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Silk Fibroin Bombyx Mori Yarns for Bio-Resistant
Woven Aortic Prostheses

Viktoriya Kancevicha, Andreys Lukyanchikovs'?Riga Technical University

Abstract. The main aim of this research is to study the
possibility of applying natural silk yarn for composite structure
of woven bio-resistant blood vessel prosthesis, vahi has good
anti-thrombotic and anti-inflammatory properties. During the
initial phase of research, the modern world experiece of
practical application of natural silk in surgical practice has been
considered. The second phase of theoretical researtfas been
devoted to the further study of modern science angbractical
experience of laboratory, pre-clinical and clinicalapplication of
natural silk fibres in different areas of cardiac surgery, including
designing, manufacturing and implantation of vascudr
prostheses of various fibrous structure and geomat designs. In
the process of implementation of the practical partof this
scientific work, the authors propose an innovativevoven tubular
structure, consisting of three different types of warp and weft
yarns: polyester, polyurethane and natural silk. Né&ural silk
yarns needed for this purpose are made of silk fitwin fibres
Bombyx mori. In the laboratory, the authors of the article have
studied the mechanical and deformation properties fonatural
silk yarns needed to manufacture innovative implarg of the
blood vessels. The properties of polyurethane and |yester yarns
were examined before, in the previous studies. Thaboratory
tests have confirmed the possibility of the use @fatural silk yarn
in the designing and manufacturing of woven tubularmprosthesis.
It should be noted that the structure of walls of he blood vessel
prosthesis designed and proposed in this paper isnigue. The
further research will be aimed at producing the prdotypes of
aortic prosthesis and determining its basic biomedmical
properties.

Keywords. Bombyx mori, silk fibroin, natural silk fibre, vascular
implant, woven prosthesis.

I. INTRODUCTION

Atherosclerosis often damages the abdominal alrtsuch
a case, the reconstruction of the aortic segmereggired to
resume normal blood flow in the cardiovascular exystThe
cross-sectional diameter of healthy aorta changasngl
pulsations by 11% compared to diastole. Therefdhe
pathologically damaged segment should be repladgddtie
implant made of long-term elastic materials. Prapsr of
synthetic implants must be close to the natural duiblood
vessels. Unfortunately, modern commercial prosthelgenot
exhibit such characteristics with completely simi@operties
of natural blood vessels. Scientists also do ndgro$uch
prototypes at this time.

- development of non-absorbable materials with gbind
mechanical qualities and minimal adverse effectissue;

- development of antibacterial materials;

- development of materials that stimulate tissupaire
processes.

Currently, the majority of vascular implants avhaitaon the
medical market are made of polyester fibres witbva level
of biological affinity.

Scientists regularly look for new solutions for
application of new materials and modern technokagie

The aim of this research is to create the modi§iedcture
of wall of woven vascular implants and use natsii yarns
in combination with polyester and polyurethane.

the

Bombyx Mori Silk Fibroin Fibres

Yarn made of natural silk fibres has been specsshgcted
for this research. Firstly, natural silk yarns usuhave good
strain and other mechanical properties. The maiamtdge of
natural silk yarn is a very good flexibility and ryehigh
strength at low thickness. Secondly, these fibrebyarns are
natural and used in medicine. Natural silk fibresséh very
strong anti-inflammatory properties in the tisshrethis case,
yarns were made of twisted fibres of silk fibroin.

Silk fibroin is a natural polymer frorBombyx mori, which
has been used in textile production clinical siguend more
recently as a scaffold for tissue regeneration J1-3

Silk fibroin exhibits impressive mechanical propest as
well as biocompatibility making it an attractiveobiaterial
and scaffold for tissue engineering. The fibroiotpm is one
of biological materials used for artificial skin danother
medical applications. As a result of its biodeghality [4],
silk fibroin was evaluated for several biomedigapkcations.

It is well known that natural silk yarn has uniqpieysical
properties and this material is considered the gtdddard in
surgery. For example, a natural silk thread hasnbee
successfully used for surgical stitch.

Natural silk emitted by the silkworm consists ofotwnain
proteins: sericin (20-30%) and fibroin (70-80%)biEin is the
structural centre of the silk, and sericin is thieky material
surrounding it.

Fibroin is a type of protein created Bombyx mori
silkworms in the production of silk. The fibroin giein

Many scientists continue to actively develop vasiouconsists of layers of antiparallpisheet. Its primary structure

multidisciplinary scientific directions for impravy the
quality of vascular prostheses. For example, thégarch can
be divided into five main scientific directions:

mainly consists of the recurrent amino acid seqgeienc
Sericin is a type of protein created also Bgmbyx mori
silkworms in the production of silk. Chemical nauof

- development of synthetic absorbable materialsh witserecin is GH4oN10O1s.

precisely known dates of destruction;
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These substances stimulate the metabolism in theahu
body. However, the natural silk filament is elassoft and
smooth. It has very good deformation and strenuticators.

Silk fibres typically have a triangular cross-sentior in the
form of a trapezoid (See Fig. 1).

Fig. 1. Bombyx moiri silk fibre thickness of 10 p8EM

It is well known thatBombyx mori silk is composed of
filament core protein, silk fibroin and a glue-likenating
consisting of nonfilamentous protein — sericinkSibroin is
characterized by repetitive hydrophobic and hydilaph
peptide sequences and consists of heavy and lighinc
polypeptides of ~390 kDa and ~26 kDa, respectivizhked
by a disulfide bond at the C-terminus of the twbusits. The
primary structure ofBombyx mori silk fibroin protein is
characterized by the presence of three amino acida
roughly 3:2:1 ratio: glycine (~45%), alanine (~30%hd
serine (~12%). The sequence is dominated by [Ghr@ly-
Ala-Gly-Ser]n. Silk fibroin chains also contain ari acids
with bulky and polar side chains, in particularayine, valine,
and acidic amino acids. The repetitive sequence
hydrophobic residues dominates fhisheet structure, forming
crystalline regions in silk fibroin fibres and fifn The
formation of thes@-sheets results in insolubility in water [5].

Il. PREVIOUS EXPERIENCE

Scientists offer several methods for obtaining Sohs,
mixtures and gels based on silk fibroin, for exaampbio-
compatibility films, special impregnations, new materials,
porous materials, drug delivery platform and sulsta for
tissue-engineering applications [6-9].

Other scientists also conducted similar researdintbnew
solutions for the modification of vascular implaft§-12].

In 2010, the Japanese Professor Tetsuo Asakura theed ertified

natural silk yarn for production of specimens of aiim
diameter vascular implants (less than d = 4 mm)es€h
prostheses were implanted in the area of the abddrabrta
of animals [13-15]. After one year, the prosthesesre
explanted and then histological studies were cateduclThe

14

results of this study showed that cells had migratéhin the
silk fibre and formed a close-knit vascular struetuThe
lumen-side endothelial cells and surrounding smaotiscle
cells were aligned in an orderly manner, the notrieessels of
the outer membrane were formed. The structure adtpesis
very closely resembled the original blood vessatthermore,
after the examination of the post-transplantatiomals

diameter silk vascular prostheses in detail, theensists
established that the silk content was decreasinp adter a
year a new vascular structure formed. In additionthe
increase in cellular components, it was also disoed that
over time the the collagen content increased aadsilk fibre

content decreased.

Professor Tetsuo Asakura and his colleagues algteda
out pre-clinical studies of comparing the patenéyhe two
different types of small-diameter implants. Silkrin-based
grafts (1.5 mm in diameter, 10 mm in length) werplanted
into the abdominal aorta of male 10 to 14-week-Bptague
Dawley rats by end-to-end anastomosis.

Polytetrafluoroethylene (PTFE)-based grafts wereduas
the control. Patency of the fibroin grafts one yexdter
implantation was significantly higher than thatR¥fFE grafts
(85.1% vs 30%, p < 0.01). These findings have detnated
that a small-diameter silk fibroin-based vasculaaftghas
excellent patency [16].

A group of researchers from China (Guoping Guan,
Wang, Quan Zhan, Xiaoyuan Yang, Yuling Li) togethéth
researchers from the United States (Robert Guidaim)
Canada (Martin W. King) also involved in reseanchhie field
of production of vascular implants from silk fibndj17]. They
used natural silk fibroin fibres fromBombyx mori and
polyethylene terephthalate (PET) filaments as raw materials to
weave a silk fibroin-PET based small diameter vizsograft,
whose inner diameter was about 4 mm. Furthermarerder
to improve the cyto-compatibility and hemo-compiityp of
the graft, the inner surface was chemically modifierough
UV irradiation and grafting methods. In additiomgetcyto-
compatibility and hemo-compatibility were examirthdough
in vitro cell culture and thrombus detection testspectively.
The results showed that the properties of the graftsuitable
for furtherin vivo study and could prove valuable in future
clinical applications. As a result, the graft haambnstrated
superior performance in terms of cell proliferatiand
thrombus detection.

For example, we can select next positive practical
application of silk fibroin in medicine. It is silfibroin suture
use in surgery. These sutures are made by twistingilk
fibres. Then these sutures must be processed amuecbby
natural wax or silicone.

The main parameters of sutures should be standakdiv
the USP/EP. The manufacturing process of suturd blea
in accordance with the GMP standard. &utu
manufacturer must have WHO, ISO, CE, USFDA, PCT
certificates or other local documents. These rdiuia are
valid also for producers of implants.

Lu
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Ill.  THE INNOVATIVE STRUCTURE OFWALL OF THE WOVEN
IMPLANT

In woven practice, the most commonly used natuitkl s
yarn is twisted from eight filaments.

In our case, we have developed and proposed a new
structure of wall of the vascular implant. We hawsed
polyester yarns (T = 10 tex), polyurethane yarns (9.5 tex)
and natural silk yarns (T = 10 tex) in the rati@:1: Thus, the
hollow tubular structure is formed in the proce$sveaving.

This structure of wall of the implant must be effee in the ,
pulsating hemodynamics (see Fig. 2). 5 " e

Fig.3 Natural silk yarn stress (Mpa) / strain (%@gtam
The final table shows the basic information on tia¢ural
silk yarn (see Table 1).

TABLE 1. MAIN INDICATORS (THE AVERAGE VALUE) OF SILK YARN

Yarn length | Average diameter | Maximum Maximum strain
(mm) of yarn stress M (%)
(mm) oM (Mpa)

Fig.2. The structure of wall of the implant: 1 -etholyester warp yarns; 2 —
the natural silk warp yarns; 3 — the polyurethanarpwyarns; 4 — the | 10.00 0.08 645.45 21.75
polyurethane weft yarns

This design of wall of the vascular prosthesis msque. V.CONCLUSIONS

Main conditions of such a design are as followsmBimed A unique woven structure and excellent long-terrgsidal
structure consists of three different types of yarme wall of properties of yarns are the main factors of thiscess. As a
the prosthesis has very good elastic propertiestha result, new woven prosthesis has also very goodtiela
longitudinal and radial directions. Natural silkryahelps deformation properties in longitudinal and radimédtions.
change the bio-resistant properties of the vaséuiplant. Silk yarns improve bio-compatibility with livinggsues and

Natural silk yarn helps to change the bio-resispmoperties improve the integration of the implant. These freses are
of the vascular implant. It is one of the main &mddamental better resistant to microorganisms. Implants mafdeatural
ideas of this research. As a result, such a cordbétreicture silk significantly help reduce the toxin producticafter
helps provide a good long-term hemodynamic pro@ews implantation.

good integration of prosthesis in the body tissue. These implants help restore the normal long-terocgss of
hemodynamics in human beings after the operatioithikV
IV. THE STUDY OF BIOMECHANICAL PROPERTIES one year, natural silk fibres have gradually degdath the

Silk yarn testing has been carried out at the séage of organism and in_ t_heir_place cells have formed a wascular
scientific research. For this purpose, we have us&ffucture of the living tissue.
Zwick/Roell testing machine and a special compptegram
to record the experiment data. This program is atsded for
the integrated analysis of experimental data, oo This research has been supported by the Europeaal So
charting (see Fig. 3). In general, the biomechdangtady Fund within the project “Establishment of Interddimary
shows very good results. Research groups for New Functional Properties ofarBm

Final results of the study have been processedjsgiacial Textiles Development and Integration in Innovaffreducts”,
software. For example, the deformation propertiéssitk No. 2009/0198/1DP/1.1.1.2.0./09/APIA/NVIAA/148.

yarns have been tested, and then the mean and omaxim

values have been examined. .. o
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Viktorija Kancevi ¢a, Andrejs Lukjan ¢ikovs. Dabiska zida pavedieni no silk fibroin Bombyx mori &iedram biorezistent aust asinsvadu protez

Darba galvenais @nkis radt asinsvadu prétes, kuiis iestadati silk fibroin Bombyx mori &iedru pavedieni, kas ar laiku uiksies organisiun tiks aizvietoti
ar pacienta drajiem audiem. &las protzes sienju strukftiru veido kompottie &iedru matetdli ar labim antitrombognam un pretiekaisumzpagbam. Darba
gaita tika izpetita misdienu pasaules zimieku pieredze dabigkzida pavedienu izmanto&akirurgiskaja praks: veteririirija un kiiniskaji sfera. S darba autori
piedava unikalu, inovaivu, pul€t sgEjigu asinsvadu prétes sienjas strukiiru, kui bas iestadati poliestera, poliuré@na un dabisk zida pavedieni no fibroin
Bombyx mori &iedram. Dabisk zida pavediendpadbas tika izptitas laboratorijas ag#tlos un rezultti pieradija, ka tos var veiksigi izmantot auSanas
tehnolgija, radot jaunas konstrukcijas implantus. Tu#frtiek plnots izgatavot aortas asinsvadu ptatprototipus, izmantojot inoviab sieniu struktiru un
dabisk zida pavedienus, kas ar laiku inkorgjoties dava organisma uzdiksies, radot ilgtermi darboties sgigu protzi ar lieku davo audu Kitbatni tas
konstrukcig.

Buktopus KanueBuua, Anapeii JlykpsinunkoB. Hutm u3 HartypanbHbix meakoBsix BosiokoH Silk fibroin Bombyx mori
GUOPE3UCTEHTHBIX TKAHBIX POTE30B A0PTHI

I'naBHO# 11eNbI0 JaHHOM PabOTHI ABJSUIOCH U3YYEHHE BO3MOKHOCTH IPHMEHEHHUsI HUTEH HATYPaJIbHOTO IIENKa Ul pa3paboTKH KOMIIO3UTHOM CTPYKTYPbI CTEHKH
TKAHOTO OHOPE3UCTEHTHOTO POTe3a KPOBEHOCHOTO COCY/a, 00J1aJatoIero XOpouMMHI aHTHTPOMOOTEHHBIMH 1 TIPOTHBOBOCTIAJIMTENBHBIMH CBOMCTBaMH. B xoz1e
HAYaJIbHOrO JTara HCCIeI0BATEIbCKOM PaboThl ObUT M3Y4EH COBPEMEHHBIH MHMPOBOI OINBIT MPAKTHYECKOTO INPUMEHEHHSI HATYpaIbHBIX LICIKOBBIX HHTEH B
XUPYPruvecKoil npaktuke. Ha BTOPOM JTame TEOPETHYECKOro HMCCIENOBAHHs, ObLT JOMONHUTENLHO W3Yy4eH COBPEMEHHBIH HAYYHbI M MPAKTHYECKUH OIBIT
1a60pPaTOPHOro, MPEKIMHUYECKOTO U KIMHAYECKOTO NPUMEHEHHS] HATYPAIbHBIX LIEIKOBBIX BOJOKOH B PA3lIMYHBIX OOJIACTIX KApIHOXHUPYPIUH, B TOM YHCIIE,
[pH NPOSKTUPOBAHWM, M3TOTOBJICHHH M HMIUIAHTALMM COCYAMCTBIX IPOTE30B Pa3iM4YHON BOJOKHHCTOM CTPYKTYpPhl U IE€OMETPHYECKON KOHCTpYKLIHH. B
Hpolecce peanu3alii MPaKTHYECKOW YacTH NaHHOH HayyHOM paGoThl aBTOpamMH ObUIa MPEUIOKEHA HHHOBALMOHHAs CTPYKTYpa TKaHOH Tpy6Guaroit
KOHCTPYKLIUH, COCTOSIIIEH U3 TPEX Pa3IMYHBIX BHAOB OCHOBHBIX M YTOYHBIX HHTEH: MOMMIHUPHBIX, HOJIMYPETAHOBBIX U IIENKOBBIX. HaTypaibHble IIENKOBbIE
HHTH, IpeHa3HaYCHHbBIE IS 9TOH Lenu, Obuti u3rotosieHsl u3 BosokoH Silk fibroin Bombyx mori.B xozne npoBeeHHbIX 1a60paTOpHBIX HCCIICAOBAHUI ObLIH
M3y4eHbl MEXaHH4YecKHe U Je(OpMalMOHHBIC CBOMCTBA HATYpAIbHOM IIENKOBOM HHTH, HEOOXOJMMOH Uil M3TOTOBJICHHS WHHOBALMOHHBIX HMIUIAHTOB
KPOBEHOCHBIX coCy/10B. CBOHCTBA MOMMIUPHBIX U TIONHYPETAHOBBIX HUTEH N3yYalnucCh paHee, B X0/ NPEeIbIIYyIHX HCCIeI0BaHMi. Pe3ybTaThl 1aO0paTopHbIX
TECTOB IOATBEPANIN BO3MOKHOCTD HUCIIONb30BAHMS HUTEH HATYPAJIbHOTO LIEJIKa [PU HPOSKTUPOBAHWH M M3TOTOBJICHHH TKAHOTO TpyOuaroro nporesa. Cienyer
OTMETHTb, YTO pa3paboTaHHas U MpeiaracMas B JaHHOH paboTe CTPYKTypa CTEHKH MPOTe3a KPOBEHOCHOTO COCY/ia SIBISETCS YHUKANbHOMN. JlanbHeHIel nembio
JIAHHOM Pa0OThI ABJSAETCS H3TOTOBJICHHE MPOTOTHIIOB IPOTE30B a0PTHI M ONPEAEICHHE HX OCHOBHBIX OHOMEXaHUYECKHX CBONCTB.
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