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Momusayus u yens: IlockonbKy cepaeqHo-cocyaucteie 3aboneBanns (CC3) 3annMaroT
MEepBOE MECTO Cpeld BCeX MPHUYUH CMEPTHOCTH W BTOPOE MECTO CpEeIu MpPUYHH
WHBANMMIU3auu HaceiaeHus P® [1], akryanbHO#M 3amaueil sBIsSeTCsS pa3paboTka
MaTepHaJIOB, HCIOJIb30BAHHE KOTOPHIX B CEPACYHO-COCYAUCTON XUPYPTUHU MO3BOJIHIO
ObI MOBBICUTH 3()(PEKTUBHOCTH XHUPYPTrHUECKOTO BMEIIATENECTBA B KPATKOBPEMEHHOM 1
JIOJITOBPEMEHHOW TIEPCTICKTUBE.

Memoow u anzopummor: InextpoctiHHUHT (DC) ABNSAETCS YHUKAIBHON TEXHOJIOTHEH,
MO3BOJIIOLIEH MOMTyYaTh HOJIMMEPHBIE BOJIOKHA U3 PACTBOPOB IOIHMMEPOB, TONIIMHON
OT JIECATKOB HAHOMETPOB JI0 HECKOJBKUX MUKpPOH. B pactBop nist 3C MOKHO BBOJUTH
HE TOJBKO HONHMMEpbl, HO U JICKApPCTBEHHBIC Ipemnaparbl, HAHOYACTULBI U
(yHKIIMOHANBHEIE OMoMonekynbl. Bapeupyst coctaB pactBopa mis OC MOXKHO
KOHTPOJIMPOBaTh BLICBOOOKICHUE JICKAPCTBEHHBIX TIpenapatoB u3 ck3(Qoiaos.
Metomom DC ObUTH MONTYYEHBI JIEKAPCTBEHHO-HATIONHEHHBIE CKA(G QOB Ha OCHOBE
nonukanponakrona (IIKJI). B kauecTBe jeKapCTBEHHBIX MPENapaToB HCHOIb30BAIN
cuponmumyc (CPJI) m maxmurakcen (I1TX), oGmamaromniue antunponudepaTHBHBIM
neiicrBueM. /111 BEeKTOpU3AIHMHU JJOCTABKH JIEKAPCTBEHHBIX MPENapaToB ObUIN MOTyYCHBI
cka(ponapl Ha OCHOBE IOJHKANPOJIAKTOHA, COJEpXKAalllle BOJOKHA, HAIlOJHEHHBIE
HaHOYaCTHLIAMH aKTHUBUPOBaHHOTO yrisi (AY). s 3TOro MCnoiab30Baln yrojib MapKu
AX-21 mociie MOCIEIOBATEIBHOIO M3MEJIbYCHUS Ha IIapOBOH U OYyCHHKOBOH
MenbHuIax [2]. CTpyKTypa HoIy4eHHBIX CKA((0J110B ObliIa HCCiIeI0BaHa ITPH ITOMOIIH
ONTHUYECKOH MHUKPOCKOIHMH, CKaHMUPYIOIIEH 3JEKTPOHHOH Mukpockornuu (COM) u
PEHTTEHOBCKOW  (pOTO3ICKTPOHHOM criekTpockonuu (PD®OC). s ucciempoBaHus
KHHETHKH BBICBOOOK/ICHUS MTPENapaToB OBUIN H3TOTOBIIEHBI CK3(D (OB, co/epKaline
pannoakTUBHOMeUEHble npenaparthl. V3yueHo BnusiHME aedopmanuu ckddoamoB Ha
BBICBOOOKIeHUE JeKapcTB. MccienoBana OMO- U TeMOCOBMECTHMOCTh MOJTYYEHHBIX
cxkaddonos.

Peszynomamur: 1151 WM3roTOBIEHHS JIEKapCTBEHHO-HANIOJIHEHHBIX CKapQoIIoB B
KadecTBe 0a30BOro mojMMepa ObLI HCIOJIB30BaH IIOJIMKANPOJIAKTOH, KOTOPBIN
XapakTepu3yeTcs XOPOIINMHU MeXaHUYECKUMU XapaKTepUCTUKAMU 17§
OMOCOBMECTUMOCTBIO M HETOKCHYHOCTBIO |3, 4]. [Jist yimydIeHus: reMOCOBMECTHMOCTH
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B COCTaB BOJIOKOH JIOOABIISUTH YEJIOBEYECKH ChIBOPOTOUHBIA anbOymuH (UCA) [4].
Beuto wm3roroenmeHo m wuccnegosano Tpu tuma ckdddonnos: [MKJI, TIKII/UCA wu
[KJVUCA/IMCO, comepxkamux CPJI wm IITX. Hawmbonee mmureapHOE
BBICBOOOKICHUE JeKapcTB HaOmomanoch mia ckdddonma TIKII/YCA/AMCO. B
TeueHue 27 CyTOK U3 JIaHHOro Tuma Ck3(¢oiioB BEICBOOOKIAIOCH He Oonee 80%
JIEKapCTBEHHOTO TIpenapaTa, 4TOo TOBOPHUT O MEPCHEKTUBHOCTH HCIIOIH30BAHUSA TAKUX
cka(onIoB AT MPOTOHTUPOBAHHOMN JOCTABKH JIEKAPCTB. PacKphITHE CTEHTA IIPH €T0
UMIUTAaHTAMH TPUBOJUT K PACTSHKCHUIO TOKPBITHS CTEHTa, YTO MOXKET OKa3bIBaTb
BIHMSAHUE Ha CTPYKTYpy ck3ddonma m XapakTtep BBICBOOOXKICHHS JIeKapcTB. BbIo
rccaenoBano BausHUE nedopmartiu ck3ddoaaoB Ha BEICBOOOKICHHE JIEKapCTBEHHBIX
npenapaToB. [lokazaHo, uTo pacTsbkeHue ckaddonga B 0THOM HamnpaBIeHUH TPUBOIUT
K OpHEHTAallMM BOJIOKOH MaTpHKca B HalpaBleHMH NPUIOKEHHOH CHJbI, 0e3
00pazoBaHMs pa3phIBOB U 03 M3MEHEHHS auaMeTpa BookoH. [lokazano, uyro CPJI u
[ITX 6sicTpee BeicBOOOXKHat0TCA B TasMy kpoBH (I1K) gemoBeka, uem B pocdaTabIit
oydep (PBS). [Tpu unkyo6arnyu ckaddonnos ¢ [IK B tuHaMHYECKUX YCIOBHIX CKOPOCTh
BBICBOOOXKCHMS BbIle. [y BceX THIOB CKA((OIIOB pacTsDKCHUE HE OKas3bIBAcT
3HaYMMOT'O BIUSHUS Ha KWHETHKY BBICBOOOXKIEHUS JIEKapCTB M3 CK3(PdommoB. ITo
CBUJICTEIILCTBYET O TOM, 4TO JedopMarus ck3(pdoimoB nmpu yCcTaHOBKE CTCHTOB HE
BJIMSCT Ha CKOPOCTH BEICBOOOKIICHNS TIPETIapPaTOB.

UccnenoBana kuaHetnka BeICBOOOXKAeHUST CPJI m IITX u3 CTEHTOB, MOKPBITHIX
ckaddonnamu coctasa [IKJII/UYCA/IMCO uepes aprepuanbuyio creHky B PBS u B T1IK.
CTeHTHI C MOKPHITUSAMH YCTaHABIMBAIN HA OaNTOHBI-KaTeTepHl (pHc. 1), BBOIWIN UX B
CBEXEOKCIUIATUPOBAHHYIO TOJIB3MIOIIHYID apTepUI0 KPOJWKA, ¥ HCCIETOBAIU
BEICBOOOKICHHE PAJUOAKTHBHOTO TIpemapara uepe3 apTepHaNbHYI) CTEHKY.
[Mony4yeHHble AaHHBIE AEMOHCTPUPYIOT, YTO apTephaibHas cTeHKa 3(dexkTHBHO
yaepkuBaeT JekapcTBeHHble cpenctBa. [ITX BbIcBOOOXKIaeTCA yepe3 apTepHalbHYIO
creHky B PBS OricTpee, yeMm B mazmy. CPJI umeeT cX0Kyro KHHETHKY BBICBOOOXKIEHUS
B IIK u PBS. He Gonee 20 % IITX, u ue 6onee 10 % CPJI moTeHIHMaIBHO CIIOCOOHBIX
BBICBOOOINTHCA W3 MaTpukca, AuddyHaupyet depes apreputo B [IK B Teuenue 24 u,
TOTJa KaK OOJIbIIas 9acTh MperapaTa HaKaIuIuBaeTCsS B apTepPHaIbHON CTEHKE.

A 5 BRI
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Puc. 1. YcranosneHHsIH Ha 6anoH-kaTerep creHT ¢ nmokpsiTueM [TKII/YCA/IMCO/MITX,
HaHECEHHBIM METOJIOM 3JIeKTopcMHHUHTA (A). CTpyKTypa MOKPHITHS 10 JaHHBIM COM mpu
yBenumueHun 66% (b), mpu ysennmuenun 10000% (B)

Jnst BekTOpM3annM TOCTaBKHM JIEKAPCTBEHHBIX IIPEMapaToB B COCYIHCTYIO CTEHKY
npeiaraeTcs UCIolib30BaTh k3o, conepxaiiie HECKONbKO (PYHKIIMOHATBHBIX
CJIOEB: OCHOBHOMW BHEIIHMH (KOHTAKTHPYIOIIMH CO CTEHKOW coOcCyJa) CIIOH,
BBICBOOOKIAIOIINN JIEKApCTBEHHBIN Mpenapar, ¥ BHYTPEHHUH (OpHEHTHPOBAHHBIN B
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KpPOBB) CIJIOH, conmepaliuii HaHOYACTUIIBl AKTUBHPOBAHHOTO YINIA M CIIOCOOHBIN
copOupoBaTh JeKapcTBeHHbIM mpenapar. CopOupyromuii ciaoil HeoOXomuMm Uis
YMEHBIICHUS TTOTaIaHus JISKapCTBEHHOTO IperapaTa B KpOBOTOK. bbuto nccnenoBano
4 Ttuma ck3ddonaos, m3roToBIeHHBIX Ha ocHoBe I[IKJI, comepikamux BOJOKHA
(roMoreHHbIE M KOaKCHaJbHbIE), HamoNHeHHbIe HaHouacTuiamu AY. IlokazaHo, 4To
KUHETHKA CBs3bIBaHMA/BbICBOOOKAeHNsS CPJI u3 AY-HamogHEHHBIX CK3(OIa0B
OIIpEAENsIeTCS COCTAaBOM BOJIOKOH M OTJIMYAETCS OT KHHETHKH, MOJXYyYeHHOW IpH
ucronb3oBaHuu cBobogHoro AY. IlokazaHo, YTO KJIETKH MyMOYHOW BEHBI YelOBEKa
(HUVEC) u ¢udpodnacter aecubl uenoseka (GF) aaresupyror k cxkdddongam Ha
ocHoBe IIKJI xyxe, ueM K KyJIbTypajdbHOMY IUTacTuKy. Harpy3ka BojokoH AY He
OKa3bplBaeT 3HAYMTENBHOTO BIHMSHHUS Ha aAre3suto H Nponuepanuio  KIETOK,
KYJIETUBHPYEMBIX Ha MIOBEPXHOCTHU CKI(H(DHOII0B.

Jns wccienoBaHUs TeMOCOBMECTUMOCTH YTOJIb-HAIOMHEHHBIX CK3(donmtoB Obum
BBITIOJTHEHBI TECTHl Ha TEMOJHM3 M AATe3HMI0 TPOMOOUIMTOB. YPOBEHb I'eMONIM3a HE
npesbiman 1 %. Makybanus ckaddonmoB ¢ oborameHHold TpoOMOOIUTaMH TLIa3MOH
MoKasala, 4To ajare3us TPOMOOIMTOB 3aBHCUT OT COCTaBa BOJIOKOH. MHUHHMallbHOE
KOJMYECTBO MPHUKPEMUBIIAXCS TPOMOONMTOB HaOmomanoch st ckdddonma c
KOAKCHUAIbHBIMM BOJIOKHAMH, B TO BpeMs Kak s ck3ddoima, He coaepiKaliero
gactubl AY, u ckdddonga ¢ TOMOTEHHBIMH BOJIOKHAMH CTENCHb aAre3wu
TpOMOOLIUTOB OBbINIa CYIIECTBEHHO BBIMIE. TakuM 00pa3oM, Yrojb-HaIlOIHEHHBIN
ckadonn ¢ KoakcHaTbHBIMH BOJIOKHAMH OOJIa[aeT TOBBIMIEHHBIM aTPOMOOTEHHBIM
MOTEHIIUAJIOM 110 CPABHEHHIO ¢ IBYMSI IPYTUMHU CKA(D DO AaMH.

Buisoowi: Tlpeanoxensr ckaddonaer Ha ocHoe [IKJI, B cocTaB KOTOPBHIX BBEIECHBI
JIeKapCTBEHHBIE CpeAcTBa. lccienoBaHa KWHETHKA BBICBOOOXKICHUS JIEKapPCTBEHHBIX
npemnaparoB (MakjauTakcela W cuponumyca) u3 cKkd(G(OoJIoB, B TOM YHUCIE IPU
nepopmanun. HezaBucMMO OT cocTaBa BOJIOKOH, pacTshkeHue CKI(GGOII0oB He
OKa3bIBaeT 3HAYMMOT'O BIMSHUS Ha KHHETHUKY BBICBOOOXKICHHUS JIeKapcTB. CKIP OB
Ha ocHoBe [IKJI, conepxamme UCA u JIMCO, sBnstoTcss Hauboee nepcreKTUBHBIMHU
B Ka4€CTBC HOKpI)ITI/Iﬁ A1 COCYAUCTBIX CTCHTOB C AJIUTCIIbHBIM BLICBO60)KI[CHI/I€M
JIEKapCTBEHHBIX TIperaparoB. [loka3aHo, 4To aprepuanbHas CTeHKa 3()(PEKTHBHO
yIep)KUBaeT JIeKapCTBEHHBIE Iperaparbl. HakoruieHwe mpenaparta B apTepUaIbHON
CTEHKE  CINOCOOCTBYET  JUIMTENILHOMY  IOJVICPKAHHIO  CYOIMTOTOKCHYECKUX
KOHLICHTPAIM{ JIEKapCTB B apTEpPHAIBHON CTEHKE M IO3BOJIIOT YMEHBIIHUTH JI03Y
BBOJMMBIX B MOKPBITHE CTEHTOB mpemnaparoB. s pemenus mpoOiieMbl BEIMBIBAHUS
JIEKapCTBa TOKOM KPOBW BIIEPBBIE OBLIO TPEAJIOKEHO HCIONB30BaTh CKI(DGHOIIbI,
coJiepKallre HaoJIHEHHbI aKTHBUPOBAHHBIM yTiieM OapbepHsblii cioii. [lokazaHo, 4To
AY B cocTaBe 6apbepHOT0 CJI0S1 XOPOIIO aacOpOUpYeT JIeKapCTBEHHBIE CPENICTBA, B TOM
YHCIie ¥ B OMOJIOTHYECKUX )KUAKOCTSX, IPH STOM HalOJHEHHBIE yrieM ckaddomasr He
TOKCHYHBI, XOpOIIO COBMECTUMBI C JYKApPUOTHYECKUMH KIETKAMH W 00NajaroT
Xopoureli TeMOCOBMECTHMOCTBI0. Ckadoiabl ¢ yroib-HAIOJIHEHHBIM CIIOEM MOTYT
OBITB UCTIONIH30BAHBI U H3TOTOBJICHHS TOKPBITHI CTEHTOB, TPOTE30B COCYIOB, APYTUX
UMIUIAaHTUPYEMBIX TPyOUaTbX CTPYKTyp. Takoe CTpoeHHe Marepuana IO3BOJSeT
YMCHBUIUTE Pacxo/[ JICKAPCTBCHHBIX MPEapaToB, YMCHBIINTE UX CUCTEMHYIO TOCTAaBKY
Y TTOBBICUTH d(P(HEKTHBHOCTD MEUIIMHCKUX H3IESITHH.

Qunancuposanue. ViccnenoBanue moaaepkano Or0HKETHBIM ITPOEKTOM IO TOC3a/IaHHIO
('3 121031300042-1) u wactruno u3 cpeacts HMUII um. akan. E.H. Memankuna (I'3
121032300337-5).
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Motivation and Aim: Cardiovascular diseases (CVD) occupy the first place among all
causes of death and the second place among the causes of disability of the population of
the Russian Federation [1]. An urgent task is to develop materials for cardiovascular
surgery that would improve the effectiveness of surgical intervention in the short and
long term.

Methods and Algorithms: Electrospinning (ES) is a unique technology that allows the
production of polymer fibers from polymer solutions ranging in thickness from tens of
nanometers to several microns. Not only polymers can be introduced into the ES
solution, but also drugs, nanoparticles and functional biomolecules. By varying the
composition of the ES solution, the release of drugs from scaffolds can be controlled.
Using the ES method, drug-filled scaffolds based on polycaprolactone (PCL) were
obtained. Sirolimus (SRL) and paclitaxel (PTX), which have an antiproliferative effect,
were used as drugs. To vectorize drug delivery, PCL-based scaffolds containing fibers
filled with activated carbon (AC) nanoparticles were obtained. For this purpose,
activated carbon AX-21 was used after sequential grinding with ball and bead mills [2].
The structure of the obtained scaffolds was studied using optical microscopy, scanning
electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS). Scaffolds
containing radioactively labeled drugs were manufactured to study the kinetics of drug
release. The effect of scaffold deformation on drug release has been studied. The bio-
and hemocompatibility of the obtained scaffolds has been investigated.

Results: For the manufacture of drug-filled scaffolds, polycaprolactone was used as the
base polymer, which is characterized by good mechanical characteristics and
biocompatibility and non-toxicity [3, 4]. To improve hemocompatibility, human serum
albumin (HSA) was added to the fiber composition [4]. Three types of scaffolds were
manufactured and investigated: PCL, PCL/HSA and PCL/HSA/DMSO containing SPL
or PTX. The longest drug release was observed for PCL/HSA/DMSO scaffold. Within
27 days, no more than 80 % of the drug was released from this type of scaffolds. This
indicates the prospects of using such scaffolds for prolonged drug delivery. The stent
instalation leads to stretching of the stent coating, which can affect the scaffold structure
and the drug release. The effect of scaffold deformation on drug release has been
investigated. It is shown that the scaffold elongation leads to the orientation of the matrix
fibers in the direction of the applied force, without the formation of breaks and without
changing the diameter of the fibers. It has been shown that SRL and PTX are released
faster into human blood plasma (BP) than into the phosphate buffer (PBS). When
incubating scaffolds from a BP under dynamic conditions, the release rate is higher. For
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all types of scaffolds, elongation has no significant effect on the drug release kinetics.
This indicates that the deformation of scaffolds during the stent installation does not
affect the rate of drug release.

The Kinetics of the release of SRL and PTX from stents coated with PCL/HSA/DMSO
scaffolds through the arterial wall in PBS and in BP have been studied. Coated stents
were placed on balloon catheter (Fig. 1), injected into the freshly exposed iliac artery of
a rabbit, and the release of a radioactive drug through the arterial wall was investigated.
The data obtained demonstrate that the arterial wall effectively retains drugs. PTX is
released through the arterial wall into PBS faster than into BP. SRL has similar release
kinetics in BP and PBS. No more than 20% of the PTX, and no more than 10 % of the
SRL released from the scaffolds, diffuses through the artery into BP within 24 hours,
whereas most of the drug accumulates in the arterial wall.
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Fig. 1. An electrospun coated stent installed onto balloon catheter before (A). The structure of
the coating according to the SEM data at an increase of 66 x (B), at an increase of 10000 x (C)

To vectorize drug delivery into the vascular wall, it is proposed to use scaffolds
containing several functional layers: the main outer (in contact with the vessel wall) drug
releasing layer, and the inner (blood-oriented) AC-containing layer capable of drug
adsorbing. The adsorbing layer is necessary to reduce the drug penetration into the
bloodstream. 4 types of PCL-based scaffolds containing homogeneous and coaxial AC-
filled fibers were studied. It is shown that the kinetics of the binding/release of CRL
from AC-filled scaffolds is determined by the fiber composition and differs from the
kinetics obtained using free AC nanoparticles. It has been shown that human umbilical
vein cells (HUVEC) and human gingival fibroblasts (GF) adhere to PCL-based scaffolds
worse than to tissue culture plastic. The load of fibers with AC nanoparticles has no
significant effect on the adhesion and proliferation of cells cultured on the surface of
scaffolds.

To study the hemocompatibility of AC-filled scaffolds, tests for hemolysis and platelet
adhesion were performed. The hemolysis level did not exceed 1%. Incubation of
scaffolds with platelet-rich plasma showed that platelet adhesion depends on the fiber
composition. The minimum number of attached platelets was observed for scaffold with
coaxial fibers, while for scaffold without AC particles and scaffold with homogeneous
fibers, the degree of platelet adhesion was significantly higher. Thus, a AC-filled
scaffold with coaxial fibers has an increased athrombogenic potential compared to the
other two scaffolds.

Conclusion: PCL-based scaffolds contain drugs (paclitaxel and sirolimus) have been
proposed. Drug release kinetics from scaffolds, including during deformation, has been
studied. Regardless of the fiber composition, scaffold elongation has no significant effect
on the drug release kinetic. PCL-based scaffolds containing HSA and DMSO are the
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most promising coatings for vascular stents with long-term drug release. It has been
shown that the arterial wall effectively retains drugs. The drug accumulation in the
arterial wall contributes to the long-term maintenance of subcitotoxic concentrations of
drugs in the arterial wall and allows reducing the dose of drugs added into the stent
coating. To solve the problem of drug washing out by blood flow, it was proposed to use
scaffolds containing a barrier layer filled with activated carbon. It has been shown that
AC in the barrier layer adsorbs drugs well, including in biological fluids, while carbon-
filled scaffolds are non-toxic, well compatible with eukaryotic cells and have good
hemocompatibility. Scaffolds with AC-filled layer can be used for the manufacture of
stent coatings, vascular prostheses, and other implantable tubular structures. This
structure of the material makes it possible to decrease the drug concentration, reduce
their systemic delivery and increase the effectiveness of medical devices.

Funding: The study is supported Russian State-funded budget project of ICBFM SB
RAS number 121031300042-1 and partially supported by the state assignment of the
Ministry of Health of the Russian Federation number 121032300337-5.
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