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Abstract

The electrospinning technique has been used to manufacture a composite material based on nanofibers made of aliphatic
copolyamide and composite nanofibers made of chitosan and chitin nanofibrils. Experimental in vivo studies of the designed
material as wound covering were carried out to treat a vast and multilayered wound on a rat’s back. After 28 days and
nights of observation, complete epithelialization of the wound surface was established to occur in the experimental rat group.
Histological analysis of scar tissue showed the presence of a small minority of capillaries and a low amount of infiltrating
cells. The survival of animals was 100%. At the same time, in the control group of animals, lethality was observed in 11% of
cases, and suppurative complications were observed in 100% of cases. Thrombocyte gel prepared from the peripheral blood
of the patients was used to increase the rate of tissue regeneration, and to reduce the infection probability. The curative effect
was proved to increase when wound dressings and autologous blood product separation, i.e., thrombocyte gel and platelet-rich
plasma, were applied simultaneously.
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are tissue degeneration, oxidative damage, moisture
imbalance in the wound, infections and other compli-
cations in the area of the surgical wound, trauma or

Introduction

The problem of healing damaged skin and soft tis-

sues using surgical and conservative methods has not
yet been completely resolved. The major factors hin-
dering the granulation and epithelialization processes
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burn. Scar tissue or other structural changes to the sur-
gical site reduce the patient’s quality of life. Currently,
a number of techniques aimed at boosting wound heal-
ing and improving the structural and functional prop-
erties of the newly formed tissue have been developed.
Most of these techniques use wound dressings vary-
ing by their compositions and functional characteris-
tics [1-3].
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An optimal wound dressing should provide gas and
moisture exchange necessary for full cell integration
and activity. Wound surface should also be reproduced,
i.e., the material must be flexible and easy to handle.
Modern wound dressings are minimally invasive, as
the newly formed epithelial layer must not be damaged
or destroyed. Finally, optimal wound dressing should
prevent the wound from becoming infected through
penetration of foreign pathogens. Incubation of local
pathogens should also be averted; for this purpose the
dressing should ensure effective exudate removal.

Porous film materials based on polymeric
nanofibers obtained by electrospinning possess all of
the above-listed properties. This method allows to
produce fibers from 50nm to 4500nm in diameter
from a variety of polymers. Film materials based on
nanofibers typically have low density, high porosity,
water and gas permeability [4-7], and pore sizes
ranging from tens to hundreds of micrometers.

Recently, porous film materials have been used as
matrices for cell technologies. The chemical compo-
sition and the porous structure of the materials con-
tribute to adhesion of stem or somatic cells on the
surface of the fibers and ensure the metabolic pro-
cesses necessary for effective cell proliferation, move-
ment and differentiation.

Our earlier study [5] described the prepara-
tion of nanofibers from an alcohol-soluble aliphatic
copolyamide (CoPA), a copolymer of poly(e-
caprolactam)

[-NH—(CH,)s-CO-],
and poly(hexamethylendiaminadipate)
[-NH(CH;)¢NHCO(CH;)4CO-],,.

The second polymer, widely used for biomed-
ical materials, is chitosan. It is a biocompatible
and biodegradable polymer, a polysaccharide deriva-
tive whose macromolecules consist of S-(1-4) D-
glucosamine and N-acetyl-D-glucosamine monomers.
The biodegradation products of chitosan are nontoxic
and become part of the natural metabolic reactions of
the body as chitosan decomposes.

However, electrospinning nanofibers from a chi-
tosan solution are known [8—10] to be complicated by
its polyelectrolyte properties. To stabilize the electro-
spinning of chitosan-based nanofibers, water-soluble
polymers such as polyethylene oxide (PEO), polyvinyl
alcohol (PVA), methylcellulose (MC), and polyvinyl
pyrrolidone (PVP) [8-10] are introduced into the so-
lution. Adding these polymers in a concentration of up

to 50wt.% of the amount of chitosan (which is nec-
essary for nanofibers to stably form) adversely affects
the finished material, increasing its hygroscopicity and
reducing its mechanical properties.

Ref. [11] established that chitosan composite fibers
containing chitin nanofibrils 20nm in diameter and
600-800nm in lengths typically exhibit increased
strength and elasticity. Additionally, administering
chitin nanofibrils into the spinning solution of chitosan
stabilizes the formation process. A similar beneficial
effect was described for electrospinning nanofibers
containing chitin nanofibrils [12].

In view of the above, this paper proposes a method
for fabricating a two-layered wound dressing that
consists of an outer layer of CoPA-based nanofibers
and an inner layer of composite nanofibers based on
chitosan and chitin nanofibrils. Nanofibers of non-
resorbable CoPA provide the necessary mechanical
properties for the dressing, as well as metabolic pro-
cesses with the external environment. The layer of
chitosan and chitin nanofibrils directly contacting the
wound surface simultaneously provides hemostatic and
bactericidal effects and non-invasiveness of the dress-
ing; additionally, the polymer is gradually resorbed
during integration with an active biological environ-
ment. Once the dressing is removed, a non-resorbable
CoPA layer separates from the wound surface,
while the chitin—chitosan layer remains and promotes
epithelialization.

Dealing with deeper wounds where soft tissues are
damaged in addition to skin requires applying spatial
reconstruction techniques and stimulating regeneration
throughout the defect. In this case, it is effective to use
tissue-engineered preparations consisting of a poly-
mer matrix, cellular components and cellular secretion
products [13]. We propose combining an experimen-
tal wound dressing with the separation products of the
patient’s blood for increasing the efficiency of tissue
regeneration and achieving greater hemostatic, antimi-
crobial and analgesic effects.

Platelet-rich plasma and other blood separation
products have been used in human and veterinary
medicine for over 20years. Numerous studies have
proved the therapeutic effect of these products result-
ing from biological activity of the growth factors con-
tained in platelets.

Platelets are known to contain both specific and
non-specific growth factors initiating mitogenesis and
connective tissue regeneration. The most impor-
tant of them are the platelet-derived growth factor
(PDGF), the transforming growth factor (TGF-p),
the vascular endothelial growth factor (VEGF), the
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