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WOUND DRESSING GEL

Field of invention

The present invention relates to a gel for use in dressing a wound and
to a process for making a gel.

Background

Hydrogels are known for the treatment of cuts, abrasions, bums and
similar wounds and consist of a matrix of polymers with a water content of up
to 96%. Known hydrogel dressings exhibit less than ideal adherence
charactenstics and need to be covered with a secondary dressing, and the
fluid or bactenal permeability of the gel depends upon the nature of the
dressing used. Hydrogels are absorbent and semi-transparent and prior to
application they may be refrigerated, such that the cooling effect contributes
to the relief of pain.

A hydrogel for use as a wound dressing is described in International
Patent Publication No. WO 92/16245, consisting of a water insoluble, water
swellable cross-linked cellulose derivative, water and a polyol component.
The gel descnbed in this pubilication is primarily directed to the removal of
necrotic tissue, as it reduces the need for the use of a chemical debriding
agent or surgical excision. Thus, the known gel provides a dressing which
can combine the actions of debriding and cleansing, independent upon the
extent of necrosis. Furthermore, the dressing is capable of breaking down
necrotic tissue and retaining resultant debris.

However, a problem with known hydrogels, for application as wound
dressings, is that their adherency tends to be less than ideal. Furthermore,

there Is a tendency for these known compounds to disintegrate in the wound

and to cause maceration to the skin around the wound.

Summary of The Invention

According to a first aspect of the present invention, there is
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provided a gel for use in dressing a wound, comprising a
monovalent salt of a polygalacturonic acid derivative,
another carboxy-polysaccharide and multivalent ions

providing 1onic cross-links between said monovalent salt and

sald other carboxy-polysaccharide.

In one embodiment of the first aspect, there 1is
provided a gel for use in dressing a wound, said gel

comprising: (a) a water-soluble monovalent salt of a

polygalacturonic acid derivative; (b) a water-soluble
monovalent salt of another carboxy-polysaccharide; and (c)
multi-valent 1ons sailid gel being obtained by: (i) preparing
an aqueous solution containing the water-soluble monovalent
salt (a) of the polygalacturonic acid derivative and the
water-soluble monovalent salt (b) of said other carboxy-
polysaccharide; (i11) preparing a cross-linking agent in the
form of a solution contalning dissolved multi-valent ions;
and (111) blending said solution with said cross-1linking
agent to form a gel 1n which said multi-valent ions form
ionic cross-links between said polygalacturonic acid
derivative and said other carboxy-polysaccharide and in
which said i1ons are 1n an amount which i1s effective to
impart skin adherence to the gel, subject to the proviso
that said gel doesgs not incorporate fibres which provide

cations for cross-linking the gel.

For example, (a) and (b) together comprise at

least 0.1 wt % of the gel.

Preferably, the salt of polygalacturonic acid

derivative 1s sodium pectate. Preferably, the carboxy-

—

polysaccharide 1s a monovalent salt of a carboxycellulose

P

derivative, or a monovalent salt of an alginic acid

derivative.
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In a preferred embodiment, the salts include ions

of sodium, potassium oOr ammonium.

Preferably, said carboxy-polysaccharide 1s sodium

carboxymethylcellulose, or sodium alginic acid.

According to a second aspect of the present
invention, there 1s provided a process for making a gel,
comprising steps of: preparing a solution including a water
soluble salt of a polygalacturonic acid derivative and a

water soluble salt of another carboxy-polysaccharide;

preparing a cross-linking agent in the form of a solution;
and blending saild solution of cross-linking agent with said
water soluble salts to form a gel by effecting formation of

ionic bonds between said salts.

In one embodiment of the second aspect there is
provided a process of making'a gel of the invention, which
comprises: (1) preparing an agueous solution containing the
water-soluble monovalent salt (a) of the polygalacturonic
acid derivative and the water-soluble monovalent salt (b) of
salid other carboxy-polysaccharide; (il) preparing a Cross-
linking agent in the form of a solution containing dissolved
multi-valent ions; and (i11) blending said solution with
sald cross-linking agent to form a gel in which said multi-
valent i1ons form ionic cross-l1links between said
polygalacturonic acid derivative and said other carboxy-
polysaccharide and in which said ions are in an amount which

1s effective to impart skin adherence to the gel.

The above process optionally further comprises the
step of sferilising the gel by steam at a temperature

greater than 100 degrees C.
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Brief Description of the Drawings

Figure 1 shows an overview for the preparation of

a hydrogel, including a gel preparation step;

Figure 2 detalils the gel preparation step
identified in Figure 1, including the preparation of sodium
pectate solution and the preparation of sodium

carboxymethylcellulose solution;
Figure 3 details a sodium pectate polymer;

Figure 4 details a sodium carboxymethylcellulose

polymer;
Figure 5 details a sodium alginic acid polymer;

Figure 6 1llustrates the formation of cross-
linkages between the polymers illustrated in Figure 3 and 4,

when reacted with calcium chloride;

Figure 7 illustrates the formation of cross-

linkages between the polymers 1llustrated in Figures 3

and 5, when reacted with calcium chloride;

Figure 8 illustrates, 1n two dimensions, a portion

of gel composed of cross-linked polymers as detailed in

Flgure 6 or Figure 7;

Figure 9 1llustrates the application of the gel
produced by the process shown 1in Figure 1 applied to a

wound.

Detailed Description of The Preferred Embodiments

The invention will now be described by way of

example only with reference to the previously identified

drawlngs.
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An overview for the preparation of a hydrogel 1is
shown 1n Figure 1. Initially, ingredients are required or

taken from store at step 101, whereafter at step 102 a gel
18 prepared. At step 103 a diol or polyol, e.g. propane-1,2
diol, 1s added to the gel to enhance its physical
characteristics and to act as a preservative. Optionally,
thereafter and as indicated at step 104, further medicaments
may be added for particular applications. At step 105 the
gel 1s sterilised by being maintained at a temperature

of 121°C for a duration of at least twenty minutes.

Thereafter, at step 106, the gel is packaged for subsequent

application within a medical environment.

Step 102 for the preparation of the gel 1is
detailed in Figure 2. Amounts described relate to a typical
batch and may clearly be scaled during the manufacturing
process to result in appropriate amounts being made. The
amounts 1llustrated in Figure 2 requilire 7.8 kilograms
(7.5 litres) of propane-1,2 diol being added at step 103, as

1llustrated i1n Figure 1.

The gel produced at step 102 essentially consists
of a first carboxy-polysaccharide cross-linked with a second
carboxy-polysaccharide, wherein the cross-linking 1is
facilitated by the presence of multivalent ions, e.g.
calcium or magnesium. In the preferred embodiment, the
preparation of which 1s i1llustrated in Figure 2, the first
carboxy-polysaccharide 1s sodium pectate and the second
carboxy-polysaccharide 1s sodium carboxymethylcellulose.
Sodium pectate suitable for the invention 1s for example

supplied by Citrus Colloids Limited wherein
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no specific trade name is available, the compound interchangeably being
called sodium pectate, sodium polypectate or sodium polygalacturonate.
Similarly, suitable sodium carboxymethylcellulose powder is supplied by
Hercules Limited under the Trade Name “Blanose Celluiose Gum’, type
7H3SXF. 1.5 kilograms of sodium pectate powder 201 are dissolved ‘in
deionised water 202 to produce sodium pectate solution 204. A similar
solution is made from 2 kilograms of sodium carboxymethylcellulose powder
203 to produce sodium carboxymethyicellulose solution 205. Deionised water
is also added to 0.5 kilograms of calcium chioride powder 207 to produce
calcium chloride solution 208, where the total weight of deionised water used
for solutions 204, 205 and amounts to 42.5 kilograms.

The sodium pectate solution 204 is mixed with the sodium
carboxymethyicellulose solution 205 to produce a homogeneous solution
shown at 206. The gel is then produced at 209 by adding, in a stepwise
process with continual mixing, the calcium chioride solution 208, resulting in
the establishment of cross-linkages produced by ionic bonding. Thus, in the
preferred embodiment, the sodium ions of the carboxy-polysacchandes are
attracted to the chloride ions of the calcium chloride to produce sodium
chioride with the bivalent caicium ions attracting the carboxy groups of
different and/or like polymers, thereby producing the ionic cross-linkages.
The carboxy-polysaccharnde salts are monovalent and may be sodium,
potassium or ammonium for example. In the prefered embodiment as
described above, sodium is the preferred salt.

In the above preferred embodiment the amount of cross-linking agent
used is such that the gel exhibits charactenstics suitable for adherence to a
highly exudating wound. Reducing the amount of said agent produces gels of
successively lower viscosity which are suitable for different applications and
practices. For example in some countries less viscous gels are preferred for
treatment of deep highly exudating wounds and thus a gel according to the
present invention which is suitable for these requirements can be made by

reducing the amount of cross-linking agent used.
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Incorporation of additional medicaments as described is facilitated in
the invention through carboxy groups that are not incorporated into cross-
linked Ionic bonds. This is in addition to the simple trapping of said
medicaments in the gel matrix. These medicaments may consist of an anti-

5 bactenal agent, an anti-fungal agent, an anti-mycotic agent, an anaesthetic,
an additional debriding agent or an anti-inflammatory agent. Alternatively,
other agents may be added, such as a growth factor, an enzyme such as
Lysozyme or a proteinase and nutrients such as vitamins, amino acids or
trace elements. For example, it is known that the addition of zinc ions may be

10 beneficial to assist in the healing process.

A sodium pectate polymer molecule is illustrated in Figure 3, in which
the unit bounded by braces 301 is repeated to produce the polymer chain,
typically consisting of more than 100 monomer units. Each monomer unit
Includes a sodium carboxy group 302 and it is the process of replacement of

15 the sodium atoms of these groups which presents an ionised component for
cross-linking with other polymer molecules.

A sodium carboxymethylcellulose polymer is shown in Figure 4, where
again the repeating monomer is enclosed with braces 401. Each repeating
monomer section includes cyclic components with each said component

20 incorporating a sodium carboxymethyl group extending from each cyclic
group. Again, some of the sodium atoms are removed thereby ionising the
monomer units to facilitate the creation of cross-bonds with other polymers.

A sodium alginic acid polymer is shown in Figure 5, again having
sodium carboxy groups from which a sodium atom may be removed to

25 facilitate the creation of ionic cross-bonding.

The formation of cross-bonds or links between a sodium pectate
polymer of the type shown in Figure 3 and a sodium carboxymethyicellulose
polymer, of the type shown in Figure 4, is illustrated in Figure 6. Sodium
pectate polymers 601 are placed in solution with sodium

30 carboxymethyicellulose polymers 602. Aqueous calcium chioride 603 is

added thereby placing calcium and chloride ions into the solution containing
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both sodium pectate and sodium carboxymethyicellulose polymers. The
sodium ions present within the original polymers 601 and 602 are attracted to
the chloride ions to produce aqueous sodium chloride 604, with the resulting
free carboxy groups of the two polymers being attracted to the bivalent
calcium ions. However, given that two carboxy groups are required in order to
balance with each calcium ion, cross-linkages are formed between adjacent
polymer strands, resulting in the production of the cross-lined hydrogel 603.

A similar reaction is shown in Figure 7 in which a sodium alginic acid
polymer 702, functionally similar to polymer 602, reacts with a sodium
pectate polymer 701. Again, aqueous calcium chlonde 703 is added,
resulting in the substitution of the monovalent sodium ions for bivalent
calcium ions to produce an alternative cross-linked hydrogel 704 and sodium
chloride 705.

A cross-linked hydrogel 605 is also shown in Figure 8. As shown In
Figure 8, each polymer such as polymer 801 for example, may include a
plurality of ionic cross-linkages and the total number of cross-linkages (802,
803 and 804 for polymer 801) within the gel will influence the viscosity of the
gel, which, as previously stated, may be adjusted to satisfy particular medical
applications and preferences.

The reactions shown in Figure 6 and Figure 7 consist of a first
carboxy-polysaccharide forming a cross-linkage with a second carboxy-
polysaccharide. However, as shown in Figure 8, cross-linkages are also
formed between carboxy-polysaccharides of the same type. Two sodium
carboxymethyicellulose polymers, 805 and 806 have a cross-link 807 and
similarly two sodium pectate polymers 808 and 809 have two cross-links 810
and 811. As described above a cross-link such as cross-link 804 comprises a
calcium ion 812 and two carboxy groups 813 and 814, one group being
supplied from each polymer. Each carboxy-polysaccharide should have at
least one link to another carboxy-polysaccharide and it is not necessary for

all of the potential bonding sites to be expioited. Two unused potential

bonding sites (sodium carboxy groups) include 815 and 816 for exampie.



10

15

20

25

30

CA 02283483 1999-09-03

WO 98/40110 PCT/GB98/00494

/

This in turn facilitates the possibility of other groups being bound using a
similar mechanism. However, not all of the bonding sites should be exploited
for cross-linking otherwise there is a tendency for the gel to become hard and
brittle.

The packaged gel identified at step 106 may be kept in storage for a
period in the region of two years, provided that storage temperatures do not
exceed 25°C.

The gel is particularly useful for application to relatively deep wounds,
of the type illustrated at Figure 9. Wounds 901, in this example taking the
form of a severe and deep dermal ulceration in a patient's arm 902 are often
highly exudating or dry. The gel is therefore applied into the wound in order to
prevent or at least reduce the amount of fluid ocozing out of the wound site if
highly exudating or to donate fluid if the wound is dry, and primarily to assist
in the healing of the wound, aid removal of unwanted matter and to facilitate
the prevention of undesirable contamination. Other wound categories
applicable to this gel include, but are not restricted to, Stage |, Il or Il
pressure ulcers, dermal ulcers, donor sites, second degree bums, abrasions,
blisters and chronic wounds.

Prior to application of the dressing, the wound itself is irrigated with
stenle saline solution, whereafter excess liquid is removed by an antiseptic
swab. Gel, which may have been stored in a tube or sachet etc is squeezed
Into the wound to a minimum depth of Smm, whereafter any excess gel is
discarded. The tendency of the gel is to adhere to the wound, but it is
necessary to apply a secondary dressing so as to maintain a moist, infection
free environment. A further advantage of the invention is that the gel
maintains structural integnty and thus does not readily disintegrate in
environments such as highly exudating wounds. Removal of the dressing is
simple and is facilitated by the fact that the dressing remains intact.

The tendency of the gel will be to remove excess liquid from its
environment while ensuring that the environment does not dry out and thus

remains moist. if the wound site is or becomes dry, the gel will tend to donate

R RN 4151 H R 6 Rt VL2 R S B §F R e R L a2 Sl obe e s ey e Thees whriammaen S tmn cLAGTUNEMAR NS L N M a1 A et R e sy e e A e e by T T S Lo | S IR 5 LG E AT PR 4 4 (0 3F AR e e e e



10

15

20

25

30

CA 02283483 1999-09-03

WO 98/40110 PCT/GBY98/00494

8

liquid to its environment ensuring that an equilibrium is maintained between
the gel itself and its surrounding tissue.

The example given in the description of this embodiment concemning
the proportions of the mixture may be varied to suit particular applications. In
genéral, the carboxy-polysaccharide components, such as sodium pectate
and sodium carboxymethyicellulose in the preferred embodiment, comprise
at least 0.1% by weight of the total weight of the packaged gel.

The production process as descried herein involves reactions and
processes which take place at normal ambient temperatures. However, in
some applications, it may be desirable to apply additional heating and/or
other methods to the system in order to improve production times. An
important advantage of the process described for making a gel according to
the invention is that the carboxy-polysaccharides used as starting matenals
are water soluble. This facilitates mixing of components which in turn reduces
costs in large scale processing.

The present invention is further illustrated by the following exampie of

laboratory scale synthesis. A gel of the invention having the following

composition was made:

Matenal Weight % by Weight
Sodium pectate 15g 2.78
Sodium carboxymethyiceliulose

(Blanose 7H3SXF) 20g 3.70
Calcium chlonde 5@ 0.93
Propylene glycol (Propane-1,2 diol) 78g 13.89
Deionised water 425¢ 78.70

15g of sodium pectate are stirred in 200ml of deionised water at room
temperature, until  fully dissolved. Similarly, 20g of sodium
carboxymethyicellulose are stired in 200mi of deionised water, until fully

dissolved. The two solutions are then mixed together untii a homogeneous
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solution is formed. 5g of caicium chloride are dissolved in 25ml of deionised
water, and added stepwise to the above solution. The mix is then
homogenised carefully resulting in the formation of a highly viscous gel.
Finally, 75ml of propylene giycol are added to the gel with continuous mixing,
to ensure that a homogeneous gel is formed. The gel is then steam stenlised

at 121°C for twenty minutes in an autoclave.

TR AR AT SOUNY bt oM i 835 AL S S ORI | SERELER S S - eIV L oL M MM M DT M i e s arsameins ae - . e G P MR S ORI MO 00 vl L SR 04 44
. . 4 Mlaladal o [ FERIT iresd e distan e,

. "I I AR e S LT B T SR HHN T GO A 2 0 0 S MACI0%0 00 D AT I WL e rilal pugeemderodd PLTETT o] ddy et 4



CA 02283483 2006-05-17

26970-6
10
CLAIMS:
1. A gel for use in dressing a wound, said gel
comprising:

I

(a) a water-soluble monovalent salt of a

5 polygalacturonic acid derivative;

(b) a water-soluble monovalent salt of another

carboxy-polysaccharide; and
(c) multi-valent 1ons
sald gel being obtained by:

10 (1) preparing an agueous solution containing the

water-soluble monovalent salt (a) of the polygalacturonic

L
N

acid derivative and the water-soluble monovalent salt (b) o:

sald other carboxy-polysaccharide;

.
p—

QX

(1i) preparing a cross-linking agent in the :

15 of a solution containing dissolved multi-valent 1ons; and

(111) blending said solution with said cross-

linking agent to form a gel in which said multi-valent 1ons

i

"orm lonic cross-links between said polygalacturonic acid
derivative and sailid other carboxy-polysaccharide and 1n
20 which said ions are in an amount which i1s effective to

impart skin adherence to the gel,

subject to the proviso that said gel does not

incorporate fibres which provide cations for cross-linking

the gel.

25 2. The gel of claim 1, wherein said salts (a) and (b)

are sodium, potassium or ammonium salts.
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3. The gel of claim 1 or 2, wherein said monovalent
salt (a) 1s sodium pectate.
4 . The gel of claim 1, 2 or 3, wherein said

monovalent salt (b) 1s a monovalent salt of a

5 carboxycellulose derivative.

5. The gel of claim 4, wherein said monovalent salt

(b) 1s sodium carboxymethylcellulose.

6. The gel of claim 1, 2 or 3, wherein said
monovalent salt (b) 1s a monovalent salt of an alginic acid

10 derivative.

7. The gel of claim 6, wherein said monovalent salt

(b) 1s sodium alginate.

8 . The gel of any one of claims 1 to 7, wherein said
multivalent ions (c) of said cross-linking agent are

15 divalent.

9. The gel of claim 8, wherein said divalent ions are

calcium or magnesium.

10. The gel of any one of claims 1 to 9, further

comprising a diol or polyol.

20 11. The gel of claim 10, wherein said diol is propane-
1,2-diol.
12. The gel of any one of claims 1 to 11, wherein said

salt of said polygalacturonic acid derivative (a) and salt
of said other carboxy-polysaccharide (b) together comprise

25 at least 0.1 wt % of the gel.

13. The gel of any one of claims 1 to 12, which is

sterile.
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e

14 . The gel of any one of claims 1 to 13, further

pr—
o

comprising any of the

e

following components:

an antibacterial agent;

an anti-fungal agent;

5 an antli-mycotic agent;

an anaesthetic:

an additional debriding agent;

an anti-inflammatory agent;

a growth factor;

10 lysosyme, protanase or another enzyme; and

one or more of a vitamin, amino acid, zinc or

other trace element or other simple nutrient.

F

15. The gel of claim 14, wherein less than all the

polysaccharide carboxy groups are i1incorporated 1n the cross-

15 linked i1onic bonds, and one or more of said additional
components binds to carboxy groups that are not incorporated

in said cross links.

=

16. A process of making a gel as defined i1n any one O:

AR

claims 1 to 15, which comprises:

20 (1) preparing an aqueous solution containing the

water-soluble monovalent salt (a) of the polygalacturonic

n

acid derivative and the water-soluble monovalent salt (b) o

salid other carboxy-polysaccharide;

(i1) preparing a cross-linking agent 1in the form

25 of a solution containing digsolved multi-valent 1ons; and
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(11i) blending said solution with said cross-

linking agent to form a gel in which said multi-valent 1ions

form ionic cross-1links between said polygalacturonic acid

derivative and said other carboxy-polysaccharide and 1n

'ﬁ-!
s

fective toO

5 which said ions are 1n an amount which 1s e:

impart skin adherence to the gel.

17. The process of claim 16, further comprising the

step of sterilising the gel by steam at a temperature

greater than 100 degrees C.

FETHERSTONHAUGH & CO.

OTTAWA, CANADA

PATENT AGENTS
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