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FIGURE 1

(57) Abstract: The present invention relates to materials for use as or in wound dressings. In particular, the present invention relates
to a multilayer material for use as or in a wound dressing and to methods of making the multilayer material. The multilayer material
comprises first and second layers comprising a chitosan and/or a chitosan derivative and a third layer located between the first and
second layers comprising a reinforcing material, wherein one or more of the layers further comprises a physiologically acceptable

acid.
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Multilayer Wound Dressing Comprising a Chitosan and Acid

The present invention relates to materials for use as or in wound dressings. In
particular, the present invention relates to a multilayer material for use as or in a wound
dressing and to methods of making the multilayer material.

Topical wound dressings for use in the treatment of wounds or other openings at
a physiological target site on a human or animal body which are exuding blood and/or
other bodily fluids have been known for some time. The materials used to make the
wound dressings act to absorb the blood and/or other bodily fluids, and also stem the
flow of them from the body. Materials for wound dressings are described in, for
example, W02010031995 to MedTrade Products Limited, and are commercially

available.

The management of exudate is of course essential and critical during wound
care and surgical procedures. The aim of managing the exudate is essentially to
provide a moist wound environment at the wound bed to minimise the risk of maceration,
which in turn may reduce the negative impact upon the human or animal body and also
shorten the length of time the patient will take to recover.

One material that is reported to have a use in wound dressings is chitosan.
Chitosan is a derivative of solid waste from shellfish processing and can be extracted
from fungus culture. It is a cationic polymeric material that is insoluble in water.
Chitosan is a known haemostat for use in wound dressings. The term ‘haemostat’ is
used herein to refer to any agent which is capable of producing a clot or plug which
stops or reduces bleeding when it comes into contact with blood or other bodily fluid,
such as wound exudate, from a physiological target site or wound site of a human or
animal.

There are many different types of chitosan that may be used as a material in
wound dressings, with different absorption properties. The different types of chitosan
may have different molecular weights, different degrees of deacetylation, different
arrangements of §-(1-4)-linked D-glucosamine and N-acetyl-D-glucosamine monomers,
different chiral forms or they may be derived from different species or sources (and
fungi), or may have been treated differently during manufacture. Each and all of these
different variations of chitosan materials are envisaged for use within the present

invention.

Chitosan materials can exhibit gelling properties when in the form of a salt. To
obtain a chitosan salt, chitosan is typically mixed with an appropriate acid. The gelling

Date Regue/Date Received 2021-08-26
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properties of chitosan salts make them desirable for use as materials in wound

dressings.

However, utilising chitosan salts in a wound dressing typically involves a pre-
treatment step of reacting chitosan with an appropriate acid to form the salt. The
chitosan salt is then incorporated into the manufacturing process for the wound
dressing. Also, since a chitosan salt gels upon contact with a fluid, the structural
integrity of a topical wound dressing comprising chitosan is also an important

consideration.

There therefore remains a need for a material suitable for use as or in a wound
dressing that is able to maintain, or provide, a structural integrity to the wound dressing
whilst also exposing the wound to a material capable of absorbing the blood and/or other

bodily fluids, and also stem the flow of such fluids from the body.

According to the present invention, there is provided a multilayer material
comprising first and second layers comprising a chitosan and/or a chitosan derivative
and a third layer located between the first and second layers comprising a reinforcing
material, wherein one or more of the layers further comprises a physiologically

acceptable acid.

Due to the construction of the multilayer material of the present invention, it is not
necessary to provide information instructing the user as to which side of the multilayer
material is the wound contacting surface, i.e. the surface applied directly to the wound.
This has clear advantages in situations where the speed of application of the multilayer
material is of upmost importance, such as in cases of severe bleeding, since a user such
as an emergency responder can apply the multilayer material directly to the wound site

without consideration of its orientation.

The term ‘wound’ is used herein to refer to any breach or opening in the skin or
subcutaneous tissue at a physiological target site of a human or animal. Typically, the
present invention relates to a physiological target site of a human. The term

physiological target site may also be referred to herein as a wound site.

The term ‘wound dressing’ is used herein to refer to materials placed on a wound
at a wound site that have absorbent, gelling, adhesive or protective properties. The
wound dressings are not limited to a particular size or shape. The wound dressings may

be placed in direct or indirect contact with the wound.
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In one embodiment, the physiologically acceptable acid is located in either the
first or second layer of the multilayer material. In one embodiment, the physiologically
acceptable acid is located in the first and second layers of the multilayer material. In
such embodiments, the third layer may contain no acid or may be substantially free of
acid.

Alternatively, in one embodiment the physiologically acceptable acid is located in
the third layer of the multilayer material. In such an embodiment, the first and second

layers may contain no acid or may be substantially free of acid.

Thus, the following embodiments of the multilayer material of the present

invention are envisaged:

the first and second layers both comprise chitosan and a physiologically
acceptable acid; and the third layer is substantially free of acid;

the first and second layers both comprise chitosan and either the first or second
layer further comprises a physiologically acceptable acid; and the third layer is

substantially free of acid;

the first and second layers both comprise a chitosan derivative and a

physiologically acceptable acid; and the third layer is substantially free of acid;

the first and second layers both comprise a chitosan derivative and either the first
or second layer further comprises a physiologically acceptable acid; and the third layer is

substantially free of acid;

one of the first or second layers comprises chitosan and the other comprises a
chitosan derivative and both first and second layers further comprise a physiologically
acceptable acid; and the third layer is substantially free of acid;

one of the first or second layers comprises chitosan and the other comprises a
chitosan derivative and either the first or second layers further comprise a

physiclogically acceptable acid; and the third layer is substantially free of acid;

the first and/or second layers comprise a mixture of chitosan and a chitosan
derivative and a physiologically acceptable acid, and the third layer is substantially free

of acid;

the first and/or second layers comprise a mixture of chitosan and a chitosan
derivative and either the first or second layers further comprise a physiologically

acceptable acid; and the third layer is substantially free of acid;
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the third layer comprises a reinforcing material and a physiologically acceptable

acid; and the first and second layers are substantially free of acid,

the third layer comprises a reinforcing material and a physiologically acceptable
acid; and the first or second layer also comprises an acid,;

the first, second and third layers all comprise a physiologically acceptable acid.

Typically, the first and second layers comprise chitosan with a physiologically

acceptable acid.
Typically, the first and second layers have substantially the same composition.

The first and/or second layers may be woven or non-woven. Preferably, the first

and/or second layers are non-woven.

The first and/or second layers may be absorbable or non-absorbable. As such,
the first and/or second layers may consist of or comprise an absorbent material or a
non-absorbent material.

The first and/or second layers may further comprise a carrier material for the
acid. In some embodiments, the carrier material does not substantially gel when
exposed to a fluid but does gel when brought together with the chitosan and/or chitosan

derivative and exposed to a fluid.

The carrier material may have the physiologically acceptable acid associated
therewith. The carrier material can act as a carrier for the physiologically acceptable

acid. In such embodiments, the acid should not be bonded to the carrier material.

The carrier material may comprise a non-gelling material that can absorb or act
as a carrier for a physiologically acceptable acid. Typically, the acid is absorbed in, or
coated onto, the carrier material. Typical materials include, but are not limited to
polymers such as cellulose, cellulose derivatives (e.g. ethyl cellulose, methyl cellulose,
etc), cotton, alginate, viscose, polypropylene, polyethylene or any combination of such

materials.

Thus, in some embodiments, the present invention provides a multilayer material
for use in a wound dressing, comprising first and second layers comprising a chitosan
and/or a chitosan derivative, wherein the first and/or second layers further comprise a
carrier material; and a third layer located between the first and second layers comprising

a reinforcing material; wherein the carrier material has a physiologically acceptable acid
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associated therewith. In such embodiments, the physiologically acceptable acid may be

present in any of the first, second or third layers in addition to the carrier material.

The chitosan and/or chitosan derivative may be mixed with the carrier material.
Alternatively, the chitosan and/or chitosan derivative may be segregated in separate

layers or sections of the first and/or second layers.

Typically, the carrier material is fibrous. The chitosan and/or chitosan derivative
and the carrier material may be combined together to make a non-woven fabric, and are
typically carded or needled together.

The third layer may consist of, or consist essentially of, the reinforcing material.

The reinforcing material provides a means of maintaining the structural integrity
of the multilayer material. As will become apparent, it may also have additional
properties and advantages that make it particularly beneficial as part of the multilayer

material of the present invention.

For example, the structural integrity provided by the reinforcing material enables
the multilayer material of the present invention to be removed from a wound in one
piece. In cases where wound dressings tear or rip when in use, care is required to
ensure that all of the dressing is removed from the wound so as to decrease the risk of
foreign body responses within the wound, potentially leading to further wound

breakdown.

Where a dressing has a low tensile strength, typically observed for gelling
dressings, the risk of tearing during use and upon removal increases. Further, for
wounds such as bumns, venous leg ulcers and pressure sores in higher exuding
conditions, gelling dressings can lose tensile strength and tear on removal. For wounds
moving from an exuding state to a dry state, adherence to the wound can also cause
tearing on removal. When a wound dressing is used for a trauma wound, i.e. as a
haemostat, during application, post absorbance of blood and fluids, the gelling dressings
can tear and, likewise, on removal in deeper wounds, they can have a tendency to tear,
resulting in the surgical team needing to investigate and ensure all dressing is removed.
It is therefore important that the tensile strength of gelling dressings does not affect the
performance of the dressing in terms of fluid handling but is high enough to enable

removal of the dressing in one piece.

The first and/or second layers of the multilayer material may have a dry tensile

strength of greater than 5N/25mm, sometimes greater than 10N/25mm or greater than
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20N/25mm. When wet, the tensile strength of the first and/or second layers will
generally reduce. The first and/or second layers of the multilayer material may have a
wet tensile strength of less than 10N/25mm, sometimes less than 5N/25mm or less than
2N/25mm. Where the tensile strength is reduced, the dressing can be more prone to
tearing or ripping. Beneficially, the intermediate layer of reinforcing material prevents

the multilayer material of the present invention from tearing on removal from a wound.

The tensile strength necessary to prevent tearing or ripping of the multilayer
material upon removal from the wound can vary depending on the nature of the wound,

the volume of exudate, etc.

The multilayer material may have a dry tensile strength of greater than
10N/25mm; greater than 20N/25mm; greater than 30N/25mm; or greater than
50N/25mm.

The multilayer material may have a wet tensile strength of greater than

5N/25mm; greater than 10N/25mm; greater than 16N/25mm; or greater than 20N/25mm.

The reinforcing material may consist of, or may comprise, a non-absorbent
material. The non-absorbent material may be selected from viscose, polyethylene,
nylon, acrylics, semi-synthetics, cellulose, olefins, or combinations thereof. Preferably,

the polyethylene is high-density polyethylene.

The first, second and third layers may consist of, or may comprise, a non-
absorbent material and may be non-absorbable. Alternatively, the first, second and third
layers may consist of, or may comprise, absorbent material and may be absorbable.
Alternatively still, one of the first, second and third layers may consist of, or may
comprise, a non-absorbent and the other two may consist of, or may comprise, an

absorbent material, and vice versa.

In some embodiments, the first and second layers may consist of, or may
comprise, an absorbent material and the third layer may consist or, or may comprise, a
non-absorbent material. For example, the first and second layers may be absorbent

layers and the third layer may be non-absorbable.

In some embodiments, the first and second layers may consist of, or may
comprise, a non-absorbent material and the third layer may consist of, or may comprise
and absorbent material. For example, the first and second layers may be non-absorbent

and the third layer may be absorbent.

The reinforcing material may comprise textile fibres.
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The reinforcing material may consist of, or may comprise, an absorbent material.

The term ‘absorbent material’ is used herein to refer to a physiologically

acceptable material that is capable of absorbing fluid, such as wound exudate.

In one embodiment, the reinforcing material may comprise a mixture of non-
absorbent and absorbent materials. For example, the reinforcing material may comprise

viscose together with an absorbent material.

In one embodiment, the reinforcing material may consist essentially of an

absorbent material.
The absorbent material referred to herein may be a superabsorbent material.

The term ‘superabsorbent material’ is used herein {o refer to a hydrophilic
material that is water-swellable, but not water soluble, and which is capable of absorbing
fluid to greater than 2000% with a fluid retention of greater than 85%. Preferably, the
superabsorbent material is capable of absorbing fluid to greater than 2500% with a fluid

retention of greater than 90%.

The term ‘water-swellable’ is used herein to refer to a material that, when
contacted with water or water-containing fluid, will absorb the fluid and swell, but will not

substantially dissolve in that fluid.

The term ‘water soluble’ is used herein to refer to a material that, when contacted

with water or a water-containing fluid, will dissolve in that fluid.

The superabsorbent material may be selected from polymeric materials such as

poly(vinyl) alcohol (PVA), poly(ethylene oxide) (PEQ) and poly(acrylic acid).

The superabsorbent material may be chemically modified. For example, the
superabsorbent material may be a polymeric material obtained by graft polymerisation of

acrylic acid onto a chain of carboxymethyl cellulose.

The superabsorbent material may comprise a chemically modified material
selected from starch, cellulose and polymeric materials such as poly(vinyl alcohol)
(PVA), poly(ethylene oxide) (PEQO), and poly(acrylic acid). The poly(acrylic acid) may be
a partially neutralised, lightly cross-linked poly(acrylic acid).

The terms “cross-linking” and “cross-linked” are used herein to refer to two or

more polymer chains being linked by a primary bond, such as a covalent bond.
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The term “lightly cross-linked” is used herein to refer to embodiments wherein the
number of cross-linking primary bonds in the superabsorbent material is less than the

total number of possible cross-linking bonds.

In some embodiments, the superabsorbent material is selected from polymeric
materials such as PVA, PEO, and poly(acrylic acid), preferably a partially neutralised,
lightly cross-linked poly(acrylic acid).

Typically, the superabsorbent material is a partially neutralised, lightly cross-

linked poly(acrylic acid).

The reinforcing material may comprise a blend of a superabsorbent material with
a non-absorbent material. The ratio of superabsorbent material to non-absorbent
material in the blend may be from 50:50 to 70:30. In some embodiments, the reinforcing
material comprises a 50:50 blend of polyacrylate fibres and viscose fibres. In further
embodiments, the reinforcing material comprises a 70:30 blend of polyacrylate fibres

and viscose fibres.

Typically, the third layer has an absorbance capacity of greater than 2000%.
Preferably, the absorbance capacity is greater than 2500%.

Typically, the third layer has a fluid retention of greater than 85%. Preferably,

the fluid retention is greater than 90%.

In one embodiment, the third layer is capable of absorbing fluid to greater than
2000% with a fluid retention of greater than 85%. In one embodiment, the third layer is
capable of absorbing fluid to greater than 2500% with a fluid retention of greater than
90%.

The non-absorbent, absorbent and/or superabsorbent materials referred to
above may be in the form of fibres. Typically, the non-absorbent, absorbent and/or
superabsorbent materials are in the form of fibres. The length of the fibres can be up to
100mm, and is typically from 20-75mm, more typically from 32 to 51mm.

The reinforcing material may be in the form of a woven or non-woven fibrous

layer.

The chitosan and/or chitosan derivative may be in any available form, such as for
example, fibres, granules, powder, flakes, sheet, foam, freeze dried foam, compressed
foam, film, perforated film, beads, and combinations of two or more of the aforesaid.

Typically, the chitosan and/or chitosan derivative is in the form of fibres. The fibres can
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be of any desired diameter or length and can be formed into a textile fabric or a pad for

use. The fibres may be woven or non-woven. Preferably, the fibres are non-woven.

Typically, the molecular weight of the chitosan used in the multilayer material of
the present invention is less than about 2,000,000, more typically less than about
1,000,000, and even more typically less than about 500,000, and most typically less
than about 175,000.

The viscosity of the chitosan may typically be less than about 1000 cps, more
typically less than about 500 cps, even more typically less than about 300 cps.
Advantageously, the viscosity is from about 40 to about 200 cps when measured on a

Brookfield viscometer at 20°C.

The term ‘chitosan derivative’ is used herein to refer to a partially deacetylated
chitin, which may have different percentages of deacetylation, as desired. Typically, the
partially deacetylated chitin suitable for use in the present invention has a deacetylation
degree above about 50%, more typically above about 75% and most typically above
about 85%. Also included within the term ‘chitosan derivative’ are reaction products of
chitosan with other compounds. Such reaction products include, but are not limited to,
carboxymethyl chitosan, hydroxyl butyl chitin, N-acyl chitosan, O-acyl chitosan, N-alkyl
chitosan, O-alkyl chitosan, N-alkylidene chitosan, O-sulfonyl chitosan, sulphated
chitosan, phosphorylated chitosan, nitrated chitosan, alkalichitin, alkalichitosan, or metal

chelates with chitosan, etc.

In embodiments comprising a chitosan derivative in the first and/or second
layers, the chitosan derivative is preferably a partially deacetylated chitin.

The physiologically acceptable acid may be an organic acid and/or an inorganic

acid, including carboxylic acids and monovalent, divalent or multivalent acids.

Typically, the organic acid is selected from carboxylic acids such as formic acid,
acetic acid, ascorbic acid, halogen acetic acids (such as fluoro- or chloroacetic acid),
propanoic acid, propenoic acid, lactic acid, succinic acid, acrylic acid, glyoxylic acid,
pyruvic acid, hydroxyl propionic/butanoic acid and combinations of any two or more

thereof.

Typically, the physiologically acceptable acid is selected from carboxylic acids
such as lactic acid, acetic acid, succinic acid and combinations of any two or more

thereof.

In one embodiment, the organic acid is lactic acid.



10

15

20

25

30

CA 02943067 2016-09-16

WO 2015/140565 PCT/GB2015/050818
10

Typically, the inorganic acid is selected from hydrochloric acid and sulphuric

acid, or a combination thereof.

The physiologically acceptable acid may be an acid that is already present in the
human or animal body. This is advantageous in facilitating the bioacceptability of the
multilayer material of the present invention, or wound dressing comprising the multilayer

material, as it mixes with wound exudates at the wound site.

The physiologically acceptable acid may be coated onto the chitosan, chitosan
derivative and/or reinforcing material as desired or as appropriate. For example, the
chitosan, chitosan derivative and/or reinforcement material may be in the form of fibres,
granules, flakes or a powder, wherein the fibres, granules, flakes or powder particles are

coated with a physiologically acceptable acid, such as for example lactic acid.

The first and/or second layers may further comprise a carrier material which can

absorb, or be coated with, the physiologically acceptable acid.

In one embodiment, the present invention provides a multilayer material wherein
the first and second layers both comprise chitosan fibres and lactic acid; and the third
layer comprises poly(acrylic acid) fibres. Preferably, the chitosan fibres are coated with

lactic acid.

In an alternative embodiment, the multilayer material may comprise first and
second layers comprising chitosan fibres, wherein the first and/or second layer further
comprises a carrier material having lactic acid coated thereon; and a third layer
comprising poly(acrylic acid) fibres. The chitosan fibres may be mixed with the carrier
material or may be segregated in separate layers or sections to make up the first and/or
second layers. The carrier material is preferably in the form or fibres.

As referred to herein, the materials used in the multilayer material of the present
invention, e.g. chitosan, chitosan derivative, reinforcing material and carrier material,
may all be in fibrous form. The fibres can typically have a minimum average length of
about 3mm and a maximum length of about 500mm, more typically no more than about
76mm. The typically preferred length of fibres is at least 10mm, more preferred at least

38mm and most preferred at least 51mm.

Alternatively, the materials used in the multilayer material of the present
invention may comprise nano-fiores. The term ‘nano-fibres’ is used herein to refer to
fibres having a diameter of no more than about 100 microns. Similarly, the length of the

nano-fibres is typically no more than about 100 microns.
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The multilayer material has been described herein as comprising first, second
and third layers, although it may comprise further layers, such as fourth, fifth, sixth,

seventh, eighth, ninth, tenth layers, or more.

The further layers may comprise any of the features referred to herein in relation

to the first, second or third layers.

The further layers may additionally or alternatively comprise components of a
wound dressing, such as for example, backing, adhesive and/or wound contact
materials. Preferably, however, the two outermost layers of the multilayer material
comprise the first and second layers as described herein. This allows the multilayer
material, once removed from any packaging, to be applied directly to a wound without

consideration as to its orientation or preparation.

The backing may comprise medical grade sheet materials such as but not limited
to polymer films, thin foams and fabrics e.g polyurethane films, polyurethane foams,

nonwoven fabrics, etc.

Suitable skin contact adhesives may include, but are not limited to, acrylate,
silicone, or polyurethane based adhesives. They can be based on hydrogels and can be
porous to moisture with a high moisture vapour transmission rate. They can be applied
from water emulsions, solvents or using hot melt systems. The adhesives should have a
good skin tack but give minimal skin trauma on removal. They can constitute 100%

coverage of the backing, or a partial coverage thereof in the form of a pattern or mesh.

Suitable wound contact materials may include, but are not limited to, non-
adherent layers which give very low or no adhesion to skin, wicking layers to speed up
the absorption of fluid, active carrier layers for delivery of a therapeutic material (such as
a pharmaceutical, haemostat, antimicrobial, wound healing agent, or scar reducing
agent) and adhesive layers to help in holding the dressing in place while potentially
reducing trauma on removal. They can be based on a polymer mesh, a fabric (e.qg.

nonwoven), and a hydrogel adhesive or partial adhesive coverings.

According to a further aspect of the present invention, there is provided a wound

dressing comprising a multilayer material as defined herein.

The wound dressing comprising the multilayer material may be in fibrous form,
such as in the form of a nonwoven which is structurally capable of being applied to the

wound and removed in one piece.
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The multilayer material of the present invention, or a wound dressing comprising
such multilayer material, may also comprise additional components in the first, second,
third or further layer. Such additional components include, but are not limited to,
pharmaceutical agents; wetting agents such as surfactants; growth factors; cytokines;
agents which absorb agents which delay healing such as MMP’s (matrix
metalloproteinases) and elastase; and/or another wound dressing component, such as
calcium, vitamin K, fibrinogen, thrombin, factor VI, factor VI, clays such as kaolin,
oxidised regenerated cellulose, gelatin, or collagen, etc.

Typical levels of any of these additional components could be from about 50 ppm
up to about 50% by weight of the multilayer material. More typical levels would be less
than 10%, still more typically less than about 5% by weight of the multilayer material.
Additional components comprising less than about 1% by weight of the multilayer

material is also envisaged by the present invention.

Typically, the first and second layers of the multilayer material of the present
invention are suitable for wound contact. Thus, the multilayer material of the present
invention, or a wound dressing comprising the multilayer material, can be applied to a
wound such that the first or second layer as described herein comes into direct contact
with the wound and wound exudate. This allows the chitosan and/or chitosan derivative
and, typically, the physiologically acceptable acid, to come into contact with wound

exudates as soon as possible.

When used in wound care applications, chitosan is first converted into a water

soluble salt which can gel on contact with fluid, such as wound exudate.

The solubility of the chitosan salt is dependent on the volume of physiologically
acceptable acid. If a greater volume of acid is present, the chitosan fibres swell and
breakdown more easily in fluid, whereas with a lesser volume of acid the fibres do not
swell as much and breakdown less readily. These effects are dependent on the nature

of the acid and the chitosan salt.

For optimum utility as a wound dressing it is preferable for the chitosan fibres to
swell when contacted with fluid, but not breakdown for up to seven days. For example,
the chitosan salt is soluble in blood to form a gel which helps stem blood flow. Thus, it is
advantageous to have the chitosan and the physiologically acceptable acid come into
contact with wound exudates as soon as possible so as to expedite the formation of the

salt.
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Chitosan salts are ideally suited for the applications described herein as chitosan
is readily broken down in the body. Chitosan is converted to glucosamine by the
enzyme lysozyme and is therefore excreted from the body naturally. [t is not necessary
to remove chitosan from the body. Furthermore, chitosan salts exhibit mild antibacterial

properties and as such their use reduces the risk of infection.

It is common in existing wound dressings comprising chitosan to first convert the
chitosan into a chitosan salt prior to its incorporation into the wound dressing. This
practice has disadvantages in that it is costly and time consuming. In the multilayer
material of the present invention, the desired chitosan salt is formed in-situ once the
multilayer material has been applied to the wound and at least partially mixed with the
wound exudates. Thus, the multilayer material of the present invention preferably does
not contain a chitosan salt prior to its use, e.g. its contact with a fluid, such as wound

exudate.

As referred to herein, the multilayer material of the present invention may
comprise a chitosan, chitosan derivative, reinforcement material and/or carrier material
coated with a physiologically acceptable acid. It is beneficial to coat the materials with
the acid prior to inclusion in the multilayer material as this removes the requirement to
pre-treat the chitosan and/or chitosan derivative with acid to form the corresponding salt.
Instead, the chitosan and/or chitosan derivative may form the corresponding salt in situ
upon reaction with the physiologically acceptable acid when the multilayer material
contacts bodily fluid, such as wound exudate. VWhilst not wishing to be bound by theory,
it is thought that the wound exudates dissolve the acid, thus allowing it to mix with the

chitosan and thereby facilitate the creation of the salt.

The chitosan salt or chitosan derivative salt obtained is determined by the
physiclogically acceptable acid or acids incorporated into the multilayer material of the
present invention. For example, if the acid is lactic acid, the salt formed in situ will be
the lactate salt of chitosan or the chitosan derivative; if the acid is acetic acid, the salt

formed in situ will be the acetate salt of chitosan or the chitosan derivative, etc.

Where chitosan is used in the multilayer material of the present invention,
suitable chitosan salts that could be formed in situ during use of the multilayer material
include, but are not limited to, chitosan acetate, chitosan lactate, chitosan succinate,
chitocsan malate, chitosan acrylate, chitosan formate, chitosan ascorbate, chitosan

fluoroacetate, chitosan chloroacetate, chitosan propanoate, chitosan glyoxylate,
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chitosan pyruvate, chitosan sulphate or chitosan chloride. More typically, the chitosan

salt formed in situ during use of the present invention is chitosan lactate.

It has also been discovered that the physiologically acceptable acid can be

coated onto a material in any layer of the multilayer material. Preferably, it is coated

onto the chitosan and/or chitosan derivative.

According to a further aspect of the present invention, there is provided a method

of manufacturing a multilayer material as described herein, comprising the steps of:

(a) providing first and second layers comprising chitosan and/or a chitosan

derivative;

(b) attaching the first and second layers to a third layer comprising a reinforcing

material, such that the third layer is located between the first and second

layers,

wherein one or more of the layers further comprises a physiologically

acceptable acid.

The method of manufacturing a multilayer material as described herein may

comprise the steps of:

(a) (i) mixing a chitosan and/or chitosan derivative with a non-aqueous solvent

and/or

(i) mixing a reinforcing material or carrier material with a solvent;

(b) adding a physiologically acceptable acid to the or each mixture;

(c) removing the solvent from the or each mixture to provide an acid coated

¢

~—

component(s) being an acid coated chitosan, an acid coated chitosan
derivative, a mixture of acid coated chitosan and chitosan derivative, an acid
coated reinforcing material and/or an acid coated carrier material;

attaching first and second layers comprising chitosan and/or a chitosan
derivative to a third layer located between the first and second layers

comprising a reinforcing material,

wherein one or more of the first and second layers comprises the acid coated

chitosan, chitosan derivative and/or acid coated carrier material: and/or

wherein the third layer comprises the acid coated reinforcing material.

The acid coated component(s) may be partially or completely coated with acid.
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The acid coated component(s) may be in a physical form suitable for forming into
layers. The acid coated component(s) may be in the form of coated fibres, granules,
flakes, powder particles or the like. The fibres, granules, flakes, powder particles or the

like may be completely or partially coated with acid.

In practice, the acid coated component(s) may comprise a mixture of fibres,
granules, flakes, powder particles or the like, some of which are partially coated and

some of which are completely coated with acid.

In some embodiments, one or more of the first and second layers consists of, or
consists essentially of, an acid coated chitosan, an acid coated chitosan derivative
and/or acid coated carrier material with chitosan or a chitosan derivative; and/or the third

layer consists of, or consists essentially of, an acid coated reinforcing material.

Typically, the acid coated component(s) comprises at least partially coated
chitosan or a chitosan derivative, preferably at least partially coated chitosan. In some

embodiments, the chitosan or chitosan derivative are fully coated with acid.
Typically, the first and second layers are the same.

In one embodiment, the method of manufacturing the multilayer material may

comprise the steps of:
(a) mixing a chitosan and/or chitosan derivative with a non-agueous solvent;
(b) adding a physiologically acceptable acid to the mixture;

(c) removing the solvent to provide an acid coated component being an acid

coated chitosan and/or an acid coated chitosan derivative;

(d) attaching first and second layers comprising chitosan and/or a chitosan
derivative to a third layer located between the first and second layers

comprising a reinforcing material,

wherein one or more of the first and second layers comprise the acid coated

chitosan and/or chitosan derivative.

Such a method typically comprises the step of separating the acid coated
chitosan and/or chitosan derivative into two portions which can be used to form the first

and second layers.

In some embodiments, one or more of the first and second layers consists of, or

consists essentially of, the acid coated chitosan and/or chitosan derivative.
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The physiologically acceptable acid may alternatively be coated onto the
chitosan, chitosan derivative, carrier material and/or reinforcing material using, for
example, a dip batch or spray system, or any other suitable coating technique known to

the skilled person.

The chitosan, chitosan derivative, carrier material and/or reinforcing material may
be provided in a sterile or non-sterile form. Where the material is initially provided in a
sterile form, sterilisation may be carried out using any of the methods conventionally
known in the art, such as gamma irradiation, electron beam treatment, heat treatment, x-
ray, etc., or it may alternatively be carried out by treatment using ethylene oxide.
Sterilisation using ethylene oxide is preferred. A material in a non-sterile form may be
provided in combination with one or more preservatives. However, it is preferred that

the multilayer material is provided in a pre-sterilised form.

In one embodiment, the chitosan raw material may first be washed to reduce the
presence of endotoxins prior to its incorporation into the multilayer material of the
present invention. The washing step may be carried out by contacting the chitosan
and/or chitosan derivative with an alkali solution to form a mixture, and then leaving the
mixture for a period of time, which may be as short as about one minute or less to as
long as 12 hours or more, before finally drying the mixture. In some embodiments, the
mixture is left for a period of 7 days or more; or 14 days or more. The term ‘alkali

solution’ is used herein to refer to a solution having a pH value of greater than pH 7.5.

The concentration of alkali solution used in the process may be from about
0.01M to about 1M. Typically, the concentration of alkali solution is from about 0.02M to
about 0.2M, more typically 0.1M.

The quantity of alkali solution to chitosan may be in the range of from about 1
part chitosan and/or chitosan derivative to about 10 parts alkali solution up to about 10
parts chitosan to about 1 part alkali solution. Typically, the quantity of alkali solution to
chitosan is about 1 part alkali solution to about 2 parts chitosan, more typically about 1

part alkali solution to about 1 part chitosan.

The alkali solution may comprise an alkali or alkaline earth component selected
from the following, either alone or in combination: metal hydroxides, metal carbonates,
metal bisulphites, metal persilicates, conjugate bases and ammonium hydroxide.
Suitable metals include sodium, potassium, calcium, or magnesium. Typically, the alkali
component is sodium hydroxide, potassium hydroxide or sodium carbonate. Typically,

sodium hydroxide is used.
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The reinforcing material and/or the multilayer material of the present invention
may be washed to reduce the presence of endotoxins using the method described

above.

The multilayer material of the present invention, or wound dressing comprising
such multilayer material, is typically sterilised prior to packaging using any of the
methods described herein. This enables the physician or emergency responder to use
the multilayer material or wound dressing directly from the packaging, thus saving

further time.

As alluded to hereinbefore, when using the multilayer material of the present
invention, or a wound dressing comprising such a multilayer material, a chitosan salt is
prepared in situ when the physiologically acceptable acid dissolves in the wound
exudate and contacts the chitosan. The dissolved acid reacts with the chitosan and/or

chitosan derivative to form the corresponding salt.

It has been discovered that, in order to avoid a chitosan salt forming during the
process of coating the chitosan and/or chitosan derivative with acid, water cannot be
present, as it has been observed that water can cause the material to gel during
production. As such, a non-aqueous solvent is used when preparing an acid coated
chitosan or chitosan derivative.

The non-agueous solvent may be selected from isopropyl alcohol,

dichloromethane, tetrahydrofuran, ethanol, or combinations thereof.

The acid coated chitosan or chitosan derivative layers may be attached to the

reinforcing material by heat bonding or needle punching.

Where the acid coated chitosan and/or chitosan derivative layers are attached to
the reinforcing material using heat bonding, this may comprise, or consist of, the use of

a physiologically acceptable adhesive.

The adhesive material may comprise, or consist of, a pressure-sensitive
adhesive, a heat-bonding adhesive, or the like. Typically, the adhesive material is a

pressure sensitive adhesive.

The adhesive may be polymeric. Typically, the adhesive material is selected
from acrylic adhesives, polyester adhesives, polyurethane adhesives, and silicone

adhesives. In one embodiment, the adhesive is polycalprolactone.

In some embodiments, the acid coated chitosan or chitosan derivative may be

attached to the reinforcing material by locating a pressure sensitive adhesive there
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between and applying pressure to bring the acid coated chitosan or chitosan derivative

and the reinforcing material together.

According to a further aspect of the present invention, there is provided a method
of absorbing fluid discharged from a physiological target site of a human or animal body,
or of stemming a flow of a fluid discharged from a physiological target site of a human or
animal body, comprising applying to the physiological target site a multilayer material as

defined herein or a wound dressing as defined herein.

According to a further aspect of the present invention, there is provided a use of
a multilayer material as defined herein, or a wound dressing as define herein, in
absorbing fluid discharged from a physiological target, or in stemming a flow of a fluid

discharged from a physiological target site.

According to a further aspect of the present invention, there is provided a
multilayer material as defined herein, or a wound dressing as defined herein, for use in
absorbing fluid discharged from a physiological target, or for use in stemming a flow of a
fluid discharged from a physiological target site.

Embodiments of the present invention will now be further described with

reference to the following non-limiting examples and accompanying figure in which:
Figure 1: is a representation of a multilayer material of the present invention.

Referring to Figure 1, there is shown a multilayer material (1) comprising first and
second layers (2, 3) and a third layer (4). The first and second layers (2, 3) comprise
chitosan and/or a chitosan derivative and the third layer (4) comprises a reinforcing

material. Each of the layers (2), (3) and (4) are typically in fibrous form.

The multilayer material (1) further comprises a physiologically acceptable acid.
Typically, the physiologically acceptable acid is coated onto the chitosan or chitosan
derivative fibres forming the first and second layers (2, 3). Alternatively, it can be coated
onto the fibres making up the reinforcing material to form the third layer (4). Alternatively
still, the multilayer material (1) can further comprise a carrier material having the
physioclogically acceptable acid absorbed therein, or coated thereon. The carrier
material may also be in the form of fibres. The carrier material, when present, is mixed
with the chitosan and/or chitosan derivative in the first and/or second layers (2, 3), or

segregated in separate portions in the first and/or second layers (2, 3).

In use, the multilayer material (1) can be rapidly applied to a wound site by
removing any packaging and bringing either layer (2) or (3) into direct contact with the
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wound exudate. Beneficially, time can be saved as there is no need to analyse which
surface of the multilayer material is the wound contacting surface, i.e. the surface that
initially comes into direct contact with the wound exudate, since both layers (2, 3) are

suitable.

Once applied, the physiologically acceptable acid dissolves in the wound
exudate and contacts the chitosan. The dissolved acid reacts with the chitosan and/or
chitosan derivative to form the corresponding salt of chitosan or chitosan derivative. The

resultant salt gels upon contact with wound exudate, effectively encapsulating the fluid.

Furthermore, the reinforcing layer (4) typically comprises a superabsorbent
material capable of absorbing wound exudate. Advantageously, this speeds up the time

it takes to stem the bleeding from the wound.

Examples

Example 1:
First and second layers, each being a 50 gsm layer of chitosan and Tencel®,
non-woven, and coated with lactic acid (Blend of chitosan:Tencel® 55:45) between

which lies a third layer of polyacrylate superabsorbent fibre (260 gsm), being a 50:50

blend of polyacrylate fibres and viscose fibres.

The layers were needle punched together.

Example 2:

First and second layers, each being a 135 gsm layer of chitosan and Tencel®,
non-woven, and coated with lactic acid (Blend of chitosan:Tencel® 55:45) between
which lies a third layer of polyacrylate superabsorbent fibre (260 gsm), being a 50:50

blend of polyacrylate fibres and viscose fibres.

The layers were needle punched together.

Example 3:

First and second layers, each being a 50 gsm layer of chitosan, non-woven,
coated with lactic acid, between which lies a third layer of polyacrylate superabsorbent

fibre (260 gsm), being a 50:50 blend of polyacrylate fibres and viscose fibres.
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The layers were needle punched together.

Example 4:

First and second layers, each being a 135 gsm layer of chitosan, non-woven,
coated with lactic acid, between which lies a third layer of polyacrylate superabsorbent

fibre (260 gsm), being a 50:50 blend of polyacrylate fibres and viscose fibres.

The layers were needle punched together.

Example 5:

First and second layers, each being a 135 gsm layer of chitosan, non-woven,
coated with lactic acid, between which lies a third layer of polyacrylate superabsorbent
fibre (120 gsm), being a 50:50 blend of polyacrylate fibres and viscose fibres.

The layers were needle punched together.

Example 6:

First and second layers, each being a 135 gsm layer of chitosan, non-woven,
coated with lactic acid, between which lies a dry laid viscose polyamide layer (37 gsm).

The layers were needle punched together.

Example 7:

First and second layers, each being a 135 gsm layer of chitosan, non-woven,
coated with lactic acid, between which lies a dry laid viscose polyamide layer (37 gsm).

The layers are heat bonded together using a polycalprolactone adhesive.

Example 8:

First and second layers, each being a 70gsm layer of chitosan, non-woven,

between which lies a 70gsm layer of viscose, non-woven, coated with lactic acid.

The layers were needle punched together.
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Example 1 dressing:
Weight Absorbance Absorbance Retention
(gsm) (9/9) (g/100cm?2) (%)
Trilayer Mean 441.3 10.6 46.5 92.5
Std.dev 53.3 0.5 3.5 1.0

Table 1: Absorbance and fluid retention data of the dressing of Example 1

The results displayed in Table 1 show that the trilayer dressing of Example 1 was

capable of achieving high absorbance and a high fluid retention of 92.5%.

The absorbency and tensile strength of the dressings of Examples 1-8 were

tested with comparative examples of single layer dressings. The results are shown in

Table 2.

For tensile strength, the results for Examples 1-7 show a value of >50 as the

strength of the dressing was too high for load cell when dry (®>*50N). The wet strength

was measured as >15N/25¢cm.

Absorption
under Dry Wet
Absorbency | compression | Tensile Tensile
Dressing example (g/100cm2) | (g/100cm2) | (N/25mm) | (N/25mm)
Example 1 46.5 32.5 >50* 17.2
Example 3 445 28.6 >50* 16.3
Example 4 56.8 41.2 >50* 20.1
Example 5 48.3 36.4 >50* 16.9
Example 6 256 15.2 >50* 276
Example 7 201 12.4 >50* 283
Example 8 23.5 16.1 18.80 5.67
Alginate dressing single layer 21.28 13.52 12.40 9.88
Alginate dressing single layer 17.39 10.28 0.21 0.52
Carboxymethylcellulose
dressing single layer 19.68 15.96 10.59 0.60
Carboxymethycellulose
dressing single layer with re-
inforced stitch bonding 27.93 18.8 37.19 15.69
Gelling fibre cellulose dressing
single layer 23.75 18.08 13.63 1.23
Chitosan gelling fibre dressing
single layer 28.59 16.12 23.69 2.16

* Reading greater than load cell capacity of tensiometer

Table 2: Absorbance and tensile strength data for test dressings

The test methods are as follows:
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Absorbency:

A 5em x 5cm area of dressing was prepared and weighed. The test article was
then immersed in saline solution (de-ionised water with 0.9% sodium chloride) for a
period of 30 minutes. Following immersion, the test article was removed and excess
fluid was allowed to drain. The dressing was re-weighed and the weight of fluid

absorbed per weight and area of test article was determined.

Absorbency under compression:

A 5cm x 5em area of dressing was prepared and weighed. The test article was
applied to a test rig whereby a weight mimicking 40mmHg pressure was applied on top.
Saline solution (de-ionised water with 0.9% sodium chloride) was introduced to the test
article and allowed to stand for a period of 30 minutes. Following absorbency, the test
article is removed and excess fluid was allowed to drain. The dressing was re-weighed

and the weight of fluid absorbed per weight and area of test article was determined.

Dry Tensile:

The test article was prepared to a width of 25mm and positioned within a

tensiometer. The force to break the test article was recorded.
Wet Tensile:

The test article was prepared to a width of 25mm. 2g of fluid (saline solution of
de-ionised water with 0.9% sodium chloride) was applied to the central portion of the test
article, allowing it to absorb for a period of 30 minutes. The test article was then
positioned within a tensiometer. The force to break the test article was recorded.

The results displayed in Table 2 show that the wet tensile strength of the
dressings of the present invention is increased at least compared to the Chitosan gelling
fibre single layer. Further, for Examples 1-5 where the reinforcing layer comprises a
polyacrylate superabsorbent fibre, the absorbency potential is significantly increased

over all of the comparative dressings.

It is of course to be understood that the present invention is not intended to be

restricted to the foregoing examples which are described by way of example only.
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CLAIMS:

1. A multilayer material comprising first and second layers comprising a chitosan
and/or a chitosan derivative and a third layer located between the first and second layers
comprising a reinforcing material, wherein the chitosan derivative is selected from the group
consisting of partially deacetylated chitin, carboxymethyl chitosan, hydroxyl butyl chitin, N-
acyl chitosan, O-acyl chitosan, N-alkyl chitosan, O-alkyl chitosan, N-alkylidene chitosan, O-
sulfonyl chitosan, sulfated chitosan, phosphorylated chitosan, nitrated chitosan, alkalichitin,
alkalichitosan and metal chelates with chitosan, wherein the third layer comprises a
physiologically acceptable acid selected from the group consisting of formic acid, acetic acid,
ascorbic acid, halogen acetic acids, propanoic acid, propenoic acid, lactic acid, succinic acid,
acrylic acid, glyoxylic acid, pyruvic acid, hydroxyl propionic acid, butanoic acid, sulphuric
acid, hydrochloric acid, and combinations of any two or more thereof.

2. A multilayer material according to claim 1, wherein the first and/or second
layers further comprise a carrier material for the acid, optionally wherein the acid is absorbed
in, or coated onto, the carrier material.

3. A multilayer material according to claim 1 or claim 2, wherein the reinforcing
material comprises a non-absorbent material; or wherein the reinforcing material comprises
an absorbent material.

4, A multilayer material according to claim 3, wherein the absorbent material is a
superabsorbent material.

5. A multilayer material according to claim 4, wherein the superabsorbent
material is a polymeric material.

6. A multilayer material according to any one of claims 1 to 5, wherein the
chitosan, chitosan derivative and/or the reinforcing material are in the form of fibres.

7. A multilayer material according to any one of claims 1 to 6, wherein the
chitosan derivative is a partially deacetylated chitin, optionally with a deacetylation degree of
above 50%.

8. A multilayer material according to any one of claims 1 to 7, wherein the acid is
coated onto the reinforcing material.

9. A multilayer material according to any one of claims 1 to 8, wherein the acid is
coated onto the chitosan, chitosan derivative and/or the carrier material.

10. A wound dressing comprising a multilayer material according to any one of
claims 1to 9.

11. A method of manufacturing a multilayer material comprising the steps of:

(a) providing first and second layers comprising chitosan and/or a chitosan
derivative, wherein the chitosan derivative is selected from the group consisting of partially
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deacetylated chitin, carboxymethyl chitosan, hydroxyl butyl chitin, N-acyl chitosan, O-acyl
chitosan, N-alkyl chitosan, O-alkyl chitosan, N-alkylidene chitosan, O-sulfonyl chitosan,
sulfated chitosan, phosphorylated chitosan, nitrated chitosan, alkalichitin, alkalichitosan and
metal chelates with chitosan;

(b) attaching the first and second layers to a third layer comprising a reinforcing
material, such that the third layer is located between the first and second layers,

wherein the third layer further comprises a physiologically acceptable acid selected
from the group consisting of formic acid, acetic acid, ascorbic acid, halogen acetic acids,
propanoic acid, propenoic acid, lactic acid, succinic acid, acrylic acid, glyoxylic acid, pyruvic
acid, hydroxyl propionic, butanoic acid, sulphuric acid, hydrochloric acid, and combinations
of any two or more thereof.

12. A method according to claim 11, comprising the steps of:

(a) (i) mixing a chitosan and/or chitosan derivative with a non-aqueous solvent;
and/or

(ii) mixing a reinforcing material or carrier material with a solvent;

(b) adding the physiologically acceptable acid selected from the group consisting
of formic acid, acetic acid, ascorbic acid, halogen acetic acids, propanoic acid, propenoic
acid, lactic acid, succinic acid, acrylic acid, glyoxylic acid, pyruvic acid, hydroxyl propionic,
butanoic acid, sulphuric acid, hydrochloric acid, and combinations of any two or more thereof
to the mixture formed in step (a)(ii) and the mixture formed in step (a)(i);

(c) removing the solvent from the or each mixture to provide an acid coated
component(s) being an acid coated chitosan, an acid coated chitosan derivative, a mixture of
acid coated chitosan and chitosan derivative, an acid coated reinforcing material and/or an
acid coated carrier material;

(d) attaching first and second layers comprising chitosan and/or a chitosan
derivative to a third layer located between the first and second layers comprising a
reinforcing material,

wherein one or more of the first and second layers comprises the acid coated
chitosan, chitosan derivative and/or acid coated carrier material; and

wherein the third layer comprises the acid coated reinforcing material.

13. A method according to claim 12, wherein the acid coated chitosan and/or
chitosan derivative is attached to the reinforcing material by heat bonding or needle
punching.

14. A multilayer material according to any one of claims 1 to 9 for use in
absorbing fluid discharged from a physiological target, or in stemming a flow of a fluid
discharged from a physiological target site.
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15. A wound dressing according to claim 10, for use in absorbing fluid discharged
from a physiological target, or in stemming a flow of a fluid discharged from a physiological
target site.

16. The multilayer material of any one of claims 3 to 9, wherein the non-
absorbent material comprises viscose.

17. The multilayer material of one of claims 4 or 5, or claims 6, 7, 8, or 9 when
dependent on claim 4 or 5, wherein the superabsorbent material comprises poly(vinyl
alcohol) (PVA), poly(ethylene oxide) (PEO), or poly(acrylic acid).

18. A multilayer material according to claim 16 or 17 for use in absorbing fluid
discharged from a physiological target, or in stemming a flow of a fluid discharged from a
physiological target site.

19. A wound dressing comprising a multilayer material according to claim 16 or
17.

20. A wound dressing according to claim 19, for use in absorbing fluid discharged
from a physiological target, or in stemming a flow of a fluid discharged from a physiological

target site.
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FIGURE 1
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