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WOUND DRESSING COMPRISING A THERAPEUTICALLY ACTIVE AGENT

Field of the invention

This invention pertains to the field of medicine and, in particular, to wound dressings with a
therapeutically active agent attached thereto. More particularly, in one aspect this invention
relates to wound dressings having a therapeutically active agent attached thereto in order to

improve the healing process of pyo—necrotic wounds. In a further aspect, the invention

relates to a method for manufacturing said wound dressings is disclosed.

Background of the invention

The attachment of biologically active material to a carrier is well known in the art not only
from the literature (including patent literature) but also from the use of commercially
available products. U.S. Pat. No. 3,705,084 describes a flow-through enzyme reactor
comprising an enzyme adsorbed on a polymerié surface and cross-linked thereon by a
bifunctional cross-linking agent. U.S. Pat. No. 4,237,229 teaches a method according tol
which a protein, coenzyme or antibiotic is attached to polyurethane polymers. U.S. Pat. No.
3,791,927 discloses a process for preparing a water-insoluble bound protein entrapped within
cells of a self-supporting reticulated cellular material, e.g. polyurethane foam. |
Proteins attached to cellulose-based carriers, e.g. carriers made of cellulosic fibers, are also
known. U.S. Pat. No. 4,013,514 discloses a flow-through reactor using derivatives of active
enzymes covalently attached to a fibrous dialdehyde cellulose such as cotton. By passing a
suitable substrate solution through such a reactor containing active enzyme, large quantities
of the substrate will be converted into desired products. The reactor can be used for

proteolysis, conversion of starch to glucose, hydrolysis of pectins, and the like.

Of particular interest is the use of therapeutically active agent for the preparation of a
medicament for topical application to wounds. Grzybowski et al. reported the use of an
antibacterial dressing for infected wounds (J. Biomed. Mater. Res. 36: 163-166, 1997). This

dressing is composed of a collagen membrane and a collagen sponge with an antibiotic
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containing layer in between. U.S. Pat. No. 5,836,970 teaches the use of a wound dressing
comprising a combination of chitosan and alginate in order to achieve a bacteriostatic and
hemostatic effect. The wound dressing is provided in the form of a powder, film, gel, foam
or mixtures thereof. According to the teaching of U.S. Pat. No. 5,098,417 a wound dressing
is disclosed for systematic administration of physiologically or biologically active agent

adsorbed thereon by ionic interaction.

RU 2,131,268 discloses a dressing material with curative properties based on medicinal
cellulose-derived gauze. Trypsin alone or in combination with insulin is chemically attached
to dialdehyde groups which have been introduced by oxidation into cellulose used as carrier
material. It was shown that, in principle, dressings with trypsin attached thereon could be
effective in the treatment of pyo-necrotic wounds of most etiologies. However, under these
conditions trypsin has only a reduced therapeutic effect. First, the quantity of attached
trypsin is very low (0.25 mg per gram of the carrier) and secondly, the degree of oxidation of
cellulosic moities is very high (2 %). Most of the enzyme turns out to be covalently bound to
the carrier in a way which leads to reduced therapeutic efficacy. The 3-D structure of the
enzyme is distorted, the conformational flexibility restrained and the relative activity of the  ‘
chemically bound enzyme diminished when compared to native enzyme. Frequent changiﬁg

of the dressing is required in order to achieve the therapeutic effect.

RU 2,142,818 describes a so-called Filatov-Ryltsev dressing, a partly oxidized medicinal
gauze treated with trypsin alone, or trypsin in combination with lysozyme or insulin.
Nevertheless, the therapeutic effect, is reduced due to the low degree of oxidation of
cellulosic moities (0.32-0.48%). As a result most of the enzyme attached to the carrier gets

rapidly washed into the wound discharge.

Moreover trypsin, a serine protease which is widely used in medicinal treatment, is relatively
expensive due to the labor- and time-consuming steps required for its isolation. Since it is
usually isolated from the bovine pancreas, the application of trypsin in the field of wound
dressings is also hampered with respect to consistent quality of the protease and by the

possibility of transmitting diseases.
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The expense to trypsin utilization has made it necessary to compromise between the costs of
trypsin and the therapeutic efficiency, i.e. in view of its physiological and/or biological
activity. Thus, a need continues to exist for a wound dressing which is more effective than
those disclosed in the prior art and yet allows a reduction of the amount of a therapeutically
active agent attached to the carrier in order to minimize production costs of the wound

dressing.

Objects of the invention

Accordingly, it is an object of the present invention to provide a wound dressing with a
therapeutically active agent attached thereto which exhibits an improved healing process of

pyo—necrotic wourds.

Another object of the present invention is to provide a wound dressing which exerts a
prolonged therapeutic effect on pyo—necrotic wounds thus reducing the necessity to

exchange the wound dressing as frequently as in the case of prior art wound dressings.

A further object of the present invention is to provide a wound dressing with the properties
of improved and longer lasting wound healing, which may be produced inexpensively,
without contamination from animal sources and with assured control of quality.

'
\

These objects are achieved by a wound dressing according to the invention. Upon further
study of the specification and claims of the invention, further objects and advantages of this

invention will become apparent to those skilled in the art.

Summary of the invention

The present invention relates to wound dressings as well as methods which utilize such
wound dressings for the treatment of pyo~necrotic wounds. Wound dressings are disclosed
comprising a cellulose-based carrier having a therapeﬁtically active agent attached thereto in

order to improve the healing process of pyo-necrotic wounds.
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The invention teaches the attachment of the therapeutically active agent or agents to the
carrier in effective quantities, with an attachment mechanism and/or orientation which
maintains therapeutic activity. Preferred therapeutic agents are proteinaceous, proteolytic
enzymes being particularly preferred agents. The therapeutically active agent could comprise
one more proteins or protein derivatives which has been isolated from natural sources and/or
from hosts genetically engineered according to recombinant DNA methods known in the art.
In particular, insulin or hen egg lysozyme are preferred, especially recombinantly produced

versions of these proteins.

The invention provides the use of the proteolytic enzyme terrilytin as therapeutic agent.
Terrilytin not only surpasses the properties of trypsin when used for the treatment of pyo-
necrotic wounds but is cost-effective as well. The invention further provides the use of
terrilytin in combination with at least one additional protein which has been selected in such
a way that synergy in their therapeutic effect occurs. A combination of terrilytin, lysozyme

and another protein, especially insulin, is preferred.

The invention also provides a method for the preparation of said wound dressings using a
carrier in the form of a fabric or cloth. Preferred methods are those wherein the carrier is
activated prior to attachment of the therapeutic agent, and those characterized in that the
agent attached to said carrier is present in at least three therapeutically active fractions

(termed herein the therapeutically active “triple system”).

Accordingly, a wound dressing is claimed comprising a therapeutically active agent and a
cellulose-based carrier, wherein the therapeutically active agent comprises the enzyme
terrilytin and at least one additional protein is attached to said carrier. Moreover, a wound
dressing is claimed wherein the wound dressing comprises at least a therapeutically active
system comprising three fractions of therapeutically active agent, namely an adsorbed
fraction, a “stabilized fraction” and an “immobilized fraction”. The wound dressings of this
invention and the therapeutically active triple system comprising the therapeutically active

agent are claimed for use for the treatment of pyo-necrotic wounds.

Furthermore, a method for manufacturing wound dressings according to the invention is

- claimed which comprises the steps of activating said carrier by oxidizing an initial medicinal



10

15

20

25

30

WO 02/02155 PCT/EP00/06278

gauze with sodium periodate in an aqueous solution, preparing separate protein solutions in
buffered solutions and combining the prepared protein solutions to a combined protein
solution before adding the combined protein solution to said oxidized medicinal gauze
attachment or alternatively treating said oxidized medicinal gauze sequentially with separate
protein solutions, allowing the protein solution to react for a period of time sufficient to
reach a predetermined level of attachment, removing the final product from the protein
solution, washing and drying it, characterized in that the cellulose-based carrier has an

oxidation degree of approximately 0.5-1.5 %.
Moreover, the use of the enzyme terrilytin for the manufacture of a medicament for the
treatment of pyo-necrotic wounds is claimed wherein the medicament are wound dressings

according to this invention.

Detailed description of the invention

Within the context of the invention, the term “cellulose-based carrier” is understood to be a
water—insoluble substrate in form of a fabric or cloth, at least a portion of which is cellulésiié.
The terms “cellulose” and “cellulosic” both include cellulose itself and water-insoluble '~
derivatives thereof. The “carrier” to be treated by the method for the preparation of the
wound dressing according to the present invention may be any suitable non—woven, woven,
knitted or knotted fabric, at least a portion of which is cellulosic. Any suitable derivative of
celluloée, e.g. organic esters of cellulose, such as cellulose formate or cellulose acetate, and

cellulose ethers, such as methyl cellulose or ethyl cellulose, may be employed.

The term “therapeutically active” should be understood as having a physiological and/or
biological activity. Within the scope of the present invention, “therapeutically active agent”
should be understood as any-protein or protein derivative which may be utilized in -
combination with the enzyme terrilytin such as lysozyme or insulin. The “therapeutically
active agent” could comprise one or more proteins or protein derivatives which has been
isolated from natural sources (i.e. plant, animal or microbial in origin) and/or one more

proteins or protein derivatives isolated from hosts genetically engineered according to

" recombinant DNA methods known in the art.
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A method is disclosed for the preparation of said wound dressing comprising an activation
step of the cellulose—based carrier followed by the attachment of the therapeutically active
agent thereto. Within the context of the invention, “activation” is understood as the chemical
or physical modification of the cellulosic portion of the carrier in order to improve the
attachment of the therapeutically active agent of the present invention. A representative
example for the activation is the oxidation of at least some glucoside units to dialdehycie
groups (i.e. dialdehyde cellulose, DAC). Within the scope of the present invention, the term
“attached” is understood as the permanent or temporary loading of the therapeutically active
agent of the present invention onto the cellulose-based carrier, based on any kind of
interaction such as, but is not limited to, ionic interaction, van der Waals—interaction, dipole—

dipole interaction, hydrogen bonds and covalent bonds.

The enzyme terrilytin (CAS RN 37338-91-3) has, like trypsin, proteolytic activity but offers
several additional advantages. Terrilytin is produced by the fungus Aspergillus terricola and
was shown to be a complex comprising three proteolytic enzymes. Two of the proteases
(proteases I and IT) are of the group of serine proteases as judged by their physico-chemicgl’iz’
and enzymatic characteristics and might be considered as two sub-types of the same enzyme.
Protease III shows characteristics specific for metalloproteases of microbial origin
(Selezneva and Bol’shakova, Priki. Biokhim. Mikrobiol. 22: 3-11, 1986). The medicinal use
of terrilytin, e.g. its fibrinolytic and anti-inflammatory properties, has been shown (M. D.
Mashkovsky, Therapeutic Remedies, Vol. 2, pp. 60-61, Meditsina Publishing House,
Moscow, 1993). The proteolytic activity of terrilytin is the sum of the activities of all
subunits. The term “proteolytic unit” describes quantitatively the ability of proteolytic
cleavage of peptide bonds in proteins. For more details see Byelov et al., Khimiko-
Jarmatsevtichesky Zhurnal 12: 101-103, 1992,

Terrilytin offers several advantages over trypsin with respect to manufacturing wound
dressings for the treatment of pyo-necrotic wounds. Firstly, terrilytin can be obtained on a
commercial scale with consistent quality using mircobiological techniques such as industrial
fermentation. Secondly, enzymes of microbial origin, in contrast to those from animal
sources like trypsin, generally tend to have a higher specific activity due to an increased
degree of purity of the enzyme in the preparation. Thirdly, in contrast to trypsin, the

possibility of transmittihg disease is substantially reduced due to the microbiological origin
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of terrilytin: there is no associated hazardous contamination of the product by animal
viruses. Fourthly, as terrilytin also comprises a metalloprotease, the range of possible
substrates is broader in comparison to that of trypsin. Fifthly, the protease subunits
constituting terrilytin appear to show synergistic effects and mutually to enhance the
proteolytic activities of individual subunits. Sixthly, the autolytic properties of trypsin are
well known in the art: the activity of trypsin is rapidly reduced in aqueous media, a property
which is not known for terrilytin. This is highly advantageous with respect to the preparation
and manipulation of terrilytin on an industrial scale during the manufacturing of the wound

dressings of the invention.

A further embodiment of the present invention provides a cost-effective dressing with
excellent therapeutic activities on the basis of partly oxidized cellulose to which two or more
proteins are attached. The invention discloses the co-attachment of the enzyme terrilytin or a
derivative thereof in combination with at least one additional protein. In particular, insulin or
hen egg lysozyme are preferred, especially recombinantly produced versions of these
proteins. The components of the therapeutically active agent of the present invention are =~ -

preferably attached in equimolar proportions.

The additional protein(s) used in combination with terrilytin or a derivative thereof may be
obtained from any suitable source, e.g. plants, animal, or microbial sources. Usually, these
proteilps can conveniently be obtained from microorganisms including bacteria, yeast, fungi
and the like by using well-known fermentation methods. Many of the proteins are
commercially available. A typical protein mixture used in the present invention consists of
terrilytin in combination with lysozyme and insulin providing the attachment of three
therapeutically active proteins to the cellulose-based carrier as the result of simultaneous

and/or sequential immobilization thereon.

The additional protein(s) co-attached with terrilytin, and their respective concentrations have
been selected in the present invention in such a way that an unanticipated synergy occurs in
their therapeutic effect. For example, the time to reduce or even completely remove debris
naturally present in the wound (required for wound healing) decreases from 5 days for
lysozyme treatment to 3 days for trypsin treatment, 2 % days for combined trypsin and

lysozyme treatment to - as in the case of the present invention - only 2 days for combined
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terrilytin and lysozyme treatment. This results in a further advantage of the present
invention: the reduced necessity to exchange the applied wound dressing during a single
course of treatment, namely from 3 napkins in the case of wound dresssings comprising the
cellulose-based carrier with trpysin alone or trypsin in combination with other proteins,
down to only 1 napkin when using the carrier terrilytin alone or terrilytin in combination

with other proteins.

It is not obvious for people skilled in the field of wound treatment to combine a proteolytic
enzyme like terrilytin with a protein like the hormone insulin. Experimentation, however,
shows a surprising synergistic effect of this combination by accelerating the cleaning process
of a wound as judged from the degradation of debris and healing of trophic ulcers. Wound
dressings manufactured according to the invention which carry both terrilytin and insulin
attached thereon exert curative effects not only during the first stage of wound healing, but
also during the regeneration of lost soft tissue. The terrilytin-insulin wound dressing strongly
improves cellular proliferation, granulation growth and epithelisation. A complete cleaning
of the wound from debris is observed after two days, versus three days using techniques )

disclosed in the prior art.

This surprising synergism is helpful for the treatment of pyo-necrotic wounds of various
etiologies, such as but not limited to proctitis, paraproctitis, otitis, decubitus sores, trophic
ulcers, burns, frost bite, gunshot injuries, incised wounds, gangrene and keloid scars. These
types of wounds may frequently lead to the amputation of an extremity. The present

invention as disclosed herein, however, offers a new approach to their treatment.

For the production of the dressing according to the present invention, a cellulose-based

carrier is activated by introducing reactive groups, in particular dialdehyde groups, into the

“cellulosic portion of the carrier to which the therapeutically active agent is subsequently

attached. For example, dialdehyde cellulose (DAC) is produced by exposing medicinal
gauze to periodic acid. The oxidative conversion to of polysaccharides to dialdehyde
cellulose using periodic acid as an oxidizing agent is well known in the art, e.g. see U.S. Pat.
No. 4,082,743. In a second step, attachment of therapeutically active agent is accomplished

by passing the activated carrier through an aqueous solution containing the desired proteins.
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The oxidation step is carried out until the degree of maximal oxidation the cellulose—based
carrier has reached the range of approximately 0.5-1.5 %. A preferred degree of oxidation
lies in the range of approximately 0.9—1.1 %. The degree of oxidation of the cellulose-based
carrier is assessed by a procedure well-known in the field (e.g. Byelov et al., Khimiko-
Jfarmatsevtichesky Zhurnal 12, 101-103, 1992).

The periodate oxidation product is treated with terrilytin in combination with insulin and/or
lysozyme, or another protein, preferably in a phosphate buffer at a pH of 3.0 to 6.0,
preferably approximately 4.4; and at a protein concentration of in the range from 0.001 to
approximately 5 wt.-%, preferably approximately 0.01 wt.-% and a bath ratio of 2.5 t0 5.5,
preferably 4. The bath ratio or liquid factor is equal to the weight of cellulose-based carrier
treated, divided by the weight of the solution. Thus one weight unit of said carrier is
immersed in preferably 4 weight units of the appropriate protein solution. In practice, 1 kg of

activated cellulose-based carrier is immersed in approximately 4 L of the aqueous solution.

The amount of protein present in the three therapeutically active fractions being attached toﬁ !
the carrier can be determined as the difference between the amount of protein in the aquecj}lisf !
solution before and after the procedure. Both concentrations are measured o
spectrophotometrically using a calibration curve (Ryltsev and Vimik, Antibiot. Khimioter 3:
202-205, 1989). Following this protocol, usually 0.4 mg of protein is attached per 1 g of
activated carrier. This corresponds to a proteolytic activity of approximately 0.1 PU/g or
more in the case of terrilytin, a bacteriolytic activity of approximately 10 U or more in the

case of lysozyme and an activity of approximately 27 IU/g or more in the case of insulin.

The precise activity of the protein employed as starting material depends on the exact
method of prebaration and is not critical to the present invention provided that the attached
protein has the desired therapeutic activity. Various analytical methods are known in the art
to determine the activity of proteins. Protease activity of proteolytic proteins can be |

determined, for example, by well known casein digestion methods.

Attachment of terrilytin in combination with other proteins according to the invention can be
carried out in an aqueous medium at a temperature and pH conditions which do not cause

inactivation of the protein. The activated cellulose-based carrier may be treated sequentially
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or simultaneously with different protein solutions (in the latter case protein solutions are
mixed immediately prior to the treatment). Temperatures above approximately 65° C should
generally be avoided. The present process is readily carried out at ambient temperature using
a buffered aqueous solution of the proteins. The temperature of choice depends, however, on
the particular protein or mixture of proteins used. Usually the temperature ranges from
approximately -5° C to approximately 30° C. A temperature in the range from approximately
10° C to approximately 25° C is preferred. Each of the protein concentrations can vary in the
range from 0.01 mg/ml to approximately 50 mg/ml, preferably in the range from 0.1 mg/ml

to approximately 2 mg/ml each.

The present invention provides a method which allows an optimal correlation between the
degree of oxidation of a cellulose-based carrier and the amount of the therapeutically active
agent attached thereto. According to the invention the chosen oxidation degree of the
activated carrier and the amount of the chosen proteins lead to the presence of at least three
fractions (“triple system™) of the therapeutically active agent attached to the carrier: an

adsorbed fraction, a “stabilized fraction” and an “immobilized fraction”.

The three fractions can be characterized as follows: The ﬁrst fraction comprises a
therapeutically effective agent attached to the activated cellulose-based carrier by adsorption
only. The second fraction, so-called “stabilized fraction”, is formed by the activated
cellulose-based carrier being degraded by a hydrolytic process during exposure to the
microenvironment of a wound. In this context it should be noted that the properties of the
cellulose-based carrier are very different to those of the activated cellulose-based carrier
(DAC). While the former is a chemically inert and water-insoluble substance, the later is
chemically active and can, at least in part, dissolve in water due to hydrolysis. During the
exposure of medicinal gauze to periodic acid, dialdehyde moieties are unevenly introduced.
Areas ‘With é higher concentration of diéi&éhyde groups séé&i to be more proﬁé to hydfolysié.
The immobilization of a protein following the method disclosed in this invention does not
alter the patterns of hydrolytic degradation. As a result cellulose oligomers with proteins
attached thereto are produced. Areas with a lower concentration of dialdehyde groups are
more resistant to hydrolysis so that it takes longer until these areas are degraded to cellulose

oligomers. This latter fraction is called “immobilized fraction”. The kinetics of the
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hydrolytic process are described in Ryltsev and Virnik, 4ntibiot. Khimioter 3: 202-205,
1989.

Taking all this together, the activity of the therapeutically active agent attached to the wound
dressing is superior to the corresponding native protein in solutions as shown by clinical
experiments. The “triple system” provides a shock dose based on an adsorbed therapeutically
active agent, a minimum therapeutic dose based on a therapeutically active agent present in
the “immobilized fraction” and a dose based on a therapeutically active agent present in the
“stabilized fraction” which further contributes to the healing effect of the wound dressing

disclosed in the invention by providing a prolonged healing effect (maintaining dose).

A feature of the present invention is the correlation between the relative ratio of the
“stabilized fraction” and the rate of hydrolysis of the cellulose-based carrier: At an oxidation
degree of 2%, the adsorbed fraction is small, the “stabilized fraction” becomes
disproportionately large and the “immobilized fraction” becomes too small to be
therapeutically effective. In contrast, at an oxidation degree of 0.4%, most of the
therapeutically active agent is bound to the cellulose—based carrier by adsorption only so that
it can be rapidly washed out and the maintaining or minimum therapeutic dose that remains

is not large enough to be therapeutically effective.

The optimal ratio between the three fractions as described above is achieved when a protocol
for manufacturing a wound dressing according to this invention is implemented so that the
reaction product comprises 0.4 mg of each protein per gram of cellulose-based carrier with a
degree of maximal oxidation of approximately 0.9-1.1%. This results in a shock dose of
approximately 15%, a minimum therapeutic dose of approximately 15% and a maintaining
dose of approximately 70%. '

In summary, the high level of therapeutic efficiency of the therapeutically active agent is
based on the formation of such a “triple system” and the subsequent dissociation of the
therapeutically active agent from the fractions attached to the cellulose-based carrier upon
contact with the wound. It is clear for those skilled in the art that this “triple system” can

principally be established for any other protein to achieve the desired therapeutic effect.
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The present invention is further illustrated by the following examples.
Example 1: Production of dialdehyde cellulose

14 g of periodic acid is added to 2 L of distilled water in a glass vessel. In another glass
vessel, 2.5 g of sodium hydroxide is solved in 2 L of distilled water. Both solutions are
combined under agitation. A reactor with a capacity of 10 L is charged with 1 kg of
medicinal gauze for use as carrier . The latter is exposed to the freshly prepared 4 L of
sodium periodate for 15-20 hours at ambient temperature under intermittent agitation. The
final product, dialdehyde cellulose (DAC) with a degree of maximal oxidation of 1.0 % +
0.1%, is pressed to remove excess liquid, thoroughly washed with 5 x 10 L water and

pressed again.
Example 2: Immobilization of terrilytin and lysozyme or insulin

In a glass vessel 0.4 g of terrilytin is dissolved in 2 L of phosphate buffer pH 4.4 * 0.4. {
Similarly, 0.4 g of lysozyme or insulin, respectively, is dissolved in 2 L of phosphate buffgri
pH 4.4 + 0.4, The two solutions are mixed immediately prior to the immobilization proces‘s ‘
resulting in a final concentration of 0.1 g/L or 0.01 wt.-% each. The combined solutions are
quickly added to a 10 L reactor which has been pre-loaded with 1 kg of activated cellulose-
based carrier prepared as described in Example 1. After 4 hours at 20° Celsius the product is
pressed to remove excess liquid until 1.5 wt.-% remaining moisture is achieved. The product
is then incubated under refrigeration (4° Celsius) for another 4 hours. The treatment of DAC
under the above conditions gives rise to a product in which virtually all of terrilytin and

lysozyme or insulin becomes attached to said carrier (0.4 mg each per 1 g of DAC). The

~ product is air dried until < 10 % humidity is reached, cut into napkins and placedinto

polyethylene bags. Subsequently, the bags are sealed and sterilized with 25 kGy gamma

irradiation.
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Example 3: Application of the wound dressing

90 female patients with chronic trophic ulcers on the back which are caused by a venous
disorder were treated after a usual ulcer treatment with a wound dressing prepared according

to Example 2 (46 patients with terrilytin and lysozyme; 44 patients with terrilytin and

insulin). Said wound dressings were moistened with 0.5 % antiseptic solution, in particular
chlorohexidine bigluconate solution, and placed on the wound for 2 days. In both cases
clinical and cytological examinations revealed a complete cleaning of the wound from debris

combined with commencing granulation and insular epithelisation.
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Claims

1. Wound dressing comprising a therapeutically active agent and a cellulose-based
carrier, wherein the therapeutically active agent comprises the enzyme terrilytin or a

derivative thereof and at least one additional protein being attached to said carrier.

2. Wound dressing according to claim 1, wherein the additional protein is genetically
engineered.

3. Wound dressing according to claim 1 or 2, wherein the additional protein is insulin.

4, ‘Wound dressing according to claim 1 or 2, wherein the additional protein is
lysozyme. ‘

5. Wound dressing according to anyone of claims 1-4, wherein the wound dressing

comprises at least a therapeutically active system comprising
(a) an adsorbed fraction,
(b) a stabilized fraction, and
(c) an immobilized fraction
of said therapeutically active agent.
6. Wound dressing according to anyone of claims 1-5, wherein the proteins attached to

said carrier consist of terrilytin, lysozyme and insulin.

7. Method for manufacturing a wound dressing comprising the steps of
- activating a cellulose-based carrier by oxidizing an initial medicinal gauze
- preparing separate protein solutions in buffered solutions;
- combining the prepared protein solutions to form a combined protein solution and
adding the combined protein solution to said oxidized medicinal gauze or
- alternatively treating said oxidized medicinal gauze sequentially with separate

protein solutions;
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- allowing the protein solution to react for a period of time sufficient to reach a
predetermined level of attachment;

- removing the final product from the protein solution, washing and drying it;

characterized in that the step of oxidizing results in a cellulose-based carrier having

an oxidation degree of approximately 0.5-1.5 %.

Method for manufacturing a wound dressing according to claim 7, wherein said step

of oxidizing results in a degree of maximal oxidation of approximately 0.9-1.1 %.

Method for manufacturing a wound dressing according to claim 7, wherein the
preparation of protein solutions comprises forming solutions each with a protein

concentration in the range from 0.01 mg/ml to approximately 50 mg/ml each.

Method for manufacturing a wound dressing according to anyone of claims 7-9,
wherein the protein concentration is in the range from 0.1 mg/ml to approximately 2

mg/mi.

Method for manufacturing a wound dressing according to anyone of claims 7-10,
wherein the reaction product comprises 0.4 mg of each protein per gram of cellulose-
based carrier which corresponds to

- 0.1 proteolytic unit for terrilytin/g of cellulose-based carrier;

- 10 U for lysozyme/g of cellulose-based carrier;

- 271U for insulin/g of cellulose-based carrier.

Method according to anyone of claims 7-11, wherein at least two proteins selected
from the group of terrilytin, lysozyme and insulin are attached to said activated

carrier in equimolar proportions.

Method according to anyone of claims 7-11, wherein terrilytin, lysozyme and insulin

are attached to said activated carrier in equimolar proportions.

Wound dressing according anyone of claims 1-6 for use for the treatment of pyo—

necrotic wounds.
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The therapeutically active agent to anyone of claims 1-6 for use for the treatment of

pyo-necrotic wounds.

Use of the enzyme terrilytin for the manufacture of a medicament for the treatment of
pyo-necrotic wounds, wherein the medicament is the wound dressing according to

anyone of claims 1-6.

Wound dressing according to anyone of claims 1-6 comprising three fractions of

therapeutically active agent.

Wound dressing according to claim 17 for the use for the treatment of pyo-necrotic

wounds.

Wound dressing characterized in that the wound dressing comprises at least a
therapeutically active system comprising

(a) an adsorbed fraction,

(d) a stabilized fraction, and

(e) an immobilized fraction

of said therapeutically active agent.
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AMENDED CLAIMS
[received by the International Bureau on 09 April 2001 (09.04.01);

. original claims 1-19 replaced by amended claims 1-16 (3 pages)]
Claims

1. Wound dressing comprising a therapeutically active agent and a cellulose-based
carrier, wherein the therapeutically active agent comprises the enzyme terrilytin or a

derivative thereof and at least one additional protein being attached to said carrier

and wherein said therapeutically active agent comprises at least a therapeutically

active system comprising  (a) an adsorbed fraction,
(b) a stabilized fraction, and
(c¢) an immobilized fraction

of said therapeutically active agent.

2. Wound dressing according to claim 1, wherein the additional protein is genetically
engineered.

3. Wound dressing according to claim 1 or 2, wherein the additional protein is insulin.

4, Wound dressing according to claim 1 or 2, wherein the additional protein is lysozyme.

5. Wound dressing according to any one of claims 1-4 consisting of three fractions of

therapeutically active agent.

6. Wound dressing according to any one of claims 1-5, wherein the proteins attached to

said carrier consist of terrilytin, lysozyme and insulin.

7. Method for manufacturing a wound dressing comprising the steps of
- activating a cellulose-based carrier by oxidizing an initial medicinal gauze

- prepaﬁng separate protein solutions in buffered solutions;

AMENDED SHEET (ARTICLE 19)
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- combining the prepared protein solutions to form a combined protein solution and

adding the combined protein solution to said oxidized medicinal gauze or

- alternatively treating said oxidized medicinal gauze sequentially with separate

protein solutions;

- allowing the protein solution to react for a period of time sufficient to reach a

predetermined level of attachment;

removing the final product from the protein solution, washing and drying it;

characterized in that the step of oxidizing results in a cellulose-based carrier having an

oxidation degree of approximately 0.5-1.5 %

and wherein terrilytin and insulin are attached to said activated carrier in equimolar

proportions.

Method for manufacturing a wound dressing according to claim 7, wherein said step of

oxidizing results in a degree of maximal oxidation of approximately 0.9-1.1 %.

Method for manufacturing a wound dressing according to claim 7, wherein the
preparation of protein solutions comprises forming solutions each with a protein

concentration in the range from 0.01 mg/ml to approximately 50 mg/ml each.

Method for manufacturing a wound dressing according to any one of claims 7-9,
wherein the protein concentration is in the range from 0.1 mg/ml to approximately 2

mg/ml.

Method for manufacturing a wound dressing according to any one of claims 7-10,
wherein the reaction product comprises 0.4 mg of each protein per gram of cellulose-

based carrier which corresponds to

- 0.1 proteolytic unit for terrilytin/g of cellulose-based carrier;

AMENDED SHEET (ARTICLE 19)
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- 10 U for lysozyme/g of cellulose-based carrier;

- 27 IU for insulin/g of cellulose-based carrier.

Method according to any one of claims 7-11, wherein terrilytin, lysozyme and insulin

are attached to said activated carrier in equimolar proportions.

Wound dressing according any one of claims 1-6 for use for the treatment of pyo—

necrotic wounds.

The therapeutically active agent to any one of claims 1-6 for use for the treatment of

pyo-necrotic wounds.

Use of the enzyme terrilytin for the manufacture of a medicament for the treatment of
pyo-necrotic wounds, wherein the medicament is the wound dressing according to any

one of claims 1-6.

Wound dressing characterized in that the wound dressing comprises at least a

therapeutically active system comprising
(a) an adsorbed fraction,
(b) a stabilized fraction, and
(0) an immobilized fraction

of said therapeutically active agent.

AMENDED SHEET (ARTICLE 19)
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