View metadata, citation and similar papers at core.ac.uk

-

P
brought to you by i CORE

provided by Electronic archive of Tomsk Polytechnic University

XIV MEXAYHAPOAHAS KOHOEPEHLIVA CTYAEHTOB, ACIIMPAHTOB U MOJIOABIX YUEHBIX

«TEPCIIEKTUBbI PAZBUTUA ®YHAAMEHTAJIbBHbBIX HAYK»

INVESTIGATION OF THE 3-D POLYMER SCAFFOLDS WITH MINERALIZED SURFACE FOR
TISSUE ENGINEERING VIA ELECTROSPINNING TECHNOLOGY
R.V. Chernozem
Scientific Supervisor: Dr. R.A. Surmenev
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: romanchernozem@gmail.com

HUCCJUIEJOBAHHUE BOJOKHUCTBIX 3-4 IOJUMEPHBIX CK®®OJI 0B MIOJYUYEHHbIX
METOJIOM SJIEKTPO®OPMHUPOBAHUSI C MUHEPAJIM30BAHOM MIOBEPXHOCTHIO
BOJIOKOH JIJIsI KOCTHOM MH)KEHEPUH
P.B. YepHoszem
Hayunsrit pykoBoautens: K.¢-M.H. P.A. CypmeHen
HaunonaneHelil neenaenoBaTenbekuil TOMCKUN NOIUTEXHUYECKUN YHUBEPCUTET,

Poccus, r. Tomck, np. Jlenuna, 30, 634050

E-mail: romanchernozem@gmail.com

Annomayun. B nacmosweii pabome npugsedenvl pe3yibmamvl NOAYUEHUS HEMKAHbIX — GOJOKHUCTbIX
mpexmepuvix ckIQpon006 Ha OCHOBe NOAULUOPOKCUOYMUPAMA U NOAULUOPOKCUOYMUPAM-2UOPOKCUBALEPANA
€ MUHEPAanU308aHHOL NOBEPXHOCMBIO BOJOKOH NO 8cemy obvemy ckaghgonoa, u uccredo8anus ux mopgonocuu,
Xumuyecxkoeo cocmasa u cmpykmypwvl. Cxkaghgonovr Ovinu nonyyeHvl Memooom 31eKmpopopmuposanus npu
ckopocmu epawenus korrekmopa 1200 unu 600 ob6/mun. s nonyuenuss noIHOCMbIO NOKPLIMbIX BOAOKOH HO
ecemy 00vemy ckaggonoa vacmuyamu KapOOHaAmMa Kaavbyus UCHOTb308ANACH YIbMPA38YK08As 06pabomka 6
pacmeopax Xaopucmozo xauvyus u kapoowama nampus. OcCywecmensica KOHmMpoib Maccel 00pasyos 00 u
nocie Kascoou obpabomxu. s uccredosanus mop@onoeuu ck3Ipponoos ucnonvb3o8anacs CKAHUPYOUWAs
NEKMPOHHASL MUKPOCKORUSL. J]lIs UCCIe008aHUsL CIMPYKMYPbL U XUMUYECKO20 COCMABA 00paA3|08 UCNOIb308AIUCH

peHmeeHoecme d)a306bllz anaius u 3Hep206ucnepcu0HHa}l PEHMCEHOBCKAS CNEKMPOCKONUsL, COOmeemcmeerHo.

Introduction. Manufacturing of implants with predetermined architectonics and individually optimized
functionality is one of the most important challenges today. 3D scaffolds of polymers can be used for bone tissue
engineering. Electrospinning is the most broadly used technique and allows obtaining the most promising results
for different tissue engineering applications [1]. Polyhydroxyalkanoates (PHAs) are the most prospective class of
materials that possess good biocompatibility as well as physical and mechanical properties that are similar to that
of the hard tissue in the human body. Compared with other PHAs, poly(hydroxybutyrate) (PHB) and
poly(hydroxybutyrate-co-hydroxyvalerate) (PHBV) of a natural origin are simultaneously degradable and
piezoelectric, which might promote bone growth in vivo [2]. Normally, cell affinity toward polymers is poor as a
result of their low hydrophilicity and lack of surface cell recognition sites [3]. A tendency in technological
development of implantable materials is to functionalize of bio-constructions. Fibers with CaCOs can be
successfully used in bone tissue repair and substitution [4]. To our knowledge, a study of the 3-D scaffolds from

PHB and PHBV with different structure and with CaCOs coatings has not been reported yet. The objective of
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this project is to fabricate and investigate the morphology, chemical composition and structure of electrospun 3-
D fiber PHBV and PHB scaffolds with mineralized surface via biomimetic coating for biomedical application.

Materials and methods. The fabrication of scaffolds involved the dissolution of poly[(R)3-
hydroxybutyrate] and poly[3-hydroxybutyrate-co-3-hydroxyvalerate] powders in chloroform (CHCls). A
collector was rotated at 600 and 1200 rotation per minute (rpm). The mineralization of PHB and PHBYV scaffolds
was carried out using a typical process of CaCOs particles crystallization from a mixture of Na,CO3 and CaCl,
solutions (1 M). PBH and PHBYV scaffolds were soaked in 1 ml of CaCl, and 1 ml of Na,COs solutions. This
system was subjected to ultrasound for 30 sec. After treatment the treated scaffolds were washed and dried at 55
°C for 60 min. The SEM investigations were carried out with an ESEM Quanta 400 FEG instrument equipped
with an energy-dispersive X-ray analysis (EDX; EDS analysis system Genesis 4000, SUTW-Si(Li) detector)
operated in a high vacuum. X-ray diffraction analysis (XRD) of prepared samples was performed using a D8
Advance Bruker equipped with a Cu anode.

Results and discussion. Fig. 1 shows the SEM images of PHBV and PHB scaffolds prepared at different
rotation speed of the collector. Successful fabrication of electrospun scaffolds without any beads was observed.
The average diameter of PHBV and PHB scaffolds fibrous prepared at the 1200 rpm was 6.1+1.9 um and
4.3£1.0 um, respectively, at the 600 rpm was 7.6£2.7 um and 4.6£1.2 pum, respectively. From the Fig.1, the
morphology of the scaffolds has become more oriented along the longitudinal axis, which resulted in a more

aligned structure of the scaffolds, which was in accordance with the results reported elsewhere [5].

Fig. 1. SEM images of 3-D PHBYV (a,c) and PHB (b,d) scaffolds prepared at the rotation speed of the
collector of 1200 (a,c) and 600 rpm (b,d)
Fig. 2 represents SEM images of the scaffolds treated 3 times to attain uniform coatings of calcium carbonate
throughout the scaffold. The ultrasonic treatment provides the penetration of solutions into pores and interior of
the fibrous material, which facilitates the homogenous mineralization of the scaffold [4]. The EDX analysis

resulted in the presence of Ca, C, O, Na and Cl.

Fig. 2. SEM images of 3-D PHBYV (a,b) and PHB (c,d) scaffolds prepared at the rotation speed of the collector of
1200 rpm: A,C — top views, B,D — side views

The increase of the mass after each treatment, independence of the polymer and morphology, were observed, as

shown in the Fig.3a. Fig. 3b represents XRD patterns of the treated and untreated scaffolds. The peaks
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correspond to calcite rhombohedra (Ne 01-072-1652 PDF 4+ ICDD) and NaCl (Ne 00-05-0628 PDF 4+ ICDD)

were observed after three treatment procedures of the scaffolds.
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Fig. 3. Dependence of the relative increase in mass from the number of treatments (a), and XRD patterns (b) of
scaffolds before and after three treatment procedures.

Conclusion. The PHBV and PHB scaffolds were successfully prepared via electrospinning with two
different rotation speeds of the collector, which allows changing fiber size distribution and scaffolds structure.
The ultrasound treatment in Na,COs3 and CaCl, solutions allows preparing uniform coated scaffolds with calcium
carbonate via 3 times repetition of the treatment procedure, independently of the used polymer. However, at the
same treatment conditions, the relative increase in mass for PHB scaffolds after each treatment procedure was
significantly larger than that of PHBV scaffolds. The mechanical behavior, wettability, piezoelectric activity and
biological response of scaffolds with mineralized fibers will be investigated in the future.
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