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Pechepat: M3yuanu dusmko-mexaHn4eckme CBOMCTBa TKaHW nepukapaa, CTBOPOK aopTaribHOro kramaHa u apTepuin CBUHbWU Ha
aTanax AesuTanu3auvm kpuopaavauuoHHbelM cnocobom. [Ans npedbiMnnaHTauMoHHOW obpaboTkn KCeHOTKaHel Mcnonb3oBanu
HWU3KMEe TemnepaTtypbl U MOHM3MPYIOLLee n3nyyeHue. MNpoBoOANNM TECT OJHOOCHOIO PacTsKEeHUS TKaHeW nocrne 3amopaxuBaHus-
oTorpeBa, 0bny4YeHNs NOTOKOM 3MIEKTPOHOB, @ Takxe Mocrne WX CoYeTaHHOro Bo3aencTBus. [Toka3aHo, YTO JKCTpaLenonsApHbIA
MaTpukc (QLIM) neBuTanuanpoBaHHbIX TKaHE COXPaHsIeT CBOK LIEMOCTHOCTb U obrnagjaet uanko-MexaHUYeckuMmn cBOMCTBaMU,
XapaKkTepHbIMW ANS HaTWBHbIX TKaHEN Kak B NMPOAONIbHOM, Tak W nonepeyHom HanpasneHuu. [peaBaputensHoe 3amopaxuBaHue
0o —196°C nposiBnseT paanonpoTekTopHoe AeNCTBUE U HUBENUPYET oTpuuatenbHble adpdekTol B-pagmaumm Ha SLUM. Mmybokoe
3aMopaxwuBaHue 1 B~-paguauus UHAYLMpYIOT obpa3oBaHne OOMNOMHUTENbHBIX BHYTPU- Y ME@XMOMNEKYNSAPHbIX NONepeyHbIX CBA3ew
1N NPOSABASAOT CUHEPruyYecknin addeKT: CyWwecTBEeHHO yCUnuBalTCa ynpyrne cBoncTBa TkaHeh. MoguduunpoBaHHas TkaHb
nepukapga, CTBOPOK KnamnaHa v apTepuii ¢ 3afaHHbIMU (PU3NKO-MEXaHUYECKUMWU XapaKTePUCTUKAMMN MOXET UCMOoNb3oBaThbCs B
KayecTBe TKaHeBblX MMMNMNAHTATOB: ynpyrue cCBOWCTBa obecneyvBaloT ANUTENbHOE CyLLEeCTBOBaHWE B OpraHW3mMe peuunueHTa;
3anac NPoOYHOCTM MO3BOMNSET BblAEPXMBATb 3KCMyaTalMOHHbIe Harpy3ku B npouecce (PYHKLUMOHUPOBAHUS; COXpaHAeTcs
KapKaCcHOCTb, 3M1aCTUYHOCTb, CMOCOBHOCTb K PacTSXXMMOCTW, YCTOWYMBOCTb K M3NIOMY U CKPYUYMBAHUIO.

KniouyeBble cnoBa: geBuTanusauns, TKaHeBble MMMNMaHTaTbl, KCEHOTPAHCNNaHTauus, MU3NKo-mexaHn4yeckme CBONCTBA
H6uomaTepumanos, aKCTPaALENMONSAPHbLIA MaTPUKC, HU3KMe TeMnepaTypbl, MOHU3MPYIOLLEe U3NyveHue.

Pecbepat: BuByanu ismko-mexaHivHi BNacTUBOCTI Nepukapay, CTyNIOK aopTanbHOro KnanaHa W apTepiin CBWHI Ha eTanax OeBi-
Tanisauii kpiopagiauiiHum cnocobom. [Ina nepegimnnaHTauiiHoi 06po6KM KCEHOTKaHWH BUKOPUCTOBYBAmNW HWU3bKi TemnepaTtypu Ta
ioHi3yloue BUNPOMIHIOBaHHS. MpoBOAUNM TECT OQHOOCLOBOrO PO3TAryBaHHS TKAHWH MiCNS 3aMOPOXYBaHHA-BIAIrpiBy, ONPOMiHEHHS
NOTOKOM E€NEKTPOHIB, a TaKoX nicns ix noegHaHoi Aii. MNokasaHo, Wwo ekcTpauentonapHun matpuke (ELIM) gesiTanizoBaHux TkaHWH
36epirae cBOW UiMiCHICTb i Mae i3nKo-MexaHi4Hi BNacTMBOCTI, XapakTepHi ANs HaTUBHUX TKaAHWH SIK Y MO340BXHbOMY, TakK i
nonepeyHomy Hanpsimky. lNonepegHe 3amopoxyBaHHA A0 —196°C nposiBnsie pagionpoTeKTOPHY Ail0 Ta HiBEne HeraTuBHI edhekTn
B-pagpiauii Ha ELM. muboke 3amopoxxyBaHHs i B-pagiauisi iHAyKyHOTb YTBOPEHHS OOAATKOBUX BHYTPILLUHBO- i MXXMONEKYNSPHUX
nonepeyvHnx 3BS3KIiB i NPOSABAIOTb CUHEPTiIYHUI ePeKT: iICTOTHO NOCUNIOKITLCA NPYXXHI BNacTMBOCTI TkaHWH. MogudikoBaHa TkaHWHa
nepvikapay, CTyfnku knanaHa n apTepii 3 3agaHuMu i3nKo-MexaHiYHUMU XapakTepUCTMKaMU MOXe BUKOPUCTOBYBATUCS K TKaHEBUN
iMnnaHTaT: NpyXHi BnacTMBOCTI 3abecnevyoTb JOBrOCTPOKOBUI Yac iCHYBaHHsI B OpraHiaMi peuunieHTa; 3anac MiLHOCTi 403BOnNsiE
BUTPMMYBATU eKcnnyaTauiiHi HaBaHTaXeHHs B npoueci yHKUiOHyBaHHS; 36epiraeTbCa KapKacHICTb, enacTUYHICTb, 30aTHICTb
00 PO3TSKHOCTI, CTIMKICTb A0 3namy Ta CKpy4YyBaHHS.

Knio4oBi cnoBa: gesiTanisauis, TKaHUHHI iMNnaHTaTK, KCEHOTpaHcnnaHTauis, disvko-mexaHivHi BnactuBocTi biomaTtepianis,
eKCTpaLentonspHUn MaTpUKC, HU3bKi TemnepaTypu, iOHi3ylo4e BUNPOMIHIOBAHHS.

Abstract: Physical and mechanical properties of the tissues of porcine pericardium, aortic valve leaflets and arteries have been
studied following devitalization by cryoirradiation method. Low temperatures and ionizing radiation were used for pre-implantation
treatment of xenotissues. Uniaxial tension of tissues was tested after freeze-thawing, radiation with flow of electrons, as well as
after their combined impact. The extracellular matrix (ECM) of devitalized tissues has been shown to retain its integrity and to possess
physical and mechanical properties characteristic for native tissue in both the longitudinal and transverse directions. Pre-freezing to
—196°C exhibits a radioprotective effect and eliminates the negative influences of 3~radiation on the ECM. Deep freezing and (3~
radiation induce the formation of additional intra- and intermolecular cross-linking as well as demonstrate a synergistic effect: elastic
properties of tissues are significantly strengthened. Modified tissue of pericardium, valve leaflets and arteries with pre-determined
physical and mechanical characteristics can be used as tissue implants and scaffolds: elastic properties provide lasting existence in
a recipient's body (allowing the repopulation and formation of new structure); the strength margin to withstand the operational loads
during functioning; preserved carcass ability, elasticity, extensibility, breakage and twisting resistance.

Key words: devitalization, tissue grafts, xenotransplantation, physical and mechanical properties of biomaterials, extracellular
matrix, low temperatures, ionizing radiation.
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OnHUM U3 c11ocoO0B CO3AaHUS TKAHEBBIX YKBUBA-
JICHTOB I PEKOHCTPYKTHBHO-BOCCTAHOBUTENBHOI
XUPYPTUH SBISETCS NEBUTATM3ALUS KCCHOTCHHBIX
tkaHel. [Ipobraema noxyuenus 3¢ pekTuBHBIX UMII-
JIAHTATOB KCEHOTEHHOTO MPOUCXOXKICHHUS CBA3aHA C
HEOOXOAMMOCTBIO IIPEOIOJICHNS UMMYHHOTO KOH(IIHK-
Ta. J{7s moBBIIEeHHsT GMOCOBMECTUMOCTH Tpeasia-
raeTcs MPOBOANTH IEBUTATU3AIHIO/ IETIETUTIOPH3ALINI0
TKaH| (pa3pylIaTh B HUX KJIETKHA JOHOPA IO UMITJIaHTa-
LM ), TAKUM 00Pa30M yMEHbIIasi HIMMYHHYIO PEaKIIHIO
OpraHu3Ma peluInreHTa Ha TpasciuianTar [16]. [locne
TpaHCIUIAHTAUN OECKJIETOUYHBIN KCEHOKapKac Io-
CTETIEHHO 3aMeIIaeTCsl ayTOTCHHBIM BHEKJIETOYHBIM
MaTPHUKCOM, (POPMUPYEMBIM COOCTBEHHBIMH KJIET-
KaMH X034HHa C TIOCIEAYIOUINM PEMOJETHPOBAHUEM
1 00pa3oBaHHEM yCTOWYMBOHN JOJTOCPOUHON CTPYK-
Typhbl. Ilpn 3TOM coemMHUTENPHOTKAHHBIE BOJIOKHA
MpoTe3a MOCTENEeHHO JU3UPYIOTCA Makpodaramu,
o0ecrnieunBasi €ro MOJIHOIEHHYIO MHTETPAIINIO B Opra-
HU3M pernunuenTa [26, 32]. [IpeumymecTBo 1eBH-
TaJN3UPOBAHHON KCEHOTKAHM 3aKJIF0YAeTCs B COXpa-
HEHWH CTPYKTYPBI U KOMITO3HIIUW HATHBHBIX TKAHEH.
Kcenorennslii skctpanemnossipasiii matpuke (3LM)
MpeacTaBisieT cO00H COBOKYITHOCTH KOJIJIATCHOBBIX U
3NACTUHOBBIX BOJIOKOH — 3TH PUOPHILISPHBIE MATPHY-
HbIe OeNkn 00ecreYnBarOT KapKacHble QyHKIUU [27,
28]. Takxe cy1IecTByeT BOBMOXKHOCTD 3aCEICHUS Ma-
TPHUKCa ayTOr€HHBIMH KJIETKaMH PELUITUEHTA in Vitro
70 UMIUTAaHTAIlMA C TIOMOIIBIO MOIXO/I0OB TKAHEBOU
nHXeHepud. B mocneanee Bpemst Bce OOIbIIe IeBUTA-
JTU3MPOBaHHAs KCEHOTEHHASI TKAHb MCIIOJIb3YEeTCs KakK
OCHOBA JIJISl U3TOTOBIICHUS TKAHEMHKEHEPHBIX TPOTE-
30B CepAIa u cocynoB. Takoit OMOTEXHOIOTHYECKII
MO/IXO/ TIO3BOJIAET CO3/aTh XKUBYIO ayTOJIOTMYHYIO
TKaHsb [3, 24, 29, 36].

HAns 3¢ pekTHBHOTO KCEHONPOTE3UPOBAHUS
MpeAbIMIUIaHTAMOHHAs: 00pab0TKa JOHOPCKOM TKaHH
JOJDKHA CHI)KaTh UMMYHOT€HHOCTB, CTA0OMIIM3UPOBATh
CTPYKTYpPY TKaHHU U COXPAHSATh aCKBaTHbIE MEXaHH-
YeCcKHe CBOWCTBA MPHU COONIONCHUHN CTEPUIH3ANNN
O6romaTeprana. boIbIIMHCTBO METOZOB ACBUTAIIN3A-
MM OCHOBAaHBI Ha MPOJOJDKUTEIBHONH 00paboTKe
KCEHOTKaHU Pa3IMYHBIMH JIE€TEePTreHTHO-IH3UMHBIMA
Y KOHCEPBHPYIOUINMH PAaCTBOpPaMH (3MOKCUCOEIH-
HEHUS pa3InIHOTO COCTaBa), pa3HOOOpa3HBEIMH THITO-
U THNIEPTOHNYECKUMU Oyepamu, eiicTBHE KOTOPBIX
CBSI3aHO C pa3pylIeHHEM HMMYHOT'€HHBIX KOMIIOHEH-
TOB [6]. MeToIbl XUMHYECKO 00paOOTKH MTO3BOJISIOT
3¢ (EKTUBHO CHIKATh aHTUTCHHBIC CBOMCTBA TKaHEH
U Tpeaynpexaarbh ux OakrepuanbHoe 00CEeMEHEHHUE
3a CHYET aHTHCENTHYECKHX CBONCTB HMCIOJIb3YyEMBIX
pearenToB. OgHAKO TIPH 3TOM HAONIONAETCS OCTATOY-
Hasi MUTOTOKCHUYHOCTH, TOBBIMIAETCS BEPOSTHOCTD
JOTIOJTHATENTFHBIX MTPOIIECCOB MUHEPAJIM3AINH B TKAHU
3a CYeT yBEeIMYEHHS KOJMYECTBA IEHTPOB HyKJICaIlny
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One of the ways to create the tissue equivalents
for reconstructive surgery is devitalization of xeno-
geneic tissues. The problem of obtaining effective imp-
lants of xenogeneic origin is associated with the need
of overcoming an immune conflict. Increase of bio-
compatibility is possible if to devitalize/decellularize the
tissue (to destroy the donor cells prior to implantation),
thereby reducing an immune response of a recipient
organism to the graft [24]. After transplantation, the
cell-free xenoscaffold is gradually replaced by auto-
logous extracellular matrix, formed with own host cells,
a stable long-term structure is remodeled/formed. The
prosthesis connective tissue fibers are gradually lysed
by macrophages, providing its complete integration into
arecipient's body [12, 29]. The advantage of devitalized
xenotissue consists in preserved structure and compo-
sition of native tissues. Xenogenous extracellular matrix
(ECM) represents a combination of collagen and elastin
fibers, fibrous matrix proteins which provide a scaffold
function [13, 20]. There is also a possibility of populating
the matrix with the recipient's autologous cells in vitro
prior to implantation using the tissue engineering
approaches. Nowadays, the devitalized xenogenous
tissue is often used as the basis for the production of
tissue-engineered prostheses of heart and blood
vessels. Such a biotechnological approach enables the
creation of living autologous tissue [2, 7, 22, 23].

For effective xeno-prosthetics the pre-implantation
treatment of donor tissue should reduce an immunoge-
nicity, stabilize a tissue structure and retain adequate
mechanical properties in compliance of the biomaterial
sterility. Most devitalization methods are based on
lasting xenotissue treatment with various enzymatic-
detergent and preserving solutions (various epoxy
compounds), various hypo- and hypertonic buffers for
destruction of immunogeneic components [9]. Methods
of chemical treatment can effectively reduce the
antigeneic properties of tissues and prevent them from
bacterial contamination due to antiseptic features of
the reagents used. However, these result in a residual
cytotoxicity, elevated probability of additional minera-
lization in the tissue due to a rise in the number of the
calcification nucleation sites [30], as well as the damage
of the tissue matrix structural proteins. Enzymatic
treatment and fixation either with glutaraldehyde or
epoxy compounds are accompanied with peculiarities
of calcium accumulation by biological tissues. Biolo-
gical tissue deprived of cells, proteoglycans and glyco-
proteins represents quite a loose and porous structure
of collagen fibers with calcium-binding capacity. The
formation of calcium-containing deposits either on the
surface or in the width of the graft results in a loss of
functionality and furthermore the necessity of repeated
surgeries. Preserving the integrity of the extracellular
matrix is a priority requirement since such a decellu-
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KalbpluHO3a [33], oTMeuaeTcsl MOBPEXKIECHUE CTPYK-
TYpHBIX OCJIKOB TKaHEBOTO MaTpUKCa. BEISBIEHBI
0COOEHHOCTH HAKOIJICHUS KAJIBLHSI OMOJIOTHUECKIUMU
TKaHSIMH 1ociie pepMeHTATUBHON 00paboTKU 1 K-
CalMy DTy TapalibJeTHI0M HITH STTIOKCHCOETNHEHUAMHU.
buotkanp, quIIeHHAs KIIETOK, MPOTEOTIMKAHOB U
[JIMKOIIPOTEHHOB TMPEJCTABISAET cOOO0I T0CTATOUHO
PBIXJIYIO M TIOPHUCTYIO CTPYKTYPY M3 KOJUTar€HOBBIX
BOJIOKOH, KOTOPBIE 00JIa1al0T KaJIbITUHCBI3BIBAIOIICH
cnoco6HoCTHI0. OOpa3oBaHue KaTbIIUHCOAEPIKAIIINX
OTJIOKEHUH Ha MOBEPXHOCTHU WJIU B TOJIILE TPaHCIIIaH-
TaTa MPUBOAUT K TOTepe PYHKLUMOHANBHBIX CBOHCTB
U, B JajJbHEHIIEM, — K HEOOXOIUMOCTH peorepanuii.
CoxpaHeHue LIETOCTHOCTH MEXKKJIETOUHOT O MaTpUKca
SIBIISIETCS TIPHOPUTETHBIM TPeOOBaHMEM, MTOCKOIBKY
TaKas IeLeJUTIONIPU3UPOBaHHAasi KCEHOTEHHAsI TKAaHb
peACTaBisieT OO0 TOTOBYIO OMOJIOTHIECKYIO MarT-
pHILy, CTPYKTypHasi OpraHu3amus u (pu3uKo-MexaHu-
YEeCKHe XapaKTEePHUCTUKH KOTOPOU OTIPEIEIISIOT MOCTe-
nyromiee GyHKIIMOHUPOBAHHUE TPAHCTIIIAHTATA.

B otnene skcnepuMeHTAIBHOW KPHOMEIUIIMHBI
UITKuK HAH VYkpaunsl Obln mpeasioxeH HOBBIN
MIOJXOJ] K CO3/IaHHIO AEBUTATN3UPOBAHHBIX KCEHOTCH-
HBIX 3KBHBAJCHTOB (TKaHEBBIX MMIUIAHTATOB) C HC-
MoJb30BaHUEM (U3UYECKUX (AKTOPOB — HHU3KHUX
temmnepatyp (—196°C) 1 HOHU3UPYIOIIETO U3ITyIEHHSI
(B -paaunanus). Takoit cmoco0 HCKIIOYAET HUCIONb-
30BaHME XMMHUYECKHX PEareHTOB, YTO CIIOCOOCTBYET
MTOBBIIIEHUIO Ka9€CTBA MOTYYAaEMBIX TKAHEBBIX HM-
IJTAHTATOB M CHIDKEHUIO PHCKAa OCIOXKHEHHH IMocie
TpaHcrutanTanuu [22]. [IpenpviiantapionHas oopa-
00TKa HU3KUMH TEMIIEPATypaMy U HOHU3HUPYIOINUM
M3ITydeHneM 00eclieqnBaeT MOBPEXKIEHUE OCHOBHBIX
MHUIIEHEH MMMYHOT€HHOCTH OMoMarepuaia 3a cyeT
MOCIeA0BaTENbHBIX (P (HEKTOB KpHO- ¥ paldaluoHHO-
XUMHUYECKOTO MOBPEKICHUSA, a TAK)KE aKTUBALMH
MIPOLIECCOB paIMalliOHHO-UHAYIIMPOBAHHOTO alloNTo3a
[4, 9, 30]. Kak HU3KHE TeMIlepaTypbl, TaK U HOHH-
3Upylollee U3Ty4yeHUEe WHULIUUPYIOT 00pa3oBaHue
JIOTIOTHUTENBHBIX TOMEPEYHBIX CIIMBOK, 3a CYET
KOTOPBIX KOJIJIareHOBbIE (PUOPHIIIBI YKPEIIIAIOTCS
BHYTPH- M MEXI[ETTOYCUYHBIMH KOBAJCHTHBIMH
cmmBKamu [23, 34]. Huzkue temmnepaTypsl pemaioT
po0iieMy coxpaHeHHs] OMOJIOTHYECKOTO MarepHasa
Ha IPOMEKYTOYHBIX JTaax TeXHOJIOTHIECKOTO IPO-
Lecca ¥ J0Nr0CPOYHOTO XpaHEHNE TKaHEBbIX SKBHBa-
7eHTOoB. J{aHHBIH c110co0 0becreunBaeT MOJTHOLCHHYTO
BUPYCHYIO 1 OaKTepHaTIbHYIO CTEPUIM3ALIUIO IIACTHU-
yeckoro 6momarepuana. [Ipu mopdonoruueckux
HCCIIeI0OBAaHMAX TIEPUKapAa, a0PTANBHOTO KJlalmaHa v
apTepuil CBUHBH TOCJIE JEBUTAIM3ALNN KpUOpaIua-
[IMOHHBIM CITOCOOOM OBLIIO ITOKA3aHO, YTO TaKast 00pa-
00TKa BBI3BIBAET BHIPAKEHHBIE IECTPYKTUBHBIC H3ME-
HEHU KJIETOYHBIX 21eMeHTOB. [Ipu aToM coxpaHsroT-
Csl IPOCTPAaHCTBEHHOE PACTIONIOKEHNE U CTPYKTypHAs
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larized xenogeneic tissue is the ready biological matrix,
the structural organization and physical-mechanical
characteristics of which determine the following graft
functioning. At the Department of Experimental
Cryomedicine of the IPC&C of the National Academy
of Sciences of Ukraine a new approach was proposed
to create the devitalized xenogenous equivalents (tissue
implants) using physical factors, i. e. low temperatures
(-=196°C) and ionizing radiation ([3-radiation). This
method allows to exclude the use of chemical reagents,
that contributes to increasing the quality of the tissue
implants and reducing the risk of post-transplantation
complications [21]. Pre-implantation treatment with low
temperatures and ionizing radiation damages the basic
targets of biomaterial immunogenicity due to succes-
sive effects of cryo- and radio-chemical injury as well
as activation of radiation-induced apoptosis [5, 26, 38].
Both low temperatures and ionizing radiation initiate
the formation of additional cross-links, due to which
the collagen fibrils are strengthened by intra- and inter-
chain covalent cross-links [4, 31]. Low temperatures
solve the problem of biological material preservation
at intermediate stages of technological process and
following long-term storage of the tissue equivalents.
This method provides a complete viral and bacterial
sterilization of plastic biomaterial. Morphological studies
of the pericardium, aortic valve and porcine arteries
after devitalization with cryoradation showed that such
a treatment caused a manifested destructive changes
of cell elements. Herewith the spatial arrangement and
structural integrity of the fibrous components of a
connective tissue base are preserved [10, 11, 19].

The goal of this research was to study the changes
in elastic-strength properties (physical and mechanical
deformation indices) of porcine arteries, pericardium
and aortic valve leaflets under the influence of low
temperatures, ionizing radiation and their combined
action.

Materials and methods

The tissues of pericardium, arteries and aortic valve
leaflets were isolated from 6—8-month-old bredless pigs
20 min later their slaughtering at meat processing
enterprise (Kharkov region, Ukraine) under aseptic
conditions. Under laboratory conditions the tissues were
carefully dissected and washed with a cold sterile
saline. Inner diameter of the isolated arteries ranged
from 2.5 to 5 mm and the length did from 5 to 10 cm.
Aortic leaflets remained unchanged. The pericardium
was cut into flaps. Cryocontainers with the samples
were placed into liquid nitrogen, wherein they were
stored until the next processing step. Afterwards (at
the Kharkiv Institute of Physics and Technology of
the National Academy of Sciences of Ukraine) the
samples were irradiated with electron flow of the
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LIETIOCTHOCTh BOJIOKHUCTBIX KOMIIOHEHTOB COEIUHU-
TEeJIbHOTKAHHOW OCHOBHI [5, 7, 14].

Henp nanHOTO KICCIENOBAHUS — U3yUYE€HHUE U3MEHE-
HUH yIPyTOMPOYHOCTHBIX CBOMCTB ((pH3UKO-MEeXaHH-
YecKue MoKaszaTedau neopMalriuu) apTepualbHBIX
COCY/IOB, TIEpUKap/Ia ¥ CTBOPOK a0PTAIILHOTO KJIaraHa
CBHUHBY 10T BIMSTHUEM HU3KHUX TEMIIEPaTyp, HOHU3H-
PYIOIIETO U3TYyYCHUS U IX COUETAHHOTO JACHCTBUA.

Marepuajbl 1 METOABI

Txanp nepukap/a, apTepuil 1 a0pTaNbHbIE CTBOPKH
KJIaTlaHa BBIACISUIM Y 6—8-MECAYHBIX OECIOpOIHBIX
cBuHel B TeueHue 20 MUH rociie 32005 Ha Msconepe-
pabarbiBaromem npeanpuarun (r. boronyxos, Xaps-
KOBCKast 00J1aCTh) IPH COOTIOACHUHY PABHJII ACEITHUKH.
B naGopatopHbIX yCIOBHSX TKaHU TILATEIBHO Mpera-
PHUPOBAIH U IPOMBIBAIIH OXJIAXKICHHBIM CTEPHIBHBIM
(buznonormuecKkuM pacTBopoM. BHyTpeHHNI Auametp
BBIIETICHHBIX apTe-pUil BApbUPOBaJ OT 2,5 10 5 MM,
mumrHa — oT 5 710 10 cM. AopranbHEIE CTBOPKH OCTaBa-
JUCh HeM3MeHHbIMHU. [lepukap pazpe3anu Ha JIOCKY-
ThI. KpriokoHTeWHEephI ¢ 00pa3aMy MOMeIIajy B KU/-
KHI a30T, B KOTOPOM XPaHWJIH A0 CIEAYIOLIEro 3Tara
o0pabotku. 3arem (Ha 6aze HHII «XapbroBckuit
¢dmsuko-Texanuecknii uHctTYT HAH Ykpannsi») ¢ o-
MOILBIO JINHEUHOTO YCKOPUTETIS 3MEKTPOHOB «JI[Y-10»
(Yxpauna) o6pasibl 001y9any MOTOKOM 3JIEKTPOHOB
C BEJIMYMHOMN MOIVIOIIEHHOH JT03BI B JHAIla30HE 25—
30 xI'p. Ho3za 25 kI'p sBIsIeTCA MUHIMAIIEHO HEOO0XO-
JIMOM JI71s 00eCTIeUeHUSI CTEPHITLHOCTH METUIIMHCKUX
MaTepHasioB U JOITyCTUMOH TS COXpaHeHus puOpuiI-
nsapHBIX O6enkoB DM, C menpio mpexymnpeskIeHs
TEIUIOBOH JICHATYpalluu COCJMHUTENBHON TKAHU B
nporiecce o0ydeHus (OCYIISCTBISIIU TUCKPETHO)
MTOCTOSIHHO KOHTPOJIMPOBAJIH TEMIIepaTypy 00pa3LoB
(ae Gonee 25°C). Ilocne oOmydyeHUs! cTepUIbLHBIC
KOHTEIHEPHI ¢ 00pa3laMy XPaHWJIH B ITapax KU IKOTO
azota npu temreparype ot —150 go —170°C.

YOpyronpoyHOCTHBIE CBOWCTBA apTepHil, mepu-
Kap/a ¥ CTBOPOK KjlallaHa CBUHBH M3ydaid Ha Oase
kadenpel conporusieHus marepuanos Hamuonans-
HOT'O TEXHHUYECKOr0 YHHUBEpPCHUTETa «XapbKOBCKUI
MOJIMTEXHUYIECKUI HHCTUTYT». McnibiTanus Ha pacts-
KEHHUE MaTepPHUajOB IIPOBOAWINA HAa YHUBEPCAIbHOM
nedopmupyromem yctporictee «FP 100/1» («VEB
TIW Rauenstein», ['epmanus). Usyuenune ¢pusnko-
MeXaHHMYECKUX CBOWCTB BKJIIOYAJIO B ce0st ompeseie-
HUE TOJIMHEI (h), MOOyns ynpyroctu (E), npeaena
MpOYHOCTH (A), OTHOCUTENBHOTO ymiauHeHus (L),
3amaca aedopMaTHBHON crocoOHOCTH (O) TKaHEH.
[Mpenen npoynocty onpeaessuu 1o Gopmyie: A = F/S,
rae F — MakcuMalbHas CUja PAaCTSXKEHUS IpH
HapyIlIEeHUH LEJIOCTHOCTH MaTepuaia, S — MIomaib
IIONIEPEYHOTO cedeHus: oopasua. Moayip ynpyroctu
ompenensym no popmyne: £ = (F, — F)L/S(L, - L),
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absorbed dose within the range of 25-30 kGy with a
linear electron accelerator LUE-10 (Ukraine). The
dose of 25 kGy is the minimum necessary to ensure
the sterility of medical materials and admissible one
for the preservation of ECM fibrous proteins. To pre-
vent a connective tissue heat denaturation during irra-
diation (performed discretely) the sample temperature
was constantly monitored (maximum 25°C). After
irradiation the sterile containers with samples were
stored in liquid nitrogen vapor at a temperatures from
—150 down to —170°C.

Stress-strain properties of porcine blood vessels,
pericardium and valve leaflets were studied at the De-
partment of Strength of Materials, National Technical
University ‘Kharkov Polytechnic Institute’. Tensile
tests were carried-out with the universal material
deforming device FP 100/1 (VEB TIW Rauenstein,
Germany). The examining of physical and mechanical
properties included the studies on determining the
thickness (%), elasticity modulus (£), tensile strength
(M), relative elongation (L), reserve capacity of defor-
mability () of the tissues. Tensile strength was found
with the formula: A = F/S, where F was the maximum
tensile force at the material disintegrity and S was the
specimen cross-sectional area. The elasticity modulus
was determined by the formula: £'= (F, - F))L /S(L, -
L)), where F, was the initial tensile force in the zone
of elastic deformations, F, represented the ultimate
tensile strength in the area of elasticity, L, was the
length of the sample corresponding to F, L, was the
one corresponding to F,, L, meant an initial sample
length. Tissue elongation was calculated using the
formula: L = (L,— L )/L,x100%, where L, was sample
initial length, L, was length of the sample under the
load at the moment of the rupture start. Reserve
capacity of deformability was determined by the
formula: =L /L , where L was sample initial length,
L, was the length of the sample under load at the
moment of rupture. The thickness of the samples was
measured with a thickness gauge TP-10-60 (Russia).
Porcine arteries, pericardium and aortic valve leaflets
were divided into 4 groups as follows: 1 —native tissues
(control group) (N); 2 —tissues, irradiated in a dose of
25 kGy (R); 3 —tissues after freezing down to —196°C
and then thawed (F); 4 — tissues after freeze-thawing
and following irradiation at a dose of 25 kGy (FR) (at
least 10 samples were tested per group). Tests were
performed in 30 mm arterial segments, the segments
of 60 mm length and 9 mm width cut from pericardial
tissue, and full sized valve leaflets. Tissue samples were
firmly fixed by the abrasively coated clamps to the
device working parts. To fix the pericardium and valve
leaflets an additional special device was developed.
Taking into account histological structure of the peri-
cardium and leaflets, the material was considered as
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rie F, — HayanbHas CUJla PACTSIHKEHHUS B 30HE YIIPYTUX
nedopmarnuid, F. , — KOHEYHas CHJIa PAaCTSDKCHHS B 30HE
YHPYrocTH, L, — JuMHa 00pasua, COOTBETCTBY OIS
F N L2 — anmuHa 00pasia, COOTBETCTBYIOIIAS F2§ LO—
HavyanbHas JuirHa o0pasua. OTHOCHUTENBHOE YIIHHE-
HHE TKaHel paccuuTbiBaiu no ¢opmyne: L = (L, —
Ll)/LIXIOO%, rae L, — HavajabHas JJIMHA obpasiia,
L, — nnuna obpasua Ipu Harpy3Kke B MOMEHT Hadaia
pa3psiBa. 3amnac aehopMaTUBHON CITIOCOOHOCTH OITpe-
nensmu no popmyne: 8 = L /L, rie L — HauanpHas
anuHa obpasua, L, — anHa odpasua Npu Harpy3ke B
MOMEHT pa3pbiBa. TONIIMHY 00pa3oB U3MEPSIN C
nomoiipio TommuaomMepa «TP-10-60» (Poccus).
ApTepun, nepuKkapi ¥ CTBOPKH a0pTaIBHOTO KJlarmaHa
CBUHEH OBUIM pa3/ieeHbl Ha TPYNNbl: | — HATHBHBIE
TKaHu (KoHTponbHasA rpynmna) (N); 2 — TkaHu, 00Ty 4YeH-
Heie B 1o3e 25 kI (R); 3 — Tkanu nocie 3aMopaxuBa-
Hus 10 —196°C u ororpesa (F); 4 — TkaHH ociie 3aMo-
PaKMBaHHUA-OTOTPEBA U TOCIEAYIOIIEr0 00IyYeHHS B
no3e 25 kI'p (FR) (B rpymie ucnibIThIBaIu HE MEHEE
10 oOpa3iioB). st UCHIBITAHUI HCIOIB30BAIH CET-
MEHTHI apTepuit nnHo# 30 MM, U3 TKAHU MEepUKapa
BBICEKAIMCh CErMEHTHI JUTMHOM 60 U mupuHOi 9 MM,
CTBOPKH KJIaIlaHA OCTABAINCHh HeN3MeHHBI. O0pa3Ithl
TKaHeH MPOYHO PUKCHUPOBAIH 33KUMaMH ¢ aOpa3uB-
HBIM ITOKPBITHEM K pa0OYNM YacTsIM ycTpoiicTBa. s
(bukcanmu neprKapaa v CTBOPOK KiaraHa ObUIo pa3pa-
00TaHO AOMOJIHUTENIFHOE CIIEIHAIbHOE YCTPOHCTBO.
Y4YuTBIBas THCTOJIOTHYECKYIO CTPYKTYPY IeprKapaa
Y CTBOPKH KIIallaHa, MaTepuall pacCMaTPUBAJICS Kak
AHM30TPOIHBIN 1 AehOPMUPOBAHHE TIPOBOAMIIHU B IBYX
HaIpaBJICHUSAX (TIPOJIOIBHOM U TIOTIEPEYHOM) B 3aBH-
CHUMOCTH OT HarlpaBJIeHus BOIOKOH. CKOpocTh nedop-
Manuu V = 60 MM/MHH, peaeibHOE 3HAYCHHUE
Harpy3ku F'=4,0 kr. OqHOOCHOE pacTsHKEeHHE POI0-
JKaJIA 10 MOMEHTa HapyIIeHHUs [EIOCTHOCTH TKaHH,
1P 3TOM PETUCTPHPOBAIIH MPEIETHHO PHIIOKEHHYIO
Harpy3Ky W MOKa3areilb MaKCUMAJIbHOTO Y/UTMHEHUS
C OJHOBpPEMEHHOU rpadu4UecKoi perucTpaiuei
3aBUCUMOCTH «ycuiue-nepemenienue». Jedop-
MaIlMOHHBIE KPUBBIE 00pa0aThIBAIH U PACCYUTHIBAIIN
OCHOBHEBIE (PH3MKO-MeXaHUYeCcKue moka3arenu. Pac-
YeThl BCEX IMOKa3aTelied MpeacTaBisiiId B BUJE
quarpaMM. buomexaHndeckie XapakTepUCTUKU COOT-
BETCTBYIOT MEXAYHapoAdHbBIM cTaHaapram [SO
5840:2005 «Cardiovascular implants — Cardiac valve
prostheses», NEQ. Cratuctuueckyro o0paboTKy pe-
3yJIBTAaTOB MPOBOAMIIN C ITOMOIIBI0 KOMITBIOTEPHBIX
nporpamm «Statistics 17.0» («SPSS Inc.», CIIA) u
«Microsoft Excel» («Microsofty, CILIA). Paznuuus
cunTaNy 3HaYUMBbIMU Tipu p < 0,05.

PesyabTarsl U 00cyxaeHHe

JlntenbHOE ¥ TOJTHOIEHHOE (DYHKITMOHUPOBAaHUE
OmoTpaHCIIaHTaTa B OpraHu3Me OOJIHHOTO 3aBHCHT
OT CHOCOOHOCTH JTaHHOW TKAaHU MPOTHUBOCTOSITH
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an anisotropic and deformation was performed in two
directions (longitudinal and transverse) depending on
the fibers orientation. The deformation velocity was
V= 60 mm/min, the ultimate load made F' = 4.0 kg.
Uniaxial tension was applied until the appearance of
disorders in tissue integrity, the ultimately applied load
and maximal elongation rate were recorded in the
process with simultaneous graphic registration of the
force vs. translocation dependency. Deformation cur-
ves were processed and basic physical and mechanical
properties were calculated. All the calculations for all
the indices were presented as diagrams. Biomechanical
characteristics matched the international standards
ISO 5840:2005 ‘Cardiovascular implants — Cardiac
valve prostheses’, NEQ. Statistical analysis was
performed using the Statistics 17.0 software (SPSS
Inc, USA) and Microsoft Excel (MS, USA). Diffe-
rences were considered as significant at p < 0.05.

Results and discussion

Long-time and full-value functioning of biotrans-
plant in a patient's body depends on the tissue ability
to resist the damaging load effect. In its turn, physio-
logical aspects of its functioning, including blood
circulation, adhesion, proliferation, cell differentiation,
phagocytosis etc. are determined by physical and me-
chanical properties and depend largely on structural
integrity, architecture and relationship between fiber
components [1, 2, 24, 28, 34]. Cells recognize fibers
and follow their direction and location when growing.
There is a constant relationship and interaction between
the cells and ECM during repopulation (remodeling)
and the formation of the graft normal structure. The
conjugation of population rate and the one of lysis of
the devitalized matrix is an essential condition. Connec-
tive tissue matrix resulted from decellulirization of
xenotissues is the ready biological scaffold, and its initial
physical-mechanical parameters determine the follow-
ing functioning of the transplant. Stress deformation
indices characterize the strength, elasticity and plasti-
city of the material, they are important biomechanical
parameters of connective tissue structures and stan-
dard biomaterial characteristics [6, 14, 16, 25].

Fig. 1 demonstrates the deformation curve of stress
strain characterizing the properties of sample material.
With the stress-strain curve it is possible to determine
the limit of proportionality (the highest tension whereat
the material abides by the Hooke's law), plastic yield
(tension at which in the material a noticeable elongation
without a load increase appears), strength (maximum
tension in the diagram, which could be sustained by
the sample) and Young's modulus. Tensile test enables
judging on the material behavior for other types of
deformation as well.

For all research groups the sample wall thickness
was measured before each test. Measurements were
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paspymaromeMy AelCcTBHIO (PM3UUECKON HAarpy3KH.
B cBoto ouepens, pu3MOIOTHYECKHAE ACHEKTHI €ro
(hyHKIIMOHMPOBaHHMS, BKITFOUAs IIPOIIECCHI TEMOIIUPKY -
JSMH, afare3uu, nponudepanuu, 1uddepeHInanum
KJIETOK, (aromuros3a u Ap., ONPEASISIOTCS (HU3UKO-
MEXaHMYECKUMHU CBOWCTBAMU M BO MHOT'OM 3aBHUCST
OT CTPYKTYPHOH LEIOCTHOCTH, apXUTEKTOHUKH U
B3aUMOCBSI31 MEKIY BOJIOKHHCTHIMH KOMITOHEHTAMU
[1, 3, 16, 31, 37]. KneTku pacmo3HalOT BOJOKHA U
OPHUEHTHUPYIOTCS B CBOEM POCTE HAa MX HATIPABJICHHUE U
pacrionoxenne. CyliecTByeT TIOCTOSSHHAs B3anUMO-
CBSI3b U B3aMMOBJIUSIHUE MEXIY KieTkamu u O1[M B
MpolLecce PenomyIsaIuy (peMOoAeTUpoBaHus) u hop-
MHPOBaHUS HOPMAJIBHOW CTPYKTYPhl UMILIAHTATA.
HeoOxoquMbIM yCIIOBUEM SIBISETCS COMpPSIKCHUE
CKOPOCTH 3aCEJICHUS U CKOPOCTH JIM3KCA JICBUTAIIN3H-
poBanHOr0 MaTpukca. CoeIMHUTEIbHOTKAHHBIN MaT-
PHUKC, U3TOTOBJICHHBIA TyTEM ACTEITIONISIPpU3aIliN
KCEHOTKaHEN, SABJISETCSA rOTOBOM OMOJIOTHYECKOM
MaTpHUILIEeH, U €ro UCXOIHbIC (PU3NKO-MEXaHUUYCCKUE
rapamMeTpsl ONpPEeAeINIIoT Mocienymmnee QpyHKIuo-
HHUpOBaHHWE TpaHcIaHTaTa. Ilokazartenu cTpecc-
nedopMaIiy XapakTepU3yIOT IPOYHOCTh, YIIPYTOCTh
U TUIACTUYHOCTh MaTepHalia, SBISIIOTCS BaXKHBIMU
OMOMEXaHMUYECKUMU MMapaMeTpaMu COSAMHHUTEIHHO-
TKAaHHBIX CTPYKTYP U OOIICTIPUHATHIMU XapaKTePHC-
TUKaMu Ouomarepuana [11, 15, 19, 21].

Ha puc. 1 npexacrasiena nedopMannoHHas KpuBas
pacTsDKEHHS, KOTOpast XapaKTepU3yeT CBOMCTBA MaTe-
puana obpasma. M3 nuarpaMMbl pacTsDKEHHSI MOYKHO
OTIPEACITUTE TIPEIEI MPOTIOPIIMOHATBHOCTH (HAN0OITh-
ee HanpspDKEHUE, MPU KOTOPOM MaTepHhai ClIeayeT
3akoHy ['yka), TekydecTu (HanpsoKeHue, Ipyu KOTOPOM
B Marepualie MOSIBIACTCS 3aMETHOE Y/UIMHEHHE 0e3
YBEJIMUYEHUS HATPY3KH), POYHOCTH (MaKCHUMaIbHOE
HanpspKEHUE Ha TUarpamme, KOTOpOe CIIOCOOCH BhI-
Jepkarb obpasen) u monayib lOnra. Mcneitanue Ha
pPaCTsDKEHUE TMO3BOJISET CYAWTh O MOBEJACHUU MaTe-
puaa u pu pyrux Bujgax nedopmanuu.

Jst Bcex Tpynm MCCIeAOBaHHS MEPen KaXKIbIM
WCTIBITAHNEM TIPOBOAMIA U3MEPEHHE TONIMHBI CTEHKH
00pa3moB. 3aMephl BHIMTOJHSIIHA B 3-X TOYKax C
TOYHOCTHIO 0 10 MKM M pacCUHUTHIBAIN CPETHEE 3HA-
yeHue. Pe3ynbraThl U3BMEpPEHUN MpeAcTaBieHbl Ha
puc. 2. TonmHa TKaHU TIepUKapaa Mocie BCeX BO3-
JCHCTBUI 3HAYMMO YBEITMYMBACTCS 110 CPABHEHUIO C
HaTUBHOW TKaHBIO. J[J1s1 CTBOPOK KI1araHa 3TOT MOKa-
3arelib B Ipynnax 2 u 3 HE3HAYMTEIbHO YBEIUYH-
BaeTcs, a JUIS TKaHW, MOABEPrHYTOW COYETAHHOMY
JEeHCTBUIO 3aMOpakUBaHUs U 00myueHus (rpymnna 4),
3HaYMMO CHIKaercs. [locie 3aMmopaxuBaHUA-00ITy-
YeHHs TKaHb IepUKap/ia yTOJIIIAETCs, CTBOPKH KIlama-
Ha UCTOHYAIOTCS, a TONIIIMHA COCYIOB HE U3MEHSIETCS.
Takue oTau4Ms B OTBET HA IPUMEHIEMOE BO3ICICT-
BH€, KaK MBI TIOJIaraemM, 00y CIIOBIIEHBI THAPOQIIHLHBIMA
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L
Puc. 1. [ledopmaunoHHas KpmBas O4HOOCHOIO pacTsxe-

HUA MaTtepuana 40 MOMeHTa HapylleHUA LeNTOCTHOCTU.

Fig. 1. Deformation curve of uniaxial tension until the mo-
ment of continuity breakage.

performed in 3 points with an accuracy of up to
10 microns and an average value was calculated. The
measurement results are shown in Fig. 2. After all the
exposures the thickness of pericardium tissue increases
insignificantly if compared to the native tissue. For the
valve leaflets this value in groups 2 and 3 increased
slightly, while for the tissues subjected to a combined
effect of freezing and radiation (group 4) it decreases
significantly. After freezing and irradiation the width
of pericard tissue was increased, the valve leaflets
became thinner, and the dimensions of vessels did not
change. These differences in response to applied effect
as we believe are stipulated with hydrophilic properties
of various connective tissues. Due to the presence of
a big amount of glycosaminoglycans in a loose
connective tissue the width of arteries was kept at
native tissue level.

Fig. 3 shows the E values for the tissues of peri-
cardium, arteries and valve leaflets after each type of
impact. This index is determined only by the material
elastic properties and is responsible for the tissue
stiffness, which is directly proportional to the elasticity
modulus. In case of longitudinal strain the £ values for
the pericardium tissue subjected to freeze-thawing
(group 3), and freeze-irradiation (group 4) increased
by 51 and 61%, respectively, and are significantly redu-
ced after irradiation (group 2) by 57%. Similar changes
in the £ values were also observed for a transverse
load (Fig. 3A). If the valve leaflet was longitudinally
stretched, the E value was also significantly higher for
the groups 3 and 4 (46 and 58%, respectively),
comparing to the control. In the tissues subjected to
irradiation (group 2) the E value was significantly
reduced by 64%. In the radial direction the elasticity
modulus of leaflets was quire unchanged and remained
at the level of native tissues, except the irradiated
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CBOWCTBaMHM Pa3HBIX TUIIOB COEIMHUTEIBHON TKaHHU.
3a cyer Hanu4Ksl OOJBILIETO KOMMYECTBA TIIMKO3aMH-
HOTJIMKAHOB B PBHIXJIOM COEAWHUTEIHHON TKAaHH TOJ-
LIMHA apTepuil COOTBETCTBYET MOKA3aTeIsIM HAaTUBHOM
TKaHH.

Ha puc. 3 npencrapnensl 3HaueHust £ aJisl TKaHU
nepuKapia, apTepruii ¥ CTBOPOK KJIalmaHa 1mociie Kax-
JIOTO BUJIa BO3/IeWCTBUM. JJaHHBII TOKa3aTens onpeie-
JISieTCs TOJILKO YIIPYTMMU CBOMCTBAMH Marepuaia u
OTBEYAET 32 JKECTKOCTh TKaHU, KOTOpasi MPSIMO MpO-
MOPUMOHAIBHA MOAYIIO yripyrocTy. [Ipu npomonbHOi
nedopmaryu £ a7 TKaHU IepUKapAa, NOJABEPTHYTOM
3aMOPaXMBAHUIO-OTOTPeBY (Ipymia 3) ¥ 3aMOpaKHBa-
HUI0-00y4YeHuto (rpymnmna 4), yBenuuusaercs Ha 51 u
61% COOTBETCTBEHHO U CYIIECTBEHHO CHMXKAETCS
nocne ooiryyenus (rpymma 2) Ha 57%. Takue ke u3me-
HeHYsI £ OTMEUEHBI M IIPH MOTIEPEYHOM HaTIPaBICHUH
Harpy3ku (puc. 3, A). Ilpu pactsikeHUH CTBOPKH
KJlallaHa B MPOJOJBHOM HalpaBlICHHU 3HaueHUe E
TaKke 3HAYUMO BBIIIe it Tpynn 3 u 4 (Ha 46 u 58%
COOTBETCTBEHHO ) 110 CPABHEHHIO ¢ KOHTpoJieM. B Tka-
HSIX, TIOJIBEPTHYTHIX 00y4eHuto (rpymma 2), £ 3Ha4H-
MO cHUXKaeTcs Ha 64%. B pannansHOM HanpaBieHUH
MOZYJIb YIIPYTOCTH CTBOPOK NPAKTHYECKH HE MEHSIET-
Cs M OCTaeTcs Ha YpOBHE IOKa3aTessl HaTHBHBIX
TKaHel, KpoMe 00pas1oB, MOABEPTHYTHIX OOITyUEHHIO,
B KOTOPBIX 3TOT MOKa3areib cHIKaercs (puc. 3, B).
XKecTkocTh B COCYIUCTOM CTEHKE CYIIECTBEHHO yCH-
JINBAETCSI TTOCIIEC 3aMOpaXKUBaHUA-0TOTrpeBa (Ha 59%)
1 TIOCJIe KOMOMHUPOBAHHOTO BO3ekicTBUA (Ha 47%).
Jyis rpymnmel 2 ynpyTre CBOMCTBA COCYIOB YCHITHBAIOT-
Csl He3HAUUTEIIBHO M HAXOJISATCS B TIpeJieiax JeBHAIH
koHTpOJs (puc. 3, C).

BaxxubIM cBoiicTBOM JeopMupyeMOro Marepua-
J1a SIBJISIETCS] IPOYHOCTD, XapaKTepHU3YIoIIast ero Cro-
COOHOCTB COTIPOTHBIISATHCS Pa3pyIICHHUIO MIPH ACHUCT-
BUM BHEUIHUX cuII. [IpoyHOCTB TKaHel Ha pa3phiB IPH
pacTsKeHUH — OCHOBHOM CTaHAAPTHBIM MOKA3aTellb,
XapaKTepU3yIOIUI MEXaHUUECKUE CBOWCTBA TKaHHU,
JUTSL KOIMYECTBEHHOMN OIIEHKH KOTOPOTO HCIIONIb3YIOT
Ipees MPOYHOCTH MaTeprana (Kak BeTHIUHY pas3py-
IIAFOIIEr0 MEXaHIMYECKOTO HAPSHKEHNS ), OTHOLIICHHE
BEJIMYMHBI pa3pylIalolneil Harpy3ku K IIOIIagn
[IOTIEPEYHOTO CeUeHUs 00pasiia B MECTE pa3pyIICHHUS.
Ipu ipomonsHO# AedopMariun A mepruKapa HeCKOJb-
KO CHMXAeTCs MOCIe 3aMOPaKUBAHHUSI-OTOTPEBA HA
18% (rpynma 3), HO ocTaeTcst Ha ypOBHE KOHTPOJILHOM
rpynmsl nocie AeBuranu3auuu (rpynna 4). Ilpu
MIOTIePEYHOM HANPaBJICHUU HArPY3KU A CHUKAETCS VIS
BCEX OMBITHBIX IPYII, HO 0COOEHHO pe3Koe MajcHue
MPOYHOCTHBIX CBOWCTB HAOIIOAAETCS B TKAHAX NIEPH-
KapJa Iocjie MOHU3UPYIOMEro u3aydeHus Ha 75%
(puc. 4, A). BennunHa pa3pymaomero Mexanudec-
KOTO HAIpsDKEHHs] BO3pacTaeT B CTBOPKAax KilalaHa
[TOCIIE COYETAHHOTO BO3/ICUCTBUS HA TKAHb KaK B TIPO-
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Puc. 2. TonwmnHa o6pa3uoB TKaHM NOCre pasfn4YHbIX
Bo3gevcTeuii: O — nepukapg, [ — cTBOpkM aopTanbHoro
knanaHa, l — aptepun; N — HaTUBHbIE TKaHWN (KOHTPOIb);
R — TkaHu, obny4eHHble B fo3e 25 kIp; F — nocne 3amopa-
xumBaHua go —196°C un otorpeBa; FR — TkaHu nocne
3aMopaxunBaHUS-OTOrpeEBa M nocnegyowero obnyyeHns
B Ao3e 25 klp; * — pasnuunsa cTaTUCTUYECKM 3HAYUMBI
OTHOCKU-TENbLHO KOHTpons, p < 0,05, n = 200.

Fig. 2. Thickness of tissue samples after various effects:
O - pericardium, [ — aortic valve leaflets, M — arteries; N —
native tissues (control); R — irradiated in a dose of 25 kGy;
F — after freezing down to —196°C and thawing; FR — tis-
sues after freeze-thawing and irradiation at a dose of 25 kGy;
* — statistically significant differences if compared with the
control, p < 0.05, n = 200.

samples wherein this index was reduced (Fig. 3C).
Stiffness in vascular wall was significantly enhanced
after freeze-thawing (59%) as well as after the
combined treatment (47%). For group 2 the elastic
properties of the vessels were insignificantly enhanced
and were within the control range (Fig. 3C).

An important property of deformable material is
the strength, characterizing its ability to resist the
destruction caused by external forces. The tissue
tensile strength during stretching is a basic standard
index characterizing the tissue mechanical properties,
which could be quantitatively estimated using mate-
rial stress limit (the value of damaging mechanical
stress), the ratio of the breaking load to the sample
cross-sectional area at the destruction site. In case of
longitudinal deformation the value A of pericardium
was insignificantly reduced after freeze-thawing by
18% (Group 3), but remained at the control group level
after devitalization (group 4). The transverse load
decreased the A for all tested groups, but a particularly
sharp drop in the tensile strength properties was obser-
ved in pericardium tissues after ionizing radiation, by
75% (Fig. 4A). The value of destructive mechanical
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Puc. 3. Mogynb ynpyrocty nocne pasnuyHbix Bo3gencrteun: A — nepukapg, B — ctBopku aoprtanbsHoro knanaHa, C —
apTepuu; 3aLUTPMXOBaHHbIE CTONGLIbI — MONEPEYHOE HanpaBeHe Harpy3ku; HesalTpUXoBaHHbIE CTONOLbI — NPOAONbHOE
HanpaBneHve Harpy3ku; N — HaTUBHble TKaHu (KOHTponb); R — TkaHu, obny4yeHHble B fo3e 25 kI'p; F — nocne 3amo-
paxuBaHusa 0o —196°C u otorpeBa; FR — TkaHu nocne 3aMopaxxuBaHUA-OTOrpeBa M NOocneayroLero obnyyeHnst B gose
25 klp; * — pasnuumnsa CTaTUCTUYECKM 3HAYUMbl OTHOCUTENBLHO KOHTpons, p < 0,05.

Fig. 3. Elasticity modulus after various treatments: A — pericardium, B — aortic valve leaflets, C — artery; shaded area —
transverse load; unshaded area — longitudinal load; N — native tissues (control); R — irradiated in a dose of 25 kGy; F —
after freezing down to —196°C and thawing; FR — tissues after freeze-thawing and irradiation at a dose of 25 kGy; * —

statistically significant differences if compared to the control, p < 0.05.

JOJIFHOM, TaK Y MOTIEPEYHOM HampaBieHnu (Ha 27 u
20% cOOTBETCTBEHHO). B oCTaNBHBIX rpyIax mpoy-
HOCTHBIE XapaKTEPUCTHKHN 00pa30B COXPAHSIINCH Ha
YPOBHE KOHTPOJIBbHOU rpymisl (puc. 4, B). O6myuenue
MTOTOKOM 3JIEKTPOHOB HE M3MEHSET MPOYHOCTDH COCY-
JMCTOW CTEHKHU Ha pa3pbIB IIPU pacTsDKEHUH (Tpynma 2).
Huskue temmepaTypbl CylmecTBEHHBIM 00pa3oM
H3MEHSIOT CIIOCOOHOCTh apTepUil K COMPOTHBIICHHUIO
BHEIIHEN Harpy3ku. [Ipenen nmpoyHocTH cOCynoB
Bo3pacTaeT B 3,5 pasa. [locie kpuopaauaninoHHON
00paboTku cocynoB (rpynma 4) MOAYIb MIPOYHOCTH
yBenuuuBaercs B 2 pasa (puc. 4, C).

[InacTuueckne cBOCTBa MaTepHara, T. €. Croco0-
HOCTB K OCTaTOYHOH AedopMaivy, OTpakaroT MOKa-
3aTeJIM OTHOCHUTENIFHOTO YAJIMHEHHUS 1 3anac aedopma-
TUBHOU cIOCOOHOCTH. BennunHa 0cTaTouHoro Y-
HeHHs o0pasla mpHu pa3pbiBe 0TOOpa)kaeT Crocoo-
HOCTh TKaHM K Aedopmanuu pacTsokeHus. Ha Hero
OKa3bIBAaeT BIHUSHHE CTPYKTYpa M BOJOKHUCTBIH
cocrtaB TKaHu. Ha puc. 5, A mpeacraBineHs! Auarpam-
Mbl L mepukapia: AaHHBIA MOKa3aTeslb 3HAYUMO
CHIDKAETCsI [T BCEX TPYII UCTIBITAHUS. JJ1s1 TPYTIITBI
4 B IPONIOTLHOM HAaTIPaBJICHUH BOJIOKOH L YMEHBIIIACT-
cs TouTH B 3 pasa, a B momepeyHoM — B 3,5 pasa.
Taxum 06pa3om, CymiecTByeT o0OpaTHas 3aBHCHMOCTh
MEX[y YIIpYTHMHU CBOMCTBaMHU TKaHU U ee Aedopma-
LIMOHHOH CIIOCOOHOCTBIO: 32 CUET YCUIICHUS JKECTKOCTH
Ouomarepuana cienyeT OrpaHHYeHUEe BO3MOXHOCTH
K pacTsbkeHHro. [ cTBOpOK KiamaHa CrIoCOOHOCTD
K pacTsHKEHUIO MOBBIIIAETCA 1ocie 00aydeHus (rpyI-
na 2) Ha 54% u cHmwkaercs B rpynnax 3 u 4 Ha 33 u
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stress was increased in the valve leaflets after the
combined effect on tissue both in longitudinal and
transverse directions (27 and 20% respectively). The
strength characteristics in the remaining groups of
samples were kept at the level of the control group
(Fig. 4B). Electron irradiation did not change the burst
strength of vascular wall (group 2). Low temperatures
significantly altered the ability of the arteries to resist
the external load. Tensile strength of the vessels was
increased in 3.5 times. Following cryoirradiation treat-
ment (group 4) the vessels strength module increased
twice (Fig. 4C).

The material plastic properties, i. e. the ability to
permanent deformation are described by relative elon-
gation and deformability capacity. The value of the
sample residual elongation following rupture demon-
strates the tissue ability to a tensile strain. It depends
on the structure and composition of the tissue fibrous
content. Fig. SA presents the diagram of pericardium
L value, which drops significantly for all the groups
tested. For Group 4 in longitudinal direction of fibers
the value L decreases almost thrice and in a transverse
itreduces in 3.5 times. Thus, there is an inverse depen-
dence between the tissue elastic properties and its
deformability: an increase in biomaterial stiffness leads
to a restricted stretching. For the valve leaflets the
stretchability increases after irradiation (group 2) by
54% and decreases in groups 3 and 4, by 33 and 47%
respectively. Plasticity of the devitalized valve leaflets
in radial direction was kept at the control group values
(Fig. 5C). The ability of vascular tissue to stretching
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Puc. 4. Npenen npoyHOCTM nocne pasnuyHbiX Bo3gencTemn: A — nepukapg, B — cTBopku aopTanbHoro knanaHa, C —
apTepun; 3alTPMXOBaHHbIE CTONOLIbI — MONepeYHoe HanpaBneHne Harpy3kn; He3alTPUXOBaHHbIE CTOMNOLbI — NPOAOIIbHOE
HanpaBneHue Harpysku; N — HaTuBHble TkaHu (KOHTponb); R — TkaHu, obny4veHHble B go3e 25 kIp; F — nocne
3amopaxmBanus 0o —196°C u otorpeBa; FR — TkaHun nocne 3amopaxunBaHua-0TOrpeBa 1 nocnegytoLero obnyyeHust B
pose 25 kl'p; * — pasnuunst cTaTUCTUYECKM 3HAYMMbl OTHOCUTENBHO KOHTpons, p < 0,05.

Fig. 4. Tensile strength after various treatments: A — pericardium, B — aortic valves, C — artery; shaded area — transverse
load; unshaded area — longitudinal load; N — native tissues (control); R — irradiated in a dose of 25 kGy; F — after freezing
down to —196°C and thawing; FR — tissues after freeze-thawing and irradiation at a dose of 25 kGy; * — statistically
significant differences if compared to the control, p < 0.05.
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Puc. 5. OTHoCcuTenbHOE yanMHeHue nocre pasnuyHblx Bo3gencTeui: A — nepukapa, B — cTBOpku aopTanbHOro knanaHa,
C — apTepuu; 3alITpUXOBaHHbIE CTONOLEI — NONepeYyHoe HanpaBrieHWe Harpy3ku; He3allTpUXOBaHHbIE CTONOLbI —
npogonbHOe HanpaeneHne Harpy3kn; N — HaTuBHble TKaHu (KOHTpomnb); R — TkaHu, obnyyeHHble B go3e 25 kIp; F —
nocne 3amopaxwusaHua oo —196°C u otorpeBa; FR — TkaHM nocne 3amopa)mBaHUs-OTOrpeBa M nocneayrowiero
obny4yeHus B gose 25 kl'p; * — paznuuma CTaTUCTUYECKM 3HAYMMbI OTHOCUTENBHO KOHTpons, p < 0,05.

Fig. 5. Elongation after various treatments: A — pericardium, B — aortic valve leaflets, C — artery; shaded area — transverse
load; unshaded area — longitudinal load; N — native tissues (control); R — irradiated in a dose of 25 kGy; F — after freezing
down to —196°C and thawing; FR — tissues after freeze-thawing and irradiation at a dose of 25 kGy; * — statistically
significant differences if compared to the control, p < 0.05.

47% cootBeTcTBeHHO. [InmactuunocTs neButanusupo-  after freezing and devitalization vice versa increases
BaHHBIX CTBOPOK B paJlialiIbHOM HamnpasieHuu coxpa-  (Fig. 5C).

HSETCA Ha YPOBHE 3HAYEHHH KOHTPOIBHOH TPYTIIIBI Reserve of deformation capacity characterizes the
(puc. 5, B). CmocoOHOCTB TKaHU COCYAOB K pacTsbke-  material's feature to deform within a plastic range
HHUIO TIOCJIE 3aMOpakKMBaHUsA W AeBUTanm3aruu, before a continuity disruption. The indices & are shown
HaIpoTHUB, noBeimaercs (puc. 5, C). in Fig. 6. The ability to deformation of pericardium was
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Puc. 6. 3anac gedopmaTnBHON CNOCOBHOCTM Nocne pasnuyHbix BO3aencTBuin: A — nepukapa, B — ctBopku aopTtansHoro
knanaHa, C — apTepum; 3alUTPUXOBaHHbIE CTONOLbI — MONEPEYHOE HanpaBeHNe Harpy3ku; He3alTPUXOBaHHbIE CTONOLbI —
npogonbHOe HanpaeneHne Harpyskn; N — HaTuBHbIe TKaHu (KOHTpomnb); R — TkaHu, obnyyeHHble B go3e 25 kIp; F —
nocne s3amopaxwusaHusa oo —196°C u otorpeBa; FR — TkaHM nocne 3amopa)uBaHUs-OTOrpeBa M nocneayroLiero
obnyyeHunsa B gose 25 klp; * — pasnuunst CTaTUCTUYECKM 3HAYUMbl OTHOCUTENBHO KOHTpons, p < 0,05.

Fig. 6. Reserve of deformability after various treatments: A — pericardium, B — aortic valve leaflets, C — artery; shaded
area — transverse load; unshaded area — longitudinal load; N — native tissues (control); R — irradiated in a dose of 25
kGy; F — after freezing down to —196°C and thawing; FR — tissues after freeze-thawing and irradiation at a dose of 25

kGy; * — statistically significant differences if compared to the control, p < 0.05.

3anac nehopMaTUBHON CIOCOOHOCTH XapaKTepu-
3yeT CBOMCTBO MaTepuana aAepOpMHPOBATHCS B
MJIACTUYECKOW 00JacTH A0 MOMEHTA HapyLICHUS
nenoctHocty. [Tokazarenu & mpeacTaBieHs! Ha puc. 6.
CriocoOHOCTE K tedopMalny neprKapa CHIKaeTCs
3HAYMMO TOCJe 3aMOPaKUBAHUSA-OTOTPEBA U TMOCIE
3aMOpPaXKUBAHHUI-00IYICHN S, OJHAKO BETMYHNHA 3TOTO
MTOKa3aTesl CBUIETENLCTBYET O COXPAHHOCTH TIACTH-
YECKHMX CBOMCTB IIOCJIE YKA3aHHBIX BO3JEUCTBUI Ha
BBICOKOM YPOBHE BO BCEX HANpaBlIeHUAX (puc. 6, A).
Juis cTBOpPOK aopTanbHOTO KiamaHa (puc. 6, B) u
aprtepuii (puc. 6, C) 3amac nehopMaTUBHOM cIoc00-
HOCTH COXpaHSETCs TOCIE BCEX BO3IECHCTBUM.

PU3NKO-MEXaHUUECKUE MOKA3aTENN TO3BOJISIIOT
OIICHUTH CTETIEHb MOBPEKJIEHHS COEIMHUTEIBHO-
TKAaHHBIX CTPYKTYP ¥ KJICTOYHBIX KOMIIOHEHTOB HCCIIe-
IyEeMbIX TKaHeH M 0XapaKTepHU30BaTh UX MTOBEACHHE
MO/ IEWCTBHEM H3y4YaeMbIX (hHU3uUecKux (hakTopoB.
Pe3ynbraTs! HCTIBITaHUI CBUIETENBCTBYIOT O TOM, YTO
BO BCEX CIIyYasX KCIIEPUMEHTAIbHOTO BO3/ICHCTBUS
Ha HMCHBITYeMble TKaHU Hauboliee CymecTBEHHO
M3MEHSIUCH YIIPYTHE CBOWCTBA, KOTOPHIE OTBEYAIOT
3a }KECTKOCTh TKaHW U 00YCIIOBJICHBI CTPYKTYPHBIMH
0COOCHHOCTAMHU U TEpPECTPOHKaMU BHEKIJIETOYHOI'O
MaTpHKCca COeTMHUTEIbHON TKaHU. MBI IoJ1araem, 4ro
W3MEHEHHU YIPYTOIPOYHOCTHBIX CBOMCTB CBA3aHbI C
YaCTUYHBIM MJIH TIOJHBIM pa3pylIeHUEM KIETOYHBIX
3NIEMEHTOB, 00ECIIEYMBAIOIINX B UCXOHOM COCTOSIHUH
€CTECTBEHHOE MPOCTPAHCTBEHHOE pacIipelieiieHne U
yaepkanue kapkaca. KommuectBo ¢pubpobiacToB B
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significantly decreased after freeze-thawing and
freezing-irradiation, but the value of the parameter
indicated the proper preservation rate of plastic pro-
perties in all the directions post effects (Fig. 6A). For
aortic valve leaflets (Fig. 6B) and arteries (Fig. 6C)
the reserve of deformation capacity was kept after all
the impacts.

Physical and mechanical properties allow us to
estimate the injury rate of connective tissue structures
and cell components of the tissue as well as to
characterize their behavior under the influence of the
physical factors studied. The results of tests indicate
that in all the cases of experimental exposure to the
studied tissues the most significant changes were found
in elastic properties responsible for tissue stiffness and
they were caused by structural features and rearran-
gement in extracellular matrix of connective tissue.
We believe that changes in stress-strain properties are
associated with either partial or complete destruction
of cells, providing a natural spatial distribution and initial
scaffold retention. The number of fibroblasts in various
connective tissues differs, there are many of them
especially in loose connective tissue which accom-
panies blood vessels. There is small amount of cell
elements in a dense (pericardium) and loose (aortic
leaflet) connective tissue [23]. Cell destruction leads
to the formation of internal cavities in the spaces
between membranes. The exposures could result in a
disrupted zones of collagen and elastic fibers
attachment located on fibroblast surface. In terms of
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Pa3HBIX THMAaX COECAMHUTEIHHONW TKAaHU OTIMYAETCH,
0COOEHHO MHOT'O UX B PBIXJION BOJIOKHUCTOU COCTUHU-
TEJIBHOW TKaHH, KOTOPas COMPOBOKAAET KPOBEHOCHBIE
cocynbl. KileTOYHBIX 37IEMEHTOB MaJIO B INIOTHOM
oopmienHol (epukapn) U HeoGopMIIeHHOH (aop-
TallbHBIE CTBOPKH) COEAMHUTENbHON TKauu [17].
Pazpy1ienue kieTok mpuBOIUT K 00pa30BaHUIO BHYT-
PEHHUX MOJIOCTEH B MEXMEMOpPaHHBIX IPOCTpaH-
cTBax. BenencTeue Bo3AeMCTBUI MOTYT HapyIIaThCsl
30HBI IPUKPEIUICHUS KOJUTaT€HOBBIX M JIACTHYECKUX
BOJIOKOH Ha MOBEPXHOCTH GubOpodracToB. C TOUKH
3pEHUs] MEXaHHUKH, TEM CaMbIM HApYIIAETCs IEI0CT-
HOCTH WJIH «CIUTOIITHOCTHY TKaHU: PH TTACTUYECKON
nedopManyy MEHSIOTCS ee OMOMEXaHNIEeCKHEe XapaK-
TepUCTHKH. L[eT0OCTHOCTh TKaHU CBsI3aHa C MOAYJIEM
YOPYTOCTH ¥ ONPEAETISIET ee )KeCTKOCTh. Yem Oosbie
pa3pyLIEHHBIX KIIETOK B MAaTPUKCE, TEM MEHEE KECT-
Kas TKaHb. [[py OAMHAKOBBIX BO3ACHCTBUAX (HHUZHKO-
MEXaHUYECKHE CBOICTBA COCYJUCTOM TKAHU OTIIH-
YaloTCsl OT aHAJOTMYHBIX IMOKa3aTeslel TKaHW MepH-
KapJa ¥ CTBOPOK Kiiarmana. Kpome Toro, 3HauuTensHOE
BJIMSIHME Ha IPOYHOCTHBIE CBOMCTBA TKAHEH OKa3bl-
BaIOT Pa3pbIXJIEHHUE KOJUIAT€HOBBIX IIyYKOB BCJIEICT-
BHE M3MEHCHHS MEKOCIKOBBIX B3aMMOACHCTBUN H
(hopMupoOBaHUE MONEPEUHBIX CIIMBOK MOJIEKYJ KOJI-
JIareHa.

Pacnipenenenne komareHoBOro BOJIOKHA 1O TOJI-
LIMHE SBJSIETCST OOHUM W3 BaKHEWIINX (PaxTopoB,
OTpEeNENAI0INX MEXaHUYECKUE CBOMCTBA TKaHEH.
Tax, yCTOWYMBOCTD K ITUTACTHYECKUM JehopMaIusam
Ha U3TU0 ¥ CKPYUYHBaHHUE CBSI3aHbI C YaCThIO (HUOPHILT
Majoro AuameTpa: 4eM UX OoJjblle, TeM CHIIbHee
B3aMMOJICHCTBHE C OCTATHHBIMU KOMITOHEHTAMH MaT-
pukca. B To xe Bpemst ¢puOpmiLIBI OONBIIOTO AHA-
MeTpa CIIOCOOHBI IPOTUBOCTOSITH BHICOKUM HArpys3-
KaM Ha pacTsKEHHE, UYTO CBSI3aHO C YBEJIMYEHUEM
KOJIMYECTBA MEKMOJIEKYIISPHBIX CIIMBOK. DUOPUILITBL,
OCH KOTOPBIX JIEKaT B HANPaBICHUH TPUIIOKECHHOMN
Harpy3KH, 00€CIeurnBaOT PACTSIKUMOCTb M TOBBI-
LIAI0T TPEJENl MPOYHOCTH MPH HANPSHKEHUH TKAHH.
Pacnonoxxenne GpuOPMIIT OTHOCUTEIBHO JIPYT IpyTa
OTIIMYAETCS B pa3NUYHBIX TKaHsaX. OO0pa3oBaBmnecs
¢uOpHILIBI MOTYT OOBETUHSTHCS B BOJIOKHA, YKpeET-
JIATHCS BHYTPH- U MEKIETIOYEYHBIMU KOBAJIEHTHBIMU
CIIMBKAaMHU (BCTPEYAIOTCA TOJBKO B KOJUIareHE U
anactuHe) [10]. B MEXKIETOYHOM IPOCTPAHCTBE MO-
JIEKYJbI 37IacTHHA 00Pa3yIoT BOJIOKHA U CJIOH, B KOTO-
PBIX OTJENIBHBIE IENTUAHBIE [IETTH CBSI3aHbl MHOYKECT-
BOM JKE€CTKHX TIONIEPEYHBIX CITHBOK B Pa3BETBICHHYIO
ceTh. B 00pa3oBaHmM 3THX CHIMBOK YYaCcTBYIOT OCTaT-
KM JIM3HMHA JIBYX, TPEX WM YETBIPEX MENTUAHBIX LIETIEH.
Hanynune koBaJIeHTHBIX CIIMBOK MEXAY NENTHIHBIMU
LIEMSIMHU C HEYMOPSAN0YeHHON KoH(popmanrei mo3Bo-
JISIET BCEW CETH BOJIOKOH DJIaCTHHA PACTATHUBATHCS H
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mechanics, a continuity of tissue is thereby disrupted:
plastic deformation change its biomechanical charac-
teristics. The tissue continuity is related to the elastic
modulus and determines its stiffness. The greater the
number of destroyed cells in the matrix, the less stiff
is the tissue. These differences were found in physical
and mechanical properties of vascular tissue and the
indices of pericardium and the valve leaflets assessed
following the same exposures. Furthermore, the tissue
strength properties are strongly affected by loosening
of collagen bundles due to changes in protein-protein
interactions and formation of cross-links of the collagen
molecules.

The width distribution of collagen fibers is one of
the most important factors determining the mechanical
properties of tissues. For example, the resistance to
plastic deformation to twist and break is associated
with some small diameter fibrils: the more their quantity,
the stronger is an interaction with the other matrix
components. At the same time, the large diameter fibrils
are capable of withstanding high tensile strength, that
is due to the increased number of molecule-to-molecule
cross-links. The fibrils with the axes directed towards
the applied load, provide an increased extensibility and
ultimate stress limit under tissue stress load. The
arrangement of fibrils is various in different tissues.
The formed fibrils may be combined into the fibers, be
reinforced with intra- and inter-chain covalent cross-
linkings (found only in collagen and elastin) [15]. The
elastin molecules form the fibers and layers in inter-
cellular space, wherein the individual peptide chains
are associated by lots of stiff cross-links into the
branched network. The formation of these cross-links
involves the lysine residues of two, three or four peptide
chains. The presence of covalent cross-links between
peptide chains with a disordered conformation allows
the entire network of elastin fibers to stretch and
contract in all the directions, providing the elasticity in
appropriate tissue. The non-enzymatic cross-links
formation (glycation) could be influenced by both free
radicals (resulted reactive aldehydes form the covalent
bonds) and water content in tissue. It has been shown
in synthetic polymer networks that when increasing
the number of cross-links the physical properties
change: permeability reduces, elasticity modulus
increases and failure stress value decreases. Body
aging is accompanied with a sharp reduction of water
content in collagen tissue, resulting in an increase of
cross-links number, these effects are manifested in the
rise in stiffness, brittleness and loss of elasticity [3].

Furthermore, the formation of cross-links can alter
the profile of a surface charge of modified collagen
macromolecules due to a reduced number of amino
groups in the side chains of amino acid residues, leads
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C)KMMATKCS B Pa3HBIX HAPABJICHUSAX, TIPUIABAst COOT-
BETCTBYIOIIMM TKaHSM CBOWCTBO 3J1aCTHYHOCTH.
CBoii BKJIaa B poliecchl HeepMEHTaTHBHOTO 00pa-
30BaHUS MOMEPEYHBIX CBA3CH (TIUKALMSA) MOTYT
BHOCHUTE KaK CBOOO/THBIE PaTUKAIIBI (00pa30BaBITHECS
PEaKTUBHBIE allbJIETUIbI YYACTBYIOT B (DOPMUPOBAHUH
KOBaJICHTHBIX CBSI3€H MEX Iy co00i1), Tak 1 copepiKa-
HUE BOJABI B TKaHU. Ha mpumepe CHHTETHYECKHUX
MTOJIMMEPHBIX CETOK OBLIO ITOKA3aHO, YTO OT yBeJINde-
HUS KOJIIMYECTBA CIIUBOK MEHSIOTCS (PU3HYCCKUE
CBOWCTBA: yMEHBIIACTCSI MPOHULIAEMOCTb, YBEIHYH-
BaeTCs MOIYJb YIIPYTOCTH U YMEHBIIIAETCS BETMYNHA
paspy1atomniero Hanpsbkenus. [Ipu crapennn opranms-
Ma, KOT71a CoiepKaHKe BOJIbI B KOJUIAT€HCOACPIKAIINX
TKaHSX PE3KO CHIXKAETCS, KOJIMYECTBO CIIMBOK BO3-
pacraer, Takue 3PPEKTHI MPOSBIISIOTCS B YBEITHUCHHH
JKECTKOCTH, XPYIIKOCTH H TTOTEPE dIACTUIHOCTH [2].
Kpome Toro, 00pazoBanne CIIMBOK H3MEHAET MPO(HHITb
3apsiJia TOBEPXHOCTH MOAU(UIIPOBAHHBIX MAKPOMO-
JIEKYJT KOJUUTareHa BCIIEICTBIE YMEHBIICHNS KOJTMYECT-
Ba aMHHOTPYII B OOKOBBIX HEMSIX aMHHOKUCIOTHBIX
OCTaTKOB, IPUBOANT K CHHKECHHIO UX CIIOCOOHOCTH K
aIre3uu U YXY/IIICHUIO B3aUMOJICHCTBUS «BHEKJICTOY-
HBII MAaTPUKC-KJIETKa». Takue u3MeHEeHNsT HapyIIaloT
($yHKIMH coeAnHUTENEHOM TKaHu [ 10].

Harmmwm pacueTsl moka3aiu, 9To MOAYIb YIIPYTOCTH
HCCIIEAYEMBIX TKaHEH pPe3Ko BO3pacTaeT MOA BIIUS-
HUEM 3aMOPKUBAHUSA-OTOTPEBA 1 KOMOMHHPOBAHHOTO
BO3/ICMCTBUS. YCUJIEHHE YIPYTUX CBOMCTB UCCIIElye-
MBIX TKaHEH NEeMOHCTPHPYET, YTO YKa3aHHbBIE BO3-
JIEHCTBUS MHAYIUPYIOT 00pa30BaHUE JOTIOTHUTEb-
HBIX BHYTPH- ¥ MEXKMOJICKYJISIPHBIX MOTEPEUHBIX
cBs3er (cMm. puc. 3). Takue n3MeHeHuss Hambosee
BBIPaXCHBI IIPU OJTHOOCHOM PACTSHKCHUU TKAHH TTEPH-
KapJia ¥ CTBOPOK KJIallaHa B MPOIOJILHOM HANPABJICHUH
BOJIOKOH M MCHEE 3aMETHBI B PaJUaIbHOM HaIpaB-
JICHUU: KOIWYECTBO MONEPEUHBIX CIIMBOK, KOTOPHIE
00pa3yloTcs MEXIy MOJIEKyJIaMy KoJlareHa B JIaH-
HOM HaIpaBJIeHUH, 3Ha4uTeNbHO Oonbie. [Tocrne neBu-
TaTU3upyIoel 00paboTKM MoMepeYHbIe BOJIOKHA B
AOpTAIBHBIX CTBOPKAax KJIamaHa Majioro JuaMeTpa
COXPaHSIOT CBOW 3arac MPOYHOCTH M MOIYJIb YIIPY-
TOCTH, @ B IEPUKAPAUATBHON TKAaHW N3MEHSIOTCS 3HA-
YUMO MEHBIIIE, YeM sl GUOPHILT OOJIBIITIOTO TUAMET-
pa. Takum 006pa3oM, YyCTOHIHBOCTH K IJIACTHICCKAM
neopManusaM B TKaHIX 00ecreunBaeTcs 3a CYeT Co-
XpaHHOCTH OMOMEXaHWYECKHUX XapaKTepUCTUK Quod-
pWILT MaJIoTo JMaMeTpa.

[IpuHIMNIHATBHOM 0OCOOCHHOCTHIO ACUCTBYSI HOHH-
3UPYIOIUX U3ITyYSHUH ABISETCA CIOCOOHOCTH TPOHU-
KaTh B OMOJIOTHYECKUE TKAHU, KIICTKH, CYOKJIETOUHBIC
CTPYKTYPHI U IOBPEXKIATh UX, BEI3BIBASI HEIIOCPEACT-
BEHHYTO HOHU3AITUIO aTOMOB U MOJIEKYII 3a CUeT (Pr3u-
YEeCKHX B3aNMOAEHCTBUH U PaalliOHHO-XIMUIECKIX
peakrmii. [IpoHuKaromye B TKaHA O- ¥ [3-4acTHIBI
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to a decrease in their ability to adhere and aggravation
of the extracellular matrix-cell interaction. These
changes lead to a connective tissue dysfunction [15].

Our estimates suggest that the tissue elasticity
modulus increases dramatically under the freeze-
thawing influence and combined exposure. Strengthen-
ing of elastic properties of the studied tissues demon-
strate, that the mentioned effects induce the formation
of additional intra- and intermolecular cross-links
(see Fig. 3). These changes are most pronounced du-
ring uniaxial tension of pericardium and valve leaflets
tissues in longitudinal direction of the fibers; they are
less noticeable in radial direction, the number of cross-
links which are formed between the collagen molecules
in this direction is considerably bigger. After devitali-
zation the transverse fibers in small diameter aortal
leaflets retain their strength reserve and elasticity mo-
dulus, and in pericardial tissue they alter in less extent
than in large diameter fibrillae. Thus the resistance to
plastic deformation in tissues is provided due to the
keeping the biomechanical characteristics of small
diameter fibrillae.

The principal feature of the effect of ionizing
radiation is the ability to penetrate into biological
tissues, cells, subcellular structures and damage them,
causing a direct ionization of atoms and molecules by
physical interactions and radiation-chemical reactions.
Penetrating into the tissues O- and [ -particles lose
their energy as a result of electrical interactions with
electrons of the atoms they are passing. As a result,
new molecules are formed, including highly reactive
free radicals [38]. Biological effect of ionizing radiation
per se is not direct but indirect action of the water
radiolysis products, being the part of the cell, and at
biochemical level leads to the formation of new highly
reactive products, causing an additional injury to
biologically important macromolecules. These damages
concern not only the nuclear components, but the
connective tissue extracellular matrix too [35]. The
formation of free radicals leads to changes in protein
structure: disruption of hydrogen, peptide, and disulfide
bonds; destruction of amino acids in the chain;
formation of cross-links and aggregates; disordering
the protein secondary and tertiary structures [5]. In
particular, there are the reports [4, 36] concerning the
ionizing radiation effect on collagen fibers, accompanied
with the dehydration of collagen fibers (compression),
which triggers the cross-links formation. Dehydration
could result also in the rupture of collagen chains, that
may be a crucial side reaction leading to the dena-
turation of collagen fibers. It was observed that
dehydrated tissue shrunk thrice. Our studies have
shown that B-radiation affects destructively the
structure of studied connective tissues. These changes
are manifested in significantly reduced elasticity and

npobnembl Kpuobuonorum 1 KpuomegULINHbI

problems of cryobiology and cryomedicine
Tom/volume 25, Ne/issue 4, 2015



TEPSIFOT SHEPTHUIO BCIEACTBHE IEKTPUUECKUX B3au-
MOJEHCTBUM € 3JIEKTPOHAMHU TE€X aTOMOB, BO3JIE
KOTOPBIX OHHM NPOXOIAT. B pesynsrare oOpasyrorcs
HOBBIE MOJIEKYJNbI, BKJIIOYasi U TaKue Ype3BBIYaHO
PEaKIMOHHOCIIOCOOHBIE, KaK «CBOOOIHBIE paguKa-
eIy [9]. bruonornueckoe AeiicTBAE H30IUPOBAHHOTO
MOHHU3UPYIOLIETO U3TyUEHHS SBIISETCS HE MPSIMBIM, a
OTIOCPEIOBAaHHBIM JIEHCTBUEM MTPOIYKTOB PaIHOIN3a
BOJIBI, BXOZSIIEH B COCTaB KJIETKH, U HA OMOXUMUYeC-
KOM ypOBHE NPHBOAUT K 00pa30BaHUIO HOBBIX
XHUMHUYECKH BBICOKOAKTUBHBIX MPOAYKTOB, KOTOpPBIE
BBI3BIBAIOT JOTMIOJIHUTENBHBIE TOBPEKACHUS ONOIOTU-
YECKH BaKHBIX MaKpOMOJIeKyl. Takue moBpexIeHus
KacaroTCsl HE TOJIBKO SJIEPHBIX KOMIIOHEHTOB, HO U
BHEKJIETOYHOTO MaTpUKCa COEAMHUTENBHON TKaHU
[20]. O6pa3zoBaHme CBOOOAHBIX PaJUKAIOB BICYET 3a
co00i1 N3MEHEHHUS CTPYKTYpbI OeNKa: pa3pbiB BOIO-
POIHBIX, MENTUAHBIX, AUCYIb()HUIHBIX CBs3EH; pas-
pyILIeHHE aMUHOKHUCIIOT B IIETIH; 00pa30BaHIE CIITHBOK
1 arperaToB; HApyLIEHUE BTOPUYHON U TPETHYHOMN
cTpykTypsl Oenka [4]. Tak, B muteparype [23, 38]
OTIMCBHIBAETCS MPOIECC BIUSHUS MOHUZHPYIOIIETO
W3JIy4eHHUs Ha BOJIOKHA KoJlJlareHa, P KOTOPOM
MPOUCXOIUT ACTHIPATALNs KOJUIATEHOBBIX BOJIOKOH
(oHM C)KUMAIOTCS), K STOT MPOLIECC HHULIMUPYET MOSIB-
JIEHHE TONEPEYHBIX CIIMBOK. OJHOBPEMEHHO NpPH
JETUPATAILIIN MOXKET IPOU30UTH Pa3phIB LEnei Ko-
JlareHa, 4To MOXKET CTaTh CYIIECTBEHHOH MOOOYHOI
peaKkime, TPUBOISAIIEH K ICHaTypalllK KOJJTareHOBBIX
BOJIOKOH. OTMedYaeTcs, YTO TKaHb IPH JAeTHAPATAAN
cKUMaeTcs B Tpu pa3a. CoOCTBEHHBIC UCCIICIOBAHUS
MPOJICMOHCTPUPOBAIIH, YTO [3-pagualiis 1eicTByeT
Pa3pymUTENHHO Ha COeTMHUTENbHOTKAHHBIE CTPYKTY-
pBl. OTH W3MEHEHHUS NPOSABIAIOTCSA B 3HAYMMOM
CHIDKEHUH NTOKA3aTeNs yIPyroCcTH U Ipeiesia MPOYHOC-
TH B IpynIe 00JlydeHHBIX TKaHEH, YTO MOKET CBHUIE-
TEJILCTBOBATH O JIEHATYpaluu U KOHPOPMAMOHHBIX
nepecTpoiikax GUOPMIIISIPHBIX OETIKOB.

[Ipouecchl 3aMoOpaKUBaHUSA-OTOIPEBA 3HAUUTEINb-
HO BIIMSIIOT HA COCIMHUTEIPHOTKAHHBIE CTPYKTYPHI 32
CYET MPOIIECCOB KPUCTAIUIO00Pa30BaHNs JIbJa. YcTa-
HOBJICHO, UTO y>ke TTpr 4°C COCTOSTHHE N30TMPOBAHHBIX
06enkoB (0COOEHHO C YETBEPTUUYHOU CTPYKTYpOit)
MOKET M3MEHHUTHCS, MOCKOIBKY OXJIaKICHUE BIHSET
Ha HEKOTOpHIE (PM3UKO-XUMHUYECKHE CBOHCTBA BOIBI
B CHCTEME, HallpUMep, Ha €€ TUNIOTHOCTD U BS3KOCTb.
Taxue TpanchopMau CONPOBOXKAAIOTCS HapyIle-
HHUSIMH BHYTPHUMOJIEKYJISPHBIX B3aUMOJACHCTBHI
aKTHBHBIX YYaCTKOB OMOTMOIMMEpPA U 3aKIIIOYAOTCS B
HN3MEHEHHUH KECTKOCTH IOUIENTHIHBIX Lerel Oemka
Y IPOCTPAHCTBEHHOTO PACIIONIOKEHUS OTAETIBHBIX €T0
y4acTkoB. [Ipn oxmaxaeHrn H30TUPOBAaHHBIX OEITKOB
1o Oornee HU3KUX TEMIEpaTyp, a TakKe MPH TOocie-
IYIOIIIeM OTOTpeBe HaOMIONAI0TCs arperalys 1 u3Me-
HEHHEe WX KOH(pOopMaluu — pa3pbeIxiieHne OelKoBOH
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tensile strength in the group of irradiated tissue, which
may indicate the denaturation and conformational
rearrangement of fibrillar proteins.

The freeze-thawing greatly affects the connective
tissue structures due to ice crystal formation. It has
been found that already at 4°C the state of isolated
proteins (especially with quaternary structure) can alter,
since cooling affects some physical and chemical
properties of water in the system, such as its density
and viscosity. These transformations are accompanied
with disorders in molecule-to-molecule interactions of
biopolymer active sites and consist in the change of
stiffness of the protein polypeptide chains and spatial
arrangement of its individual parts. During cooling of
isolated proteins down to lower temperatures as well
as under subsequent heating there was observed an
aggregation and alteration of their conformation , i.e.
the protein globule loosening [17]. Significant factors
in the ice spreading is the interaction of cells with
extracellular matrix and the amount of water contained
in the tissues. Ice crystallization front causes an
increased pressure, rise in osmolarity of the interstitial
medium and water release from an interstitial space
[8,18,27,31,32]. Inits turn, the thawing provokes the
appearance of macroscopic and microscopic lesions.
Osmotic effect and ice crystallization alter the micro-
structure (the cavities appear), mechanical and thermal
properties of tissue, and cause irreversible changes
(broken cell bonds are not be restored after warming).
Moreover, the presence in the system of various types
of cells, as well as crystallization in microvessels lead
to non-uniform temperature fields in the tissue. As a
consequence, thermoelastic stresses appear in the
tissues, often resulting in the formation of cracks,
affecting the tissue continuity and increasing the risk
of devitrification during warming, due to stimulation of
heterogeneous nucleation of ice crystals [37].

Collagen fibers in the tissues of valve leaflets,
pericardium and vessels form a specific spatial
structure, affecting the orderly growth of ice crystals,
which occurs through the channels formed by collagen
fibers. These processes lead to the formation of
additional cavities in the connective tissue matrix.
Crystallization processes may damage the individual
fibrils. In the zones of their mechanical damage we
expect the formation of addi-tional intramolecular
cross-links, and the mutual approaching of the collagen
fibers (due to internal cavities) initiates the formation
of molecule-to-molecule bonds. These effects lead to
a deformation load distribution not onto individual
collagen fibrils, but to the formed complexes of fibril
bundles that ensures the preservation of mechanical
strength and enhances the tissue elastic properties.

Effect on the tissues of pericardium and valve
leaflets by the flow of electrons in 25 kGy dose after
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100y1eI [ 12]. CymecTBeHHBIMU (haKTOpaMH pacrpoc-
TpPaHEHUs JIbJIa SBISIOTCS B3aHMMOJEHCTBUE KIIETOK
C DKCTpALEUTIONIIPHON MaTpPHUILIEH U KOJINYECTBO CO-
JepKalieics B TKaHsAX BoJibl. DPOHT KpUCTAILTU3ALUU
JIb/1a IPUBOJNT K YBEJIMUEHHIO JABJICHNU S, TOBBIIICHUIO
OCMOJISIPHOCTH BHYTPUTKAaHEBOM CpEABl M BBIXOIY
BOJBI N3 BHYTPUTKAHEBOTO ITpocTpaHcTBa [13, 18, 25,
34, 35]. B cBoro ouepeas npolece pa3MOpaKuBaHUS
BIIUSIET Ha TOSABIICHHE MAaKpO- M MUKPOCKOITMYECKIX
noBpexaeHni. OcmoTuaeckuit 3G ekt u KpucTaum-
3aLUsl JIbJ1Aa U3MEHSIOT MUKPOCTPYKTYPY (TOSIBIISIOTCS
MyCTOTHI), MEXaHUYECKUE U TETTOPHU3NIECKIE CBOK-
CTBa TKaHU W BBI3BIBAIOT HEOOpaTHMbIEe M3MEHEHUS
(paspy1ieHHBIE CBSA3H KIETOK HE BOCCTAaHABIMBAIOTCS
nocyue otorpesa). Kpome Toro, Hanmuue B cucreme
Pa3IMYHBIX BUJIOB KJIETOK, a TAKXKE KPUCTATIIU3ALUs
B MHUKpOCOCYJaX MPUBOAAT K HEOJHOPOIHOCTHU
TeMInepaTypHbIX Tosiel B TkaHu. Kak crencrsue, B
TKAHSX BO3HUKAIOT TEPMOYIIPYTHE HAMIPSKEHUS, 4aCTO
npuBOAsIIME K (POPMUPOBAHUIO TPEIIMH, KOTOPHIE
MTOBBIIIAIOT OMACHOCTH JEBUTPU(UKAIINN TIPU HarPEBE,
[TOCKONBbKY CTUMYIHPYIOT T€TEPOreHHYI0 HYKJICaIHI0
KpUCTAJUIOB Jbaa [8].

KonnareHoBrie BOJIOKHA B TKaHSAX CTBOPOK Kia-
MaHa, epuKapaa u cocyaax o0pa3yroT crenududec-
KYIO TIPOCTPAaHCTBEHHYIO CTPYKTYpy, BIAAIONIYIO Ha
YHOPAIOUYEHHBINH POCT KPUCTAIIOB JbAa, KOTOPBIN
MIPOUCXOIUT IO KaHaslaM, 00pa30BaHHBIM KOJJIareHo-
BBIMU BOJIOKHaMH. JlaHHBIE MPOIIECCH MPUBOJAAT K
(hopMHPOBaHUIO TOTIOTHUTEIHHBIX TIOJIOCTEH B COCTH-
HUTENBHO-TKaHHOM MaTpukce. [Iponeccs! kpucTanim-
3allMM MOTYT MOBPEXJIaTh OTACIbHBIC (HUOPUILIBL.
B 30Hax uX MeXaHHYECKOTO MTOBPEKIACHHS MBI TIPE/I-
rosiaraeM o0pa3oBaHNe JOMOTHUTEIHHBIX BHY TPUMO-
JEKYJSPHBIX TOMEPEYHbIX CBs3eH, a cONMMKeHue
KOJJIAr€HOBBIX BOJIOKOH (32 CYEeT BHYTPEHHHX MOJIOC-
Tel) MHUIUUPYET 00pa30BaHUE MEKMOJICKYIIIPHBIX
cBsizell. YKka3zaHHbIE BO3JIEHCTBUSA MPHUBOIAT K pac-
npeaeneHnio nedpopManuoOHHOW HAarpy3kud HE Ha
OTJeNbHbIe QUOPHILIBI KOoJUTareHa, a Ha chopMHUpo-
BaBIIIHECS] KOMITIEKCHI-ITyukH (puOpmnt, 9To odecrie-
YHBaeT COXPAHHOCTb MEXaHWIECKON IPOYHOCTH U YCH-
JINBAET YIPYTUE CBOMCTBA TKAHHU.

BospaelicTBue Ha TKaHW MepuUKap/a U CTBOPOK
KJIalTaHa TTIOTOKOM DJICKTPOHOB B 11o3¢ 25 kIp mocmue
MIpeaBapUTETHLHOT0 3aMOPAKUBAHHUA-0TOTPEBA IPHUBO-
JUT K pE3KOMY NOBBIIIEHUIO UX XapaKTEPHUCTUK
ynpyroctu. [IpodHOCTHBIE CBOICTBA yCUIMBAIOTCSA
JUTS TKQaHW CTBOPOK U COCY/IOB, a MpeJieN MPOYHOCTH
I TKAaHW NepuKapaa COXpaHSeTCs Ha ypOBHE
HAaTUBHBIX TKaHe# (cM. puc. 3, 4). Takum oOpazom,
MOCKOJIBKY YNPYTONMPOYHOCTHBIE XapaKTEPUCTUKU
00pasIoB MOCIe COYETAHHOTO AEUCTBUS HU3KUX TEM-
neparyp u [3-u3iydeHust MPEBBIIIAIOT COOTBETCTBYIO-
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preliminary freeze-thawing results in a sharp rise in
their elastic properties. Strength properties are
reinforced in the tissues of leaflets and vessels, and
the tensile strength for the pericardium remained at
the level of native tissues (see. Fig. 3, 4). Thus, since
the stress-strain characteristics of the samples after
the combined effect of low temperatures and (-
radiation exceed the existing indices in the samples
subjected only to either freeze-thawing or irradiation,
we can emphasize a synergistic effect manifestation
on the tissue properties, which is caused by total effect
of low temperatures and [3-radiation. In their turn,
these changes significantly differ from those of the
tissue subjected only to ionizing radiation. This result
suggests that the pre-freezing has a radioprotective
effect for following ionizing radiation. We attribute this
effect to a change in the ratio of free and bound water
in tissue after freeze-thawing. The radiolysis processes
are known to be less pronounced in dehydrated tissue.
Water is an essential structural component: the strength
of water molecules' binding to biopolymers is of great
importance for the structure stabilization and functional
activity manifestations. The tendency of water loss in
tissues can be intensified at the expense of destruction
of proteoglycans, which polysaccharide components
have exceptional water adsorption properties.
Results of the findings analysis reveal that the
cryoirradiation treatment made the scaffold structures
(matrix proteins) resistant to the used exposures, their
structure do not degrade and preserve their continuity.
The outcome of physical and chemical changes in
connective tissues after successive effects of low
temperature and radiation exposures is a cascade of
structural rearrangements, leading to formation of
additional intra- and intermolecular cross-links. More
compact location and reinforcing fibers provide thereby
the graft structural stabilization. Comparison of the
findings with the values of the working tension in native
tissues suggests that the devitalized tissue may
successfully resist physical stress when functioning.

Conclusions

1. The results of tests have shown that after
devitalization the elasticity modulus of tissue increases;
the pericardium tensile strength remains at the native
tissue level and for the leaflets and vessels it increases.
As a consequence the relative elongation of peri-
cardium and aortic valve leaflets decreased, and for
the arteries it increases. The disrupted continuity of
tissue due to the cell destruction and formation of
cavities leads to a slight reduction in the deformability
capacity reserve. Herewith all the xenografts retain
the ability to deform (stretch) in all the directions and
resistance to break and twist.
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LIMe NoKas3aresn B 00pasuax, MoJBEprHyTHIX TOIBKO
3aMOPaXKMBAHUIO-OTOI'PEBY UM OOIYUYEHHIO, MBI
MOXXEM TOBOPHUTH O MPOSBICHUU CHHEPTHYECKOTO
s¢dexTa Ha CBOWCTBA TKAaHHU, KOTOPBIH 00yCIOBICH
CyMMapHBIM BO3JICHCTBUEM HU3KHX TEMIIEPATyp H
B-uznydenus. B cBow ouepesb, TaKKe W3MEHEHUSI
WMEIOT 3HaYMMOE OTJIMYHE OT MOoKa3aTeliel TKaHW,
MOJIBEPTHYTOW MPOCTO HOHU3UPYIOLIEMY H3ITYIECHUIO.
3TOT pe3ynbTar AaeT BO3MOXHOCTD MPEIIONI0KHUTh,
YTO MpEJBAPUTEIILHOE 3aMOPaKMBAHUE OKA3bIBACT
PaguoONpPOTEKTOPHOE ACHCTBHE Ha MOCIEyroliee
HOHM3HpYIOLIee H3JIydeHUe. Mbl 0OBSCHSIEM TaKoH
3(peKT u3MEeHeHneM COOTHOLIEHHS KOJIUYECTBa
cBOOOJHOM M CBSI3aHHOM BOJIBI B TKAHH TIOCTIE TIpOLiecca
3aMoOpaKUBaHuUs-0TorpeBa. Kak u3sectHo, B geruapa-
TUPOBAaHHOM TKaHH MTPOLIECCHI PaINOIN3a IPOSBISIOT-
Ccd MeHee BhIpakeHO. Bona gBnsgeTcs BaXKHEHIIUM
CTPYKTYPHBIM KOMIIOHEHTOM: TIPOYHOCTD CBSI3bIBAHHUS
MOJIEKYJI BOJBI C OMOIONIMMEpaMi UMEeT OOJbIIoe
3HauEHHE JJIsl CTAOMIIN3aluK CTPYKTYPHI H MIPOSIBIIE-
HUS QYHKITHOHATEHOW aKTHBHOCTH. TEHICHITHS TTOTEPH
BOJIBI B TKAHSX MOKET YCUJIMBATKLCS U 32 CUET pa3py-
LIEHHS NPOTEOITIMKAHOB, TONUCAXapHUAHBIE KOMIIOHEH-
THI KOTOPBIX 00J1aal0T UCKIIOYUTENbHBIMU BOOAT-
COpOILIMOHHBIMH CBOMCTBaMH.

Pesynprarsl anann3a noxy4eHHBIX JaHHBIX TO3BO-
JISIOT YCTAHOBUTH, YTO TMOCJE KPHOPaIUALUOHHOM
00paboTKU KapKacHbIE CTPYKTYPHI (MAaTpUUHbIE OeI-
KH) YCTOWYHBBI K UCTIOJIb3YEMbIM BO3JICHCTBHSM, HE
MOJIBEPTAIOTCSl CTPYKTYPHOU Jerpalalii U coxpa-
HSIOT CBOIO IIEJIOCTHOCTH. MIToroM ¢pusnko-xummudec-
KUX M3MEHCHUU B COCJIMHHUTEIBHBIX TKAHAX B
pe3yabpTaTe nocieI0BaTeIbHBIX IPPEKTOB HUZKOTEM-
MepaTypHOro U paIualliOHHOTO BO3IEUCTBUH SIBIISETCSI
KackaJl CTPyKTYpPHBIX IEPECTPOEK, KOTOPBIA MPUBOIUT
K 00pa30BaHUIO TOMOJIHUTEIBHBIX BHYTPH- U MEKMO-
JIEKYJSIPHBIX TOTIEPEYHBIX CBs3eil. bonee kommakTHOE
pacroyio)keHHe M YIPOUHSIOUINECsS BOJOKHA TaKUM
o0pa3oM oOecneynBarOT CTPYKTYpHYIO CTaOMiIn3a-
U0 UMITIanTaTa. [lodydeHHbIe JaHHBIE TIPU COTIOC-
TaBJICHUH C BEJIMYMHAMH YKCILTYyaTaIlHOHHOTO HATIPSI-
JKCHUSI HATUBHBIX TKaHEW MO3BOJISIOT MPEATION0KHTH,
YTO JI€BUTAIU3UPOBAHHBIE TKAHU MOTYT YCIIEIIHO
[IPOTUBOCTOATh (PU3NUECKUM Harpy3KaM B IpoLEcce
(hyHKIIMOHUPOBAHSL.

BriBoaBI

1. Pe3ynbrarhl UCOBITAHUM MOKa3ajdu, YTO MOCIE
J€BUTAJIM3alUd MOJYJIb YIPYTOCTH TKaHEW BO3pac-
TaeT; IPEAEI MPOYHOCTH IIEPUKAPAA COXPAHIETCS Ha
YPOBHE HATUBHBIX TKAHEH, a JJI1 CTBOPOK KJIaraHa U
COCYJIOB TOBBIIIaeTcs. BeaencrBue 3Toro nokasa-
TeJlb OTHOCUTEJIBHOTO Y/UIMHEHUS JIA MepuKapaa u
CTBOPOK aOpTaJbHOTO KjalaHa CHUXAaeTCs, a JUIs
coCylloB — MoBbllaercs. Hapyliienue 11e10CTHOCTH

npobnembl Kpuobuonorum 1 KpuomegULINHbI

problems of cryobiology and cryomedicine
Tom/volume 25, Ne/issue 4, 2015

2. Irradiation of the pericardium and valve leaflets
with the flow of electrons sharply reduces the me-
chanical and physical characteristics. Pre-freezing to
—196°C exhibits a radioprotective effect and eliminates
the negative effects of 3~-radiation on the ECM.

3. Deep freezing and [3-radiation induce the for-
mation of additional intra- and intermolecular cross-
links and exhibit synergistic effect, i.e. elastic properties
of tissue are significantly enhanced. More compact
location and reinforcing fibers thereby provide struc-
tural stabilization of the graft.

4. The ECM of devitalized tissues has been shown
to retain its integrity and has physical and mechanical
properties which are characteristic for native tissue in
both longitudinal and transverse directions.

5. Modified tissue of pericardium, valve leaflets and
arteries with certain physical and mechanical characte-
ristics can be used as tissue grafts: elastic properties
ensure the long-term existence in a recipient's body
(that will allow the implementation of repopulation and
formation of a new structure); the strength reserve
allows to withstand the operational loads during
functioning; the scaffold structure and elasticity are
preserved, as well as ability to extensibility, resistance
to break and twist.

We express our special thanks to the head of the
Material Strength Chair of the National Technical
University ‘Kharkiv Polytechnic Institute’, V.L. Havin and
engineer of the Department S.M. Dergunov for methodo-
logical assistance in performing the research.
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TKaHH 32 CUET pa3pyLICHUs! KJIETOK U 00pa3oBaHHSA
MOJIOCTEl MPUBOIUT K HE3HAYUTEILHOMY CHIKEHHIO
3amnaca aeopMaTuBHOM criocodHoctu. Ilpu aToM Bee
KCEHOMMILIAHTAThl COXPaHIIOT CIOCOOHOCTH K Jie-
dhopmupoBaHUIo (PaCTSIKCHHUIO) BO BCEX HaIpamJie-
HUSIX, YCTOMYUBOCTD K H3JIOMY U CKPYYHBaHUIO.

2. O6nyueHne mepukapia ¥ CTBOPOK KilamaHa
MMOTOKOM 3JIEKTPOHOB PE3KO CHUXKACT (U3HKO-Me-
XaHWYECKHNE XapaKTepucTuku. [IpeaBaputenbHoe
3amMopaxuBanue 10 —196°C mposBiseT paguonpo-
TEKTOPHOE JACHCTBHE U HUBEIUPYET OTpULATEIbHbIE
a¢dektsl B-u3mydenus Ha D1[M.

3. I'nybokoe 3amopakuBaHue U [-pamuarus
HHIYLIUPYIOT 00pa3oBaHUe TOMOIHUTEIbHBIX BHY TPHU-
U MEXMOJIEKYIAPHBIX MONEPEYHBIX CBA3EH U MPOSB-
JSIOT CUHEPrHYeCKHH 3PQPEKT — CYIIECTBEHHO yCH-
JIMBAIOTCA YIIPYTHe CBOMCTBA TKaHel. boee kommnakT-
HOE pacoJIOKEHHE U YIIPOUHSIOIIHECS BOJIOKHA TAKUM
o0pa3zoM o0ecrednBarOT CTPYKTYPHYIO CTaOMIN3a-
U0 MMIUTAHTATA.

4. Ilokazano, uro DM neBUTATM3UPOBAHHBIX
TKaHEH COXpaHseT CBOIO IETIOCTHOCTH ¥ 001a1aeT Gpu-
3UKO-MEXaHUYECKUMH CBOWCTBAMH, XapaKTEPHBIMH
JUIs. HATUBHBIX TKaHEHW Kak B MPOJOJIBHOM, TaK U B
MOTIEPEYHOM HaIlPaBICHHUH.

5. MomudumpoBaHHast TKaHb IEPUKap/ia, CTBOPOK
KJIallaHa ¥ apTepuil ¢ 3aJaHHBIMH (PU3NKO-MeXaHUIeC-
KHMHU XapaKTEPUCTUKAMH MOKET HCIOJIb30BATHCS B
KaueCTBE TKAaHEBBIX UMIUIAHTATOB: YIIPYTHE CBOWCTBA
00ecnevnBaroT JIUTENbHOE CYIIECTBOBAHNE B OpTa-
HU3ME pEIUIHUEHTa (Y4TO MO3BOJHUT PEan30BaThCs
MporeccaM Pernonyisiiuid U GOPMHUPOBAHHS HOBOM
CTPYKTYpBI); 3amac MPOYHOCTH AT BO3MOXKHOCTB
BBIJICP’KHBATh SKCILTYaTallHIOHHBIC HATPY3KH B IIpOLIEC-
ce (yHKIMOHUPOBAHHUS; COXPaHSIETCA KapKaCHOCTb,
3NIACTUYHOCTH, CHOCOOHOCTH K PACTSKUMOCTH, yCTOM-
YUBOCTbH K U3JIOMY U CKPYUHBAHHIO.

Buipasicaem brazooaprnocm 3a8. kagedpou «Conpo-
muenenue mamepuanosy Hayuonanvnoco mexnuueckozo
YHUgepcumema «XapbKo8CKuii NOAUMexHu4ecKuti UHCmu-
mymy B.JI. Xasuny u unocenepy xagpeopor C.M. [lepeyny 3a
MemooudecKyo nOMOWb 8 NPOBeOeHUlU UCCIe008AHUI.
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