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NCIIOJIb3OBAHUE ITPOTE30B
N3 IMOJUKAITPOJIAKTOHA
JJIA COCYAOB MAJIOTO TNAMETPA
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I Omden sxcnepumenmanvhoil u Kaunuveckoil kapouonoeuu, HUHU Komnaexcnoix npobaem cepdeuno-cocyoucmoix

3abonesanuit CO PAMH, Kemeposo, Poccus

2 Omdenenue xupypeuu, Kiuenrenockuii meOuyuHcKuil yeHmp peabuiumayuy 6emepanos,
3 Dakysvmem MaKpomMoseKyAAPHbIX HAYK U uHiceHepuu, 3anadublil pezeperolii ynusepcumem Keiiza, Kiueneno,

wm. Qeatio, CIIIA

B nacmosiwee epems akmueno pazeusaromesi nooxo0vi MKAHeBOl UHIICEHEePUl, HANPABAeHHbIe Ha CO30aHUe
cocyoucmoIx epagmos mMano2o ouamempa. Dmo ceéa3aHo C Cyuecmeyruell 8 cepievHo-cocyOUucmoil xupypauu
nompebHOCMbI0 6 Npome3ax 045 NPogedeHUs. aopmo-KopPOHAPHO20 wyHmuposanus. B dannoli pabome 6vira
Npo6edeHa OYeHKa 603MOICHOCU UCNOAb308AHUS COCYOUCMO20 2PAPMA MAN020 OUAMEMPA, U320MOBACHHO0 U3
buodeepadupyemoeo noaumepa NOAUKANPOAAKMOHA MeMOOOM INeKMPOCRUHHUHed. bvlau uzyuenv uzuko-me-
XaHu4eckue ceolicmea u cCmpykmypa 2pagpmos u3 noAuKanposaKkmord, a maKice ux mpomoopesucmermHocmsy u
NPOXOOUMOCMb ROCAE UMNAAHMAUUU 8 KDOBEHOCHOE PYCao Kpbic. Pesyrbmamur nokazanu Hasuvue onmumanbHuix
DUBUKO-MEXAHUMECKUX CEOLICIE COCYOUCIbIX 2PAPMOE, UX OUOCOBMECMUMOCb, SHOOMEAUANUZAUUI) GHYMPEHHEL]
NOBEPXHOCMU U UHPUALMPALUK CIEHKU NPOMe3a KAeMKamu ¢ (popMuposanuem Hogoi mxanu. bBviio o6uapyicero
00pazoeanue 0OUUPHO20 CA0S HEOUHMUMbL 8 30HAX AHACHOMO308.

Taxum obpazom, uccredosarue nPoOOeMOHCMPUPOBALO B03MOICHOCHIb UCHONB308AHUS 2PAPMOE U3 NOAUKANDPO-
JNAKMOHA 8 Kavecmee cocyOUcmbiX NPome308, Ho NPu 3Mom Heo0X00UMa ux 0asbHeliuas MoouguKauus, Komopas
b6ydem cnocobcmeosams yMeHbUEeHUI) 2UNePHAA3UL COeOUHUMENbHOU MKAHU 8 NpOceem epagpma.

Karouesvie cao6a: mxanesas unyicenepus, cocyoucmoiil epaghm, ROAUKANPOAAKMOH, INEKMPOCHUHHUHE.

BCTYIUUIEHUE

CepaeyHo-cocyaucThie 3a00eBaHs, CBsI3aHHbIE
¢ obnuTepanmeii KpOBEHOCHBIX COCYIOB, SIBISIIOTCS
BEIYIIEW NPUYUHOM CMEPTHOCTU U UHBAJIUIM3ALUU
HaceJeHUsI B pa3BUTHIX cTpaHax mMupa [1]. B ocHoBe
JICYECHUsI TaKUX 3a00JIeBaHUI JIEXKUT MPOBEICHUE IIIyH-
TUPYIOIIMX omepaluii. s ocyIecTBAeHUS TPOLEayp
110 BOCCTAHOBJICHUIO KPOBOTOKAa B 30HAX UIIEMUU B
KayecTBe IITYHTOB MCIIOJb3YIOT ayTOJOTUYHbBIE BEHBI
uiau aptepuu. OQHaKO OTCYTCTBUE HEOOXOIMMBIX
BEH WJIM apTepuil B pe3yJibTaTe MX MOPaKeHUS WU
MMPOBEIECHUS MOBTOPHBIX onepaunii y 30% malnueHToB
MPUBOIUT K HEOOXOIMMOCTU MCIIOJb30BaHUS abTep-
HATUBHBIX cocyaucThix rpadToB [2, 3]. K mociennum
OTHOCSIT ToMorpadThl, IPUMEHEHNE KOTOPHIX KpaliHe
OrpaHUYEHO MaJIoi JOCTYITHOCTbIO TOHOPCKOTO MaTe-
puana, cMHTeTU4YecKue rpadThl, Takue Kak Dacron u3
noauatuiaeHTeTpadoaara u Gore-Tex u3 moaureTpad-
JIyOpO3TUJIeHA, a TakxKe OMOJIOTUUECKHE MPOTEe3bl U3
KceHomaTtepuada [4]. HecMoTps Ha ynoOCTBO B mpuMe-
HEHUU Y1 KOMMEPUECKYIO TOCTYITHOCTh, CHHTETUYECKHE
1 OMOJIOrMYECKUE ITPOTE3bl IMaMETPOM MeHee 6 MM He
MOTYT OBITh MCTIOJIb30BaHbI B KAUECTBE IIIYHTOB, TaK KaK
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CYIIECTBYET BBICOKU PUCK UX OBICTPOIT 00IMTEpalluy B
pe3ysabTaTe OOIIMPHON TMMePIIa3ud HEOMHTUMBI WIIN
TpoMOooOpa3oBaHus [5].

Ha cerogHsmiHuii 1eHb CYIIECTBYET HECKOJBKO CTpa-
Teruii, HalpaBJIeHHbBIX HA N30eKaHNe TaHHBIX ITPOOJIEM.
OmHa U3 HUX 3aKJTI09aeTCs B CO3MaHUM KPOBEHOCHBIX CO-
CYIIOB METOAOM TKaHEBOI MHXXEHEPUH in Vitro ¢ UCMOJIb-
30BaHUEM TTOJIMMEPHOI OMoaerpagupyeMoil MaTpULIbI,
KJIETOK TallMeHTa 1 OMOJIOrMYeCKM aKTUBHBIX MOJIEKYJI
[6, 7]. K coxkaneHmnio, co3naHue nepcoHaabHOro rpadra
IUJIsI TIallMeHTa U3 €ro COOCTBEHHOI'O KJIETOYHOIO Ma-
Tepuala SIBASIeTCS CIOXHBIM M TPYAOEMKUM METOIOM,
YTO OTpaHUYMBAET €ro KJIMHUYECKOE MPUMEHEHUE.
Bombloii nHTepec MpencTaBisieT co3gaHue MOoJuMep-
HBIX TPapTOB, KOTOPbIE OYAYT 3aCENSAThCS KIETKaMU in
Vivo ¥ OTHOBPEMEHHO MOIBEPraThcsl OMoaerpanaum,
YTO JOJDKHO OOECIIEYUTh pereHepalio KPOBEHOCHOTO
cocyna. OQHUM U3 TMEePCIeKTUBHBIX MaTepHUaIoB s
CO3JaHMsI TaKUX TpadTOB SIBIASIETCS CUHTETUYECKUI
noJauMep moJukarnpojaakToH (poly( -caprolactone) —
PCL), koTophblii U3BECTEH XOPOIIMMHU MeXaHNUYECKUMU
cBoiicTBaMu. MexaHuU3M ero Jaerpajaluu in vivo o0-
YCJIOBJIEH MEIVICHHBIM THIPOJIUTUYECKUM TIPOLIECCOM
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¢ o0pa3oBaHMEM HETOKCUUYHBIX MPOIYKTOB [8].

Llenpio gaHHOI pabOTHI SIBUJIACH OLIEHKA BO3MOX-
HOCTHU MPUMEHEHUsI rpachTOB U3 MOJUKANPOIaKTOHA B
KaveCTBe MPOTE30B COCYIOB MajIoro AuamMeTpa.

MATEPUAJIBI U METO/1bI

Hsrorosnenue PCL-rpadtoB. Cocynuctbie rpadThl
(BHYTpEHHMI AuaMeTp 2 MM, ToamuHa cteHku 100
MKM) M3rOTaBIMBaJIU METOAOM 3JIEKTPOCITMHHUHTA
n3 ouogerpanupyemoro noaumepa PCL (M=80 000)
(Sigma-Aldrich, CIIIA). DneXTpOCIUHHUHT TTPOBO-
IVUIA TIpU ciaenytomux yeaosusix: 10% pacrsop PCL B
xsopodopme, HanpskeHue Ha urie +15 kB, ckopocTh
MOTOKa pacTBopa 1 MJI/4, pacCTOSTHUE MEXIY UTJI0N 1
KoJIIeKTopoM 15 cMm. B kauecTBe KoyieKTopa UCIONb-
30BaJIM BpalllaloIIUicsd ITUOT TuaMeTpoM 2 MM.

dusuko-mexannyeckue cpoiictsa PCL-rpadTos.
Du3nKko-MexaHUYeCKMe UCIIbITAHUS MIPOBOAMIN Ha
YHUBepCcaJbHOU MCHOBITATeAbHON MamuHe (Zwick/
roell, FepMaHus) B yCIIOBUSIX OTHOOCHOTO PACTSIKEHUS
obpasuos (n=15). [1pu olieHKe PU3NKO-MeXaHUUECKUX
CBOICTB OMoOMaTepuaia yYUThIBAIM MOKa3aTeJIM MPOoY-
HOCTH U yTipyToii necopMaunu. [IpouyHOCTb oLileHUBaIN
10 MaKCUMAaJIbHOMY HAMpPSDKEHUIO TIPU PACTSXKEHUH,
yrpyroaeopMrUpoBaHHbBIE CBOWCTBA — IO MOMIYJIIO
yrpyroctu (E, ;) 1 OTHOCUTENbHOMY YIIMHEHUIO 10
HapyleHUs LeJOCTHOCTU obpasua. s OGonbiieit
TOYHOCTU U3MEPEHUsI OTHOCUTEIBLHOTO YIIMHEHUS K
0o0pas3ily IpUMEHSUIM MpeaBapUTeIbHYIO Harpy3Ky B
0,01H. B xauecTBe KOHTPOJIS MCITOJb30BAIN COCYIU-
cthle onornpoTte3nl «KeMAHTHomnpotes» (3A0 «HeoKop»,
Poccust), u3roroBiieHHbIE U3 TPYIHON apTepuu KPYITHO-
IO pOraToro cKora u odopaboTaHble AUTIULIECIUIOBBIM
3(UPOM STUICHTIMKOIS. JJaHHBIE IPOTE3bI UCITONB3YIOT
IUISL 3aMEIeHMs TTOpaKeHHBIX apTepuil CpeaHero u
Majioro guameTpa [9].

Ouenka anre3un TpomoouuToB Ha PCL-rpadrax.
Anresuio Tpombo1uToB Ha PCL-rpacdTax n OnomnpoTtesax
«KeMAHTHOpoTe3» OLIEHUBAIM B 9KCIIEPUMEHTE in vitro
C MOMOIIIbI0O MHOTOKAaHAJbHOTO MEPUCTATBTUYECKOTO
Hacoca 2054U/CA24 (Watson—Marlow, Benukoo6pu-
TaHus). Maructpanu ¢ GUKCUPOBAaHHBIMU OOpa3LaMu
JUIMHOM 3 CM 3aMoJIHSUIM CBeXeil LIUTpPaTHOM JOHOP-
CKOIl KPOBbIO, B COOTHOIIIEHNU KPOBb: LUTpaT — 9:1.
CKopocTh LIMPKYJISLIUU KpoBU coctaBuia 0,04 1/MuH,
t=37°C. I1ocne 40 MUH. KOHTaKTa C KPOBbIO CETMEHTHI
rpacdroB (n=10) dukcuposanu B 2% pacTBOpe TIyTa-
poBoro anpaeruaa Ha ¢ocdatHom Oydepe (pH=7,4),
rmocJie yero nomeuanu B tepmoctat npu t=37°C no
MOJIHOTO BBICBIXaHUsSI. ANre3uto U Mopdosorudyeckue
U3MEHEHUS TPOMOOIIMTOB Ha IMMOBEPXHOCTH MaTepuasa
OLICHUBAJIY TP MOMOIIY CKaHUPYIOLIEH 3TeKTPOHHOMU
MMKPOCKOTINH.

CkaHupymolas 3JeKTpoHHass MUKpocKonus. [1pu
OILIEHKEe CTPYKTYPhI MOBEPXHOCTHU rpacTa U aare3uu

TPOMOOLIMTOB Ha MOJIMMEPHBIX rpachTax 1 GuoIpore3ax
«KeMAHT1MoIpoTe3», 00pa3ibl MOKPHIBAIU 30JI0THIM
TOKOIIPOBOASIINM HaIlbUICHUEM TOJIIMHOK B 30 HM 1
Jlajiee U3yvyaiu Ha CKaHUPYIOLIEM JIEKTPOHHOM MUKPO-
ckorne S3400N (Hitachi, dAmoHus).

WUmnnantanuss PCL-rpagToB B OPIOLIHYIO YacTh
aopthl Kpbic. CocynucTthbie rpadThl ¢ BHYTPEHHUM M-
aMeTpoM 2 MM U TOJIIMHOM cTeHKU 100 MKM MMILIaH-
TUPOBAJIU B OPIOIIHYIO YacTh a0PThl KPbIC. 2KMBOTHBIX
collepXalud B YCIOBMSX BUBapus IpU CBOOOIHOM
JIOCTYIIE K MUILE W BOJAE Ha pallMOHE IMUTaHUs. DKC-
MEepUMEHT BhINTONHsIICS B TadopaTopun Cleveland VA
Medical Center B COOTBETCTBUHU C MPOTOKOJIOM, OJ0-
openubiM IACUC (Institutional Animal Care and Use
Committee, Cleveland VA Medical Center). Cam1ioB
Kkpbic TuHun Wistar maccoit 400—450 r (n=5) BBoauIn
B HapKO3 BHYTPUOPIOIIMHHON MHbeKLIMEeH 40 Mr/Kr
THOTIeHTaja HaTpus. [lepen omeparnueil XKUBOTHBIM
BBomwin 10 mMr/kr nedaszonuHa. Bo BpeMst xupypruue-
cKoro BMmelmareabcTBa nposoawin DKI' u usmepeHue
TeMIIepaTyphl Tejia. Bee )KuBOTHBIE ObUIH OITepUPOBAHbI
1O/ MHTAJIILIMOHHBIM Hapko3oM 1% u3oduypana. I1o-
cJie TIPOBEICHUSI CPEIMHHOIM JIarlapaTOMUU OTKPhIBAJIN
3a0pIOLIMHHOE ITPOCTPAHCTBO U BBIACIISIN aopTy. [laee
aopTy MEePEeXUMaIM HIXE IMOYSUHOM apTepyuy U BbILIE
ypoBHS Oudypkauuu. [ITpokcuMmanbHbIE aHACTOMO3
BBIMOJIHSIIN C MCIOJIb30BAHMEM IIIOBHOTO MaTepuaja
9—0. I'pacbT IpoMbIBaIM U a0PTY MTOBTOPHO MEPEKU-
Majiu. JIucTanbHbII aHACTOMO3 BBITTOIHSIIA ITOJOOHBIM
ob6paszom. Ilocyie CHATUSI 3a3KMMOB HaJlM4Me TOKa KPO-
BU 4epe3 rpadT MOATBEepKIadd WHTPAOIEPALIMOHHO
C MCIIOJIb30BaHUEM COCYAMCTOro golruiepa. Yepes 6
HeJle/Ib XKUBOTHBIX BBIBOJIMJIM 13 SKCIIEPUMEHTA. 30HY
aHactomo3sa u caM PCL-rpadT olieHMBaIu Ha HAJTM4uUe
KpOBOTeUYeHUt, TpoMbooOpa3oBaHus. ['unepmniasuio
HEOMHTHUMBI, a TakKxXe CTelleHb 3acelicHUsl rpadTa
KJIETKaMM M3y4aJli METOIOM CBETOBOM MMKPOCKOIIUU
C OKpAacKoii IperapaToB reMaTOKCUJIMHOM-303UHOM, a

i

$3400 30.0kV 7.3mm x1.73k SE 3/18/2010

Puc. 1. CteHka PCL-rpacdhta, M306paKeHne CKaHUPYHOLLER 3nek-
TPOHHOI MUKPOCKOMUN.
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Puc. 2. CkaHupytowas anekTpoHHasA MWKPOCKONNA MOBEPXHOCTM 6uonpoTesa
«KemAHruonpotes» (1) u PCL-rpadpta (2) nocne 40 MUHYT KOHTaKTa C KPOBbHO.

Takxe o Mamnopu u Ban-T'uzony.

Craructuueckue Metoabl. CTaTUCTUUECKYIO oOpa-
GOTKY MOJIyYEHHBIX PE3yJIbTaTOB IPOBOAMIN C UCIIOJIb-
30BaHMEM MaKeTa MPUKJIaIHbIX TporpaMm Statistica 6.0
(StatSoft Inc., CIIIA). HopmanbHOCTb pacrpenesieHus
OlleHUBaJIM Mpu Momoinu kputepuss Koimoroposa—
CMmupHoBa. JJoCTOBEpHOCTb pa3InWyMii OTIPEIeIsiiv C
IOMOIIIbIO HemapaMeTpMIeCKOro Kpurepus MaHHa—
YutHu. Paznuuusi CYMTAIM CTATUCTUYECKM 3HAYMMbBIMU
npu p<0,01. JlaHHBIE MpeACTaBIEHBI B BUIE CpeaHee +
CTaHJapTHAas OLIMOKA CpeIHEero MY Kak MeavuaHa u 25-i
u 75-i npoueHTUIU (25%0<M<75%o0).

PE3YJIbTATHI
HccnenoBanue rpacdToB U3 MOJMKAIIPO-

Ta6mma|  «KeMAHrunomnportes» (tadn.). Ilokasarenu
®uU3nNKo-MmexaHM4eckue cBOMCTBA rpaciTos movroi mecdopmariy PCL-TpachToB TakKe
M3 NONUKANpoNakToHa u 6uonpoTe3os «KemAHruonpoTes» ynpy Acdopman pad
MMpeBBIIIAIOT JaHHBIC MTOKa3aTeJu OMOIpo-
Mporessi cocynos I(-Izp;}:):f'\cnlt}'é\fg? Ynpyras ”eqmp“"a”"'; Te30B «KeMAHIMONPOTE3»: OTHOCUTEIBHOE
OTHOCUTENbBHOE oA . _

VInuHeHMe, % (25%0<h75%) ymiuHeHue — B 2,4 pa3a (p=0,00001), mogynb
(25%0<M<75%o) ynpyroctu (E,,,) — B 14 pa3 (p=0,00001), uro
Buonpotes 0,85<1,26<1,42 79,8<95,4<100,6 0,24<0,28<0,34 YKa3bIBaeT Ha UX OOJNBLIYIO 3JACTUYHOCTD
«KemAHrronpotes» OTHOCUTEJbHO KOHTPOJbHBIX 00pa3ioB. B
PCL-rpacpt 1,51<1,88*<1,98 | 202,2<232,1*<441,4 | 3,27<3,89*<5,57 LIEJIOM, pe3yJabTaThl (PU3UKO-MEeXaHUIYECKUX
*p<0,01 0THOCUTENILHO 6MONPOTE308 «KeMAHINONPOTE3». UCIBbITAHU CBUACTCIBCTBYIOT O IOCTaTOYHOM
MMPOYHOCTU U YIOBJIETBOPUTEIBHBIX CBOMCTBAX

yrpyroii gecopmanun PCL-rpadToB.

I'eMoCOBMECTUMOCTh — BaxKHOE KaueCTBO
MMPOTE30B, B3aMMOACUCTBYIOIIUX C KPOBBIO.
s olleHKY MeIUITMHCKUX U3IeIUi, KOHTaK-
TUPYIOUIMX C KPOBbIO, OMHUM U3 OCHOBHBIX
TecToB, pekoMeHnoBaHHBIX ISO 10993-4:2009,
SIBJISIETCSI MCCJIENOBaHME aKTUBALIMU TPOMOO-
uToB. Ilpy U3ydyeHUM BHYTpPEHHEN MOBEPX-
HOCTH rpacdTOB MOCJe KOHTaKTa ¢ KPOBbIO
METOIAOM CKAHUPYIOLIEW 3JIEKTPOHHON MU-
KPOCKOTIMY OBLJIO BBISIBJIEHO 3HAUYUTEJIbHOE
KOJMYECTBO aAre3MpoOBaHHBIX TPOMOOIIMTOB,
B TO BpeMs Kak Ha oOpa3iax ouonpote3oB «KeMAHTU-
OIPOTE3» TPOMOOLIMTHI OTCYTCTBOBaNM (puc. 2). Hecmo-
TPs Ha TO, YTO Ha MOBEPXHOCTU rpadToB HaOIIOIATU
3HAYUTEIbHOE KOJIMYECTBO aAre3MpOBaHHBIX TPOMOO-
LIUTOB, He OBLIO OOHAPYKEHO M3MEHEHHBIX U pacrjia-
CTaHHBIX (DOPM KJIETOK, YTO MOKET CBUIETEIbCTBOBATh
0 TeMOCOBMECTUMOCTHU UCTIBITBIBAEMBIX O0OPa3IIOB.

CornacHo pe3ysbTaTaM IMoJ00OHbBIX UCCeTOBaHUI IO
UMILJIaHTallMY CUHTETUYEeCKUX I'pachTOB B KDOBEHOCHOE
PYCJIO MEJIKUX JJa00paTOPHBIX JKUBOTHBIX ITOJTHASI 9HIO0-
TeJIMaIU3alus IIpoTe3a MPOUCXOIUT K KOHILY 6 Hele
[10]. B cBsI31 ¢ 3TM cpoK 6 Henellb ObLT BEIOpaH B Ka-
YeCcTBEe KPUTUYECKOTO IS 3aBEPIIECHUS SKCIIepUMEHTa

JJaKTOHA METOIOM CKaHUpYIOIIel 31eK-
TPOHHOU MMKPOCKONMUHU IMOKa3aJlo, 4YTO
TMOBEPXHOCTh UMEET BHICOKOTIOPUCTYIO CTPYK-
Typy, 00pa30BaHHYIO MOJUMEPHBIMU BOJOK-
Hamu ToamuHoi 3,340+0,510 mxM. BosokHa
ObLJIM paBHOMEPHbIEC MO TOJIIMHE 0e3 BUIU-
MBbIX J1eekToB (puc. 1).

[Ipu orieHKe MeXaHMYECKON MPOUYHOCTU
U 3JaCTUYHOCTHU COCYIUCTHIX rpacTOB B
KayecTBe KOHTPOJISI MCIOJb30BaINU OMOJIO-
rMYecKue MpoTe3bl KPOBEHOCHBIX COCYIOB
«KeMAHrnonpores», Tak Kak (pu3nuKO-Me-
XaHUYECKHUE CBOMCTBA MTaHHBIX MPOTE30B HE

OTJINYAIOTCS OT HATUBHBIX apTepuii. Pe3ynb-
TaThl (QU3UKO-MEXaHUYECKOTO MCITbITAHMSI
COCYIUCTBIX Tpa(TOB MPOAEMOHCTPUPOBAIH,
yTo mnokasartenu npoyHoctu PCL-rpadTon
BbIIlIE JAHHBIX MOKa3aTejieil OUONpPOTEe30B

46

4acTb aopTbl Kpbichl: 1. OKp. reMaToKCUIMHOM W 303UHOM, YB. 40: @ — MHTAKTHas
aopta, b — PCL- rpadhr, ¢ — 30Ha aHacToM034a; 2. OKp. reMaTOKCUIMHOM 1 903UHOM,
yB. 400: a — HEOMHTUMA, b — CTeHKa rpadpTa, MHCMALTPUPOBAHHAA KNeTkamu; 3. OKp.
no BaH-Mm30oHy, yB. 400: a — HeOMHTUMA, b — cTeHka rpadTa; 4. Okp. no Mannopwu,
yB. 400: a — HEONHTUMa, b — y4aCTKM KonnareHa B CTeHKe rpadra.
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U BbIBEJIEHMS KMBOTHBIX. IMILJITaHTUPOBaHHBII rpadT
BBIICJISUIN C IPUIEXKAIIMMU y4aCTKaMU HATUBHOM aop-
Thbl. [1pM rUCTOIOrMYECKOM UCCISIOBAHUN B IIPOCBETE
rpadra 1 30HaX aHACTOMO30B ObLJT BBISIBJIEH CIUIOIITHO
CJIoil HeOMHTUMBI (puc. 3). BHYTpeHHSsT MOBEPXHOCTh
rpadra ObLIa MOKPHITA SHAOTEIMATbHBIMU KJIETKAMU,
GOJIBLIMHCTBO M3 KOTOPBIX UMEJIO YBEJIUYEHHbBIE TUIIeP-
XPOMHBIE s1Ipa M YMEHbBIIEHHbII SIIePHO-1IATOIIa3Ma-
TUYECKUI MHAEKC 110 CPaBHEHUIO C SHAOTEIMATbHBIMU
KJIeTKaMU HATUBHOM aopThl. I'padT ObLT MHPUIBTPU-
pOBaH KJIETKaMu ¢ MOP(OJIOrMuYeCKUMH IpU3HAKaMU
MuoGuopodIacTOB U MakKpodaronB. Y4acTKM HaKo-
IJICHKS KoJulareHa Goratble IJIMKO3aMUHOLJIMKAaHAMU,
JIJAMUHUHOM U (PUOPOHEKTUHOM OBIJIU BBISIBJIEHBI 1O
BCeli ToJuHe 1 anuHe rpadTa. Kpome Toro, He ObuH
3a()MKCUPOBAHbI TUCTOJOTMYECKUE TPU3HAKY AeTpaia-
LIMU TIPOTEe3a, YTO YKA3bIBaeT HAa MEIJIEHHYIO CKOPOCTh
paspylleHus MojJuMepa.

OBCYXJIEHHE

OTCyTCTBME B HACTOSIIIIEE BPEeMsI COCYIMCThIX KOH-
IYUTOB MaJoro nuamMeTpa, o0JiagaroliuX Xopoliei
MMPOXOIMMOCTBIO U JOJTOBEYHOCTHIO, OOYCIOBIUBAET
TOMBITKU CO3MaHMSI HOBBIX COCYAMCTBIX I'padTOB s
3acejieHusT KJIeTKaMH in Vivo Ha OCHOBe Ouomerpanu-
PYEMBIX TTOJIMMEPHBIX MaTPHII.

C oIHOI CTOPOHBI, UAeaNbHbBII MCKYCCTBEHHBII
rpadT D0KeH o0agaTh MEXaHMYECKMU CBOMCTBAMM,
COOTBETCTBYIOIIUMU HATUBHBIM apTepusm. C npyroi
CTOPOHBI, OH TaK¥XKe TOJKEH UMUTUPOBATH MOP(OIOTHIO
BHEKJIETOUHOTO MaTPUKCa, YTO MOXKET OBITh 00eCIIeYeHO
BBICOKOITOPUCTOM MMOBEPXHOCTHIO, COCTOSIIEN U3 HAHO-
BOJIOKOH arameTpom 5—500 HM u riop pa3zmepom 5—500
MKM [11]. B cBoto ouepenb MexaHUUeCKHE CBOICTBA, a
TaK>Ke MUKPO- Y HAHOCTPYKTYpa KOHEUHOTO TTPOAYKTa
OynyT 3aBUCETh HE TOJIBKO OT MCITOJIb3YEeMOTO TTOJIMMepa,
HO TakXe M OT METOAa €ro M3roTroBjaeHus. OgHUM U3
Coco00OB CO3MaHUS TTOJMMEPHBIX IPadTOB, KOTOPBIM
MPUBJIEKAET BCE OOJIbIIIE BHUMAHUS B ITOCAETHUE TOIBI,
SIBJISIETCSI DJIEKTPOCIIMHHUHT PAcTBOPOB IMOJMMEPOB.
JlaHHBII MeTOd MO3BOJISIET CO3IaBaTh TKAHEMHXKEHEepP-
HbI€ TTOPUCTHIE MAaTPUIIbI, COCTOSIIINE U3 TOHYANIINX
BOJIOKOH.

PesynbraTel ckaHupyloueid 31€KTPOHHONW MU-
KpocKonuu rpadTa, U3TOTOBJIEHHOIO METOMOM 3JIeK-
TPOCIIMHHUHTA, MOKa3aJM, YTO €ro CTeHKa COCTOUT
U3 MeperUIeTEHHBIX MEX1Y cO00i TOHKMX BOJOKOH,
oOpasylomux nopbl. Takasg cTpyKTypa MOBEPXHOCTHU
CIOCOOHAa UMUTUPOBATh BHEKJIETOUHBI MaTPUKC,
MOAXOMSIIMI 111 (DOPMUPOBAHUS Ha €r0 OCHOBE
HOBO# TKaHu. bnaromapst BBICOKOMY KO3(ppULIMEeHTY
OTHOIIIEHUS TTOBEPXHOCTU MATPUIIbI K €e 00beMy yBe-
JINYMBAETCS aare3us KJeTOK Ha TKaHEMHXXEHEPHOM
rpadre, Murpaums KjaeTokK, a TakKe UX MpoJundepanus
u nuddepeHuponska. Kpome Toro, mopucrocth MaTe-

puaa criocoOCTBYeT TPAHCIIOPTY MUTATEIbHBIX BEILIECTB
K HOBOOOpAa3ylleics TKaHU.

IMockonbKy cocyaucThili rpadT UMITJIAHTUPYIOT He-
IMOCPEICTBEHHO B KPOBOTOK, OH aHAJIOTUYHO apTePUsIM
JIOJIKEH BBIAEPXKMBATh JaBJIeHUE KPOBU. Pe3yabraThl
GU3NKO-MEXaHUYECKUX MCIIBITAHUI ToKa3alu, 4TO
PCL-rpadTs nipeBocxonsar 6uomnpotesnl «KeMAHT1MO-
MPOTE3» IO MOKAa3aTeIsIM IMTPOYHOCTU M JACTUYHOCTH.
IMopucras crtpykrypa PCL-rpacdToB criocob¢cTByeT
YBEJUUYEHMIO UX OTHOCUTEJIbHOTIO YIJIMHEHUS 0e3
CHMXKEHMSI MONyJs ynpyroctu. B cBow ouepenpb mo
paHee MPOBEICHHBIM MCCIEIOBAHUSIM U3BECTHO, YTO
ouomnpoTe3nl «KeMAHTrnomnpores» 00J1an1al0T yaIOBIeT-
BOPUTEJIbHBIMU (DU3UKO-MEXaHUYECKMMU CBOMCTBaMHU,
YTO MO3BOJISIET UX UCITOJb30BaTh B XUPYPTrUYECKOM TTpa-
KTUKE JISI UMILJIAaHTallMK B OMepalysIX Mo 3aMeIIeHUIO
MOPaXEHHBIX apTepUil CPETHETO U MAJIOrO TUaMETPOB
[9]. Moxno nipeamnonarath, uto PCL-rpadThl He OyayT
yCTyTaTh IO MPOYHOCTHU MPOTE3aM U3 OMOJIOTHUYECKOTO
MaTepuaja, a TakKe HaTUBHBIM COCyIaM, TIPU 3TOM
OoJibIlIasi JMaCTUYHOCTD JOJIKHA MOJOXUTEIbHO OT-
Pa3UThCSI HA MX TeMOIMHAMUYECKUX XapaKTePUCTUKAX.
B cBolo ouepenb 3HAYMTEIbHOE KOJTUYECTBO YIACTKOB
mojiuMepa, OOHapy>KeHHOE MPU TUCTOJOTMYECKOM HC-
cienoBaHuU rpadToB Yepe3 6 Helellb Iocie UMILUIaHTa-
LIMY B OPIOIIIHYIO YAaCTh a0PThI KPBIC, CBUAETEIBbCTBYET O
MeUIEHHO! CKOPOCTH Jierpaganuu mporesa. biaarogaps
3TOMY BO3MOXHO MOAAEPKaHUE ONTUMAIbHOU MPOY-
HocTU rpadra 10 MOMeHTa (DOPMUPOBAHUS HOBOI'O
KPOBEHOCHOTO cocya.

Anre3ust 1 MOpGhOJOTUYECKHE U3MEHEHUS TPOM-
OOLIMTOB Ha MOBEPXHOCTU MaTepuaja Mpu KOHTAKTe C
KPOBBIO SIBJISIFOTCSI OMHUMM U3 TTOKa3aTesaeil reMOCOB-
MECTUMOCTHU. Pe3ynbTraThl CKaHMPYIOLIEH 3JIEKTPOHHOI
MUKPOCKOITUY BHYTpeHHel noBepxHoctu PCL-rpadToB
U OMOIPOTE30B MOCJIE KOHTAKTa ¢ KPOBBIO TIPOAEMOH-
CTPUPOBAJIM BBICOKMI YPOBEHb aATre3uM TPOMOOIIUTOB
K TTOJITMMEPHBIM KOHIYUTaM I10 CPAaBHEHUIO C OMOJIOTH-
yeckuMu mnpore3amu. XoTs Ha PCL-rpadrax anre3u-
poBaioch 00JbIIOE KOJIMYECTBO TPOMOOLIMTOB, HO UX
aKTUBUPOBAHHBIX (POPM He ObLIO 0OHapyxXeHo. CienyeT
OTMETHUTb, YTO B APYTUX paboTax, MOCBSUIEHHbIX UC-
CJIeOBAHUIO TKAHEUHXKEHEPHBIX MAaTPUIL U3 TTOJHUKAa-
MPOJIAaKTOHA, OBLIO MTOKA3aHO, YTO MTAHHBIM MaTepuas
He SIBJISIETCSI IUTOTOKCUYHBIM [12]. B cBoto ouepenb Ha
OCHOBE pe3yJIbTaTOB, MOJYYEHHBIX B JTaHHOI paboTe,
TaK>Ke MOXKET OBbITh CIeIaH MPeaBapUTEIbHBIN BHIBOI O
TOM, YTO COCYAUCThIe rpadThl HA OCHOBE MOJUKAIPO-
JIaKTOHA JOCTaTOYHO TeMOCOBMECTUMHBI in vitro. OqHaKo
ISt 6oJiee TIOJIHOM OLIEHKU HEOOXOAMMO M3yUYeHUE UX
CBOJCTB in Vivo B 9KCMEPUMEHTE Ha XKUBOTHBIX.

st olleHKM BO3MOXXHOCTU XUPYPTUUYECKOIO MpH-
MeHeHUsI, GYHKIMOHATbHOCTU U OMOCOBMECTUMOCTH
cocynuctbie PCL-rpadThl ¢ BHYyTpeHHUM IHAMETPOM 2
MM HMMILIAHTUPOBAIU B OPIOIIHYIO YaCTh a0PThI KPHIC.
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Yepes 6 Henenb MOCIe UMILIAHTALMU TpadTa B 30HAX
aHaCTOMO30B ObLJ1 OOHAPYKE€H OOIIMPHBIMI CJIOI HEOUH-
TUMBbI, KOTOPBIA PACIIPOCTPAHSIICS 10 BCEl BHYTPEHHEN
MmoBepxHOCTU rpadra. Hannuue runepnia3mu HEOMHTU -
MBI B TIpOCBeTe rpadTa XapakTepHo JJis1 OOJbIIMHCTBA
CUHTETUYECKUX COCYIUCTBIX MPOTE30B 1 BOZHUKAET KaK
MPOLIECC PEMOACIMPOBAHUS KPOBEHOCHOIO COCYy/Ia IO~
clie ero moBpexaeHus B teueHue 2—24 mecsiues [5]. [Tpu
HOPMaJIbHOM TEUEHUHU IIpollecca peMOAeIUPOBAHUS
KPOBEHOCHOTO IpoTe3a 00pa3oBaHUE HEOMHTUMBI HE
MPUBOIUT K 3HAYUTEILHOMY CTeHO3Y [13], HO cylecT-
BYET psIIl IPUYMH, KOTOPHIE MOTYT MPUBOAUTD K aKTUB-
HOMY CUHTE3Y U HAKOTUICHMIO OOJIBIIIOTO KOJMYeCTBa
SKCTPAIIEJUTIOISIPHOTO MaTpUKca 1, CleA0BaTeIbHO, K
rurepria3uu HeonHTUMBbI. K TakuM (pakTopam OTHOCST
pasiauyue B 1MaMeTpax Cocyaa U MpoTe3a, OTCYTCTBUE
SHAOTENMATbHBIX KJICTOK, a TaKxKe MUTPALMIO U TIPO-
Judepanno rIagKoMbIIIeYHbIX KIeToK. [ToBpexneHue
CTEHKHU COCyAa CTUMYJIMpPYeT U3MeHeHue (hpeHOoTUIa
[JIANKOMBIIIEYHBIX KJIETOK. B CBOIO ouepenb aKTHUBHU-
pOBaHHBIE INIANKOMBIIIEYHbIE KJIETKM MUTPUPYIOT U3
MeINy B MHTUMY COCYAa, Ille aKTUBHO CEKPETHUPYIOT
SKCTPAIIEJUTIOISIPHBI MaTPUKC, a TaKXkKe PSI LUTOKM-
HOB ¥ POCTOBBIX (pakTOpoB, B ToM uucie IL-1, bFGF,
TGF-B1, TNF-a, cTuMyaupyomux MeTariaa3uio
coenuHuTenbHOM TKaHu [14]. Kpome Toro, ogHoit u3
MPUYUH MOXET ObITh HU3KOE HAIpPSDKeHUE CABUIa Ha
CTEHKH cocyfa, 00pa3yolieecss B MeCTaX aHaCTOMO30B.
[Ipn HU3KOM HaAMNpSI)KEHUUW CIABUra Ha BHYTPEHHEH
MOBEPXHOCTU TpadTa KJIETKM U CEKPEeTUPYEeMbIii BHE-
KJIETOUHBI MAaTPUKC HE OPUEHTUPYIOTCS B OMHOM Ha-
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MpaBJIEHUH, a pacriojaraloTcs cIiydaiiHbIM 00pa3oM, YTO
TaKkKe MPOBOIIMPYET POCT HEOMHTUMBI. COBpEMEHHbBIE
MOIXObI, HATIPaBJECHHBIC Ha ITOAABJICHUE TUIIePILIA3UU
HEOMHTUMBI, TOCTATOYHO Pa3HOOOPa3HbI U BKIIOYAIOT
B ce0sI TOCTaBKY B MEPUBACKYJSIPHYIO 30HY JIeKapCT-
BEHHBIX IIpernapaToB, TEHOB, POCTOBBIX (haKTOPOB, a
TakKe aacopOMpOBaHUE HA COCYIMCTBIX MPOTE3axX dH-
JMOTeTUAIbHBIX KJIeTOK. HecMoTpst Ha TO, YTO AaHHBIE
CITOCOOBI BAMSIHUS HA POCT HEOMHTUMBbI IEMOHCTPUPYIOT
MOJIOXKUTEbHBIC PE3YJIbTaThl HA 9KCIIEPUMEHTAIbHBIX
MOJEJISIX, TTpodeMa TuIepIia3ui HEOMHTUMBI B COCY-
JIHCTBIX ITPOTE3aX MAJOro IMaMeTpa 10 CUX IOpP OCTAeTCsI
HepeleHHoM [15, 16].

B 10 ke BpeMst 0Opa3oBaH1e SHIOTEINATBLHOTO CII0S
Ha BHYTPEHHE! MOBepXHOCTHU rpadTa, MHOUIBTpALIUS
€ro CTEHKM KJIeTKaMU, a TAKKe 00pa3oBaHMe BHEKJIETOY -
HOTO MaTpUKCa, 3aMEIIAI0IIeT0 MOJIMMEPHBII MaTepua
rpadra, oOHapyXXeHHbIe yepe3 6 MecsLeB Mocjie UM-
TUIaHTALIUH, SIBJISTIOTCS TIaBHBIMU XapaKTepUCTUKAMM
Mpoliecca 3aKUBICHUS KOHIYHUTA.

Takum obpasom, npu u3dydyeHuu cBoiictB PCL-
rpaToB, U3rOTOBJIEHHBIX METOIOM JIEKTPOCITMHHUHTA,
OBLJIO BBISIBJICHO, YTO AAaHHbBIE TIPOTE3bl 00J1aJaloT He-
00XOAMMBIMU (PU3UKO-MEXaHUYECKMMU CBOMCTBAMU,
JIOCTaTOYHO TeMOCOBMECTUMBI Y MOTYT CIIY>KUTb Kap-
KacoMm JJis1 o0pa3oBaHUsI COOCTBEHHOIO cocyaa mocie
MMILIAHTallMU B KPOBEHOCHOE PYCJIO MJICKOITUTAIOIIMX.
HecMmotpst Ha 31O, HeoOXoaMMa HajbHEMIIass MOIU-
(pukaLumsg moaMMepHBIX rpadToB, KOTOpash OyaeT CIo-
COOCTBOBATh MOAABICHUIO TUIIEPIJIA3UM HEOMHTUMBI
U COXPaHEHUIO MPOXOANMOCTU KPOBEHOCHOI'O COCYA.
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Current trends are toward actively developing approaches of tissue engineering, aimed at creating vascular
grafts of small diameter. This is due to the existing in cardiovascular surgery demand for prostheses to be used in
coronary artery bypass grafting. The present work was undertaken in order to assess possibilities of using small-
diametervascular grafts made of biodegradable polymer polycaprolactone by means of electrospinning. The authors
studied physico-mechanical properties and structure of polycaprolactone grafts, as well as their thromboresistance
and patency after implantation into the vascular bed of rats. The obtained results demonstrated optimal physico-
mechanical properties of the vascular grafts, their biocompatibility, endothelialisation of the internal surface, and
infiltration of the graft’s wall by cells with the formation of new tissue, accompanied and followed by the development
of an extensive intimal layer in the zones of the anastomoses.

Hence, the study showed possibilities of using polycaprolactone grafts as vascular prostheses, however requiring
their further modification which would promote and contribute to a decrease in hyperplasia of connective tissue in

the graft’s lumen.

Key words: tissue engineering, vascular graft, polycaprolactone, electrospinning.

INTRODUCTION

Cardiovascular diseases associated with obliteration
of blood vessels are the leading cause of mortality
and invalidization of the population in the developed
countries of the world [1]. Treatment of such diseases is
based on bypass operations. Surgical procedures aimed
at restoring blood flow in ischemic zones are performed
using autologous veins or arteries as bypass grafts.
However, lack of the required veins or arteries resulting
from their damage or carrying out re-operations in 30%
of patients leads to the necessity of using alternative
vascular grafts [2, 3]. To the latter belong homografts
whose use is extremely limited due to small availability of
the donor material, also synthetic grafts such as Dacron
from polyethylenetetrafolate and Gore-Tex made of
polytetrafluoroethylene, as well as biological prostheses
made of xenomaterials [4]. Despite their usability
and commercial availability synthetic and biological
prostheses measuring less than 6 mm in diameter cannot
be used as bypass grafts since there is high risk of their
rapid obliteration resulting from extensive hyperplasia of
the neointima or thrombus formation [5].

By now, there are several strategies aimed at avoiding
such problems. One of them consists in creation of
blood vessels by means of in vitro tissue engineering

using a polymeric biodegradable matrix, patient’s cells
and biologically active molecules [6, 7]. Unfortunately,
creation of an individual graft for a patient from his/her
own cellular material is a complicated and laborious
method which limits its clinical application. Of great
interest is creation of polymeric grafts which would be
inhabited by cells in vivo and simultaneously undergo
biodegradation which should provide regeneration of the
blood vessel. One of the promising materials for creating
such grafts is a synthetic polymer polycaprolactone (poly-
e-caprolactone — PCL) known by its good mechanical
properties. The mechanism of its in vivo degradation
is conditioned by a slow hydrolytic process with the
formation of non-toxic products [8].

The present work was aimed at evaluating possibilities
of using grafts made of polycaprolactone as prostheses for
small-diameter vessels.

MATERIALS AND METHODS
Manufacture of PCL grafts. Vascular grafts (an
internal diameter of 2 mm and wall sickness measuring
100 um) were manufactured by means of electrospinning
from a biodegradable polymer PCL (M=80 000) (Sigma-
Aldrich, USA). Electrospinning was carried out under
the following conditions: a 10 % solution of PCL in
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chloroform, voltage at the needle + 15 kV, solution flow
rate 1 ml/h, distance between the needle and the collector
15 cm. A rotating pin measuring 2 mm in diameter was
used as the collector.

Physico-mechanical properties of PCL grafts.
Physico-mechanical tests were performed on versatile
testing machine (Zwick/roell, Germany) under the
conditions of uniaxial tension of the samples (n=15).
Assessing the physico-mechanical properties of the
biomaterial, we took into consideration the parameters of
strength and elastic deformity. Strength was evaluated by
the maximal tension stress, elastic-deformity properties
were assessed by the modulus of elasticity (E,,,4) and
percent elongation until the integrity of the sample is
broken. For better accuracy of measuring the relative
elongation the sample was preliminarily loaded with
0.01 N. As the control, we used vascular bioprostheses
“KemAngioprotez” («NeoCor» Closed Corporation,
Russia) made of the bovine thoracic artery and treated
with ethylene glycol diglycidyl ether. These prostheses
are used for restoration of damaged small-to-medium-
diameter arteries [9].

Assessment of blood platelet adhesion on PCL
grafts. Blood platelet adhesion on the PCL grafts and
“KemAngioprostez” biografts was assessed in in vitro
experiments by means of the multichannel peristaltic
pump 2054U/CA24 (Watson-Marlow, Great Britain).
The lines containing fixed samples 3 cm long were filled
with fresh citrated donor blood, with a blood: citrate ratio
of 9:1. The velocity of blood circulation amounted to 0.04
I/min, at t=37 degrees Centigrade. Forty minutes after
contact with blood the grafts’ segments (n=10) were fixed
in 2% solution of glutaric aldehyde in phosphate buffer
(pH=7.4), then were placed into a thermostat at t=37°C
until dried completely. Adhesion and morphological
alterations of blood platelets on the surface of the material
were assessed by means of scanning electron microscopy.

Scanning electron microscopy. While assessing the
structure of the graft’s surface and platelet adhesion on the
polymeric grafts and bioprostheses “KemAngioprostez”,
the samples were covered with gold current-conducting
sputtered 30-nm coating to be further examined using the
scanning electron microscope S3400N (Hitachi, Japan).

Implantation of PCL grafts into the abdominal portion
of the aorta of rats. The vascular grafts with an internal
diameter of 2 mm and wall thickness of 100 um were
implanted into the abdominal portion of the aorta of rats.
The animals were kept in the conditions of a vivarium
with ad libitum access to food and water on the nutrition
ration. The experiment was carried out at the Laboratory
of the Cleveland VA Medical Center according to the
protocol approved by the IACUC (Institutional Animal
Care and Use Committee, Cleveland VA Medical
Center). The Wistar male rats weighing 400—450 g (n=5)
were narcotized by an intra-abdominal injection of 400
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mg/ml of sodium thiopental. Prior to operation 10 mg/
kg cefazolin was injected to the rats. During surgical
intervention ECG was performed and body temperature
measured. All animals were operated on under inhalation
anaesthesia with 1% isoflurane. Median laparotomy was
followed by opening of the retroperitoneal space and
exposing of the aorta which was then clamped below
the renal artery and above the level of bifurcation. The
proximal anastomosis was performed using the suture
material 9—0. The graft was washed out and the aorta
re-clamped. The distal anastomosis was established
in a similar manner. Once the clamps removed, the
presence of blood flow through the graft was confirmed
intraoperatively by means of vascular Doppler. After six
weeks the animals were withdrawn from the experiment.
The anastomosis zone and the PCL graft itself were
assessed for the presence of haemorrhage and thrombus
formation. Neointimal hyperplasia and the degree of
colonization of the graft with cells were studied by means
of light microscopy, staining the preparations with
haematoxylin-eosin, as well as according to the Mallory
and van Gieson techniques.

Statistical methods. The obtained findings were
processed using the Applied Programs Package Statistica
6.0 (StatSoft Inc., USA). Normalcy of distribution
was evaluated by means of the Kolmogorov—Smirnov
criterion. Statistical significance was determined by
means of the Mann—Witney non-parametric criterion.
The differences were regarded statistically significant
if p<0.01. The data were represented as the mean *
standard error or as a median and the 25th and 75th
percentiles (25%0<M>75%o).

RESULTS
Studying the polycaprolactone grafts by means of
scanning electron microscopy demonstrated that the
surface had a high-porous structure, formed by polymeric
fibres 3.340%+0.510 um thick. The fibres were uniform in
thickness with no visible defects (Fig. 1).

Fig. 1. PCL graft’s wall, view of scanning electron microscopy.
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Physico-mechanical properties of polycaprolactone
grafts and bioprostheses “KemAngioprotez”

Table According to the results of similar studies on
implantation of synthetic grafts into the blood

channel of small laboratory animals complete

Vascular prostheses Strength, MPa Elastic deformation

(25%0<M<75%0) Percent E

endothelialisation of the prosthesis occurs by

‘KemAngioprotez”

elongation, % (25%0<m§75%0) the end of week 6 [10]. In this conppcﬂon,
(25%0<M<75%o) the term of 6 weeks was chosen as critical for
Bioprosthesis 0.85<1.26<1.42 | 79.8<95.4<100.6 0.24<0.28<0.34 termination of the experiment and withdrawal

of animals. The implanted graft was exposed

PCL graft 1.51<1.88%<1.98 | 202.2<232.1*<441.4

3.27<3.89%<5.57

with the adjacent portions of the native aorta.

*p<0.01 as compared to bioprostheses “KemAngioprotez”.

Histological studies showed that in the lumen

0 13.54 7 Bmm w20 5 24

Assessing the mechanical strength and elasticity of
vascular grafts we used biological prostheses of blood
vessels “KemAngioprotez” as control, since the physico-
mechanical properties of these prostheses do not differ
from those of the native arteries. The results of physico-
mechanical tests of vascular grafts showed that the indices
of strength of the PCL grafts are higher than those of
bioprostheses “KemAngioprotez” (Table). The indices of
elastic deformation of the PCL grafts also exceed those of
bioprostheses “KemAngioprotez”: relative elongation —
by a factor of 2.4 (p=0.00001), elasticity modulus (E,,.4)
by a factor of 14 (p=0.00001), thus strongly suggesting
their greater elasticity as compared to the control samples.
As a whole, the results of physico-mechanical tests are

Fig. 2. Scanning electron microscopy of the surface of the bioprosthesis
“KemAngioprotez” (1) and PCL graft (2) 40 minutes after contact with blood.

of the graft there was a continuous layer of the
neointima (Fig. 3). The inner surface of the graft
was covered with endothelial cells the majority
of which had increased hyperchromatic nuclei
and decreased nuclear-cytoplasmatic index as
compared to the endothelial cells of the native
aorta. The graft was infiltrated by cells with
morphological properties of myofibroblasts
and macrophages. Portions of accumulation
of collagen rich with glycosaminoglycanes,
laminin and fibronectin were revealed in the
whole thickness and all long the length of the
graft. Besides, there were no histological signs
of the graft’s degradation, thus suggesting a slow rate of
the polymer destruction.

DISCUSSION

The fact of currently lacking small-diameter vascular
conduits possessing good patency and durability calls
for attempts aimed at creating new vascular grafts to be
infiltrated with cells in vivo on the basis of biodegradable
polymeric matrices.

On the one hand, an ideal graft should possess
mechanical properties corresponding to native arteries.
On the other hand, it should also imitate morphology
of the extracellular matrix which may be provided by

indicative of sufficient strength and satisfactory
properties of elastic deformation of PCL grafts.

Haemocompatibility is known to be an
important property of bioprostheses interacting
with blood. For assessment of medical-purpose
items contacting with blood, one of the main
tests recommended by ISO 10993:2009 is
the study of activation of blood platelets.
Examining the internal surface of the grafts
after contact with blood by means of scanning
electron microscopy revealed a considerable
number of adhered thrombocytes, while the
samples of bioprostheses “KemAngioprotez”

contained no blood platelets (Fig. 2). Despite
the fact that the grafts’ surface showed a
considerable number of adhered thrombocytes
there were neither changed nor spread out
forms of cells, which may be indicative of
haemocompatibility of the tested samples.

Fig. 3. Vascular PCL graft 6 weeks after implantatio

of the aorta of the rat: 1. Haematoxylin and eosin stain, magnification x 40:
a - intact aorta, b — PCL graft, ¢ — anastomosis zone; 2. Haematoxylin and eosin
stain, magnification x 400: a — neointima, b — graft’s wall infiltrated with cells. 3.
Haematoxylin and eosin stain, magnification x 400: a — neointima, b — graft’s wall;
4. Mallory’s stain, magnification x 400: a — neointima, b — portions of collagen in
the graft’s wall.
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highly porous surface consisting of nanofibers measuring
5—500 nm in diameter and 5—500-um pores [11]. In
its term, mechanical properties, as well as micro and
nano-structure of the final product would depend not
only on the polymer used but also on the method of its
manufacturing. One of the methods of creating polymeric
grafts, attracting ever increasing attention during recent
years, is electrospinning of polymeric solutions. This
method makes it possible to create tissue-engineering
matrices consisting of the thinnest fibres.

The findings of scanning electron microscopy of the
graft made by the method of electrospinning demonstrated
that its wall consisted of intertwisted between each other
fine fibres forming pores. Such structure of the surface
is capable of imitating the cellular matrix suitable for
formation of new tissue on its base. Thanks to a high
coefficient of the ratio of the matrix’s surface to its volume
there occurs an increase in cell adhesion of cells on the
tissue-engineering graft, cell migration, as well as cellular
proliferation and differentiation. Besides, porosity of the
material promotes transport of nutrient substances to the
newly forming tissue.

Since a vascular graft is implanted directly into the
blood flow, it analogously to arteries should withstand
pressure of blood. The results of physico-mechanical
tests demonstrated that PCL grafts are superior to
bioprostheses “KemAngioprotez” by the indices of
strength and elasticity. The porous structure of PCL
grafts contributes to an increase in their relative
elongation without decreasing the modulus of elasticity.
In its turn, according to earlier studies it is known that
bioprostheses “KemAngioprotez” possess satisfactory
physico-mechanical properties, which makes it possible
to use them in surgical practice for implantation during
operations on replacement of affected medium-to-small
diameter arteries [9]. It may be supposed that PCL
grafts would not be inferior by strength to prostheses
from biological material, as well as native vessels, with
the greater elasticity should positively tell on their
haemodynamic characteristics. In its turn, a considerable
number of polymeric portions revealed on histological
examination of the grafts six months after implantation
into the abdominal portion of the aorta of rats strongly
suggest a slow rate of prosthesis’s degradation. This makes
it is possible to maintain optimal strength of the graft till
the moment of formation of a new blood vessel.

Adhesion and morphological changes of blood
platelets on the surface of the material on contact with
blood are amongst indices of haemocompatibility. The
results of scanning electron microscopy of the inner
surface of the PCL grafts and bioprostheses after contact
with blood demonstrated a higher level of adhesion of
blood platelets to the polymeric conduits as compared
to biological prostheses. Although a large number of
thrombocytes were adhered on the PCL grafts, no
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activated forms thereof were revealed. Mention should
be made that in other works dedicated to studying tissue-
engineering matrices from polycaprolactone showed that
this material is not cytotoxic [12]. In its turn based on the
results obtained in the present work one could also draw
a preliminary conclusion that polycaprolactone-based
vascular grafts are sufficiently biocompatible in vitro.
However for more complete assessment it is necessary to
study their properties in vivo in experiments on animals.

In order to assess possibilities of surgical application,
functionality and biocompatibility, vascular PCL grafts
with an internal diameter of 2 mm were implanted into
the abdominal portion of the aorta of rats. Six week
after graft’s implantation the zones of anastomosis
showed an extensive neointimal layer extending along
the whole internal inner surface of the graft. The
presence of neointimal hyperplasia in the graft’s lumen
is characteristic of the majority of synthetic vascular
prostheses and appears as a process of remodelling of
the blood vessel after its damage during 2—24 months
[5]. In the normal course of the process of the blood
vessel remodelling the formation of the neointima
does not lead to considerable stenos [13] but there is
a series of causes which may result in active synthesis
and accumulation of a great number of the extracellular
matrix and hence to neointimal hyperplasia. To such
factors belong difference in the diameters of the vessel and
prosthesis, lack of endothelial cells, as well as migration
and proliferation of smooth muscle cells. Damage of
the vascular wall stimulates a change of the phenotype
of smooth muscle cells. In its turn activated smooth
muscle cells migrate from the media to the intima of
the vessel where they actively secrete the extracellular
matrix as well as a series of cytokines and growth factors,
including IL-1, bFGF, FGF-B1, TNF-a, stimulating
metaplasia of connective tissue [14]. Besides, one of
the causes may be low shearing stress on the walls of the
vessel in the places of anastomoses. At low shearing stress
on the inner surface of the graft, the cells and secreted
extracellular matrix are not oriented in one direction but
are situated haphazardly, which also provokes neointimal
growth. Present-day approaches aimed at suppression
of neointimal hyperplasia are sufficiently diversified and
include delivery into the perivascular zones of medicinal
agents, genes, growth factors, as well as adsorption of
endothelial cells on vascular prostheses. Despite the fact
that these methods of influencing neointimal growth
demonstrate positive results on experimental models the
problem concerning neointimal hyperplasia in small-
diameter vascular prostheses remains unsolved as yet
[15, 16].

At the same time, formation of the endothelial level
on the inner surface of the graft, infiltration of its wall
with cells, as well as formation of the extracellular matrix
replacing the polymeric material of the graft, discovered
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6 months after implantation are the main characteristics
of the conduit’s healing process.

Hence, while studying properties of PCL grafts
manufactured by electrospinning revealed that these
prostheses possess the necessary physico-mechanical
properties, are sufficiently hemocompatible, and
may serve as a carcass for formation of the own
vessel after implantation into the blood channel of
the mammals. Despite this, polymeric grafts require
further modification which would promote inhibition
of neointimal hyperplasia and preservation of patency
of the blood vessel.
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