU
peLUIreHTa.

Hcxonst U3 NONMyUYeHHBIX PE3YNIbTaTOB MOXKHO MPeAo-
JI0XKUTb, 4TO pacTBop OJITA B koHuenTpauuu 10 MM, a
TaKXKe MpeIIoKEeHHast cxema 00paboTku rpadToB A dek-
THBHBI C TOUKHU 3pEHUs AeBUTaNM3auu. MHunmams anon-
TO3a B CTBOPKE KJIaNlaHa, a TAKXKE Ha IOBEPXHOCTHU COCY-
JUCTON YacTH KiamaHa MpoxoauT ycmemrHo. IIpomecc
3aIIyCKa aronTo3a MPOXOIHUT HEe OTMHAKOBO B PA3TIMYHBIX
CTpyKTypax kceHorpadta. [Tlocne 06paboTKH fenento-
JIM3UPYIOLIUM PACTBOPOM COEUHUTEIbHO-TKAHHbINA MaT-
pHKC TpadTa COXpaHseT aAre3uBHOCTH H, CJICIOBATEIIBHO,
MPHUTO/ICH ISl JalbHEHIIEeTo 3acelICHUs KICTKaMH C
LEbI0 PEBUTATHU3ALMN.

JNlutepatypa

1. Akamos B.C., PbiHOuHa H./., Conoewes B.B. u dp. CHWxeHune
Kanbundukauum 6eckneTovHbIX TPaHCNaHTaToB KranaHoB
cepaua NyTeM BHEAPEHWUS B HUX Nepen uMnnaHtauuen uso-
reHHbIX rNagKoMbllLeYHbIX KneTok // BeCTHWK TpaHcnnaHTo-
NOrMMN 1N NCKYCCTBEHHbIX opraHoB. — 2003. — Ne4. — C. 64-67.

2. Akamos B.C., ®eceHko H.U., Conoenes B.B. u dp. NogasneHune
KanbunduKkaLMm TpaHCNNaHTaToB KnanaHoB cepAua nytem
ux aesutanusaumn // KnetouHas TpaHcnnaHToNorus u TkaHe-
Bas nHxeHepus. — 2010. — T. V, Ne1. — C. 41-46.

3. bokepusi J1.A., Mypamoe P.M., Ckonun U.U. u dp. Kpnocoxpa-
HeHHble annorpadThl B PEKOHCTPYKTUBHOW XMPYPrumn nopo-

KpnoGMOnOr MM

T.22,2012, Ne2

Puc. 2. YuacTok TKaHH KJaraHa rnociie oopaboTku B pacT-
Bope DATA u ormbiBKH. Crnenuduueckas okpacka Ha
amorrro3 («Apoptag® Peroxidase ISOL Kit»); X225. Bonb-
IIMMH CTPEJTKaMH [TOKA3aHbI KIIETKH, HaXOJISIITHECS B COCTOS-
HUH alloNT03a; MaJICHKUMH — )KUBBIE KIETKH.

Fig. 2. Valve tissue after treatment with EDTA solution and
washing. Specific apoptosis staining (Apoptag® Peroxidase
ISOL Kit), x225. Large arrows point the cells being in apop-
tosis state, small ones show the living cells.

apoptotic cells was found in the leaflet. This may be
associated with its relative thinness if compared with
the vessel wall or the annulus fibrosis region that could
simplify the penetration of treating solution into the depth
of the structure and following apoptosis induction. In
addition, the higher number of viable cells in tissue depth
if compared with superficial zones in regions with comp-
licated structure is also associated with cell migration
due to negative chemotaxis.

Fluorescent analysis of supposed transplants revealed
the bright fluorescencing cells adhered to connective-
tissue matrix under violet blue exitation, that in our
opinion testified to the preservation of adhesive proper-
ties of extracellular matrix and to its availability for
further colonization with tissue-forming autocells of a
recipient.

According to the obtained data we may suggest that
EDTA solution of 10 mM as well as suggested scheme
of grafts treatment are effective in terms of decellulari-
zation. Initiation of apoptosis in valve leaflet as well as
on surface of vascular region of valve was efficient.
The initiation of apoptosis was not uniform in different
structures of xenograft. After treatment with decellulari-
zing solution the connective tissue matrix of graft pre-
served the adhesive properties and therefore was appli-
cable for further colonization by cells to realize the
revitalization.
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