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Method for producing a nanofiber layer and a textile composite comprising the
nanofiber layer

Technical Field

The invention relates to a method for producing a nanofiber layer based on chitosan
in a solution with polyethylene oxide (PEO), designed as a textile composite for
wound dressing, as well as a primary wound cover containing a nanofiber layer,
material composition of the nanofiber layer, and the connection of the nanofiber layer

with an absorbent or mechanical carrier.

Background Art

At present, experts are engaged in the production of nanofibers from biocompatible
materials, whose properties imitate actual tissues and which the body is then able to
absorb to a greater or lesser extent. There are various ways of using the nanofiber
layer and its saturation with various therapeutic agents, as well as various ways of
linking this layer with the carrier.

Document TW 200740472 describes the method of manufacturing a wound dressing
fabric comprising a nanofiber layer formed by electrostatic spinning. The acidic
spinning solution contains collagen, chitosan and polyethylene oxide (PEO). The
paper does not mention the steps that would lead to the stabilization of the nanofiber

layer in a humid environment.

KR 20150125881 also describes a process for making a nonwoven fabric from
nanofibers. The spinning solution contains water-soluble chitosan and PEO. The
procedure does not include any steps that would lead to the structural stabilization of
the nanofiber layer.

- US 20130150763 relates to a wound dressing fabric composed of three nanofiber
layers. The first, external hydrophobic layer consisting of nanofibers from
biocompatible polymers has a supportive function. The second, middle, hydrophilic

layer crosslinked by genipin serves as a reservoir of biologically active substances,



WO 2018/082721 PCT/CZ2017/000070

the spinning solution at a chitosan ratio of 0.5 to 10 wt%. The crosslinking of chitosan

nanofibers by genipin inhibits the initial release of herbal extracts and prolongs their

release time. The third, hydrophilic layer comprising non-crosslinked chitosan

provides the dressing’s contact with the wound. Various additives are added to these

layers in the exemplary versions, which influence the speed of release for herbal

extracts.

A disadvantage of this solution is the cost associated with the use of genipin as a

crosslinking agent.

The objective of the present invention is to provide a method for producing a

stabilized nanofiber layer based on chitosan without the use of expensive chemical

crosslinkers, which in addition allows crosslinking as required at any time after the

production of the nanofiber layer.

Disclosure of the invention

The objective of the present invention is to provide a method for producing a

nanofiber layer based on chitosan in a solution with polyethylene oxide (PEO)

designed for a textile composite for wound dressing. The method comprises the

following steps:

mixing the chitosan monomer with a methacrylate-containing agent in an aqueous
medium,

subjecting the mixture to filtration, washing it with H>O and drying it without access
to light,

crushing into powder the resulting product, which is soluble solid phase modified
chitosan,

subsequently preparing a spinning mixture by dissolving the modified chitosan and
polyethylene oxide (PEO) in an aqueous acetic acid solution,

applying the spinning solution prepared in this way on a suitably selected
substrate, |

crosslinking the nanofiber layer material.

The most advantageous version of the method comprises the following steps:
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mixing a chitosan monomer with -NH, group at 80% deacetylation dissolvéd in an
aqueous environment at a ratio of 5 g chitosan to 10 ml water with glycidyl
methacrylate (GMA) at a ratio of 2 mol chitosan to 1 mol GMA, and mixing the
mixture for 24 hrs.,

subjecting the mixture to filtration, washing it by H,O and drying it for two days
without access to light, |

crushing the resulting product into powder, which is solid phase modified chitosan
soluble in an acidic aqueous medium,

subsequently preparing a spinning mixture by dissolving the modified chitosan and
PEO in an aqueous acetic acid solution at the volume ratio of water to acetic acid
2 : 1in such a way that the resultant solution contains 2 wi% to 10 wt% chitosan
and 0.1wt% to 0.3 wt% PEO,

applying the spinning solution prepared in this way on a suitably selected
substrate,

crosslinking the nanofiber layer material.

Crosslinking can be performed by exposing the nanofiber layer to UV radiation.

In another version of the invention, the method can comprise the following steps:

adding gelatine to the modified chitosan and PEO solution in such a way that the
resultant solution contains 4 wt% to 9 wt% chitosan, 0.1 wt% to 0.3 wt% PEO and
0.5 wt% to 5.0 wt% gelatine,

crosslinking the nanofiber layer material by exposure to UV radiation.

Crosslinking can be performed by exposing the nanofiber layer to a temperature of
130°C for about 10 min.

A crosslinking agent tetramethylene glycol dimethacrylate (TEGMA) can be added to
the spinning mixture.

The nanofiber layer can be connected, through a lamination process, to another

textile composite layer using adhesives or non-adhesive technologies.
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The substrate used in the production of nanofibers can be removed during the

lamination process or before the composite is applied.

The nanofiber layer ‘can be provided with a protective envelope, which is removed

before the wound cover is applied.

The nanofiber layer is standardly infused with bioactive additives such as

antimicrobial substances, analgesic substances, antibiotics, chemotherapeutics or
enzymes.

The method described above is used to produce a textile composite designed for
wound dressing composed of at least one layer, which includes at ieast one
nanofiber layer, while the nanofiber layer is prepared from chitosan chemically
modified by methacrylate groups, the structural stability of which is ensured by UV
crosslinking after the production of the nanofiber layer.

The nanofiber layer may preferably be made from a solution containing
2 wt% to 10 wt% chitosan and 0.1 wt% to 0.3 wt% PEO, while acetic acid and water
are added at a 2:1 ratio to complete the solution.

The nanofiber layer can also be made from a solution containing 4 wi% to 9 wt%
chitosan, 0.1wt% to 0.3 wt% PEO and 0.5 wt% to 5 wt% gelatine, while acetic acid

and water are added at a 2:1 ratio to complete the solution.

Therefore, the objective of the invention is to prepare a nanofiber layer from chitosan
or a mixture of chitosan/gelatine. Before preparing the spinning solution, the used
chitosan (raw material) is chemically modified according to methacrylate groups. The
modification of chitosan allows the use of UV in order to ensure the stability of the
nanofiber structure in an aqueous environment after the production of the nanofiber
structure. A nanofiber structure made from modified chitosan and subsequently

stabilized by UV radiation is used to make a wound cover.

The method of manufacturing a wound cover consists of connecting a nanofiber
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structure with a textile carrier using lamination technology with or without the use of
adhesives.

Preparation of nanofiber layers:

The nanofiber layer is prepared from a chitosan, PEO and optionally gelatine solution
dissolved in acetic acid and water. The advantage of using this mixture lies in the
combination of the positive properties of polymers related to wound healing. Chitosan
and gelatine are biodegradable in a number of days. When used to heal wounds,
they are partially decomposed.

The nanofiber layer made from chitosan or chitosan/gelatine mixture is unstable in an
aqueous environment. In order to stabilize it, the thermal or chemical crosslinking of |

chitosan is required.

Thermal stabilization takes place at a temperature of about 130°C for about 10
minutes. The thermal crosslinking of chitosan will also stabilize the gelatine for the
required time, i.e. for about the 24 hours necessary to start the tissue granulation and

re-epithelisation process.

Chemical crosslinking takes place through the chemical modification of the chitosan
polymer according to methacrylate groups and the subsequent crosslinking initiated

by UV radiation is applied after the production of nanofibers.

The synthesis of the modified chitosan takes place at neutral pH, the modified
polymer well soluble in the spinning solution (60% acetic acid) and possible to
produce nanofibers from it.

Table 1
Loading of chitosan Volume of GMA up to Theoretical Experimentally B
g/100mi/molar 100ml molar ratio Specified degree
concentration of dH,O/resulting chitosan of modification of
monomer concentration monomer/GMA NH, groups

with -NH, group at 80%
deacetylation

5g (164 mMImonomer)J 1.084 mi (82 mM) 2/1 18%
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Table 1 contains an example of a chitosan modification process (KitoZyme) by
glycidyl methacrylate at neutral pH. The molar concentration of chitosan monomer
with an amino group is derived from an 80% representation of chitosan in the product

and an 80% chitosan deacetylation level.
The chitosan modification process at a neutral pH is evident from Fig. 1.

The basis of light-activated crosslinking is the formation of chemical reactive groups,
the so-called photoinitiator radicals through the absorption of UV radiation, the
subsequent cleavage of the double bonds of the methyl methacrylate groups of the
chitosan/TEGMA crosslinker with the formation of new radicals. Their repeated
reaction with other methy! methacrylate groups results in the covalent crosslinking of
chitosan and TEGMA crosslinker (or only chitosan, if TEGMA is not part of the
spinning mixture). This cross-linking mechanism is described in detail in the literature
dealing with the development of biocompatible hydfogels, such as, for example,
hydrogel based on alginate modified by methyl methacrylate. From the point of view
of the reaction mechanism, it is similar to the mechanism we anticipate for modified

chitosan.

Figure 2 illustrates a possible mechanism of the light-activated cross-linking of
chitosan modified by methacrylate: (A) chitosan modified by methacrylate groups; (B)
the mechanism of reactive radical formation by UV radiation in the presence of a
photoinitiator; (C) the formation of covalent bonds and crosslinking of chitosan; (D)
the predicted structure of the resulting nanofiber.

The combination of polymers creates fibres, which have the ability to absorb fluids,
resulting in their gelatinization — this creates a humid environment suitable for wound

healing and suitable pH in the wound (the pH value of the material is 7.4).

The structure of the nanofiber layer imitates the structure of the extracellular matrix of
the tissue, which means that it provides cells with good conditions for granulation
(taking place from the edge of the wound towards the wound centre) and subsequent
re-epithelisation through skin cells (fibroblasts). The stability of the nanomaterial in a
humid environment is 24 to 48 hours. After 72 hours, it is possible to detect the
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residues of biodegradable material at the application site.

Brief Description of the Drawings
The invention will be further illustrated by means of drawings, where:
Fig. 1 shows a chitosan modification scheme at neutral pH;
Fig. 2 shows a mechanism of light-activated cross-lihking of chitosan modified by
methacrylate: (A) chitosan modified by methacrylate groups; (B) the
| mechanism of reactive radical formation by UV radiation in the presence of a
photoinitiator; (C) the formation of covalent bonds and the crosslinking of

chitosan; (D) the predicted structure of the resulting nanofiber.

Examples of carrying out the invention

Example 1

Laminate structure: cover layer (substrate) nonwoven fabric spunbond 20-30 g/m?
A nanofiber layer is prepared from chitosan chemically modified by methacrylate
groups, whose structural stability is ensured by the UV crosslinking after the

production of the nanofiber layer.

Example 2

‘Laminate structure: cover layer (substrate) nonwoven fabric spunbond 20-30 g/m?
A nanofiber layer is made from a solution containing 2 wt% to 10 wit% chitosan and
0.1 wt% to 0.3 wt% PEO, while acetic acid and water are added at a 2:1 ratio to
complete the solution.

Example 3 ,

Laminate structure: cover layer (substrate) nonwoven fabric spunbond 20-30 g/m?
A nanofiber layer is made from a solution containing 4 wt% to 9 wt% chitosan, 0.1
wt% to 0.3 wt% PEO and 0.5 wt% to 5 et% gelatine, while acetic acid and water are

added at a 2:1 ratio to complete the solution.

In Examples 2 and 3, the nanofiber layer is bonded to an absorbent layer through an
adhesive approved for use in medical devices. This adhesive may be a powder glue

(application 3-10 g/m?) or a fusible mesh - e.g. PO 4605 (10-20 g/m?) or a hot-melt
glue.
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Another option for bonding layers is a non-adhesive bonding, e.g. ultrasonic or
thermal bonding.

The substrate, which is used to make the nanofiber layer, can be part of the product
always removed before application. In other applications, the substrate can be
removed during the lamination process and the product is provided with a protective

envelope removed prior to application.

The nanofiber layer is applied directly to the wound, the absorbent layer used in
Examples 2 and 3 located in the direction out of the wound. The cover is usually fixed
at the application spot by means of a secondary cover - adhesive foil or dressing
materials. The cover can also be provided with an adhesive system on the edges and

on the outside, which ensures its easy application and fixation at the desired location.

The nanofiber layer may contain bioactive additives such as antimicrobial

substances, analgetic substances, antibiotics, chemotherapeutics, enzymes, etc.
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Claims

1. A method for producing a nanofiber layer based on chitosan in a polyethylene
oxide (PEO) solution designed for a textile composite for wound dressing,
characterized in the following steps:

- mixing the chitosan monomer with a methacrylate-containing agent in an
aqueous medium, ‘

- subjecting the mixture to filtration, washing it with H,O and drying it without
access to light,

- crushing the resulting product into powder, a soluble solid phase modified
chitosan,

- subsequently preparing a spinning mixture by dissolving the modified chitosan
and polyethylene oxide (PEO) in an aqueous acetic acid solution,

- applying the spinning solution prepared in this way on a suitably selected
substrate, A

- crosslinking the nanofiber layer material.

2. The method according to Claim 1, characterised in the following steps:

- mixing a chitosan monomer with a -NHz group at 80% deacetylation dissolved
in an aqueous environment at a ratio of 5 g chitosan to 10 ml water with
glycidyl methacrylate (GMA) at a ratio of 2 mol chitosan to 1 mol GMA, and
blending the mixture for 24 hrs.,

- subjecting the mixture to filtration, washing it by H,O and drying it for two days
without access to light,

- crushing the resulting product into powder, a solid phase modified chitosan
soluble in an acidic aqueous medium,

- subsequently preparing a spinning mixture by dissolving the modified chitosan
and PEO in an aqueous acetic acid solution at the volume ratio of water to
acetic acid 2:1 in such a way that the resultant solution contains 2 wt% to 10
wt% chitosan and 0.1wt% to 0.3 wt% PEO,

- applying the spinning solution prepared in this way on a suitably selected
substrate,

- crosslinking the nanofiber layer material.
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The method according to Claim 1 or 2, characterised in that the crosslinking is
performed by exposing the nanofiber layer to UV radiation.

The method according to Claim 1 or 2, characterised in the following steps:

- adding gelatine to the solution of modified chitosan and PEO in such a way
that the resultant solution contains 4 wt% to 9 wt% chitosan, 0.1 wt% to 0.3
wt% PEO and 0.5 wt% to 5.0 wt% gelatine,

- crosslinking the nanofiber layer material by exposing to UV radiation.

The method according to Claim 4, characterised in that the crosslinking is

performed by exposing the nanofiber layer to a temperature of 130°C for about
10 min.

The method according to Claims 1 to 5, characterised in that the crosslinking
agent tetramethylene glycol dimethacrylate (TEGMA) is added to the spinning
mixture.

The method according to Claims 1 to 6, characterised in that the nanofiber
layer is connected, through a lamination process, to another textile composite

layer using adhesives or non-adhesive technologies.

The method according to Claim 7, characterised in that the substrate used in
the production of nanofibers is removed during the lamination process or before
the composite is applied.

The method according to Claim 8, characterised in that the nanofiber layer is
provided with a protective envelope, which is removed before the wound cover is
applied.

The method according to Claims1 to 9, characterised in that the nanofiber

layer is infused with bioactive additives of the following types: antimicrobial

substances, analgesic agents, antibiotics, chemotherapeutics or enzymes.

10
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Textile composite for wound'dressing consisting of at least one layer containing
at least one nanofibef layer, characterised in that the nanofiber layer is
prepared from chitosan chemically modified according to methacrylate groups,
whereas the structural stability is ensured by UV crosslinking after the

production of the nanofiber layer.

Textile composite for wound dressing according to Claim 11, characterized in
that the nanofiber layer is produced from a solution containing chitosan from 2
wt% to 10 wt%, PEO from 0.1 wt% to 0.3 wt%, while acetic acid and water at a

mixing ratio of 2:1 are added to complete the solution.

Textile composite for wound dressing according to Claim 11, characterized in
that the nanofiber layer is produced from a solution containing 4 wt% to 9 wt%
chitosan, 0.1 wi% to 0.3 wt% PEO and 0.5 wt% to 5 wt% gelatine, while acetic

acid and water at a mixing ratio of 2:1 are added to complete the solution.

11
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