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Change in Strain-Strength Indices of Extracellular
Matrix After Its Decellularization

Pedrepar: TkaHe-uHx)eHepHble rpadThbl KnanaHoB sIBMSIOTCS COBPEMEHHbIM peLleHMeM MeaULUUHCKON npobrnemsbl npo-
Te3npoBaHWs U CNOCOOHbI CTaTb MOMHOLLEHHON 3aMeHOW MEeXaHUYeCcKMM KnanaHHbIM npoTe3am. Takue npoTe3bl OCHOBaHbl Ha
MCMONb30BaHNN AeLennionspu3npoBaHHOr0 COeAMHUTENbHOTKAHHOrO MaTpukca. Llenbto aaHHon paboTel Obino nonyveHne akcTpa-
LenmnonsipHoro MaTpukca, 6nmskoro Kk HaTMBHOMY Mo mMopdponornyeckum 1 UsM4eckum CBOWCTBaM, nocne Aeuennonspusaunm
AN co3haHus KnanaHHo-cocyancToro 6uonoruyeckoro rpadra. dPusmyeckne U MexaHW4eckue Kavyectsa MaTpuKca aHanuaupoBanmu
C MomolLLblo cneumnansHoro obopyaoBaHus, cnocobHoro MMMTUPOBaThL KPOBSIHOe AaBrieHune B cocyae. Pesynbrathl nccnenoBaHuii
rnokasanu, 4To ynpyroctb M 3MacTUYHOCTb TKAHU COXPaHEeHbl W, criefoBaTenbHO, MaTPUKC MOXeT ObiTb MCNOMb3oBaH B KavyecTBe
Kapkaca Agns npotesa.

KnioueBble crnoBa: TkaHeBas WHXeHepusi, rpadT, Aeuennonsapusaums, aKCTpauennionspHbll MaTpUKC, NPOYHOCTb.

Pedpepart: TkaHUHHO-IHXEHEPHI rpadTh KnanaHiB € Cy4acHUM pilleHHsAM MeAu4HOi nNpobnemu Ta 34aTHi 3aMiHUTU MEXaHiyHi
KnanaHHi npoTe3n. Taki NpoTe3n I'PYHTYITLCS Ha BUKOPUCTAHHI AeLentonsapmM3oBaHOro MaTpUKCy CMOSyYHOI TKaHuHW. MeToto aaHoi
po6oTn Byno OoTpMMaHHSI eKCTpaLeNoNsiPHOro MaTpuKCy, BrM3bKoro 40 HaTMBHOTO 3a MOPAOIONYHUMU Ta IBUYHUMK SKOCTAMMK,
ONA CTBOPEHHS KnanaHHo-cyauHHoro GionoriyHoro rpadty. ®i3nvyHi Ta MexaHi4Hi BNacTMBOCTI aHanisyBanu 3a AOMNOMOro
creuianbHoro obnagHaHHsi, sike 3aaTHe iMiTyBaTU KPOB'sStHUIA TUCK y CyauHi. Pe3ynstaT JoChigXeHHs rnokasanu, Lo NpyXHiCTb Ta
eNacTUYHICTb TKaHWHW 306epexeHo 1, TakuM YMHOM, MaTPUKC MoXe OyTn BUKOPUCTAHO Y SKOCTi Kapkacy Ans nporvesy.

Knro4yoBi cnoBa: TkaHMHHa iHXeHepis, rpadT, Aeuenionsapu3adis, ekcTpauentonapHUi MaTpuKke, MiLHICTb.

Abstract: Tissue-engineered grafts of valves are current solution of prostheses medical problem and able of proper
substituting the mechanical valvular prostheses. These prostheses are based on using decellularized connective tissue matrix. The
research was aimed to design extracellular matrix close to native on morphological and physical properties after decellularization to
create valvular-vascular biological graft. The research results demonstrated that the tissue strain and strength were preserved and
therefore the matrix could be used as a scaffold for prostheses.

Key words: tissue engineering, graft, decellularization, extracellular matrix, strength.

3HAUNTENBHYIO YacTh 3aMEHHUTENIEH CepIedHBIX
KJIallaHOB, IPUMEHSIEMBIX B HACTOSIIIEE BPEMSI KapIuO-
XUPypramu, COCTaBJISIIOT TKaHe-MHXKEHEPHBIE MPo-
Te3bI OMOIOTUIECKOTO MTPOUCXOKACHUS (A0PTATHHBIHI
KJIallaH CBUHBH, Obruni iepukapy). Co3iaHue KiiarnaHa
C TIOMOIIIBIO TKAHEBOI MH)KEHEPUH COTIPSKEHO C U3Y-
YEHHEM €T0 CTPYKTYPbI U YHKLIHMOHANBHBIX 0COOCH-
Hoctell. Kitanan cocTouT U3 cnenuain3upoBaHHBIX
KJIETOK U SKCTPALeIUTIONSIPHOTO MaTpUKca, 00pasylo-
mero cBoeoOpas3ueiii kapkac [11]. Jns cozmanus
YHHMBEPCAJIBHOTO KJIAMaHHOTO 3aMEHHTEINS aJlIoreH-
HOTO MJIM KCEHOTEHHOTO MTPOUCXOKICHHS UCTIONb3YIOT
JUIIEHHBIN KUBBIX KIETOK (ACUEIITIOISPHBINA) COSIH-
HHUTEJIBbHOTKAHHBIA MATPUKC, KOTOPBIH SIBIsETCS
TPEXMEPHOI MaTpuIleil OyayIiero mporesa.
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The most heart valves substitutes, currently applied
in cardiac surgery are the tissue-engineered prostheses
of biological origin (porcine aortic valve, bovine
pericardium). Designing the tissue-engineered valve
is associated to a profound study of its structure and
functional peculiarities. The valve consists of specia-
lized cells and extracellular matrix, forming a kind of
scaffold [6]. To design a universal valve substitute of
either allogeneic or xenogeneic origins one uses the
connective tissue matrix, deprived of living cells (decel-
lularized), representing 3D matrix of future prosthesis.

All the fibres and cells of connective tissue are
enclosed into an amorphous component or basic
substance: gel-like one, which is a metabolic integrative-
buffered multicomponent medium, surrounding cellular
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Bce BotokHa 1 KJIETKH COEAMHUTENFHON TKaHH 3a-
KJIFOYEHBI B aMOP(HBII KOMIIOHEHT HJIK OCHOBHOE
BELIECTBO — refieo0pa3Hyto CyOCTaHIUIO, IPEACTaB-
JSAIOUTYI0 co00i MeTaboNnnyecKy0 MHTErPaTUBHO-
Oy(epHy10 MHOTOKOMIIOHEHTHYIO CPELLy, KOTOpast OKpY-
YKAaET KJIETOYHBIE U BOJIOKHUCTBIE CTPYKTYPBI COEAM-
HUTENBHOM TKaHW, HEPBHBIE U COCYIUCTBIE AIEMEHTHI
[15]. OCHOBY MEKKJIETOYHOTO MaTPUKCa COCTABIISIOT
OeNTKOBBIE MOJIEKYJIBI, B TOM YHCJI€ OTHOCSIIHECT K
paspsay OENKOB CTPYKTYpHOTO THIIA, — KOJUIAT€H H
anacTwH [2].

Komaren — ocHOBHOM CTPYKTYpHBIH (puOprssp-
HBII OEJIOK MEXKJIETOYHOTO MaTpUKCa B OpraHU3Me
YeJI0BEeKa, KOTOPBI cocTapisieT 25—-33% ot obmiero
KonuyecTBa Oeika, T.e. mopsiaka 6% Macchbl Tena.
Komaren cunresupyetcs Ha ppOOcOMax rpaHy IsIpHOM
SHAOIIa3MATUYECKON CETH COEIUHUTEIbHOTKAHHBIX
U IpyTUX THIIOB KJIeTOK [13].

KonnareHoBbIE BOJIOKHA B PBIXJION COEIUHUTEIND-
HOH TKaHU, KOTOpas COCTABIAET OCHOBY MEKKIIETOU-
HOTO MaTpPUKCa COCYIUCTON CTEHKH, PACIIOIIOKEHBI B
Pa3HBIX HaNpPaBIEHUSIX B BUJE H30THYTHIX, CIIMpae-
BHJTHBIX, OKPYIVIBIX MJIH YTIOIIEHHBIX TSKEW pa3HON
JUTMHBI ¥ TOMIUHEL (1-3 MKM 1 GoJee), BHYyTPEHHSS
CTPYKTYpa KOTOPBIX OIMpeAesieTcsl KojijareHom [4].
OpHMM U3 BaXKHBIX CBOMCTB KOJUIAT€HOBBIX BOJIOKOH
SIBJIAETCS MEXaHW4eckas mpoyHocTs [20]. Hanpumep,
MHTEPCTULIMI MUOKapAa COCTOUT U3 CETH KOJIJIar€HO-
BBIX BOJIOKOH IpenMyiecTtBeHHO | u Il tumnos. Me-
XaHMYECKas IPOYHOCTh MBILIIIBI CEP/ILIA ONPEAETISAET-
cs1 xourareHoM 1 tuma (80% ot o0Iero KomuecTBa
KoJJIareHa MUOKapzia), a 3IaCTUYHOCTD — KOJIJIAareHOM
III tuna (10%), xomnaren I, IV=VI tunor B HOpMe
MIPEICTAaBICH B HE3HAUUTEIHbHOM KoimdecTBe [19].
CriocoGHOCTB K€ COeAMHUTEIFHOTKAHHBIX CTPYKTYP
BOCCTaHaBIMUBATh (POPMY MOCIE MEXaHHIECKOTO
BO3JICUCTBUS 00ECIICUNBACTCS CEThIO JIaCTHICCKUX
BOJIOKOH, OCHOBY KOTOPBIX COCTAaBIISIET OEJKH ce-
MeiicTBa mactuHa [18].

OnacTiH — TuApOPUILHBIN OEJIOK, KOTOPHIA CHH-
Te3upyercs ¢pudbpodiIacTaMu M IIAJAKUMH MBIIIECY-
HBIMH KJIETKaMH, COAEPKHUT 0KoJI0 750 aMUHOKHCIIOT.
st Hero xapakTepHO HaJW4YUe OBYX MPOM3BOTHBIX
AMHHOKHCIIOT — IECMO3MHA U U30/1eCMO31HA, Y4acT-
BYIOILIMX B CTA0MJIM3ALMU €T0 MOJICKYJISIPHOM CTPYK-
TYpbI U 00€CTIEYMBAIONINX CIIOCOOHOCTD K PacTsiKe-
HHIO 1 3JIaCTUYHOCTH [4, 6, 10]. DnacTudeckue BOJIOK-
Ha 10 IPOYHOCTH YCTYIAIOT KOJIJIareHOBBIM. B pbIxiioit
BOJIOKHHCTOM COEIMHUTEIILHON TKAaHU OHU aHACTOMO-
3UPYIOT APYT ¢ ApyroM. TonmpHa 3;1aCTHYECKUX BOJIO-
KOH 00OBIYHO MEHBIIIE KOJTareHoBbIX (10 1 MkM). B ux
COCTaBe pa3an4daloT MUKpOGUOPHILIAPHBIN 1 aMop(h-
HBIH KOMIIOHEHTBI. OCHOBY 3pEIbIX HaCTHIECKUX BOJIO-
KOH COCTaBJISICT aMOP(HBIA KOMIIOHEHT 3JIACTUYECKUX
0eJKoB, a UX Tepudepus npeacrapicHa MUKpoduo-
pwaMu. B oTamdne oT KoJTareHOBBIX 31aCTHYECKHE
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and fibrous structures of connective tissue, nerve and
vascular elements [12]. The basis of intercellular matrix
is formed by protein molecules, including those referred
to structural proteins: collagen and elastin [17].

Collagen is the main structural fibrillar protein of
intercellular matrix in human body, making from 25 to
33% of total protein amount, i.e. about 6% of body
weight. Collagen is synthesized in ribosomes of gra-
nular endoplasmic reticulum of connective tissue and
other cell types [10].

Collagen fibres in a loose connective tissue, forming
the basis of intercellular matrix of vascular wall, are
located in different directions in the form of curved,
spiral, round or flattened strands of various length and
thickness (1-3 pm and more), an internal structure of
which is collagen determined [8]. One of the important
properties of collagen fibres is a mechanical strength
[19]. For example, a myocardial interstitium consists
of a network of collagen fibres mostly of types I and
II. Mechanical strength of cardiac muscle is determined
by collagen type I (80% of total amount of myocardial
collagen) and the elasticity is done by collagen type
IIT (10%), collagen types II, IV-VI is normally
represented by a small amount [18]. The capability of
connective tissue structures to recover the shape after
mechanical impact is provided by elastic fibre network,
which basis is formed by elastin family proteins [16].

Elastin is a hydrophilic protein, synthesized by fibro-
blasts and smooth muscle cells, and contains about 750
amino acids. It is characterized by the presence of
two amino acid derivatives such as: desmosine and
isodesmosine, involved in stabilizing its molecular struc-
ture, and providing the capability to strain and elasticity
[5, 8, 14]. Elastic fibres are inferior in strength to
collagen ones. In a loose fibrous connective tissue they
anastomose broadly with each other. The thickness of
elastic fibres is usually less than in collagen ones (up
to 1 um). In their composition one distinguishes micro-
fibrillar and amorphous components. An amorphous
component of elastic fibres forms the basis (90%) of
mature elastic proteins, and their periphery is represen-
ted by microfibrilles. In contrast to collagen fibres the
elastic ones contain no transversally striated structures
[8].

An extracellular matrix is essential for development
and maintenance of homeostasis. As a result of heart
beats of about 40 million times per year its shape and
size change, wherein the leaflets and maintaining valve
structures are subjected to loading [4]. Thus, the tissue-
engineered valve should be adapted to deformation and
have an optimal flexibility and strength. For this purpose
anecessary condition is to preserve a matrix structure
by graft, as well as specific biochemical and physical-
mechanical parameters, allowing to provide the
similarity of'its structure and function with natural valve
or vessel [11, 23].
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BOJIOKHA HE COJIEPKAT CTPYKTYD C MONEPEYHON ncuep-
YEHHOCThIO [4].

OKCTPALCITIONSIPHBI MaTPUKC HEOOXOIUM TS
Pa3BHUTHUSA U OIAIEpkKaHMsI ToMeocTasa. B pesynbrare
cokparmierus cepana (okomo 40 MITH pa3 B roj1) u3Me-
HseTcs ero ¢opMa U pa3Mep, P 3TOM Harpys3Ky
HCIBITBIBAIOT CTBOPKHU U MOICPKUBAOIINE KiIalaH
cTpyKTypHI [3]. Takum 00pa3oM, TKaHe-HHKECHEPHBIIA
KJIamaH JOJDKEH adanTHUpOBaThCsA K nedopManuu u
001a1aTh ONTUMATBHOW THOKOCTHIO U TIPOYHOCTHIO.
Heo0xomuMbIM yCIIOBHEM 3TOTO SIBISIETCS COXpaHe-
HUE TPAHCIUIAHTATOM MaTPHUYHON CTPYKTYPHI, a TAKKe
CHenU(pUISCKIX OMOXUMHYECKUX U (DU3UKO-MEXaHU-
YEeCKHX MapaMeTpOB, UTO MO3BOJHUT O0ECHEUYHUTh
CXOZICTBO €TO0 CTPYKTYPHI U (PYHKIIVH C €CTECTBEHHBIM
KJIalIaHOM WJIK cocyaoM [14, 23].

TpaHCIITaHTAT HEOOXOAUM IS TOAJCPKAHUS
CTPYKTYPBI M TPEXMEPHOH (POPMBI ONPEACICHHOTO
oprasa, IIpu ATOM OH SIBJSICTCS THHAMHUYIECKIM COCITH-
HEHHUEM C PEe3UICHTHON KIETOYHOM momymsnuei [12,
17, 22], garo ompexaenset TUN HOPMHUPYEMOI Ha €ro
OCHOBE TKaHHU, aKTUBHOCTh B HEW KJIETOYHOMU MPOJIH-
¢depatmm u T. 1. TakuM 00pa3oM, JEUEIUTFOIS PHBIN
MaTpU4HBINA ckad o (TouHasi TpexMepHas MOAETb
3aMeIaeMoro OpraHa) Coco0eH K MOICPKAHUIO U
CTHMYJISIIINU COOTBETCTBYIOIIETO KIIETOYHOTO ()eHOTH-
Ia B IpOIEcce PENOMyIialuu uyepe3 Mpe3eHTALUI0
JIUTaHI0B U OMOJIOTHYECKH AKTUBHBIX MOJIEKYII, HE00-
XOIUMBIX PE3UICHTHBIM U MHUTPUPYIOIIUM KJIETKaM
JUTSE CAMOOPTraHU3aluH B (yHKIIMOHAIbHBIE TPYIIIBI, &
TaKKe 1151 GOPMHUPOBAHUS HOPMAIbHOU CTPYKTYPBI
u paboTel JaHHOTO Oprana [7, 8, 16, 21].

[Ipu pazpaboTke OMOTOTHIESCKIX KapaHOBACKYIISIP-
HBIX TPa(TOB CJIEIYET YUYUTHIBATH BO3MOXKHOCTH HX
MTOCIIEIYIOIIETO JIOJIITOCPOYHOTO XpaHeHwust. QOIenpus-
HAHHBIM 1 HarOOJIee ONTUMAJILHBIM YCIIOBHEM SIBIISICT-
Csl XpaHeHHe OMOMPOTE30B B CIICIUATN3UPOBAHHBIX
HU3KOTEMIIEPATyPHBIX OaHKaX. YCHEIIHOE pelIeHue
POOJIEMBI ACTEIUTIONIIPU3AIUU HA JOKIHMHUYECKOM
JTAarle MO3BOJIUT NMEPENUTH K CO3aHNI0 HU3KOTEMITepa-
TYPHOTO OaHKa JEHEIUTIONSIPHBIX OMOJIOTHICCKUX
MIPOTE30B, TOTOBBIX K KIIMHUYECKOMY IPUMEHEHHIO [5].

Hens HAcTOSMIEH pabOTH — U3yYUTHh BO3MOXK-
HOCTH MPUMEHEHUS SKCTPALEIUTIOISIPHOTO KapKaca
TOCJIE ACUEIUTFONSPHA3ANNN B YCIOBHUSIX i7 ViVO.

MartepuaJjibl 1 METOBI

DU3NKO-MEXaHMYECKHE CBOMCTBA MATPHKCA UCCIIC-
JIOBAJIH HA CIICIUAITLHO CKOHCTPYHUPOBAHHOM yCTAaHOBKE
JUTSI ©3MEPEHHS IPOYHOCTH U STACTUYHOCTHU COCY/TUC-
TOH CTEHKH BHYTPEHHUM JaBiieHueM (puc. 1.) [1].

HcnprTeiBaeMblit Ki1anaH (rpadT) KpeTmriTy Ha HUTI-
meje AMAMETPOM, COOTBETCTBYIOIUM AHUAMETPY
MMIUTaHTAaTa, IPU 3TOM Kpasi cocy/a MIIOTHO (PUKCHPO-
BaJIM HUTHIO (puc. 2). Bo3myx ¢ Mamoii cKopocThIO
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The graft is needed to maintain the structure and
3D shape of a certain organ, herewith it is a dynamic
compound with a resident cell population [7, 15, 22],
determining the type of tissue, formed on its basis, the
activity of cell proliferation in it, etc. Thus, a decellu-
larized matrix scaffold (exact 3D model of substituted
organ) is capable to maintain and stimulate the corres-
ponding cell phenotype during repopulation through the
presentation of ligands and biologically active mole-
cules needed for resident and migrating cells to self-
organization into functional groups, as well as to form
a normal structure and function of this organ [21, 2,
13,20].

When designing biological cardiovascular grafts one
should consider the possibilities of their subsequent
long-term storage. The establishment of specialized
low temperature banks is the recognized and the most
optimal method for long-term storage of bioprostheses.
A successful solution of decellularization task at a
preclinical stage will advance the establishment of low-
temperature bank for decellularized biological
prostheses, ready for clinical application [14].

The research aim was to study the possible
application of extracellular carcass after in vivo
decellularization.

Materials and methods

Physico-mechanical properties of the matrix was
tested with a specially designed device for measuring
the strain and strength of the vascular wall by means
of internal pressure (Fig. 1) [1].

The tested valve (graft) was fixed on the nipple
with a diameter corresponding to the one of implant,
herewith the vessel edges were firmly fixed with a
thread (Fig. 2). Air was at a low speed injected into
the vessel lumen with a gradual increase of pressure

Puc. 1. YctaHoBKka ans namepeHmsi NPOYHOCTU U 3MacTuy-
HOCTU COC)/,EI,VICTOVI CTEHKN BHYTPEHHUM JaBneHneMm.

Fig. 1. Device for measuring strain and strength of vascular
wall by internal pressure.
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HarHeTajau B MPOCBET COCYla C MOCTENEHHBIM MOBbI-
LIEHUEM JIaBJICHUS 1O MOMEHTA pa3pbiBa COCYIUCTOM
CTEHKU. B COOTBETCTBUU CO 3HAUCHUEM [aBIICHUS,
KOTOPO€ PErHCTPUPOBAIIH C IIOMOLIBIO OJIOKA aHAJIOTO-
nudpoBoro npeodpazoBaTels, Ha YKpaHe epCOHAIb-
HOTO KOMIIBIOTEpa CTPOUITH JHarpaMmmy, 0ToOpakaro-
Y10 Tpoliecc pa3pbiBa COCyla B KOOpJAHMHATAX
«J1aBIIeHUE/BpeMsD». Pe3ynbraTsl HCTIBITAHUN MTO3BOJIA-
IOT yCTaHOBUTH CTENIEHb COXPAHHOCTH BHEKJIETOUHOTO
MaTpuKca TpadToB, IPOMIEAMNX AEHELUTIOISIPHYIO
00paboTKy, U UX YIPYTOMPOYHOCTHBIE CBOWCTBA IS
0€e30MacHOT0 MPUMEHEHHSI B YCIOBUSX in Vivo.

OOBEKTOM IaHHOTO UCCIIEA0BaHMS OBUIH cepaey-
HbIE KJamaHbl 3—5-MecsSYHBIX CBHUHEH maccol 50—
70 xr. CepaeuHble KiIamaHbl MOCJE ACLEIUTIONSIPU-
3armu B pactBope 10 MM DJITA («Sigmay, CIIIA) B
Te4YeHHE 2 CYTOK COCTaBIIIM OIBITHYIO Tpymiry. KoHT-
pOJIeM CITyXHJIM HATUBHBIE KCEHOTE€HHbIE KJIallaHbl.
OKcTepruMeHTaIbHBIN OMoMaTepHall BEACIISIIN B CTe-
PWIBHBIX YCIIOBHAX B TIEPHOJ /10 4 4acoB mociie 3a0opa
cepamna. Cepama ot Mecta 3abopa 10 MecTa BEIfe-
JICHUSI U3 HUX KJIAITaHOB TPAHCTIOPTHUPOBAIN TIPH TEMITE-
patype 4°C B KOHTEIHEpaX, 3aII0JTHEHHBIX TUTATENb-
HO¥ cpeioH, cofieprkaniel meHuIunTiH (2500 en/mon)
U cTpentoMuLuH (2,5 mr/mi). Beibopka m1st kaxaoit
Y3 Tpynn coctaBuiia 7 rpad)ToB.

MaHUNyISIIAH C )XKUBOTHBIMHU BBITIOHSIIH B COOT-
BeTCTBUU ¢ «OOINUMHU MPUHITUTIAMH SKCTIEPUMEHTOB
Ha XUBOTHBIX», 0100peHHBIME V HanmoHanbHBEIM
KoHTpeccoM 1o 6uoatuke (Kues, 2013) u cornmacoBan-
HBIMU C TOJIOXKEHUSIMU «EBpOTIEHCKON KOHBEHIIMH O
3aIIUATE TIO3BOHOYHBIX JKUBOTHBIX, UCIIONB3YEMBIX JIJIST
AKCIIEPUMEHTAIBHBIX U JPYTHX HAYYHBIX IEJICH»
(CtpacOypr, 1986).

151 cTaTUCTHYECKOTO aHATN3a TaHHBIX 0 UCce-
JIOBAHUIO YIPYTOMPOYHOCTHBIX CBOMCTB Tpad)TOB
nocjie ACHeIIIApU3aliid UCIOIb30BaTN MAKET
«MedStat 3.0». AHaTU3 OCHOBBIBAJICS HA pacyeTe He-
napaMeTpuIecKoro kpurepus MaHnHa- YUTHH, 110 KOTO-
POMY OTIpeAeIsUT MeTaHy MaKCUMATbHBIX 3HAYSHUN
JABJICHUS B MOMEHT Pa3pbIBOB COCYIOB IIPH UCCIIEIO-
BaHUU (PU3NYCCKUX CBOMCTB aOPTAITHHOW CTEHKH U
CTEHKHU JIETOYHOM apTepUU B ONIBITHOM U KOHTPOJILHOM

rpyImax.

Pe3yabTarsl m o0cyxaeHnne

UccnenoBanue ynpyronpo4yHOCTHBIX CBOHCTB
rpadToB, MPOIISANINX TAll JISICILTIOISIPU3aliY, Ha
YCTaHOBKE /I U3MEPEHHS IPOYHOCTHU M AJIACTUYHOCTH
COCYIUCTOMN CTCHKU BHYTPEHHUM JIaBJICHHEM ITOKa3a-
710, YTO (PU3UKO-MEXaHMUYECKHE CBOHCTBA Y HIOLEILTIO-
JIIPHOTO MaTpUKca 00pabOTaHHBIX 0OPA3IIOB OCTAIOT-
Csl Ha YPOBHE HATHBHBIX.

CornacHo pe3yibraraM aHaln3a CTeHKa aopThI
riocyie Bo3aeicTBrs pactBopoM D/ TA mo onmcanHOMH
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Puc. 2. MNpumep KpenneHnUst UCNbITBIBAEMOro KnanaHa
(rpadTa) Ha HMNNene BO BpeMs UCCNEeAOBaHUS.

Fig. 2. Example of adjusting the tested valve (graft) by
means of nipple during the study.

up to the moment of a vascular wall rupture. In
accordance with the value of a pressure, recorded using
the unit of analogue-to-digital converter on the computer
screen there was composed a chart, reflecting the pro-
cess of rupture in pressure vs time coordinates. The
test results allow us to establish the preservation rate
of extracellular matrix grafts, which underwent decel-
lularization and their elastic strength properties to be
safely applied in vivo.

The research objects were heart valves of 3—5-
month-old pigs weighing 50-70 kg. Experimental group
comprised the heart valves after decelluarization in
10 mM EDTA solution (Sigma, USA) for 2 days. The
control group consisted of native xenogenous valves.
Experimental biomaterial was isolated under sterile
conditions within 4 hours after the heart retrieval. The
hearts from the place of retrieval to the one of isolation
from them of the valves were transported at 4°C in
the container filled with a nutrient medium containing
penicillin (2,500 U/ml) and streptomycin (2.5 mg/ml).
The sampling for each groups made 7 grafts.

Manipulations with the animals were performed in
accordance with the General Principles of Experiments
in Animals, approved by the 5" National Congress for
Bioethics (Kiev, 2013) and consistent with the state-
ments of the European Convention for the Protection
of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1986 ).

The data on studying the strain and strength
properties of grafts after decellularization were statis-
tically analyzed using the MedStat 3.0 software. The
analysis was based on the calculation of the non-para-
metric Mann-Whitney test according to which there
was determined the median maximum pressures at the
moment of the vessels rupture when studying the
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BBILIE cxeMe BhlAepkuBaeT gaBieHue 115-120 Klla
(863—885 MM pT. CT.), a CTEeHKa KOHTPOJIBHOTO
(nrTakTHOrO) 0Opasma — 160-200 KIla (1200-—
1500 MM pT. cT.).

CreHka aopThl IpecKa3yeMo MPOYHee M BBIIEP-
JKUBaeT OOJIbINIee NaBJICHHE HA Pa3phIB 10 CpaBHE-
HUIO C apTepualibHOM. Tak, CTeHKa JIErO4HOH apTepun
OTIBITHOTO 00pasIia, MOIBEPraBIIeTOCS BO3ICHCTBUIO
JETeUTIONMPYIOIIEro pacTBOPa, 0 pa3phiBa BIIEP-
kuBana nasnenue B 40—44 Klla (300-330 MM pr. cT.),
a CTEHKa UHTAKTHOTO (KOHTPOJIBHOTO) COCy/a BO Bpe-
Msl MCCIEJIOBaHUs MPOYHOCTHBIX XapaKTEPUCTHUK
JISTOYHOH apTepHH pa3phiBajiach MPY HArHETAHUH JIaB-
nerus 75-78 Klla (562—-585 mm prt. cT.).

[IpencraBnennrpie Ha guarpamMme (puc. 3) TaHHBIE
WCIBITAHUH COCYJMCTOW CTCHKH Ha MPOYHOCTH
ABIISIIOTCSL KHOPMOID», T. €. COCY/l HE TIOJBEPTaCs Je-
LETUTIOJISIPU3AIH, A0pTaIbHas CTCHKA BEIICPKUBAJIA
nasnenue B 160 Klla (1200 Mm. pT. CT.).

ITo pe3ynbraTraM cTaTUCTUYECKOTO aHATN3a MEH-
aHa JiJIsl OMBITHOU TPYTIIIBI A0PTATBHBIX TPadTOB COC-
taBuiia 115,8 KIla, a MmenuaHa MakCHMaJIbHO BBI-
JIEPXKUBAEMOTO JIABJICHUS B KOHTPOJBHOHN TpyIIIe —
185,3 KIla. B nccnenoBaHusax ynpyronpoyHOCTHBIX
CBOMCTB CTCHKH JICTOUHOHN apTepUM MOKa3aTelud Me-
JuaHbl ObLTH paBHbL 42,6 u 76,2 Klla st onbITHO#M 1
KOHTPOJIBHOM TPYyNIl COOTBETCTBEHHO. Pe3ynbrarsl
WCCIICIOBAaHUI TOJNyYEHHBIX TpadTOB 000MX THIIOB
JIEMOHCTPUPYIOT CTaTUCTHUECKH 3HAYNMBIC PA3IAINS
MEXTy onbIToM U KoHTpoiieM (p = 0,0006).

I'padpuaeckoe m3obpakeHHEe MAHHBIX CTATHUCTH-
YECKOTO aHaju3a yIpPyTONPOYHOCTHRIX MTOKa3aresei
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Puc. 3. pacmnyeckoe oTobpaxkeHne AaHHbIX MUCMbITaHUS
COCYAUCTON CTEHKM Ha NPOYHOCTb.

Fig. 3. Strengt diagram of the data of trials of vascular wall.
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physical properties of aortic wall and the one of pulmo-
nary artery in the experimental and control groups.

Results and discussion

Investigation of strain-strength properties of the
decellularized grafts at the assembly for measuring the
strength and elasticity of the vascular wall by internal
pressure showed that physical and mechanical
properties of endocellular matrix of the treated samples
remained at the level of native ones.

According to the analysis results the aortic walls
after exposure to EDTA solution according to the
above mentioned protocol can withstand the pressure
of 115-120 kPa (863—885 mm of mercury), and the
wall of the control (intact) sample can do 160-200
kPa (1,200—1,500 mm of mercury).

The aorta wall is predictably durable and can with-
stand higher burst pressure if compared with arterial
one.Thus, the pulmonary artery wall of experimental
sample exposed to decellularization solution effect up
to the rupture withstanded a pressure of 40—44 kPa
(300-330 mm of mercury), and the wall of intact
(control) vessel during studying the strength charac-
teristics of pulmonary artery was ruptured when
injecting the pressure of about 75-78 kPa (562—
585 mm of mercury).

The shown in diagram (Fig. 3) data of the strength
trials of vascular wall are the ‘norm’, i. e. the vessel
was not subjected to decellularization, herewith the
aortic wall withstood the pressure of 160 kPa (1,200
mm of mercury).

On the results of statistic analysis the median for
experimental group of aortal grafts made 115.8 kPa,
and the one of the maximal pressure held in the control
group made 185.3 kPa. In the studies of elastic strength
properties of pulmonary artery wall the median indices
equalled 42.6 and 76.2 kPa for experimental and control
groups correspondingly. The results of studies of these
two types of grafts demonstrate statistically significant
differences between the experimental and control
groups (p = 0.0006).

Statistical analysis of strain-strength parameters for
aortic xenogenous grafts and those of pulmonary artery
is represented in Fig. 4 diagrams.

It is important to note that the time interval from
the beginning of vascular wall stretching up to its
rupture (which correlates with its elasticity) in decel-
lularized grafts is longer if compared to those in the
control samples (Fig. 5).

Collagen is the main strain resistant matrix com-
ponent [2, 3, 12]. Individual collagen fibres endure
strong deformation, but herewith they are not subjected
to compression in contrast to elastin fibres which are
able of stretching and contracting. So, the change in
the dimensions and shape of the valve leaflets throu-
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Fig. 4. Strain-strenght indices for aortal grafts and the ones
of pulmonary artery: [0 - experiment; O - control; * —
statisitcally significant differenses vs control, p< 0,001.

JUIs a0pTalbHBIX KCEHOTEHHBIX IpadToB U rpadToB
JIETOYHOH apTepuu MPUBEACHO Ha pUC. 4.

BaxHO OTMETUTh, YTO BPEMEHHBI MHTEPBAI OT
Hayaja paCTATUBAHMS COCYANCTON CTEHKH 1O MOMEH-
Ta €€ pa3pbiBa (UTO KOPPENUpyeT C TOKa3areiaeM ee
ANACTUYHOCTH) Y JACTIEIUTIONSPHBIX TpadTOB OOJIbIIIE
[0 CPAaBHEHHMIO C TAKOBBIM Y KOHTPOJIBHBIX 00pa31oB
(puc. 5).

OCHOBHBIM YCTOHYMBBIM K HaNPSKEHUIO KOMIIO-
HEHTOM MaTpHUKca ABjiseTca KojjareH [8, 9, 15].
OTnenpHBIE KOJIJIAr€HOBBIE BOJIOKHA BBIACPKUBAIOT
3HAUNTENBHYIO AeopMannio, HO IpU 3TOM OHHU HE
MOAMAIOTCA CXKATUIO, B OTIWYHE OT 3JIaCTHHOBBIX
BOJIOKOH, KOTOPBI€ CLIOCOOHBI PacTATHBATHCS U CKHU-
MaThcs. Tak, m3MeHeHne pazmepa U popMBI CTBOPKH
KJIaTlaHa Ha MIPOTSHKEHUHN CEPJICTHOTO IMKIIA CBI3aHbI
¢ TpaHcopmanued CTPYKTyphl KoJijlareHa Iocie
o0bryHBIX pacTsokenni [18]. Harspkenue cTBopku
OTpaHUYCHO, & CONPOTHUBIICHNE IPOTHOY B )KEITyA0UEK
B MOMEHT JHACTOJBl 00ecreunBaeTcsl KOJIareHo-
BBIMHU BOJIOKHaMu. KosiareHoBbIe BOIOKHA B 001acTH
CTBOPKH MMEIOT HampaBlieHHe, 00ecleynBaollee
HanOOJBIIYIO MOAATINBOCTh TKAaHH (OPTOTOHAJIbHAS
OpHEHTAIMA), HO IPU 3TOM OHU MOT'YT OKa3bIBaTh CO-
[IPOTUBJICHIE HANOOJBIIIEMY JaBJICHHUIO (TTapaijielb-
Has opueHTarus) [15].

BroiBoabI
Pesynbrarel aHanu3a ynpyromnpodyHOCTHBIX Ma-
paMEeTPOB JEUEIUTIONSIPHBIX COCYAUCTO-KIIaaHHbIX
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Fig. 5. Strain-strength properties of aortal grafts prior to
(A) and after (B) decullarization.

ghout the cardiac cycle is associated with the transfor-
mation of collagen structure after usual strains [16].
Tension of a leaflet is restricted and longitudinal stift-
ness in the ventricle at the diastole time is provided by
collagen fibres. Collagen fibres in the leaflet area have
a direction providing the highest tissue compliance (or-
thogonal orientation), but they can resist the highest
pressure (parallel orientation) [12].

Conclusions

The results of analysis of strain strength parameters
of decellularized vascular-valvular carcasses testify to
preservation of structural fibres and physical properties
of extracellular matrix. Such an ‘integrity’ is expressed
in maintaining the strength of vascular wall, sufficient
for withstanding the intravascular pressure in vivo, on
the background of a slight increase in its elasticity. Since
the properties of extracellular matrix are also deter-
mined by its biochemical composition, then the findings
can testify to an integrity of structural fibres, making
the matrix basis.

The obtained results can be used in the passport of
biological objects stored in cryobanks.
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