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REZUMAT - ABSTRACT

Nanofibre obtinute din polimeri biocompatibili si biodegradabili, cu potential de utilizare ca textile medicale

O parte importanta si in continud dezvoltare a industriei textile este sectorul medical si cel conex, de igiena si ingrijire
a sanatatii. Recent, valurile de fibre ultrafine obtinute din polimeri biocompatibili si biodegradabili au fost obtinute prin
procesul de electrofilare. Proprietatile lor unice, cum ar fi raportul dintre suprafata mare si volum, dimensiunile mici ale
porilor, porozitatea ridicata si posibilitatea introducerii compusilor terapeultici in nanofibrele electrofilate, au atras atentia
cercetatorilor in ultima vreme. Aceasta lucrare prezinta obtinerea nanofibrelor PEO si PVA.
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Nanofibres made from biocompatible and biodegradable polymers, with potential application
as medical textiles

An important and growing part of the textile industry is the medical and related healthcare and hygiene sector. Recently,
ultrafine fiber webs made from biocompatible and biodegradable polymers have been obtained by the electrospinning
process. Their unique properties such as high surface area-to-volume ratio, small pore sizes, high porosity, and the
possibility of incorporation therapeutic compounds into the electrospun nanofibers has attracted the researcher’s

attention lately. This paper presents the obtaining of PEO and PVA nanofibers.
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INTRODUCTION

Electrospinning is one of the most widely used tech-
niques in the 21st century, due to its adaptability and
potential for applications in various domains, such
as: wound healing, artificial skin, membranes for
selective separation, target delivery system for active
agents and molecules, scaffolds for tissue or bone
engineering [1, 8]. Tissue engineering strategies are
based on biological, medical and engineering disci-
plines, and aims to repair and regenerate damaged
tissues or organs that no longer function properly.
This is often achieved by development of a 3D
porous matrix with similar biomechanical properties,
enhanced with elements that sustain and promote tis-
sue regeneration. Fibrous materials of submicron
dimensions are potentially better candidates in skin
wound treatment, when compared with normal dress-
ing materials, such as cotton pads and bandages,
due to a number of advantageous properties, includ-
ing high porosity ratio, high permeability, biocompati-
bility and biodegradability [7].

Electrospinning represents one of most important
process through which tailoring the material structure
at nanometer scale becomes possible [2, 6]. Electro-
spinning uses an electrical field to create a charged
jet of a polymer solution. At a critical voltage, the
repulsive force overcomes the surface tension of the
solution and a jet erupts from the tip of the capillary
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towards a grounded collector. The voltage applied is
usually between 7 and 30kV [3].

According to their purpose of usage, for which they
have been selected, quick or slow degrading poly-
mers can be used to generate nanofibres [9, 11, 13].
Polymers that have a longer degradation time offer
better structural and mechanical support and can be
effectively used for procedures like dialysis, tissue
engineering and drug delivery systems. In contrast,
polymers that are quickly degradable in vivo (due to
enzymatic and hydrolytic activities) do not interfere
with cellular activities and allow for the cell prolifera-
tion through the spaces created by the degraded
fibers, that allow extracellular matrix to infiltrate and
provide nutrition for the proliferating cells. The main
characteristics of polymers, which compete in their
selection, are: elasticity, resilience, presence of func-
tional groups, etc. [4, 10, 14].

Many compounds for therapeutic purpose can be
incorporated within nanofibers, by using two different
methods. The simplest method is by blending, where
the drug molecules and the polymer are miscible and
electrospun together. The second possibility is to
encapsulate the drug in micro-capsules or to conduct
a core-shell electrospinning, to form drugs encapsu-
lated in fibers. In order to generate a core shell struc-
ture a coaxial spinneret is needed [4, 5].

One of the main areas of research in biomedical
application of electrospinning is drug delivery where
the electrospun fiber releases the therapeutic agent
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in the specific environment in which it is used. In
addition, electrospun fibers maintain the integrity and
bioactivity of the drug molecules due to the mild pro-
cessing parameters [12]. Localized delivery of thera-
peutic compounds can significantly reduce the sys-
temic absorption of the drug and reduce any side
effects. In addition, the efficacy of the drug is also
improved, due to localization of the treatment [4, 7].

EXPERIMENTAL WORK

Electrospun nanofiber web of poly (ethylene oxide)
(PEO) and poly (vinyl alcohol) (PVA) were success-
fully prepared. The fibers, of 200—300 nm in diame-
ter, were obtained by regulating the main parameters:
solution concentration, the electric voltage, and the
distance between the injection needle tip and the
fiber collector. The fiber meshes were analyzed by
scanning electron microscopy (SEM), which showed
the properties of the fibers, such as: the diameter of
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Microscopic SEM image of PEO nanofibers
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the nanofibers, the regularity of the nanofiber shape,
and the uniformity of the diameter.

Materials

PEO with an average molecular weight and PVA
with 80 % hydrolization degree was purchased from
Sigma Aldrich and used as supplied. The concentra-
tion used for the electrospinning of the polymers was
varied between 1,5 and 15 % (w/v) until electrospin-
ning has occurred.

Method for electrospinning the prepared
solution

The fibers were electrospun with a flow rate of 0.8-2
ml/h and a voltage of 10-18 kV and a distance of
15-20 cm between the needle and the grounded col-
lector. Those conditions were experimentally opti-
mized to obtain bead-free nanofibers and to have
stable processing conditions.

PVA fibers obtained in this study were smooth and
randomly oriented, without beads, with diameter range

Fig. 1. SEM Images of PEO and PVA nanofibers
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from 200 nanometers to 300 nm. For PEO fibers, The PEO solution has conducted to a random depo-
beads have been noticed on the surface. sition of the nanofibres. Few beads are noticed to be
The experimental apparatus uses a high voltage present within the structure, produced at the begin-
power supply, a syringe pump and a collector system.  ning of the experiment, until a laminar flow of poly-
The maximum allowed voltage was 30 kV. The flow  meric solution has been obtained. The fibre diameter
rate was controlled by the syringe pump. The fibres  varies between 182—280 nm.

were collected on a grounded metal collector plate of  In contrast, the PVA solution produced a structure of
a rectangular base covered with cotton gauze. The relatively more organized layers, without beads, with
electric field was applied between the syringe needle  fiber diameters in rage of 132—-149 nm.

and the metal collector plate (grounded). The electric  Both structures can be present a dense network of
voltage was incremented until the fibre spinning was  pores of different sized, highly interconnected.
observed. The electric field can be changed by vary-

ing the distance between the syringe needle and the ~ Surface wettability

collector plate. The surface water absorption capacity was assessed
through the method of contact angle, by placing
drops of distilled water on the surface of the web. The
SEM Analysis — The surface aspect of the resulting  equipment used was VCA Optima. No contact angle

porous webs were studied using a scanning electron  could be measured, as the water absorption was
microscope at an accelerating voltage of 10 kV. SEM  instantly.

photographs were taken at different magnification by
using Quanta FEI SEM equipment. CONCLUSIONS
The nanofibers surface wettability was assessed
through the method of determining the contact angle
of drops of distilled water that are placed on the sur-
face of the web.

Methods for structural characterization

Electrospinning was used to fabricate nanofibres of
PVA and PEO. The effect of processing parameters
such as voltage, tip-collector distance and flow rate
on fiber diameter and its morphology has been eval-
RESULTS AND DISCUTION uated. The morphology of fibers and their Qiameters

were strongly influenced by the composition of the
The nanofibres obtained using electrospinning pro-  spjution and the applied tension. The porous struc-
cesses are collected as a web by consecutive depo-  tyre of the electrospun webs obtained, the biocom-
sition of layers of randomly aligned nanofibers.  patibility and biodegradability of the polymers used
Although the fibres cover primarily the metallic col-  make our electrospun scaffold an excellent candidate
lector, a considerable quantity falls outside of the col-  for piomedical applications. In vitro and in vivo exper-
lector. iments for evaluation of the biocompatibility of these

Nanofiber morphology PEO and PVA nanofibers is necessary.
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