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Skin Dressinfi

TECHNICAL FIELD

The present invention relates to a skin dressing for delivery of proteolytic enzyme to skin

e.g. to aid removal of dead and necrotic skin for therapeutic purposes, particularly in the

form of wound debridement dressings.

BACKGROUND AND PRIOR ART

Debridement of necrotic tissue from e.g. burns and traumatic wounds is an essential step

before the wound can begin to heal effectively. Enzymatic debridement using proteolytic

enzymes is a convenient method of removing the tissue because it enhances the body's

natural autolytic debridement process (whereby endogenous enzymes and leukocytes clean

up the dead tissue) and does not require mechanical or surgical intervention. Commercial

debridement products are traditionally available in the form of creams, sprays, lotions or

ointments. With these product forms only a fraction of the total applied enzyme actually

reaches the necrotic tissue at any one time and are often painful to apply. Wounds in need of

debridement are often sore and painful, so it is important that the medium in which the

enzymes are applied is comforting and able to minimise pain. Additionally, such known

products are often not sterile because known sterilisation processes kill off the enzyme. A

more convenient product form for enzymatic debridement is a dressing, however this

presents significant technical difficulties.

Enzymatic debridement dressings are known in the art. However, the manufacture of a

dressing which can deliver an effective enzyme dose in the right time frame and in the right

condition is not a simple matter. A particular difficulty arises from the management of water:

proteolytic enzymes require the presence of water in order to perform their function, yet the

same water can cause the enzyme to deactivate over a few hours due to such enzymes



digesting themselves. Several technical solutions have been suggested which overcome this

technical dilemma.

US 6,043,407 solves the problem by providing an anhydrous debridement pad which

requires rehydration in sterile water before application to the wound. Such a technique

suffers from the inconvenience of waiting for the pad to hydrate.

A common technical solution in the prior art is to maintain the dressing in an anhydrous state

and rely on the wound itself to supply the moisture to activate the enzyme.

US 4,668,228 discloses a debriding tape comprising a polyurethane film and an adhesive

layer. The adhesive layer contains the proteolytic enzyme in dry or powdered form. The tape

does not release enzyme in a sustained manner. Instead most or all of the enzyme is applied

to the skin surface all at once with moisture from a wound activating the enzyme.

US 5,206,026 discloses a dry enzymatic debridement film which gives immediate release of

enzyme by dissolution of the film in wound exudate. It is intended to be used in conjunction

with conventional dressings.

US 6,548,556 discloses a wound debrider comprising anhydrous hydrophilic poloxamer

carrier and proteolytic enzymes. The dry environment keeps the enzyme stable and the

moisture is supplied by wound exudate.

WO 2005/035010 discloses a dressing having a polymeric layer comprising proteolytic

enzymes which are released over a prolonged period of time. The dressing may be multi-

layered with a first degradable polymeric wound contacting layer and a second absorbent

layer. The absorbent layer may be a hydrogel. The water for activation of the enzyme comes

from wound exudate. The dressing provided sustained release of enzymes, optionally with a

"burst" at the beginning.



Although provision of an absorbing layer helps in the removal of wound fluids, liquefied

slough and degraded necrotic tissue, it can also result in absorption of enzyme from the

wound before it has performed its function, thus reducing the effectiveness of the dressing.

SUMMARY OF INVENTION

The invention provides a skin dressing for delivery of proteolytic enzyme to skin,

comprising a lower dressing component comprising releasable proteolytic enzyme and an

upper dressing component which is impermeable to the passage of fluid and the proteolytic

enzyme and is degradable by being digested by the enzyme, following application of the

dressing onto a moist wound site, to allow the passage of fluids and the proteolytic enzyme

away from the wound site.

Thus, on application to a moist wound the lower dressing component releases its enzyme

into the wound site e.g. to perform a debridement function. The enzyme and moisture in the

wound are prevented from leaving the wound site by the presence of the upper dressing

component. After a period of time the upper component degrades with the aid of enzyme

action, to allow the enzyme and wound fluid to leave the wound site, optionally being

absorbed by an absorbing dressing material possibly forming part of the dressing.

Thus the dressing provides enzyme to the skin e.g. to a wound site and allows it to remain on

the skin, e.g. in the wound site, for an appropriate time to perform a desired function, e.g.

provide an effective debridement function, whilst also subsequently providing for removal of

fluids e.g. including wound exudate, liquefied slough and degraded necrotic tissue after an

appropriate period of time as is discussed below.

The moisture in the wound site may be purely wound exudate, however it is preferred that

the wound site is first moistened with a separate sterile aqueous fluid. In this manner, the

invention is equally applicable to naturally moist wounds as well as naturally dry wounds

e.g. dry necrotic wounds, provided such dry wounds are suitably moistened before

application of the dressing.



Structure

The dressing is preferably of layered construction with each dressing component in the form

of a layer, wherein in use, the lower component is in contact or near to the skin, and the

upper component is remote from the skin surface.

The lower and/or upper components may be in the form of a solid layer, sheet, slab or film

of material. The size and shape of the layer, sheet, slab or film can be selected to suit the

intended use of the dressing. Thicknesses in the range 0.01 to 1.0 mm, preferably 0.05 to 0.5

mm are particularly suitable.

The lower enzyme-containing component

The lower component may be in a relatively dry or even anhydrous condition, e.g. being in

the form of an anhydrous film. Being in anhydrous form has a number of benefits, including

improved storage stability of the enzyme. In addition it is possible for the enzyme to be

present in activated condition, as will be discussed below.

The lower component may be either water soluble or water permeable in order that it can

effectively deliver its enzyme payload.

It is preferable that the lower component be a hydrophilic, film-forming material. Desirably

the lower component is not susceptible to rapid enzyme activity as this allows preparation

via a drying step to be employed.

Examples of water soluble film-forming polymers include those listed in US 5,206,026,

column 3 lines 19-27. A preferred material for the first layer is polyvinyl alcohol (PVA).

PVA is commercially available in a range of different grades of different chain length and

molecular weight and water solubility, some of which are water soluble and some of which

are water insoluble but water permeable. Other preferred materials are hyaluronic acid, a

long chain water soluble film-forming polymer, polyvinylpolypyrrolidone, polymeric



celluloses, e.g. hydroxypropyl cellulose and hydroxypropyl methyl cellulose, carbomers and

the like.

Enzymes

Proteolytic enzymes are able to hydrolyse peptide amide bonds and so are capable of

digesting dead skin, such as necrotic skin. Suitable enzymes are well-known to a person

skilled in the art. Examples of suitable enzymes for use in accordance with the invention

include papain, trypsin, chymo-trypsin, streptokinase, streptodormase, ficin, pepsin,

carboxypeptidase, aminopeptidase, chymopapain, bromelin, collagenase, lysozyme,

fibrinolysin, n-acetyl cysteine. A mixture of enzymes may be used. Preferably the enzyme

comprises papain.

In its native state, papain may exist in a relatively inactive form. This is due to its free

sulfhydryl group being oxidised. To fully activate the papain, the sulfhydryl group requires

mild reduction.

In embodiments where the lower component is in anhydrous condition papain may be

present in active or inactive form, but is conveniently pre-activated by pre-treatment with a

reducing agent, e.g. cysteine.

It is beneficial if the enzyme can get to work on the skin to be treated in a short timescale.

However it is believed that it is better that the enzyme is not deposited instantaneously and

instead is delivered in a controlled manner over a period of minutes. This is believed to give

the optimal balance between effective earlier enzyme action and not over-dosing the skin at

the initial stage. Thus it is preferred that, in use, 90% of the available enzyme is delivered to

the skin within 2 hours of application, preferably between 1 minute and 1 hour, more

preferably between 2 minutes and 30 minutes.

The types and amounts of the enzymes can be readily determined by experiment according

to the desired application.



The upper degradable component

The upper component is initially impermeable to both fluids and the proteolytic enzyme,

thus acting as a barrier keeping the wound moist and rich in enzyme e.g. in order to

maximise the process of autolytic debridement.

After a time, once the enzyme has had an opportunity to perform a desired function e.g.

debride the wound, the upper component physically degrades to allow the passage of fluids

and enzyme away from the wound site. This provides further benefit to the wound and

assists in the healing process.

The appropriate length of time required for enzyme function, and hence the time delay

before completion of degradation of the upper component, will depend on factors including

the nature of treatment required, as will be known to those skilled in the art. For wound

debridement, typical enzyme treatment times are up to 24 hours, typically from 12-24 or

from 18-24 hours. Dressings may be tailored to provide the desired time delay before

completion of degradation.

However, the time taken for initial degradation to occur, to result in the upper component

being permeable to the passage of fluids, may be significantly less than this, for example,

1-4 hours. Following an initial degradation, the enzyme will typically continue to provide

benefit to the wound over time periods mentioned above.

As discussed, the upper component degrades by being digested by the proteolytic enzyme.

The time taken to reach the stage of allowing the passage of fluids and enzyme is dependent

upon e.g. the thickness of the component, the availability of water and the ability of the

enzyme to digest the component. Suitable materials for this purpose are proteins which are

not cold water soluble, susceptible to protease action, e.g. gelatin and collagen. The upper

component may also be cross-linked using techniques readily available to a person skilled in

the art.



It will be apparent that the upper degradable layer could eventually degrade completely and

no longer be present as a distinct entity.

Optional absorbent component

Optionally, dressings of the present invention may be combined with an absorbent

component, typically covering the dressing so as to be further away from the wound than the

dressing.

Once the dressing begins to allow fluid and/or enzyme to pass upwards away from the

wound, an absorbent layer can conveniently absorb said fluids.

Any suitable absorbent material may be used and can be a simple bandage material, cotton

wool or other conventional absorbent material.

Additional materials

A further benefit of the present invention is the possibility of including materials which can

be tailored to provide an ideal environment for the enzymes to do their job of skin digestion.

Preferred enhancing materials include, but are not limited to, urea, hyaluronic acid, glycerol,

antimicrobial agents (e.g. chlorhexadine), anaesthetic agents, wound healing agents, enzyme

activators (e.g. cysteine). These may be present in either or both of the upper and lower

components.

Additionally, a separate conditioning fluid, e.g. a sterile aqueous fluid, may be provided

which may contain any of the above mentioned materials. Such a fluid could be used to

prepare a wound, either a moist or a dry necrotic wound, so that when the dressing is applied

to the wound, the enzyme is released into an improved aqueous environment.

Urea is particularly beneficial because it helps to prepare the target proteins for digestion by

the enzyme. However urea is preferably not present in the lower component because it is



known that it can denature enzymes over time. Urea may therefore conveniently be located

in the conditioning fluid discussed above.

Dressings according to the invention may also comprise an ionising radiation protection

system, as described in co-pending application EP 05255825.1. They may also comprise a

thermal stability system as described in co-pending application GB 0513653.6.

Preferred embodiments

In one preferred embodiment, a dressing of the present invention comprises a layered

construction comprising a lower component comprised of dry polyvinylalcohol containing

papain as the enzyme (e.g. a mixture of papain and cysteine activator) and an upper

component made of gelatin.

The dressing is preferably in the form of a wound debridement dressing.

Treatment regime

The dressing of the invention finds particular application in wound debridement and can be

used in treatment of a wide range of wounds and conditions where debridement is beneficial,

including exuding wounds and those exhibiting dry necrosis.

The dressings are used by being applied to an area of skin to be treated, for therapeutic

purposes. The lower component can be selectively applied only to a wound area, e.g. with a

sheet of material being cut to a suitable size and shape. The upper component can then be

applied, possibly followed by an optional outer absorbent material.

Alternatively, the dressing may be applied in a constructed, laminated form whereby the

upper and lower components are pre-assembled prior to use. This may be conveniently

achieved as an all-in-one dressing, which may also include an absorbent outer layer as part

of the complete dressing.



Because of the rapid delivery of enzyme the dressings of the present invention only need to

be in place for a short period of time, for example less than 24 hours. This is because the

dressing is intended to deliver the enzyme quickly and effectively so that it can get to work

on the wound. If necessary, a second dressing of the invention can be used to deliver a fresh

amount of effective enzyme. This cycle of treatment can be continued for as long as is

required.

Packaging and form

The components of the dressings in accordance with the invention may each be suitably

supplied in respective sterile, sealed, water-impervious packages, e.g. laminated aluminium

foil pouches. Alternatively a pre-assembled dressing comprising both upper and lower

components in laminated form, optionally including an absorbent layer, which may also be

adhesive to attach to skin, can be supplied in a sterile, sealed, water-impervious package.

The components of the dressing in accordance with the invention can be manufactured in a

range of different sizes and shapes for treatment of areas of skin, e.g. wounds, of different

sizes and shapes.

The invention also provides a kit comprising a lower component and an upper component

each sealed in a respective package.

The invention will be further described, by way of illustration, in the following examples.

Examples:

Preparation of a typical PVA film containing papain

PVA (poly vinyl alcohol (Sigma-Aldrich 363073 (31-50K molecular weight, 87-89%

hydrolysed)) was dissolved to 5%w/w in water (analytical grade, supplier Fisher). Papain

was prepared as follows: papain powder (Biocatalysts (Promod 144P, 700TU)) was

dissolved to 200mg/g in analytical water. This solution was then buffer exchanged into



analytical water using a PDlO column (Amersham Biosciences 17-0851-01). The final

concentration of papain powder was 140mg/g.

To make a high activity papain film, the PVA and papain stock solutions were mixed 50:50.

Prior to mixing, the papain was first activated. To achieve this, lOOmg of L-cysteine (Fluka,

30090) was added per 3.5g of the papain solution and allowed to dissolve. The

papain/cysteine mix can either be used directly, or heated to 6 O0C for lOmins (which allows

for a greater recovery of activity after drying). If a softer film was required, glycerol was

included at l%w/w. Film thickness was varied, depending on the quantity of PVA/papain

mix used. Typically, a minimum of 7.Og of the mix was prepared, and poured into a suitable

flat dish (e.g. 8.3cm diameter petri dish, surface area of 54cm2) . The mix was placed in an

incubator, at 4 O0C, for at least 3 hours, or until the film had dried.

To prepare a low activity film, the method above was repeated, but the quantity of papain

added was reduced as necessary with de-ionised water added to compensate.

Preparation of a typical gelatin film

Gelatin (Sigma, G l 890, porcine origin) was dissolved at elevated temperature into analytical

water to a final concentration of 10% w/w. Glycerol was added if required, typically to a

final concentration of 5% w/w. Gelatin films were then prepared by pouring either 9g of the

molten gelatin/glycerol into 8.3cm diameter petri dishes or a range of weights into 10cm x

10cm square petri dishes, and drying at 4O0C overnight (or until the sheets were dry).

Example 1:

Demonstration of the effect of papain solution on the

dissolution of gelatin sheets of varying thicknesses

1) Gelatin was prepared as described above. To form different thickness of films, the

molten gelatin/glycerol solution was poured into 10cm x 10cm petri dishes, in the range of

5-20 grams, in 2.5g increments. The dishes were cooled on a level bench before being placed

into a 4O0C oven, overnight.



The gelatin sheets were cut into 2cm x 2cm sections. These were placed onto white tissue

paper. A 10mg/ml papain solution was prepared (papain powder (Biocatalysts (Promod

144P, 700TU)) in analytical water and activated with cysteine. 30 microlitres of papain was

applied to the gelatin surfaces, and a further 30 microlitres re-applied every 30mins. A

control experiment was performed in parallel, applying PBS (Sigma) instead of papain. The

time taken for the fluid to break through onto the tissue paper as a function of the original

casting weight was recorded and is shown in Table 1.

Table 1

The gelatin sheet was not breached when PBS was used as the wetting agent. The time taken

for the gelatin sheet to allow flow of fluid was controlled by (i) the introduction of papain

and (ii) the thickness of the gelatin sheet.

2) Gelatin sheets were prepared as described above and cast at varying weights. Prior to

use, the films were cut into circles of 3.8cm diameter and weighed. To each film circle, 200

microlitres of either 10mg/ml papain solution (as in example (I)) or PBS was added, and the

time taken for fluid break through to occur measured. This is shown in Table 2.



Table 2

A very good linear relationship between film thickness and breakthrough time was

demonstrated. The time taken for breakthrough also decreased, with the increase in papain

quantity applied to the gelatin/glycerol sheets.

Example 2 :

Demonstration of the effect of papain delivered from a dry film

on the dissolution of gelatin sheets of varying thicknesses

20% PVA (supplied by Sigma-Aldrich, code 363073, 31-50K MW and 87-89% hydrolysis)

was prepared in H O (analytical grade). Papain enzyme powder (supplied by Biocatalysts,

product code Promod 144P, 700TU) was dissolved in H O (analytical grade) to give a

200mg/g solution. This was subsequently buffer exchanged using a PDlO column (supplied

by Amersham) to yield a 140mg/ml solution in H2O. 3.05g 20% PVA was mixed with 12.2g

exchanged papain solution and 0.6g glycerol and 9.15g H2O. When thoroughly mixed, 12g

was poured into a 10x1 0cm plate and the film dried at 40°C until dry (minimum of 2 hours).

The final formulation was 22wt% PVA, 57wt% papain powder and 21wt% glycerol. A 10%

gelatin + 5% glycerol solution, as described in example 4, was prepared and poured into

several different 10x1 0cm dishes to provide a range of dry film thicknesses. The films were

dried at 400C until dry. 1.5cm x 1.5cm PVA/papain/glycerol sections were placed on top of

3cm x 3cm sections of the gelatin/glycerol sheets. 40µl PBS was applied to dissolve and

activate the papain sheet. Every 20mins a further 40µl PBS was applied. The time taken for

fluid to breakthrough the gelatin sheet (as a marker for gelatin digestion) was recorded.



Table 3

From Table 3, as the gelatin/glycerol film thickness increases, the time required for the

papain to digest the film also increases. The quantity of papain added per experiment was

kept constant, thus the difference in time taken to digest through the gelatin/glycerol film is a

function of the film thickness.

The PVA/papain + gelatin/glycerol stacked sheet system, demonstrated the ability to (i)

prevent fluid flow to an absorbent material due to the presence of the gelatin sheet, and (ii)

release activated papain from a dry sheet, that then degraded the gelatin sheet to allow fluid

flow.

Example 3 :

Laminated Gelatin and Enzyme Layer

Polyvinyl Alcohol (PVA, supplied by Sigma-Aldrich, code 363073, 31-50K MW and 87-

89% hydrolysis) was dissolved into H O (analytical grade) to 20% w/w. Papain enzyme

powder (supplied by Biocatalysts, product code Promod 144P, 700TU) was added to the

20% PVA solution with constant stirring and allowed to dissolve. Glycerol (supplier Fisher)

was further added to the PVA/papain mixture. The final solution had the following formula:

9wt% PVA, 36wt% H2O, 40wt% Papain powder and 15wt% Glycerol.

A second solution was prepared with gelatin (supplied by Sigma, code Gl 890) dissolved in

H2O (analytical grade) to 10% w/w, with glycerol added to 5% w/w.



A laminated film featuring a layer of dry gelatin/glycerol film and a further layer of dry

PVA/papain/glycerol film was prepared in two ways.

1) Gelatin/glycerol was cast at a suitable coat weight and air dried at 40°C to give a film

of approximately 400µm . This may be increased or decreased as desired, depending on the

time required for the film to dissolve. The PVA/papain/glycerol solution was cast at a

suitable coat weight and air dried to give a film of approximately 200µm . This may also be

increased or decreased as desired, depending on the quantity of papain that is required to be

delivered. The separate dried films are subsequently bought into contact with each other,

where under suitable pressure, they adhere together. Because the films are dry, the papain

will not degrade the gelatin sheet during subsequent storage. The laminated sheet can then be

further processed, for example cut into any shape required (square, rectangular, circular,

ovoid etc). The sheets may then be stored, preferably under controlled, low humidity or dry

(desiccated) conditions where the water content of the films is below that required for

activation of the papain.

2) The gelatin/glycerol solution was cast at a suitable coat weight and air dried at 400C to

give a film with a thickness of approximately 400µm. This may be higher or lower,

depending on the time required for the film to dissolve. PVA/papain/glycerol solution was

then cast directly onto the gelatin sheet, at a suitable coat weight to give a dried

PVA/papain/glycerol film thickness of approximately 200µm. This may also be increased or

decreased, depending on the quantity of papain that is required to be delivered. The wet

PVA/papain/glycerol layer was then air dried quickly (within minutes of application, using

film drying techniques as apparent to those skilled in the art) to yield a laminated sheet

constructed of a layer of gelatin/glycerol and a further layer of PVA/papain/glycerol.

Because the sheet was dry, the papain did not degrade the gelatin during storage. The

laminated sheet can then be further processed, for example cut into any shape required

(square, rectangular, circular, ovoid etc). The sheets may then be stored, preferably under

controlled, low humidity or dry (desiccated) conditions where the water content of the films

is below that required for activation of the papain.



Example 5 :

Effect of Gelatin Film Thickness and Dissolution Time

20% PVA (supplied by Sigma-Aldrich, code 363073, 31-50K MW and 87-89% hydrolysis)

was prepared in H2O (analytical grade). Papain enzyme powder (supplied by Biocatalysts,

product code Promod 144P, 700TU) was dissolved in H2O (analytical grade) to give a

200mg/ml solution. This was subsequently buffer exchanged using a PDlO column (supplied

by Amersham) to yield a 140mg/ml solution in H2O. 3.05g 20% PVA was mixed with 12.2g

exchanged papain solution and 0.6g glycerol and 9.15g H2O. When thoroughly mixed, 12g

was poured into a 10x1 Ocm plate and the film dried at 40°C until dry (minimum of 2 hours).

The final formulation was 22wt% PVA, 57wt% papain powder and 21wt% glycerol. A 10%

gelatin + 5% glycerol solution, as described in example 4, was prepared and poured into

several different 10x1 0cm dishes to provide a range of dry film thicknesses. The films were

dried at 40°C until dry. 1.5cm2 PVA/papain/glycerol sections were placed on top of 3cm2

sections of the gelatin/glycerol sheets. 40µl PBS was applied to dissolve and activate the

papain sheet. Every 20mins a further 40µl PBA was applied. The time taken for fluid to

breakthrough the gelatin sheet (as a marker for gelatin digestion) was recorded.

Table 3

As seen in Table 3, as the gelatin/glycerol film thickness increases, the time required for the

papain to digest the film also increases. The quantity of papain added per experiment was

kept constant, thus the difference in time taken to digest through the gelatin/glycerol film is a

function of the film thickness.



CLAIMS

1. A skin dressing for delivery of proteolytic enzyme to skin, comprising a lower dressing

component comprising releasable proteolytic enzyme and an upper dressing

component which is impermeable to the passage of fluid and the proteolytic enzyme

and is degradable by being digested by the enzyme, following application of the

dressing onto a moist wound site, to allow the passage of fluids and the proteolytic

enzyme away from the wound site.

2. A dressing according to claim 1, which is in the form of a wound debridement

dressing.

3. A dressing according to claim 1 or claim 2, which is of layered construction with each

dressing component in the form of a layer.

4. A dressing according to any one preceding claim, wherein the lower component is in

anhydrous condition.

5. A dressing according to any one preceding claim, wherein the lower component

comprises polyvinyl alcohol.

6. A dressing according to any one preceding claim, wherein the enzyme comprises

papain.

7. A dressing according to any one preceding claim, wherein the upper component

comprises gelatin.

8. A dressing according to any one preceding claim, which is covered with an absorbent

component.

9. A dressing according to any one preceding claim, which is supplied with a separate

conditioning fluid.



10. A dressing according to any preceding claim, wherein the upper and lower components

are each sealed in a respective package.

11. A dressing according to any one of claims 1 to 9, wherein the upper and lower

components are laminated together and sealed in a single package.

12. A dressing according to claim 11, wherein the dressing includes an absorbent layer and

optionally an adhesive surface for attachment to the skin.
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